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ABSTRACT

This study was carried out to observe the development of the autonomous skeletal

development of the Tridentiger trigonocephalus. Seven days after hatching, the skeleton of the two
line cranes began to ossify at premaxillary, maxilla and dentary when the average total length was 4.44
mm (n=5). At thirteen days after hatching, the frontal, parietal, and epiotic ossicles were observed
in the cranium when the average total length was 5.62 mm (n=5). At thirty-two days after hatching,
actinost and post cleithrum were ossified at the shoulder when the average total length was 11.8 mm
(n=5). At forty days after hatching, the lateral ethmoid of the skull was ossified with an average total
length of 13.3 mm (n=5) and all skeletal development was completed.
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M =

F5o| 3 (Gobiidae) o= A AlA oF 2124 1875F0] &
HA dow (Kim et al., 2005), S Uztol= oF 394 763
o] HiE o] QITH(NIBR, 2017). 5245 (Tridentiger trigo-
nocephalus)S %0 & (Perciformes) 4E0]3 ARG =S
(Tridentiger)®| &3l= {2 it A A, d&, S
2 Ao} Fof £Est= ALE U A Ut} (Chyung, 1977;
Kim et al., 2005; Fishbase, 2018).

FEYE HE 72 ASdE 2 27]EAHKim
and Han, 1990), X]o]1¢] WA (Kang et al., 2004), Mt]o| L
9 A 4] 7]Z (Pondella and Chinn, 2005), HiAdg 9 -
2 (Feng et al., 2009), 89 FY4¥ F&T5 (Boltachev and
Karpova, 2010), A}x]¢1 2] Ho] & (Kim and Yoon, 2016), ¥
2154 (Hwang et al., 2018) F°] ith. £ F=5o0j1} o] 79
=79 Ugt 12 = u|ESLE, Chaenogobius laevis (Kim
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and Han, 1989), 5459, Periophthalmus modestus (Lee,
1990), U] 8W%5, Luciogobius guttatus (Kim et al., 1992)°] &t
3 o]l R g ot

ARolo) BAYE EHE AL B F %27
of AT 2A9 ol4e BRI AATET Bl
™ (Koumoundouros et al., 1997a, b), 301719 AEZEFsA
712328S AFSHAL Qlo] o] Zopof tiet A7 st
(Mook, 1977; Potthoff et al., 1987, 1988; Potthoff and Tellock,
1993; Liu, 2001; Sfakianakis er al., 2004; Coban et al., 2009).
TEUHEL NESEYE(T. bifasciatus)T 9F FeRoz
o gAkste] TR ol eu, = F7be] ZfolHe el
4k BREA AT AR7 Bas Agolch gy ol
Ao e FETEY TSHAE AX o YR ZALE 7

e WAL, $AFU 2 S0 WIPL vw 12

¢
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Aol ARSE AlEE 20159 59 FARGSA FHA <2
TAZ 29k

qetollA ¢, 4 4tz 10utE]E Z3ste] o
o} £ BAL Kim et al.(2005)F o]+ t}.
2. A2 | Y XX AR

ojlmlt 98 §E4Z(B50%30cm)ol| $L3G L, AHS F
= Ue A2 = ot 4t FATE AFAE
stAth =T ALFFS Y3l oo oldE FF
R, ARFF2L 18.0~22.0°C (Bt 20.0°0)E #2353t
Apz)o] AbgE AT FAH xR0 FUFEL, Ho|BES
3 J2RE Xo)7|= o]Pst= 7|7k <t 7|eA ZEH
(Brachionus rotundiformis), &€ 0|0} (Artemia sp. nauplius) 5

o A4S ex o= FFtdrt

Z-2 Walker and Kimmel (2007)
Stk 7 ReERE R
(Nikon JP V-12B, Japan)¢} A A& 1] 73 (Nikon NM-40, Japan)
Z o] &3t FAE, AYE, FFE € 1SS FHeE W3
st em, 27)= 001 mm7HA] S35kt 2 24E w2
Kim and Han (1989) @ Kimura (2010)°] w3t}

2 o

ob

=X
So

A ofml o7t vwH B, AFYOE WL
2n] g st 520, B Fdelt 2719 AR E57}
ol Qigit. vie) Rielq e gmoz BEEe Y9
T, obbn] £7 glols F wbge] oA stk 2 19
¥ Aueu] 27] 2k FALYn 32 o, A AT
SALE 32 1), 42 IAGOH, ZAHE S 50~60

NE 7HH FEP=22 4=

)

