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ABSTRACT

Hemitripterus villosus, a promising aquaculture fish species, is facing declining stocks.

This study aims to provide normative standards for skeletal development to address persistent
skeletal deformities in farmed fish. Specimens utilized in the study underwent artificial insemination
with captured fish, and the resulting larvae and fry were preserved in a formalin solution. The skeletal
ossification process commenced immediately after hatching, affecting the parasphenoid, premaxillary,
maxillary, and dentary structures at an average total length of 13.65+0.71 mm (n=5). By sixty-five
days post-hatching, ossification extended to the ethmoid and supraorbital, completing the head’s
development at an average total length of 21.24 +0.50 mm (n=5). Clavicle ossification occurred at
seven days post-hatching, corresponding to an average total length of 14.61 +0.52 mm (n=5). At forty-
four days post-hatching, the ossification of 4 actinosts took place, completing the shoulder girdle,
with an average total length of 18.15+0.61 mm (n=5). Vertebral ossification initiated at ten days post-
hatching, with an average total length of 14.80 £0.65 mm (n=5). By fifty-four days post-hatching, 39
vertebral columns were ossified, reaching an average total length of 18.67 = 0.54 mm (n=5). Vertebral
development was complete at sixty days post-hatching, with an average total length of 20.25+0.45
mm (n=5). This study sheds light on the skeletal development of H. villosus, providing valuable
standards and fundamental data for understanding skeletal deformities in this species.
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AFA| 7] 2+ (Hemitripteridae) = 458 ©] 5 (Scorpaeniformes)®l|
&3l= BERFoZ IFU o= AHA7| (Hemitripterus villosus),
7} Bt (Biepsias bilobus), ‘2713 (Blepsias cirrhosus) 24
3Fo] B o] QJth(Choi et al., 2002). 215 HA7]= &

A2k 2] 9): ALk (AEHAAD), Hol A (74D, ol A (4, SE A (A TES),
P ()
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vt A sjqat d& FH olF, o3 =33, HFl 59 F
B35 k9] =4 10~100 m E3upero|u} A vieho] A 4]shm
79 o|7E Y 222 EIEGT(NIBR, 2011). A&
Al olFo g 11YRH 19714 €2 A G~10me2
o]53) Akt (Gomelyuk and Markevich, 1986), HFU =
ol 4~5719) & FolglE ¥t

AFA| 7] otk (Hemitripterinae)= A NAFCZE EFH
7} 4% 14 (Froese and Pauly, 2023)2.2 2-& %0} o}y
ot A B3 @R gk AAl7Iotakel| &3k Nautichthys
oculofasciatus= FAAAE A A JUCN)Q] HF $17]o A
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o 29 B 4T SUE 2R 220l Red Listo] B4 o4
oz $2uo] gt WE AU Bz Qo] FAT olgolt
ERL, @A Syl A 471 9] BAEES 2012 695 tofl A
201798 478t, 2022 264 t (MOF, 2023)2.2 A& 7Ast=
F& Hola glem, 10| Hof Hlsto] Ayt o]4Fo] gt
&5hol7] ol AESA ok BES sl A7l tiE
A7t Bastttn Y7 A7 HE dFEE =4
off A Atet e, A 9 Zpx|of P (Park er al., 2014)
carbonic anhydrase 12] £} (Kweon, 2015), @& 2 FH o]
(Jang, 2017)7} o] FojFom, o= & FFEA] (Yang et
al.,2014), f]|EZ =] o} A= (Wang et al., 2020; Shen et al.,
2021), A2k (Markevich, 2000), 25382 EAJ (Tokranov and
Orlov, 2006) S0] ot A A7) FAZ=2 thofslel ¢
ol oY FHE AT A EAo Azt M=
4] A ool Bl (Kweon, 2011), 4HA17]oFate] 219l 2
Al 2714l B AF7F Sasiohar A 01‘7\]”}
2714819 BeIE A2 AT} TokE ATvh BEG A%
ol

