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Osteological Development of the Larvae and Juveniles of
Takifugu pardalis (Teleostei: Tetraodontodae)

Kyeong-Ho Han*, Jae-Kwon Cho', Sung-Han Lee, Seon-Yeong Hwang,
Seung-Min Yoon, Won-1l Seo and Chun-Chel Kim

Division of Aqua Life Science, Yeosu National University, Yeosu 550-749, Korea
1South Sea Fisheries Research Institute of NFRDI, Yeosu 556-820, Korea

Fertilized eggs of Takifugu pardalis (Temminck et Schlegel) were collected on the coast of
Jook-do in Tongyong, Korea, from March 1997 to June 1999, and hatched and reared in the
laboratory to investigate osteological development of the larve and juveniles. The newly
hatched larvae attained a mean of 3.13+0.05 mm in total length (TL). Ossification first began
in the parasphenoid, premaxillary and dentary. At 5 days after hatching, the postlarvae
attained a mean of 3.82+0.03 mm in TL, and their sphenotic, prefrontal, preopercle, opercle,
maxillary, and articular were ossified. At 15 days, the postlarvae attained a mean of 7.84+0.06
mm in TL, their nasal and posttemporal bones were ossified and the hyoid arch completed
ossification. Ossification of all bones was completed in the juveniles (mean=10.21+0.06 mm in

TL) at 21 days.
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Z£E- Takifugu pardalis (Temminck et Schlegel)2 =-
o] & (Tetraodontiformes), Z&-o}& (Tetraodontoidei), &
B3} (Tetraodontidae)el| &3l= A F=2A vl @
NErel A Qe A ol eodel R F A
shol FAlol Hzabeh (4, 1977; T, 1995; 3} 7,
1998a, b).
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&0 Be 23} 9o wphe] Aol wate] o o T A
om, MBI Bl HEA B2 Sleln WA FEE
4= 9lo} (8 1995; 3=} 71, 1998d; 71 5, 2001).

< g}eto)| A Boj o) ff3t oI x}FE (Takifugu
rubripes)®] A= zpx)e] o] AR (o)<} 71, 1969), A}
Z2 2}x]e]e] R T4 w3} A} (ks 71, 1991),
3}E- (Takifugu obscurus)®] bz} zpx]o} wbg (7
T 1996), ¥-4 (Takifugu niphobles)®] Al2t&Ad o =
71 ZAH(& F, 2000), E5-20] AlRbsA Bl 27|t
(& 5 2001), % X £51% Fehwe (@
z, 2003) o] )}
AgelRe 2R F Feushe 4o 9%
Ael7lse]l ke F7)Ate) 7oA Hel7]z A&
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HA 7P ZA deldet (HEE e MRS, 1971; L,
1979a, b; Kohno et al., 1983). &= 1 A]7]9] &4 wd2
ame) A3 el we 23} st wAe) WsE
Z#ste] Fule} opoFsl kS el 7] wjel] 2
o]o] A FA F3AA ] o] st s15
o} (Mook, 1977).
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BlEel A ARE Ao FHEE ARee) ol
St ARAEATALZ &A AP ol E FelA
1313} 2l X7 74R] AFE-L 18.4~23.7°C (BT
21.2°C), &8 31.5~32.5% & GA|3hHA] A8-atel).
AR A3 eE Y AT e 124 F4
sl a1, Akx]e] ARS- & ®eo]&= rotifer (Brachionus pli-
catilis), Artemia sp.2] 4 2 ko] & wjdAlmE £}
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Fig. 1. Map showing the sampling area of Takifugu
pardalis (Temminck et Schlegel) at coastal wat-
ers off Juk-do.
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zJ oz 51:_1_3].931:]_
SEEEE & X
F AoiE o F 214 Aoi7hA2 Wl 1091214
5% FA4 z=w=lde] A8k ¥ Kawamura and Hoso-
ya(1991)e] Aol 8 ol AAste] AN,
AR AAols] FAL wHeRedzsh Aa R
& olgale] FAZ, ot N A0,
2& Faloz Haslgen], 2Ae 7 9| B

(1995)¢l] wskar, 7k B¢ 0.01mm7Ex] 238k o

8 AAole] gt wE FAWITL TAF
(cranium), <= (maxillary bone), W #}-= (visceral skele-
ton), %33 (vertebrae), 7 & (shoulder girdle bone) 3!
u] 2 (caudal skeleton)2 FE3le] FAsAw, 7 A
= o3 2k

(Fig. 2; Table 1).

B3l 5 195 Aol HA o] 3.134+0.05 mmE, T4
N B9 F (parasphenoid)Z} €& 2| #|3l= Oz
o] AFe} Azt Sl=e| AAFeF (premaxillary)o]
Z315 913, ol "ol A= A F (dentary)o] 7}k A
Z37F A1=E 9w (Fig. 2, A).

