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Osteological Development of Korean Striped Bitterling,
Acheilognathus yamatsutae (Cyprinidae)
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Chuncheon 200-701, Korea
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Osteolgical development of Korean striped bitterling, Acheilognathus yamatsutae (Cyprini-
dae), were investigated using cartilage and bone staining. The parasphenoid, dentary, ptery-
goid, ceratohyal, branchial arch and parts of the caudal skeleton were formed first as
cartilaginous elements at 6.82+0.08 mm total length (TL). Formation of frontal, parietal, and
maxillary were notable at 7.76 +0.09 mm TL, and the proximal radial, scapula,and coracoid in
the pectoral girdle were developed at this stage. At the same time, the neural and hemal spine
were present in the caudal vertebra. The opercle and branchiostegals were observed at 9.68+
0,14 mm, and the posttemporal was formed at 12.9+40.64 mm TL, respectively. Ossification in
the parasphenoid, pharyngeal bone, dentary, premaxillary, maxillary, and opercle began at
about 9.68+0.14 mm TL. The cleithrum, supracleithrum, urostyle, and caudal fin were
calcified at this stage. The vertebral column was formed and ossified at 11.52+0.13 mm TL,
and the frontal, preopercle, subopercle, and hyomandibular were ossified at 15.30+0.68 mm
TL. This fish was late in developing the skeletal formation and ossification as compared with
other fishes.
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Fig. 1. Osteological development of the carnium and visceral skeleton in Acheilognathus yamatsutae. A, 6.82+0.08 mm in
total length (TL); B, 7.76+0.09 mm in TL; C, 9.68+0.14 mm in TL; D, 15.30+£0.68 mm in TL; E, 29.30+0.78 mm in
TL. Scale bars for A and B indicate 0.25 mm, C, D and E 0.5 mm. White indicates cartilage and stippled ossifying.
Abbreviations: BA, branchial arch; BH, basihyal; BR, branchiostegals; CH, ceratohyal; DE, dentary; EPO, epiotic;
ET, ethmoid; EXO, exoccipital; FR, frontal; HY, hyomandibular; 10OP, interopercle; MX, maxillary; OP, opercle; PA,
parietal; PB, pharyngeal bone; PM, premaxillary, PO, posttemporal; POP, preopercle; PS, parasphenoid; PT,

pterygoid; SOC, supraoccipital; SOP, subopercle.
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Fig. 2. Osteological development of vertebral column, pleural rib, neural spine and hemal spine in Acheilognathus
yamatsutae. A, 7.76 £0.09 mm in total length (TL); B, 9.68+0.14 mm in TL; C, 11.52+0.13mm in TL; D, 20.20+
1.33mm in TL; E, 42.66+1.72 mm in TL; Scales indicate 1 mm. Stippled indicates cartilage and white ossifying.
Abbreviations: HS, hemal spine; NC, notochord; NS, neural spine; RB, pleural rib.

Fig. 3. Osteological development of pectoral girdle and pectoral fin in Acheilognathus yamatsutae. A, 9.68+0.14 mm in
total length (TL); B, 12.94+0.64mm in TL; C, 20.20£1.33mm in TL; D, 29.30£0.78 mm in TL; E, 42.66+1.72 mm
in TL. Scales indicate 0.5 mm. White indicates cartilage and stippled ossifying. Fin rays are abbreviated.
Abbreviations: CL, cleithrum; CO, coracoid; PFR, pectoral fin ray; PR, proximal radial; PT, posttemporal; SC,
supracleithrum; SCA, scapula.
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Fig. 4. Osteological development of pelvic girdle and pelvic fin in Acheilognathus yamatsutae. A, 11.52+0.13 mm in total
length (TL); B, 15.30+0.68 mm in TL; C, 20.20+1.33mm in TL; D, 42.66+1.72 mm in TL. Scales indicate 0.5 mm.
White indicates cartilage and stippled ossifying. Fin rays are abbreviated. Abbreviations: AP, anterior process; DC,
distal cartilage; FRP, pelvic fin ray; PP, posterior process.

Fig. 5. Osteological development of dorsal fin and pterygiophore of Acheilognathus yamatsutae. A, 7.76 +0.09 mm in total
length (TL); B, 9.68+0.14 mm in TL; C, 12.94+0.64mm in TL; D, 20.20£1.33mm in TL; E, 29.30+0.78 mm in TL.
Scales indicate 0.5 mm. White indicates cartilage and stippled ossifying. Fin rays are abbreviated. Abbreviations:
DP, distal pterygiophore; MP, median pterygiophore; PP, proximal pterygiophore; PR, proximal segment; DSR,
dorsal soft fin ray; SR, spinous ray.
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Fig. 6. Osteological development of anal fin and pterygiophore of Acheilognathus yamatsutae. A, 7.76+0.09 mm in total
length (TL); B, 9.68+0.14mm in TL; C, 12.94+0.64 mm in TL; D, 20.20+1.33mm in TL; E, 29.30+0.78 mm in TL.
Scales indicate 0.5 mm. White indicates cartilage and stippled ossifying. Fin rays are abbreviated. Abbreviations:
ASR, anal soft fin ray; DP, distal pterygiophore; MP, median pterygiophore; PP, proximal pterygiophore; PR,

proximal segment; SR, spinous ray.
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Fig. 7. Osteological development of caudal fin and caudal skeleton of Acheilognathus yamatsutae. A, 6.82+0.084 mm in
total length (TL); B, 7.76+0.09 mm in TL; C, 9.68+0.14 mm in TL; D, 12.94+0.64 mm in TL; E, 20.20+1.33mm in
TL; F, 51.60+2.01 mm in TL. Scales indicate 0.5 mm. White indicates cartilage and stippled ossifying. Fin rays are
abbreviated. Abbreviations: CFR, caudal fin ray; EP, epural; H, hypural; HS, hemal spine; NC, notochord; PH,
parhypural; URN, uroneural; US, urostyle.
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Fig. 8. Photographs showing the skeletal development of
larvae (A, B, C) and juvenile (D) in Acheilognathus
yamatsutae. A, 12 days after hatching, 8.50 mm in
total length (TL); B, 18 days after hatching, 9.60
mm in TL; C, 25 days rafter hatching, 12.10 mm in
TL; D, 40 days after hatching, 18.00 mm in TL.
Blue areas indicate cartilage (retention of alcian
blue stain) and red areas indicate calcified bone
(retention of alizarin red S).
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Z42}5, Acheilognathus yamatsutae (Cyprinidae)2]
AT Aol 23t Aol dae] A7 Ae
oho3t 7

A 6.82+0.08 mmel| XA F (parasphenoid), X

L]

Hue 27

(dentary), ¢JAF= (pterygoid), 2+ = (ceratohyal), Az~
(branchial arch) 53} ©]Z (caudal skeleton)?] d¥X =
o] A EeH. 7.76+0.09 mmel= HFF (frontal)Z}
=2 (parietal)9] Wto] A8k 3, AR (maxil-
lary)e] “epbgtor], F (pectoral girdle)e] WA=
(proximal), ﬂ%}-l(scapula) 2 %)= (coracoid)°] A=
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