°‘]'rr-] 271884 A= AAste T FA He 4
o uf FASY AEH A= 5 oI 27, =S
H 24 52 AT o5 EYIZ Fo| HEY B SR

g oflgt AIF o f 5 ohRt Aol 71ofstAl "otk (Song
and Choi, 2000). o]F2] A A Fof =gd B2 2
< Z2ATEY EFTEY FATAE Wole ° s A
£ A|&3l 3 (Blaxter, 1974; Balon, 1985), Ao} %9
£ BA7EE St A4 Aol A e AYE oketsty)
A= g FEY 27 IS 4SS fAF LR Potof
t(Byun et al., 2009). 27| &AL F o7 FRAYAL] QL
A A2101719] B2 WS AN e B HAY A2
o A% 2710 B2 ol BAST AA}E o BoAol
U%(Koumoundouros etal.,1997a,1997b), 22 dA4 AL =
ol AL thokdl ZA Q4E E3F AMEA whobo] $-83
9AE AATFLEN EFETEA YA o] dg FEE AlFgttt
(Peters, 1981; Fraser et al., 2004; Javidan and Schilling, 2004).
ABoIRe 27] WSTA F Fe Wske Mol 79
FEo| WGt F7)Rpolo A XJoj7]of 7P A Polit o]
Al719 AU AEdA o w2t 23} ot ¢Aof s}
£ zs) Zulct ookt AL el EAL gotksts o)
ARE AF-3ct(Mook, 1977; Kohno et al., 1983; Myoung et
al., 2001). EHEE o2 ofuj@e] F=3 M=l 719
02 Q) 27] Aolo] AEe| = FFS WA
H3 QI (NFRDIL, 2014), 4o oigt d+= A9 &
5 277 48T ol Feksi BB AELE AHgH
t}(Cahu et al., 2003; Lewis and Lall, 2006).
FA] oJFoA Yeh= E7 ol A2

O o 4o oN

g Aoz

A A A

2MI7] RERloje] BHLE 21
oA A&sA T s -5': ]ilﬂ (Bogllone et al.,2013),
WA oigel R Fefol JTL A AE TS W
U} Az 93¢ == AoZ 4 A 9ok (Gavaia et al.,
2002). AHAIFE AT A4 SISt Bak ohuat o] A
E5HA U R Ao A X £Q35F2 2 (Koumoundouros et al.,
1999), A2 F2] oA o} Fel AHA7| A ole] BHu 7
He pastd 220 et Ane Suslw, BRIy A7
of Aol W oFA] BN UERFE B4 o4 Hle] Bt
712A R 2H BEstalA} S

ERTET

Axoj o] WredA 9 ZAYY #EE 93 20159 1~3
ol o5 A4t ?l’gﬂgc’ﬂ/ﬂ BAAGe = ojgHl At ofn
£ o|&35te] AFFAT T RIATt Aoj5& AFSBFHA Tz
S AR olTRE ALESIol Al Sl 124 2
3] 3t 22 9~11°CE FA A oY, Y22 FEA
2 (Nannochloropsis sp)S 2o} 10x 10* cells/mL F=2 4
WS 24t & W57 F P4 o2 AR AR of
= ZgtAE AMZZE (385 X250 X 140 mm)ol| 83152
stFol 1/34 13] $pslal A5 o] &3 = HIH Y| HA

7158 AAsH TRt Yol 2] rotifer (Brachionus
plicatilisyS Fo)3}ct &g utel Artemia sp. nauplus 2
7] WAL (2 e 350 um) Eele] BReALh.

Aol w3 AFRE oo 10ANH F4 Twd
T A3t F Kawamura and Hosoya (1991) G s of w2t o]%
FAetg o SFAE 100%9] EESH ZAULES H2
Aot dAE A0l 8) TAL FAE, WA, o E, AdE,
Az 4 uZg £4°0 2 AHHv]7 (Nikon SMZ-u, Japan)
<= o|&sto] WES e, 7 B9= s F97] (Nikon
Profile Projector V-12B, Japan)E 53}% 0.01 mm7}A| &% 3}
of 2AA st o, AR o] FejdD SA= Park er al. (2014)
o whtet.