FEY5Y AAo] FHAEY B2 Figs. 1, 29 Tables

A9 Faph AFHE AVlE 2ot F 79 F71A

Fig. 1. Development stage of flextion and postflextion larvae of skel-
eton in Tridentiger trigonocephalus. A: 7 days after hatching, 4.44
mm in total length (TL); B: 10 days after hatching, 5.02 mm in TL;
C: 13 days after hatching, 5.62 mm in TL; D: 16 days after hatching,
6.40 mm in TL; E: 22 days after hatching, 7.57 mm in TL. af: anal
fin; an: angular; ar: articular; av: abdominal vertebrae; bo: basioccip-
ital; br: branchiostegal rays; cl: clavicle; ch: ceratohyal; co: coracoid;
cv: caudal vertebrae; df: dorsal fin; dt: dentary; eh: epihyal; et: epi-
otic; exo: exoccipital; f: frontal; gh; glossohyal; hh: hypohyal; hm:
hyomandibular; hs: hemal spine; iop: interopercle; mx: maxillary; n:
nasal; nc: notochord; ns: neural spine; op: opercle; pa: parapophysis;
pmx: premaxillary; ps: parasphenoid; pt: pterotic; sop: subopercle;
spc: supraoccipital. Scale bars =1.0 mm.
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Fig. 2. Development stage of postflextion larvae and juvenile of
skeleton in Tridentiger trigonocephalus. A: 28 days after hatching,
9.32mm in TL; B: 32 days after hatching, 11.8 mm in TL; C: 40 days
after hatching, 13.3 mm in TL. a: actinost; as: alisphenoid; ed: en-
dopterygoid; em: lateral ethmoid; ep: epural bone; hy: hypural bone;
ins: interneural spine; ihs: interhemal spine; mt: metapterygoid; pat:
palatine; pcl: postcleithrum; pel: pelvic girdle; pf: prefrontal; ph:
parhypural bone; pro: prootic; r: rib; sca: scapula; uh: urohyal; uro:
urostyle. Scale bars=1.0 mm.



Table 1. The development process of cranium and shoulder girdle of Tridentiger trigonocephalus

Days after hatching 7 10 13

16 22 28 32 40

Total length (mm)

420~460 485~520 545~580 625~6.55

725~790 920~945 11.6~120 13.2~135

parasphenoid

basioccipital

exoccipital

frontal

parietal

. epiotic
Cranium P

supraoccipital

nasal
alisphenoid
prootic
prefrontal
lateral ethmoid

clavicle
coracoid
pelvic girdle
actinost

post cleithrum
scapula

Shoulder
girdle

Table 2. The development process of vertebrae and caudal skeleton of Tridentiger trigonocephalus

Days after hatching 7 10 13

16 22 28 32 40

Total length (mm)

420~4.60 485~520 545~580 625~655 7.25~790 9.20~945

11.6~12.0 132~135

notochord

abdominal vertebrae

neural spine
caudal vertebrae

Vertebrae hemal spine
parapophysis
rib
interneural spine
interhemal spine

urostyle

hypural bone
4th-5th

2nd-3rd

1st

parhypural bone
epural bone
1st-2nd

3rd

Caudal
skeleton

A% 420~4.60 mm (B 4.44+0.28 mm, n=5)2 4J0]7|
T 9% st A" AAorE (premaxillary), F/E
(maxillary), o} 81 9] X|Z (dentary)°] E3}517] A|&F614ith.
EZE o] Al7]of| AE W H= ZHE (angular)©] Z3}5}7)
AlZrst e, A&l F4E (parasphenoid)it 7] A 5+
Z (basioccipital)©] F2&2 Z33}7] A|Fstget AF3Ro=
A/ Z (epihyal)©o] Z3FeEH AL, A7) o= FA7Z (opercle),
Eolls HF (clavicle)o] Z3tatgon, A3 4AER
2 A9l A M (notochord) & o] Z0]A ¢13ITh(Fig. 1A).

0:

62 ™Y

3t & 10974 F717o = A% 4.85~5.20 mm (B
5022024 mm, n=5)F /5§ A} (hyomandibular), 3
A Z (articular)o] Z3FH L, A= U4HZ (glossohyal),
Z}d & (ceratohyal), M| &F (branchiostegal rays)©] Z3}5}7]
AlFstgon, FlEol= &FFE (exoccipital)©o] =354
th. H3Zo= Fx 10719 E3Z (abdominal verbrae)o] &
s}st7] AR, B BIL g HEAA B X
Fo 2 2P Qith(Fig. 1B).

