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Abstract: [Objectives] The aim of this study was to investigate the developmental stage and ossification
sequence of the axial skeleton in the early development of Thamnaconus septentrionalis, and to provide
reference for seedling cultivation. [Methods] Using the Alcian Blue and Alizarin Red double staining for
cartilage-bone to study the developmental pattern of the axial skeleton (skull and vertebrae) of T.
septentrionalis from 0 - 60 dah (days after hatching). [Results] The results showed that in newly hatched
larvae, no apparent skeletal elements were observed in the head. At 3 dah (days after hatching), there were
cranial cartilage components such as trabecula cranii, parachordal, auditory cartilage ring and ethmoid plate,
as well as cartilaginous components such as Meckel’s cartilage, palatoquadrate, ceratobranchial cartilage, and
basibranchia cartilage. At 8 dah, the auditory cartilage ring fused into a round shape, the ends of the maxilla
was connected to the palatoquadrate, and the ceratobranchia cartilage gradually shortened from anterior to the
posterior. At 15 dah, the auditory cartilage ring protruded, the skeletal framework of the head became stable,
the dentary and sympletic appeared, and the gill filaments were densely distributed. At 18 dah, the olfactory
cartilage ring, hypohyal and epihyal cartilage appeared, Meckel’s cartilage regressed, conical tooth appeared
at the anterior of the upper and lower jaws. At 20 dah, the frontal and ethmoid appeared, the preopercle and
premaxilla appeared and ossified. At 22 dah, the preopercle extended downward into lamellag, and the
branchiostegal ray fully ossified. At 24 dah, parietal, parasphenoid, subopercle, operculum and ceratohyal
appeared and ossified. At 26 dah, the head was covered with sclerosified conical scales that were fully ossified.
At 33 dah, the frontal, ethmoid and taenia marginalis posterior fully ossified, the rostral elongated, subopercle
and operculum fully ossified, and conical teeth changed to incisor-like. At 50 dah, all the cartilages were
ossified except the gill filaments and the cranial skeleton fully ossified can be considered (Fig. 2). The
vertebral column of the T. septentrionalis was transparent and colorless in the first 14 dah. At 18 dah, the
formation of the neural arch and haemal arch at the posterior end was observed. At 25 dah, the segmentation
of the vertebral column was completed. At 28 dah, ossification of the centrum was completed. At 30 dah, the
posterior articular of some centrum fused with the neural spine. At 45 dah, the intervertebral spacing
decreased, and the vertebral column fully ossified (Fig. 3). [Conclusion] This study clarified the
developmental stages and ossification sequence of the axial skeleton elements during the early development of
the T. septentrionalis, providing theoretical references for this species seedling cultivation.
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Fig. 1 Division of the central axial skeleton region of

Thamnaconus septentrionalis
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a Neurocranium; b. Splanchnocranium; c. Vertebral column.
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Fig. 2 Development of head skeleton in Thamnaconus septentrionalis
a3 Hidfrf (&K 264mm); b.8 HIMFf (4K 285 mm); c 15 HidFf (£ 313mm); d. 18 Hidfrfa (4K 3.38mm); e. 20
HigHEfm (42K 3.63mm); f.22 HidHEM (4K 4.02mm); g.24 HiEdHEf (4K 460mm); h. 26 HidHEf (4K 6.43mm); i.33 H
et (43K 2020 mm); j.39 Higghf (4K 3253 mm); k.50 Hi¢4hf (4K 4521 mm). acc. HEEHH; acr. HECH; bbe
BEERE: br. SEH: cb. AEEE: ch. AEH: ot HEEW: de. WiE: ehc. LHECE: ep. M fr. #UE: of. #82Z: bh. FEE: hm
FHE: iop. MEEEE: me KI/RKHE;: meth. P, mpt. SR, mx. EHiE: nc BE; oa HEHH; ocr. MEEIH, op. &
8551 pa T pe. MURBCE: pm. BURE: pop. AUBEGHE: po. FSU7HE: ps. BIEE qu. i ra BEE; s UK sop. B

HEEEE sy, S te BURECE: tmp. JF&
a Larvae of 3 dah (TL 2.64 mm); b. Larvae of 8 dah (TL 2.85 mm); c. Larvae of 15 dah (TL 3.13 mm); d. Larvae of 18 dah (TL 3.38 mm); e.
Post-larvae of 20 dah (TL 3.63 mm); f. Post-larvae of 22 dah (TL 4.02 mm); g. Post-larvae of 24 dah (TL 4.60 mm); h. Post-larvae of 26 dah (TL

