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Fig.1 Skeletal structure of normal larvae at 5 days post hatching
a. Double-staining to reflect the structure; b: Diagrammatic of the [12]
cephalic cartilages™. bb: basibranchial cartilage, cb: ceratobranchial ) ’
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Fig.2 Characteristics of caudal skeletons in golden pompano larvae of 1-15 day post hatching (dph)™*!
A. 5 dph [standard length (SL) = 3.38 mm]; B. 7 dph (SL = 3.8 mm), Hy1 appeared; C: 9 dph, Hyl, Hy2 and Phy all appeared; D. 11
dph, Eps, Mhs and Hy3 appeared, with Cr coming out; E. 13 dph (SL = 5.14 mm), Hy4 and Mns appeared, with Ur upward bending,
three Eps appeared beside the corner; F. 15 dph (SL = 6.1 mm), Ur bent upward further, Eps became more distinct, 17 Crs appeared.
Cr: Caudal fin rays; Ep: Epural; Hy: Hypural; Mhs: Modified haemal spine; Mns: Modified neural spine; Nc: Notochord; Phy:
Parhypural; Ur: Urostyle.
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Fig.3 Head view of Trachinotus ovatus larvae at different developmental stages
A. Normal jaw structure (5 dph); B. Mediate bending on Meckel’s cartilage (5 dph); C. Severe bending on Meckel’s cartilage (5 dph);
D. Twisted lower jaw (5 dph); E. Lowered hyoid arch (5dph); F. Lowered hyoid arch (16 dph); G. Normal jaw structure (17 dph);
H. Shorten lower jaw (22 dph); I. Pugheadness (29 dph).

[33-35] , 5 5
3
[4, 25] ,
[24] i [21,37-75]
44 ,
[36] iz
3 , 4 [1, 38-39]
(5]

[23] [40-43]

L L1 , ;



254 23

200 pm

200_um . 200_um 200 pm

91

N
&

A. (3 d); B. (31 d); C. \Y% (31 d); D. (31 d); E. (11 d); F. (16 d); G.
; H. ;L .
Fig.4 Some typical deformity samples detected in different body parts of fish!”!
A. Notochord deformity on 3 dph; B. Malposition of vertebrae on 31 dph, C. Severe deformed vertebral column individual on 31 dph
(V-shape); D. Atrophy of vertebrae on 31 dph; E. Fusion between vertebrae on 11 dph; F. Scoliosis (16 dph); G. Preural vertebrae
deformities; H. Epural deformities; I. Hypural deformities.
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Skeletal ontogeny and deformities in commercially cultured marine
fish larvae
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Abstract: Skeletal malformations are often associated with limited movement, reduced feeding capacity, depressed
growth, and a high mortality rate. Deformed fish have a low market value and represent wasted time and effort.
Skeletal malformations are observed frequently in hatchery-reared marine finfish larvae and juveniles. Such mal-
formations continually hinder development of marine finfish aquaculture. This study summarizes early bone de-
velopment (including jaw skeleton, vertebral column, and caudal vertebra) characteristics of commercial marine
fish, such as golden pompano, yellowtail kingfish, and Asian sea bass, and compares bone malformation position,
time of occurrence, and frequency in fish larvae. We also review genetic, environmental, and nutritional factors
that regulate skeletal development in marine fish larvae to help reduced skeletal deformities during marine larval
fish culture.
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