73 & 1394 F71Ao = AR 5.45~5.80 mm (B
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Table 3. The development process of visceral skeleton of Tridentiger trigonocephalus

Days after hatching 7 10

13 16 22 28 32 40

Total length (mm)

420~4.60 4.85~520 545~5.80 6.25~6.55 7.25~790 9.20~945 11.6~120 132~135

Upper jaw premaxillary

maxillary

dentary

Lower jaw articular
angular

epihyal

branchiostegal rays

Hyoid arch ceratohyal

glossohyal
hypohyal

Visceral urohyal

skeleton

hyomandibular
sympletic
metapterygoid
palatine
endopterygoid
ectopterygoid

Palate

preopercle

opercle
subopercle
interopercle

Opercular

5.62+0.24 mm, n=5% F/Zo= W= (frontal), = Z
(parietal), /0] & (epiotic)©] Z3F5}7] AlZFeF AL, A 7fFoll=
A 7] & (subopoercle)o] =31st7] AlZtshih. H STl
E3E 9& 4 =35t7] A&kl
57§¢] ©]3F (caudal vertebrae)©] Z3}5}7] Al2}3H T (Fig.
10).

B3l T 1644 T7|A)E= AA 6.25~6.55 mm (B
6.40+£021 mm, n=5)2 A3Fo| 3-43Z (hypohyal), 474
o= ZHA7NZ (interopercle)o] E3}5}7] A8ttt 521 =
oo} HA=gulo= 7|27t FAH7] AL, B
ot Zoll= E= (hemal spine)°] =315}7] AlZ+sL%iTh (Fig.
D).

Bl & 2244 S7|RFoj= AR} 7.25~7.90 mm (B 7.57
+0.45mm, n=5)2 F7Zo+= AT FZ (supraoccipital),
H] & (nasal)o] &3}st7] AJZSHEA, AdfRole 2=
(coracoid)o] E3}stHom, B2 O}Eﬁéoﬂ‘: ZE7] (par-
apophysis)7} Z3+8}t7] A28t th (Fig. 1E).

B3l 3 2844 7)Aol = AR 9.20~9.45 mm (B
9.3240.17 mm, n=5) F/Fo&= Z AT (metaptery-
goid), F71F (palatine)©] 351 1, v Zoll&= Q)& (pelvic
girdle)o] &&5t7] Al&sttt. Aol AZE (scapula)
o] Z3}8}7] AlZeAAL, BFEE 9 ol Fol= S5 (rib)
o] FAHULH, T Fole A=uE AAst= AR

[e)
(interneural spme)-l—]- vl Zof &3#7F= (interhemal spine)©] =

X173 = (neural spine)©]

3tst7] A& rlE o= v EEAE (urostyle)o] =3}
st7] A &SR AL, AAF =T v R4S Aloldle &S
(epural bone) 2717} &3t8t7] AlZtstgict. v fg/d=9] ot
Zo]= 271 9] 3}u]=Z (hypural bone)©| Z33HA HE =S
o} (Fig. 2A).

B3l & 3244 ol AR 11.6~120mm (B 11.8+
0.28 mm, n=35)2 F/Zox ANZ (prefrontal), o] A Z
(alisphenoid), A o] & (prootic)©] Z3F3tA L, L/Foll= W
A2 (endopterygoid), A-gF-l= 1]Ad-Z (urohyal), AT Fof
£ A& (actinost), 34 & (post cleithrum)o] &334 T}, 1]
T Ro= 8tu|EE ofgfjo] £3}41|5E (parhypural bone)o] &
31,2709 shu)%To] Z7HsHeA W T (Fig. 2B).
T 4094 Aoj= AA 132~13.5mm (B 133+

=52 F/jZ= SAE (lateral ethmoid)©o] I3}
e 119 shl% gt AelEEel 2k @

{ 2E 229 T3P}t 4= =9l Fig. 20).

