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A: 15 Hif%, TL=(9.08+0.80) mm; B: 20 H #%, TL=(12.07+0.84) mm; C: 25 H %, TL=(15.68+1.77) mm; D: 30 H %, TL=(23.03+2.11)
mm; B: 35 A#%, TL=(38.58+3.27) mm; Af: H##; Cf: E#E; Df: &E; Pcf: Nfg; Pif: 186, TL: &K Vv: HHE.
Fig. 1 Skeletal development process in Siniperca chuatsi larvae and juvenile
A: 15 dah, TL=(9.08+0.80) mm; B: 20 dah, TL=(12.07+0.84) mm; C: 25 dah, TL=(15.68+1.77) mm; D: 30 dah, TL=(23.03+2.11) mm;
E: 35 dah, TL=(38.58+3.27) mm; Af: anal fin; Cf: caudal fin; Df: dorsal fin; Pcf: pectoral fin; Pif: pelvic fin; TL: total length; V: vertebra.

Kl 2 SRAFHEf LB B LR TR

A: 14 Hif%, TL=(7.20£0.54) mm; B: 15 H i, TL=(9.08+0.80) mm; C: 17 H#&, TL=(9.99+0.75) mm; D: 19 H#, TL=(11.39+
0.83) mm; E: 20 H %, TL=(12.07+0.84) mm; F: 23 H %, TL=(14.62+0.68) mm; G: 29 H 4, TL=(19.92+2.46) mm; H: 35 H %,
TL=(38.58+3.27) mm; A: X H; An: fi#; Br: 81458; D: id; F: B8 Hm: HWUHE; lop: WMERIEH; It O, M. LalE;
Op: THETEH; Pm: RUAAE; Pop: RIMEZEH; Pro: NERTHE; Qu: H#; Sm: i LHE; Soc: FHLH; Sop: FHizEH; TL: K.
Fig. 2 Skull bone ossification process in Siniperca chuatsi larvae and juvenile
A: 14 dah, TL=(7.20+0.54) mm; B: 15 dah, TL=(9.08+0.80) mm; C: 17 dah, TL=(9.99+0.75) mm; D: 19 dah, TL=(11.39+0.83) mm;
E: 20 dah, TL=(12.07+0.84) mm; F: 23 dah, TL=(14.62+0.68) mm; G: 29 dah, TL=(19.92+2.46) mm; H: 35 dah, TL=(38.58+3.27)
mm; A: articular; An: angular; Br: branchiostegal ray; D: dentary; F: frontal; Hm: hyomandibular; lop: interopercle;

Jt: jaw teeth; M: maxilla; Op: opercle; Pm: premaxilla; Pop: preopercle; Pro: preorbital; Qu: quadrate;

Sm: supplementary maxilla; Soc: supraoccipital; Sop: subopercle; TL: total length.
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A: 15 Hil, TL=(9.08+0.80) mm; B: 20 H ¥4, TL=(12.07+0.84) mm; C: 27 H %, TL=(16.96+1.96) mm; D: 14 H i,
TL=(7.20+0.54) mm; E: 21 H#%, TL=(12.17£1.03) mm; F: 25 H#%, TL=(15.68+1.77) mm; Af: F&#&; Cf: E#g; Df: 56,
Dr: ¥Al; Ha: k5 ; Hs: ki Hy: BB F; Na: B85; Ns: BEBE Pp: MEMRREZE; TL: &K, U BHE; Vi B v B
Fig. 3 Ossification development of vertebral column in Siniperca chuatsi larvae and juvenile
A: 15 dah, TL=(9.08+0.80) mm; B: 20 dah, TL=(12.07+0.84) mm; C: 27 dah, TL=(16.96£1.96) mm; D: 14 dah, TL=(7.20+£0.54) mm;
E: 21 dah, TL=(12.174£1.03) mm; F: 25 dah, TL=(15.68+1.77) mm; Af: anal fin; Cf: caudal fin; Df: dorsal fin; Dr: dorsal rib;
Ha: haemal arch; Hs: haemal spine; Hy: hypural; Na: neural arch; Ns: neural spine; Pp: parapophysis;
TL: total length; Ur: urostyle; V: vertebra; Vr: ventral rib.
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A: 16 Hi#, TL=(9.27+0.83) mm; B: 20 H ¥4, TL=(12.07+0.84) mm; C: 25 H %, TL=(15.68+1.77) mm; D: 26 H i,
TL=(15.86+1.76) mm; E: 29 H %, TL=(19.92+2.46) mm; F: 35 H##, TL=(38.58+3.27) mm; Cl: £t ; Cor: ki ;