A7) ZHA o] o e = =

=, gD, dd7, A5E 9 nEf e FE5te] BESHA

.
1. FIHE (Tables 1, 2)

B3} A% 230](13.65+0.71 mm, n=5)= TR 71 &
AZ-E ®oFol B (parasphenoid, PS)# M (frontal, F)©|
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Table 1. The ossification process of cranium and visceral skeleton in Hemitripterus villosus

Days after hatching 0 3 7

10 13 31 56 65

Total length, mm 13.60 13.80 14 .41

14.90 15.07 17.12 19.12 21.18

Caranium

parasphenoid

basioccipital

frontal

nasal

alisphenoid

prootic

sphenotic

ethmoid

supraoccipital

Orbital region
preorbital
suborbital
supraorbital

Upper jaw

premaxillary

maxillary
Lower jaw

dentary

articular
angular
Hyoid arch

ceratohyal

epihyal

urohyal

interhyal

branchiostegal ray

Z3tetglon, 3} Ao oFZ9] A4S (premaxillary, PM),
/ot (maxillary, M)Z} o} 8] &) X] & (dentary, DT)o] &3}
=7] X123t (Fig. 1A).

23] 3AA A7) &) (13.78 £0.50 mm, n=5)= FrfF o] Ak
S.5%=Z (supraoccipital, SOP)¥ 7] A & %X (basioccipital, BOP)
o] Z3}st7] AlZFetaL, A3 ol A= (branchiostegal ray,
BR) 370} ZHdZ (ceratohyal, CH)©] Z3}3517] A|&+stgich Al
N F-oll= AMNZ (preopercle, P)3 FEAJ7HZ (opercle, OP)©],
FAFo| = HoF (hyomandibural, HM)©] Z3}5} 4 th (Fig.
1B).

53t 797 $7]AH0] (14.61 £0.52 mm, n=5)& g7
}/dZ (epihyal, EH)o| 33341, 3709 MzZo| Z3} st
Z o719 AzZo] Z3etg e, /iR oll= W& (quadrate,

Qeol =3}3t7] Al&sHeith(Fig. 10).

23} 1097 F71240] (14.80£0.65 mm, n=5)= F7
Hof Ao|Z& (sphenotic, SP), A o] & (prootic, PRO), A&
(alisphenoid, AP)¥} A-g¥of u|dZ (urohyal, UR)Z} 7+
Z (interhyal, IH)Y] Z3l7} A& Qch A7 sHAAS
(subopercle, SO), 7] F-oll= H&E (symplectic, SY), W24
Z (endopterygoid, EP), 32 A& (metapterygoid, MPT)0] &3}
817] A&kt (Fig. 1D).

23} 1394 F7]AH01 (15.07+£0.27 mm, n=>5)= o= 2zt
Z (angular, ANG)Z} ¥H8 X (articular, AR)2] Z317} AJZHE
% (Fig. 1E), 3} 3194 F7]1&40] (17.02£0.38 mm, n=35)
= M7l 7EA7HZ (interopercle, IOP)} ¢te}Ztof QFstZ
(suborbital, SOR), FHF (preorbital, PO)o] Z3}al7] A|2}Fsf
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Table 2. The ossification process of suspensorium in Hemitripterus villosus

Days after hatching 0 3 7 10 13 31 56 65

Total length, mm 13.60 13.80 1441 14.90 15.07 17.12 19.12 21.18

Palate

Hyomandibural

Endopterygoid

Metapterygoid

Quadrate

Sympletic

Opercular

Opercle

Subopercle

Preopercle

Interopercle

Table 3. The ossification process of vertebrae, caudal skeleton, pelvic girdle and shoulder girdle bone in Hemitripterus villosus

Days after hatching 7 10 13 15 18 26 35 44 54 60
Total length, mm 1441 14.90 15.07 15.12 1525 1542 17.05 18.25 18.76 20.25
Vertebrae