B3l & 394 o] HAe] 3.25+0.03mm=E T
Fol| 7]*FFZ (basioccipital), €] %+ (exoccipital),
N (frontal) & ] A= (alisphenoid)o] &3}= 9z, W
A TR He&o=z AekF (hyomandibular)o)
F3tEglom, AFRe] ZAdF (ceratohyal) ¥ A F
(epihyal) 5 27§2] A} == (branchiostegal ray)o] Z3}=|
9lc} (Fig. 2, B).

B3l = 547 zle]e) AL 3.8240.03mmE Tl
Hol| A o] = (sphonotic) 2! A ol = (prefrontal)o] =3}z
Qa1 ANE2e] AN Z (preopercle), A 7] = (opercle)
aelm ale) AzFe) Fasor, o) Tty
(maxillary)=} A Z (articular)o] Z3}= 9 (Fig. 2,
Q).

B3l & 75 Ale]= A AFo] 4.364+0.02 mmE TN
Zol| ]| (pterotic)o] = A, AFZ2] A7H el
3} 7] = (subopercle)3} ZFA§7} Z (interopercle)o] =3}
Heol 353 #=E AR FA0] YAdFE e, o

[e)
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B 7zt (angular)o] F3}sle] o] AJF e} A
st FEolel 4o fAFHNH ATl A=
(hypohyal) 31 67§2] AzZo] =3tebalar, 771%ell=
T71Z (palatine) 3} ] 9] AFZ (ectopterygoid) o] =3} 7]
A 2Fsted T} (Fig. 2, D).

3} = 1594 Ao]= HAFe] 7.8440.06 mmE F
7|3l F-o] F (opisthotic)o] 3}, Al A
Xl 7FAZF (interhyal)Z} ¢l AdF (glossohyal)e] F3}5
o] Ao F7 o] kA= (Fig. 2, E).

n3l = 2195 /Ao AAL 10.21+0.06 MmmE F

4o

Fig. 2. Developments of the skeleton during the larval development of Takifugu pardalis. A, One days after hatching, 3.13
mm in total length (TL); B, Three days after hatching, 3.25 mm in TL; C, Five days after hatching, 3.82 mm in TL;
D, Seven days after hatching, 4.36 mm in TL; E, 15 days after hatching, 7.84 mm in TL; F, 21 days after hatching,
10.21 mm in TL. a, actinost; an, angular; ar, articular; as, alisphenoid; bo, basioccipital; br, branchiostegals; ch,
ceratohyal; cl, clavicle; co, coracoid; dt, dentary; ecp, ectopterygoid; ed, endopterygoid; eh, epihyal; eo, epiotic; ep,
epural bone; ex, exoccipital; f, frontal; gh, glossohyal; hh, hypohyal; hm, hyomandibular; hs, hemal spine; ih,
interhyal; ihs, interhemal spine; ins, interneural spine; mp, metapterygoid; mx, maxillary; nc, notocord; ns, neural
spine; op, opercle; pal, palatin; pcl, postclavicle; pf, prefrontal; pmx, premaxillary; po, preopercle; pp, parapophysis;
ps, parasphenoid; pto, pterotic; q, quadrate; s, sphenotic; sca, scapular; scl, supraclavicle sop, subopercle; spo,
supraoccipital; ur, urostyl; v, vertebrae; vo, vomer. Scale bar indicates 1.0 mm.
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Table 1. The developmental process of cranium in Takifugu pardalis

Days of hatching

1 3 5 7 15 21

Total length (mm)

3.13 3.25 3.82 4.36 7.84 10.21

Parasphenoid

Basioccipital
Exoccipital
Supraoccipital
Opisthotic
Epiotic
Cranium Alisphenoid
Sphenotic
Pterotic
Vomer
Fronta
Prefrontal
Nasal
. Maxillary
Upper jaw bone Premaxillary
Dentary
Lower jaw bone Articular
Angular
Ceratohyal
Epihya
. Hypohyal
Hyoid arch Branchiostegal ray
Glossohyal
Visceral Interhyal
skeleton Palatine
Metapterygoid
Ectopterygoid
Palate Endopterygoid
Hyomandibular
Symplectic
Quadrate
Opercle
Opercular Subopercle
Preopercle

Interopercle

7| Zel| Abo] = (epiotic)Z} AFEFZ (supraoccipital)o]
stee] ofAlo] ¥} A |HE BRI TR &
A=, WAZe] 77l W ¢ AF (endopterygoid),
v} (quadrate) X o)A} (metapterygoid)o] 3}
o] BE FHo| YAHA oM, AL 2F
stegal ray)®] Z-o] yeo] v} (Fig. 2, F).

(1st branchio-

(spinal cord)¢} &3 (blood vessel)S ® &3ic) 2z}
Hoje] Hrge
A2, A5

A AAE o A5 5ol FA F3t
243 = 9l o} (Fig. 3; Tables 2, 3).

B3l = 595 oo FHF AHAL 3.82+0.03mmE
AFFe] HFE A0 Aol R EE FA
X} WA 2719 A7 (neural spine)o] *go =2 =3}
=t (Fig. 3, C).