6.43 mmy; i. Juvenile of 33 dah (TL 20.20 mm); j. Juvenile of 39 dah (TL 32.53 mm); k. Juvenile of 50 dah (TL 45.21 mm). acc. Auditory capsular
cartilage; acr. Auditory cartilage ring; bbc. Basibranchial cartilage; br. Branchiostegal ray; cb. Ceratobranchia; ch. Ceratohyal; ct. Conical tooth;

de. Dentary; ehc. Epihyal cartilage; ep. Ethmoid plate; fr. Frontal; gf. Gill filament; hh. Hypohyal; hm. Hyomandibula; iop. Interoperele; mc.
Meckel’s cartilage; meth. Mesethmoid; mpt. Metapterygoid; mx. Maxilla; nc. Notochord; oa. Occipital arch; ocr. Olfactory cartilage ring; op.
Operculum; pa. Parietd; pc. Parachordal; pm. Premaxilla; pop. Preopercle; pg. Palatoquadrate; ps. Parasphenoid; qu. Quadrate; ra. Retroarticular; sc.
Sclerotic cartilag; sop. Subopercle; sy. Sympletic; tc. Trabeculacranii; tmp. Taeniamarginalis posterior. dah. Days after hatching; TL. Total length
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Fig. 3 Development of vertebral column in Thamnaconus septentrionalis

a 14 Hibd 7 (4K 3.22mm); b. 18 Hid 7 (44 348 mm); c. 23 HEbMES (4K 418 mm); d. 25 HEbHEf (4K 4.96 mm); e 28
Hi#dghta (424 9.12mm); f.30 Hid%hfa (4K 14.81 mm); g. 33 Hid%hfh (4K 20.20mm); h. 45 Hig4hfi (4K 3253 mm). eb. #E
A ha BkT: hs KB na BES: nc HR: ns BEBL po. JERTR: pp. FEFLEER: pr. W us BAFE v.OMERE

a Larvae of 14 dah (TL 3.22 mm); b. Larvae of 18 dah (TL 3.48 mm); c. Post-larvae of 23 dah (TL 4.18 mm); d. Post-larvae of 25 dah (TL 4.96
mm); e. Juvenile of 28 dah (TL 9.12 mm); f. Juvenile of 30 dah (TL 14.81 mm); g. Juvenile of 33 dah (TL 20.20 mm); h. Juvenile of 45 dah (TL
32.53 mm). eb. Epicentral bone; ha. Haemal arch; hs. Haemal spine; na. Neura arch; nc. Notochord; ns. Neura spine; po. Postzygapophysi; pp.
Postoccipital process; pr. Pleural rib; us. Urostyle; v. Vertebra. dah. Days after hatching; TL. Total length
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2019) FUKy/NEfh (TREESE 2020) S5
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CBRIN S 201255 48 A H [ ] 195 iy A4 AN 5
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B E R A RN E] . AHIEFT SR
LA E s g s, A EME LR
A, B ZF Aa R, X5 Bl L
AT FEE R — 3, TR R R E R E
SRR RO ) et 2 — . SREE LTI 8
X E R R R AR, HT 3XE
SEATHR, J5 SXTEEARE, EEETHA,
X5 HAN e AR B AHIE o IR s 18 A I ME AR I
BEMEZLEHS, SN RN 5E 1 I B
RN ROEEANE 5 & 30, BB AR
R it — 0 TR B
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Z % X W

Borisov V B, Shkil F N, Abdissa B, et a. 2012. Development of the
cranium in the large African hexaploid barb Labeobarbus (=
Barbus) intermedius (Cyprinidae; Teleostei). Journal of
Ichthyology, 52(11): 838-860.

Gao X Q, LiuZ F, Guan C T, et a. 2018. Skeletal development and
abnormalities of the vertebral column and finsin larval stage of

hatchery-reared American shad, Alosa sapidissima. Aquaculture

Research, 49(7): 2376-2392.

Kohno H, Taki Y, Ogasawara Y, et a. 1983. Development of
swimming and feeding functions in larva Pagrus major.
Japanese Journal of Ichthyology, 30(1): 47-60.