Vertebra

Neural Spine

Hemal Spine
Rib

Parhypural
Pterygiophore

Interneural Spine

Interhemal Spine

Basiost

Caudal skeleton

Urostyl Bone

Hypural Bone

Epural Bone
Shoulder girdle

Clavicle

Posttemporal

Actinost

Supratemporal

Postclavicle

Scapula

Supraclavicle

Coracoid
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Fig. 1. Ossification of the cranium and visceral skeleton in Hemitripterus villosus. A: 13.60 mm; B: 13.80 mm; C: 14.41 mm; D: 14.90 mm; E:
15.07 mm; F: 17.12 mm; G: 19.12 mm; H: 21.18 mm. ANG: angular; AP: alisphenoid; AR: articular; BOP: basioccipital; BR: branchiostegal ray;
CH: ceratohyal; DT: dentary; E: ethmoid; EP: endopterygoid; EH: epihyal; F: frontal; HM: hyomandibural; IH: interhyal; IOP: interopercle; M:
maxillary; MPT: metapterygoid; N: nasal; OP: opercle; PS: parasphenoid; P: preopercle; PO: preorbital; PRO: prootic; PM: premaxillary; Q:
quadrate; SOP: supraoccipital; SO: subopercle; SOB: supraorbital; SP: sphenotic; SY: symplectic; SOR: suborbital; UR: urohyal.

%o} (Fig. 1F).

B3l 56497 £7]240] (19.18£0.49 mm, n=5)= T30
H| & (nasal, N)9] Z3}7} A& QL (Fig. 1G), £3F 3 6594
Z0](21.24£0.50 mm, n=5)= F7/HZ] AHZ (ethmoid, B)Z}
Qtel-Zof| QHAFE (supraorbital, SOB)©] Z3}5lHAl AMA|7] A
o] TR HE =7 o] &=tk (Fig. 1H).

_1’:_
of AR B3} 744 L7|AojE AgZoA &
(clavicle, CL)O] 7} A Z385]7] A28l th(Fig. 2A).

B3} 1594 (15.124042 mm, n=5) {Z9 #7|7} F3

on, 3ZEF A Z (supraclavicle, SCL)o] Z3}8}7] A2}
.
S

Z (scapula, SCA)2 A2 J&= o] Z3}etqch(Fig. 2B). #
3} 18Ul (15.27+0.52 mm, n=5)= AF&Z (actinost, A) 27}
o AZrE, A& 5F (supratemporal, ST)©] Z3}51% 21 (Fig.
20), 23} 25941 (15424033 mm, n=5)% LI, THZ
(postclavicle, PC) @ AMEE 3707} &31el7] Al&8H4th (Fig.
2D).

B3l 4497 $7]740] (18.15£0.61 mm, n=5)= =9 9
Zo] FEYAHA AHEZol FA F2EHL T Y AES
o] Z3tEo] 4A7] AR BE ZZo] SAFEHAT (Fig.
2E).
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Fig. 2. Ossification of the shoulder girdle region in Hemitripterus villosus. A: 1441 mm; B: 15.12mm; C: 15.25 mm; D: 1542 mm; E: 18.25 mm.
A: actinost; CL: clavicle; CO: coracoid; PC: postclavicle; PT: posttemporal; SCA: scapula; ST: supratemporal; SCL: supraclavicle; SCF: scapular

foramen.
3. %5, 0152 % U

AR HrE BARe HEIH mYA Lo Bt
A Wol 9T Bo %L o2k ABT A2 W WL 4
9] Zo] 1892 &9 9lor, @ (blood vessel)I H=
(spinal cord)E 22 3}= 7|5 7Hth(Yun, 2008). F3} 10
AR F7|Ao]= E3Z (abdominal vertebra) ¥Z A=
(neural spine, NS)9| Z3}= 7|Hoz2 HZxZo 3yl A2}
Hglom (Fig. 3A), 73} 1344 $7|Rtol= AAS2 8712
F7kstel BT BETE ot Boks] At
(Fig. 3B).

R3}F 1844 7)Aol AAFL 13712 F7H8HaL, 10
A9 B3Zol BoH7] ARTAOH, WFS BEFE 52

(rib, R)Z} 1] REAFZ (urostyle bone, UR)0] Z3}3l7] A8}
At} (Fig. 3C).