o

EYRL B3} 4§ B9 W] YHEA ghghon,
Foll met 2ot ¥ 79U BFAY 444mmed 0 Aol
%‘4:‘%,—’1‘—%91”.‘% o] 44 B8] A



s FAEY EEo Blef ofZS HES
AR, AFEI}L 2HAF o7 Z3sts Ao BAFHY F&
S31 vhib e Rok 4ol BANE] AYEA) e 3
o] QI whE G Wl N RE Eurgo] AAE] Rat 145
o= Aol7ls d&o] & 2o AHoA R}t F
o] 9l Ao AHA Uth(Park er al., 2017). &L FEojz}
o179l B EHE vl BYHES B3t F A A7ko] AL
Kol7l% ofate she orzol Feksly] ARkl EA12)
o]&9] AEF AL, Odontobutis interrupta (Park et al., 2017)
o} Aot o] 731 Ao, Oncorhynchus keta (Myoung and Kim,
1993 23t AT Arulg AR AFL, BB
So] BeEol YU, vl BR nlRAo] 452 Flol
FEiolA A== £717F HEE e, ¢S 7}?‘]"’
et Hol715-S sh BAe) B3} WaElo] o} F
Yol 2AUGE o] 53 Aot PAL B
Qo) Ao 4ol71% 0] were M2l g Belo] Qi
o=z A 9lon (Wagemans and Vandewalle, 1999), +&
o] AYEL §3t ¥ 794 TEsty] Azste] HE, 2 J]
ABE 59 2oz BohRR, 2L BEol olR vl
FES 23 T YA BHAF 550mmE o A=, 23
CARE AIEE S0 2 _x_g}o}oﬂ on undso Bl
3 } 6.2 d o HE, AEE AR
= gsbatel A APl WEeAT FEURS
A% 133 mmY o A=l 1719 AF
o] PAYAL, v EYEL 23} & 479A BFA
3344 HHFAA 12.5mm
o | BGE T WA} SALH
T, REERS Bots o 1 WPkl AolE Rert
R AT iR olFolA ehil Lt
dHA ot ofn] thekdt o] FolA BEEH
AZ B3 Itk (Han et al., 2018).
52 723 3 1044 B4 5.02mmE o 1074<]
o] mejoA megFor Wasly] Al&stglL, v
3 16974 BRUY 6.10mmed o) 25F0) 3
A FAlol N30l BaIstR, ol EEYEL
3 9~10UA BFAE 600 mm wf 11~1274¢] B3
kel el7g0l B AL FEE 3
WYL HE 5T UYL, I EYEL 2
3} o] Ao AAFo] E3tthe A 011/‘1 FEUET
23] Al wershEA ool

Al 2
U S oYY WP A}
-
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o] %
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e
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ol
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o
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T} A7) A ATl Baket
HelA tha zfolg Rt

Aefn] wEpAre 3] SAeu], B

A wrgsha, A FALenst wedckn

)

1

lo

L= T

&+ A 91tk (Johnson, 1984; Faustino and Power, 1999). +=&
WEe Bot § 1694 BRAY 640mme W, 4] A
L)l WA g, RAs o] 2717 4~57) e
si7] Azstol el ol olgel Wekekda AAes)
o} e Y=ol o7l BXTE, Mugilogobius abei (Kim

and Han, 1991)2 13} & 1244 HH#AA 320mmY o] &
we] SAeulel Sx| o] 27 3~47l7} wes] A
Astgon, NEdREe 23 5 1797 B2AF 705 mm
d o 579 FA =0 5A, A0 47 H E717F |
A wrgsich nEgEe 2ot F 1694 B 5.90~630
mnel ) $e] S0 A, =] A7 wer]
A &8t L, B Y5 (Kim and Han, 1991) Bt =7 @g

Stpou, BBYYS, v EYEY A FASKA 5
Arejuls Feld Aoz wste] vn 5% $98
PE Bt

FEYSY @7E2 FA Y wo| Azt o]Fof o]Fo]

’o];ﬂé‘_} OFALO. ZFO Eg—‘:o-]jl,]- o-]Eo] u]ILEﬂ—‘: u]:u_u—

5 s
Bolth(Lee et al.,2001).
A vl XA v BRE uREAS

=2
=3}5}7] Al2tsted %%”J%Ol EE} —71] tlf*o ‘Z‘iE} kol =
o] g3t Hal T 4094 BFAF 133 mmY 1) Y=

3L, 3709 BHRlSE (142,344, 5)& A v
S vjEYE2 2709 SuEE(1+2,3+4+5)= P35k
AtolE Bl olet go] stulETo FAFE 7 Fol wret
OEA e AR Hot AFEREE A9 7|2A=
2 mj¢ S8 AlRET AR 019 Tl dig A=
2 A3} Jolo ZTAEAL olgst=t e 2.3 7|24
22 o|§d Zo|T, FF YEolF ofFY BF % By
=4 FY AL B AT} ol Fol Aol F o=
Helr

0]

OF
=

o] dF9 5&2 eyt At Mgt FEYEY A
20 FALEE JEste] ERESH AFAER o] s—}%
ot X3l & 7UR BHFAH 4444028 mm(n=5) ¥ ] %
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