Koumoundouros G, Divanach P, Kentouri M. 2001. Osteological
development of Dentex dentex (Osteichthyes: Sparidae): dorsal,
and, paired fins and squamation. Marine Biology, 138(2): 399-406.

Lv X J, Xu S H, Liu Q H, et a. 2019. Osteological ontogeny and
alometric growth in larval and juvenile turbot (Scophthalmus
maximus). Aquaculture, 498: 351-363.

Mabee P M, Trendler T A. 1996. Development of the cranium and
paired fins in Betta splendens (Teleostei: Percomorpha):
Intraspecific variation and interspecific comparisons. Journa of
Morphology, 227(3): 249-287.

Park J Y, Han K H, Cho J K, et al. 2016. Early osteological
development of larvae and juveniles in red spotted grouper,
Epinephelus akaara (Pisces: Serranidae). Development &
Reproduction, 20(2): 87-101.

HIRE, e R, FRRK, 5. 2019, SHFREAEHASGEUKE.
o KR, 26(2): 304-313.

WRIETT, ATCHT. 1984. ZRifEIX Ski L I 1Y 1 01 5 7 A 57
FE AR, AR, 4(2): 73-79.

PRINSE, HA, Bhfd:, S5, 2011 T4 HE f A A0 PR G B R
H. LR REER, 20(2): 217-223.

AP, i, TRFED, 5. 2007, 3 PNEHATFE 6 FE A B R
BERGIRWIRE. PEK™RE, 24(1): 73-8L

P, ik, 1RFED, 5. 2021, S ERAATRE MU A KB RE
ARG IR EWIT. Ki=FLE, 40(4): 596-602.

Ffik, BREME, kx T, &, 2011 444E ST Al (Thamnaconus
modestus) 1. MEfAK K B RAED . W SHE, 42(4):
561-566.

FAiE, XIPE, Ak, . 2012, LE D TELANBE R K
H. bRt R, 33(4): 26-33.

SRAERH, XIBI%, WA, S 2022, SRR AT HE AR S
RGO BIEE. HITKFHE, 18(6): 93-99.

SEE, MR, S0, 2006. PUEOEAREEREIGKE. KPR,
30(3): 289-296.

wOH, WL, TR 2013, MRFREMEROR B IO AR, 4
RIK=, 38(3): 74-76.



*+ 606 * 242 & Chinese Journal of Zoology 59 %

T, W%, RN, . 2022, T RLUF R AT RE R B B

HHRGR G NS, BIRPEREAR, 31(1): 71-85.

2RI, FRH, dKYLHE. 2021, LB GG A TEF A, P E
K=, (11): 82-84.

A, BN, BEYL, S 2023, KIRXE AT fE. S ES
RESHEK. IR REE, 19(1): 165-172.

Mgz, #2000, WEEPIE. 4. ALH: WEHHE B,
336-340.

BAEML, BRRI, D%, 55, 2023, 7 0 A7 HE AR R A
RERHE. /KP=24%, 47(8): 59-67.

WRRIE, PRAREE, ZEmivh. 1987, KL BB. b Rl R
#t, 75-102.

AREE, KIBR— MR, KBME. 2020, iR
S dbnt ELRO AL, 267-271.

FrERRE, TR, BT, 1980, HIkWiEH RGMEE. KEE

P2EdR, 13(2): 1-14.

=

HCHE. 2012, @ EHMENAKEURTEHAESRERESRE
AT RERMERE T, B BRI R R B A8 3.
M. 1987, TH-HH R ERA. ShWERE, 222):
40-41.

gk, B, R, 5. 2021 LR IR G K AT HE AR
KARFPEIEE. KAEA 2R, 45(3): 636-644.

THE, gmt, TiEE, % 2020, K/ HE GEE
JBE A% RGBSR, KIEHHE R F AR, 35(1): 47-55.

JkAh, X%, B, . 2021 KNSR E
Mgk, KA AR, 45(4): 898-905.

T, BRE, TH, % 2021 SUEELHEERMERKEESES
REERIBT ST, HEAEREE, 45(1): 1-13.

B2, WRIIZE. 1995, i fi i Sk i K B RGN E L. I oL,
16(4): 307-314.

KRB, 7, B, 5. 2024, GHE T GTRE FH R B S B
TEAFHERIBEAL. LRk R, 45(2): 210-219.