B3l 2694 F7]AF0] (15.42+0.67 mm, n=5)= A15A|
Len| e A2EA=u|E AA|sH= 7]7]F (basiost, B)T} Al
737+ (interhaemal spine, IHS)©] Z+Z+ 5709} 3717} &35
o, AR =Hu]E AA st 717123 EH7H (interneural
spine, INS)°] 5~67l Z3}st¢ith. v 9] stuj3=& (hypural
bone, HY) o}&] £3}u]3Z (parhypural, PH)0| &35l oW,
7 910 AL 2 S| RFo] BHer] ARG HET 27
(vertebral column) 2672} A A= 297), 5&F°] 13712 Z7}3s}
oo, 11~12H7 F42¥ 3~57]2 &E7] (parapophysis,
PP)7} =3}517] A28l ¢itt (Fig. 3D).

B3} 3527 27240} (17.1540.89 mm, n=5)= 7]7] 2}
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Fig. 3. Ossification of the vertebrae in Hemitripterus villosus. A: 1507 mm; B: 15.25 mm; C: 1542 mm; D: 17.15 mm; E: 18.76 mm; F: 20.25
mm. B: basiost; C: centrum; EP: epural bone; HS: hemal spine; HY: hypural bone; IHS: interhaemal spine; INS: interneural spine; NS: neural
spine; PH: parhypural; PEL: pelvic girdle; PP: parapophy sis; R: rib; UR: urostyle bone; URO: uroneural bone.

4

3lstqitt. v ol A3, 4 shu|F=Zo] E3187] AlAFSHAAL,
Zo] 187), H5Z FA7} 3212 FIE YL
3191t} (Fig. 3E).

B3} & 5495 7|720] (18.67+0.54 mm, n=5)= 3
= FA 39707F E3etR AL WA =gnE AR5t adF
(pelvic girdle, PEL)®] &3}3}7] Al&38tgom, 231 60UA|
3.7)210] (20.25+0.45 mm, n=>5)°]] A1SA=gnS A3}
£ 7171&, AATF ] 1 o F38te F 2770, @8]
127] Z3tElo] H32F, uS3F 9 atfiZ FZo] SAF=EA
o} (Fig. 3F).

o
T 32

z =

S WA TN BTl $oI8 Wal} bt
(Koumoundouros et al., 2001). Y¥tZ o2 Hojy} o|F= H
3} o]Aof ZZ o] W, Fol&F olfE F3 o]Fo =4
o] wighstrty e A Itk (Matsuoka, 1985; Koumoundouros
et al., 1997b; Faustino and Power, 1999; Sfakianakis et al.,
2004). 4A| 7= FolEof £31A| e (Froese and Pauly, 2023),
of QAFOIA] BT APAYIE 3} ool WAE, Faket
F3t ) go] Fokslo] Aolat ol F ot HAR BAE B
R ol 2o ¥ by UA 9e PHeks ofFo] B

— o

shshe BA2 dehd) o)k Aoleh 53 Y8 $4Ho



37} dojuts Hjojth(Vandewalle et al., 1997). AHA| 7]
5 7 oFmol Wslel 3} A 9iela ofefel o
7t2-E oS 7AW, 4ol ALY F5H A7) AR
w2o] YJehdTh(Kyushin, 1968). 1S B3l 447 <]
A1 4] (Antonenko et al., 201002 & 4 i AyZtE

, T2 T Ao v)3)] ofZo] HA Z3}Et= Vandewalle er al.

= 4o

°f

& o

Hoo o 4 rlr b
l‘-°.L‘ _ln

RAE, AF, IATEE, IFFEL Yol AANE 5
oF FZ AEEHE $4S wol33 (Vandewalle et al.,
1992), 98t #3Z F= v =55 F+ A (Weisel,
19672, &2 49 A+ Aol 715l sternohyoideus
muscles A A5, 47 dA A FF5t= o Fasith
4 A 1tk (Wagemans and Vandewalle, 1999; Yu and Kim,
2016). A7 = F3F A5 RS AFo] T3fstRen,
oA 7 iR Hzo] F3F 79H4 =3}st7] AJAEH
t}. £ o] 2 6]%& (Kim and Han, 1991; Kim et al., 1993; Kim
et al., 1997; Han et al., 2001; Byun et al., 2012)| A& A4
2, 94T 5o §37 WA B B4L wYon, B8,
Takifugu pardalis (Han et al., 2001)3} U] 245 Luciogobius
guttatus (Kim et al., 1992)= F71Z& FA3t= T =
o] I Z3ste FEHCl HYth 23 &A= Hol, 9,
Z5o diE =4 Fa4 s 4 Eth (Munehara and
Shimazaki, 1991). o]o]] w2} Bo]& & ¢ $lo] Bagt £
o] B Z3}st= EFo] yehd 2oz Bl