Fp: %885 Fr: #§4%; Pcl: JGRLE; Pt: JEWIH; Sc: JHMIE; Scl: HALE; TL: K.

Fig. 4 Ossification development of pectoral fin in Siniperca chuatsi larvae and juvenile

A: 16 dah, TL=(9.2740.83) mm; B: 20 dah, TL=(12.07+0.84) mm; C: 25 dah, TL=(15.68+1.77) mm; D: 26 dah, TL=(15.86+1.76) mm;
E: 29 dah, TL=(19.92+2.46) mm; F: 35 dah, TL=(38.58+3.27) mm; CI: cleithrum; Cor: coracoid; Fp: fin plate; Fr: fin ray;
Pcl: postcleithrum; Pt: posttemporal; Sc: scapula; Scl: supracleithrum; TL: total length.
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A: 18 Hi#, TL=(10.62+0.66) mm; B: 22 H ¥4, TL=(13.34+0.78) mm; C: 25 H %, TL=(15.68+1.77) mm; D: 27 H %, TL=
(16.96+1.96) mm; E: 29 H %, TL=(19.92+2.46) mm; F: 35 H %, TL=(38.58+3.27) mm; Fp: X f&H;
Fr: #§%%; Na: 8675 ; Ns: B Pte: $HEEH; Sp: #EME; TL: &K,
Fig. 5 Ossification development of dorsal fin in Sniperca chuatsi larvae and juvenile
A: 18 dah, TL=(10.62+0.66) mm; B: 22 dah, TL=(13.34+0.78) mm; C: 25 dah, TL=(15.68+1.77) mm; D: 27 dah,
TL=(16.96£1.96) mm; E: 29 dah, TL=(19.92+2.46) mm; F: 35 dah, TL=(38.58+3.27) mm; Fp: fin plate; Fr: fin ray;
Na: neural arch; Ns: neural spine; Pte: pterygiophore; Sp: spinous process; TL: total length.