HEA=uE XSt 4 F sh Azl A
o] BHEEY ol HolZ ofFolA et RFed 33
2 43 A ok (Koumoundouros et al., 2001). 3tX| 9t Fol &
Bk ojgt £ZHjo|Eof £H)o], Sebastiscus marmoratus (Kim
et al., 1997), 348, Sebastes oblongus (Byun et al., 2012),
7V B0 &3F= AR 7FAM], Limanda sakhalinensis (Han
et al.,2019)F H|Esto] ofg] EFLolA BEE7| dutE
ol FAZ B Qlth(Han et al., 2018).

2o 422 o2t 2 H22L 23 474
7] ¥gkon] B3} 1097 14.80+0.65mmolq 222
AAFO ZIE At 2 A T3 AZE T AR
o] wet nF 202 Z3U} A= QLo W, Hemitripterus
bolini Morgan, 2012)+= F7|At0] & 3 9F 18 mmoA &
s}57] ARSI, F717017] o 195 mm7t B W7k 2
sfobx) skt A2EI v B BB wg g9 BAE By
o|Z|qt FANRet AR & I3t 7 =A E3t 9]
Folglth. 54019 A HAFT 39 AFto] FAHEY F
A3l F AT, AR, Coreoperca herzi (Han et al., 2017), F&%
%, Tridentiger trigonocephalus (Han et al., 2018), AF&3 712}
u] (Han et al., 2019) 5 HF& |77} FHREet AdjFof v

3 AFE9 It =A ol FoFH. HFER vEFE E

HMI7] RERloje] SHRE 27

o 420 P ST BT YW H2L GAw of
Yzt go] HNNE A g7lel © W2 B3} o)Reix)
£ Ao AZEL B Axo] 44 B glof Ho
Fol R9uT} o F25)0] o M2 F3ph o]RojH
= Az,

.-
o o

o] AT A7) Ao LaTA ol W2 DAY #A
ATE R (A, WAD), AR, 852 @ mBnE 7
wate] BASIGT ok T4 /1Y EAE AA st o

pul

Qo] mgol Hug 3t

LS QY A7 AL HES ISAE A7
AR 2/ WBAS BFAH A7 A4sH Bastchn
B2,

3
as 7|8 A4 AZshe
Eq?

o OF
4 =

AR 7] (Hemitripterus villosus)= N2 4] o]Fo =2 o
3 Qlout, Apeko] Zastal glom, A ofFoA A
Al FAZ Ut =24 713l s AAl719 B3
Add 7|&& AASELA gt o] Aol AHEH AR
o5l ojul =Rl A £AVL BN AA ol E
ofof] 1A% F Kawamura and Hosoya (1991) G4 of|
wet gt ZAUES BASHYYh 73 A% HA4A1A%}
13.65£0.71mm(n=>5) ¢ wf FAIZH S, dAerE, A
2ol 2o57] AT, Hok ¥ 65U FEAA 2124
0.50 mm (n=5) & 1) AR} QHEo| BehEA TR} o
AESS. AdFs 3 744 FEAH 14.61£0.52 mm
(n=5) ¢ W =, FANE, TEZ0] S38t7] A &sHH e
o, 23} 4444 FFAA 18.15£0.61 mm (n=5) & wf, 471 <]
230 Botslo] AR SHHTE B3 1094 B2
A 1480+0.65mm (n=>5) 4 wj H32To] 2ot AztE Y
o, 13} & 5447 HFAT 18.67£0.54mm (n=5) 4 o
35 34 397071 Z3ksto], 73k 60YdA B 2025+
045mmn=>5) 4 o HFZ9 ZZo] AAJHIU. o] A+
AHA7] AR oo AU et AL = 4HA71 Y Ao &
A 7139 71ed 71227 Aol AHEE Aol

e e dp o
2

il
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