Kl o SRArHE fi R ik B AL 7

A:20 Hi#, TL=(12.07+0.84) mm; B: 21 H ¥4, TL=(12.17+1.03) mm; C: 25 H %, TL=(15.68+1.77) mm; D: 29 H %,
TL=(19.92+2.46) mm; E: 35 H#%, TL=(38.58+3.27) mm; Fr: #&%%; Fp: & ; Pte: HGER; Sp: HEME; TL: K.
Fig. 6 Ossification development of anal fin in Siniperca chuatsi larvae and juvenile
A: 20 dah, TL=(12.07+0.84) mm; B: 21 dah, TL=(12.17£1.03) mm; C: 25 dah, TL=(15.68+1.77) mm; D: 29 dah, TL=(19.92+
2.46) mm; E: 35 dah, TL=(38.5843.27) mm; Fp: fin plate; Fr: fin ray; Pte: pterygiophore; Sp: spinous process; TL: total length.
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A:23 Hi, TL=(14.62+0.68) mm; B: 25 A%, TL=(15.68+1.77) mm; C: 28 Hi#&, TL=(17.36£1.79) mm; D: 35 H i,
TL=(38.58+3.27) mm; Dw: ¥ U3%; Fp: ZHEH; Fr: 8655 Iw: IUEY; Sp: 86 TL: K.
Fig. 7 Ossification development of pelvic fin in Sniperca chuatsi larvae and juvenile
A: 23 dah, TL=(14.62+0.68) mm; B: 25 dah, TL=(15.68+1.77) mm; C: 28 dah, TL=(17.36+1.79) mm; D: 35 dah, TL=
(38.5843.27) mm; Dw: dorsal wing; Fp: fin plate; Fr: fin ray; Iw: internal wing; Sp: spinous process; TL: total length.
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8 WRfrHEf RSB E B
A: 23 Hi#®, TL=(14.62+0.68) mm; B: 25 H ¥4, TL=(15.68+1.77) mm; C: 29 H %, TL=(19.92+2.46) mm; D: 35 H %, TL=(38.58+
3.27) mm; Ep: J& L Fr: #&4%; Ha: k5 ; Hs: KB Hy: B T H; Mhs: @A RUPKIE; Mns: @& B8R Na: $E65;
Ns: B&#H; Ph: MR Fi; Pu: AiEMEN; TL: 2K, Ur: BITH; Umn: BMEHEL; Vv: B,
Fig. 8 Ossification development of caudal fin in Siniperca chuatsi larvae and juvenile
A: 23 dah, TL=(14.62+0.68) mm; B: 25 dah, TL=(15.68+1.77) mm; C: 29 dah, TL=(19.92+2.46) mm; D: 35 dah,
TL=(38.58+3.27) mm; Ep: epural; Fr: fin ray; Ha: haemal arch; Hs: haemal spine; Hy: hypural; Mhs: modified haemal

spine; Mns: modified neural spine; Na: neural arch; Ns: neural spine; Ph: parhypural; Pu: preural vertebrae;
TL: total length; Ur: urostyle; Urn: uroneural; V: vertebra.
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5 E R R e, BT 18 HikE Ak, PR
B A () R i T A gt DA A 0
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Abstract: Siniperca chuatsi is a freshwater fish with high economic value and is endemic to East Asia. Some
studies have shown that mandarin fish exhibit different movement modes, feeding behavior, and nutritional de-
mands during the larvae and juvenile stages. In this study, the morphological ossification characteristics of the
skulls, vertebrae, and appendages of S. chuatsi larvae [1-35 days post hatching (dph)] were described using a car-
tilage bone clearing and staining technique to provide information on the larval and juvenile organ structure de-
velopment and functional adaption. The results showed that the preopercle of the skull began ossification at 14 dph.
The upper and mandibular structure, which showed a relative length change, was ossified at 15 dph. At 17 dph, the
jaw teeth, articular, and hyomandibular began to ossify, while the interopercle, angular, opercle, branchiostegal
ray, and frontal structures were ossified at 19 dph. At 20 dph, the quadrate, subopercle, and supplementary maxilla
were ossified; most of the skull was completely ossified by 35 dph. Ossification of the vertebrae began at 15 dph
from the anterior to the posterior and was completely ossified by 29 dph. The dorsal rib and ventral rib began to
ossify from the base to the outside at 20 dph. The haemal arch, haemal spine, neural arch, and neural spine from
the front to back and the base to the distal end were ossified. Ossification of the haemal spine and neural spine
occurred later than that of the corresponding vertebrae. The ossification order of the appendages was from the
pectoral fin to the dorsal fin, anal fin, pelvic fin, and caudal fin. The cleithrum of the pectoral fin was ossified at
16 dph, while the coracoid and scapula were ossified at 25 dph. The dorsal fin and anal fin were ossified at 18 and
20 dph, respectively. The pelvic fins were ossified from the middle to both ends at 23 dph and the ossification
pattern was opposite to that of the pectoral fin. The urostyle and hypural of the caudal fin began to ossify at 25 dph.
The appendicular skeleton was fully ossified at 35 dph. The results showed that the early skull ossification of S
chuatsi larvae and juveniles is closely related to their feeding and defense behavior, while ossification of the ver-
tebrae and appendages are closely related to their movement and avoidance of the enemy.
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