B3 F 794 Alele FH AA o] 436+0.02mm
HZ2e] ok 47)¢] B2 (abdominal vertebrae)o]
F3F AT, F3HE AASE R S E A
(Fig. 3, D).

#3} & 1594 ztei= HF AAe] 7.84+£0.06 mm

2 35 BE3e e Z1E, AATe] 12
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Table 2. The development process of vertebrae, caudal skeleton and shoulder girdle bone in Takifugu pardalis

Days of hatching 1 3 5 7 15 21
Total length (mm) 3.13 3.25 3.82 4.36 7.84 10.21
Neural spine

Parapophysis
Hemal spine
Abdominal vertebra
Caudal vertebra

Vertebrae

Epural bone
Urostyle
Hypural
Parhypural

Caudal skeleton

Actinost
Clavicle
Coracoid
Shoulder girdle Post-clavicle
bone Post-temporal
Supraclavicle
Scapula

Table 3. Developments of pterygiophore and vertebrae in the larvae and juveniles of Takifugu pardalis

Days after hatching 1 3 5 7 15 21

Total length (mm) 3.13 3.25 3.82 4.36 7.84 10.21
Abdominal 0 0 0 4~5 7 8
Vertebrae Caudal 0 0 0 0 0 14
Neural spine 0 0 0 2 10 22
Hemal spine 0 0 0 0 0 14
Pterygiophores Interhemal spine 0 0 0 0 0 8
Interneural spine 0 0 0 0 0 11

Z7lE|g] o, B2 ofg| &A= 47]9] ZE7] (para-
pophysis)e} w]Z3tel] w|XEALS (urostyle bone)o] =
3= At (Fig. 3, E).
B3l &= 2144 JNAe] o AAS 10.21+0.06 mm
2 HZFFo| 117§ (8+1112321)2] A7 7+= (interneural
spine)Z} 871 (8+1111211)2] & #7+=- (interhemal spine)
o] Z3E A, BF-Fel 80, w|FZell 14709 FA|7}
F31E3lom, v]FHol| = Aw|SEF (epural bone), 30| 5
= (hypural bone) @ F3}u|=Z (parhypural)o] =3}3}
of w|Fo] SAE e, BE HFFo| G E AU (Fig. 3, F).

3. A=

n3l & 195 el HF AAe] 3.13+0.05mm=E
Aol = (clavicle)e] 7F WA Z3}= 9o} (Fig. 4,
A).

13 & 595 zlojo] FHF AAL 3.824+0.03mm=
A4 = (supraclavicle) o] =32}= ¢} (Fig. 4, C).

B3l & 744 zle]= FHF AAo] 4.36+0.02mmE
_t;f_&]]i(postclavicle)"] =315 9+t (Fig. 4, D).

B3l ¥ 1544 zlo]i= HF HAAo] 7.84+0.06 mm
= 47)1¢] AFEZ (actinost bone)3} 737+ (scapula)o]
sslglon, AU e TAFH Al Fr FETE
(posttemporal)e] Z3}= o] 7] EFZ (basioccipital)ol]
2a5¢) 31515k (Fig. 4, E).

w3t F 2144 A HF AR 10
2 23] F (coracoid)e] F3 o] AR nE %"7—4 o]
243 = i} (Fig. 4, F).
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Z89o 242 13 19 Fol AR} 2.38mmelA] =
3}7} AlabEle] B3} 3 21%1&110 < A% 10.21mm
ol A hAd o] Elaiwr 5 A, 1991)9] A
3 1294 AA 4. Ommow =3PF AAE A, 2
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Chaenogobius laevis (713} 3}, 1989b), Z7}A]117], Gas-
terosteus aculeatus (3t} 7], 1989), F%%|, Leiognathus
nuchalis (5=} 71, 1984), ¥ %], Paralichthys olivaceus
(85} 20, 19980) 53} o] ashae] rlEAel T2
g8 F 244 Fesl ol (B =
2003), Adol9} TF3E e FAULGE uwpRNA = & ﬂoﬂ
B9 A2 0T ppe] ddud yold] AW
3} gl AR oprin] B 3pe] FAo| AR
A 2o} o wolAl Aol F5Y Wik A o|e.
3 ok F 598 AA 3.07mme] F7)Ahe]el A
2 F7F A AeleA] FA Bl WA BFFo] =
oA HE 27T 2l AAHRT, o F AR
B2ZelN vFTHoz Taph AgEew, v
2A7b A9 B3 Fol vlRuToe Tihspo 1
ol# 3t F3l&AE 3w =2k, Pholis fangi (49} %
1985)¢} =4, Pampus echinogaster (7] 3} &, 1989a), z}
F5( 7, 1991) 9l 54 (2 5, 2000)3 F-AFSHA T
olol] wEale] Lo, Plecoglossus altivelis (Takashima,
1976)¢} F5A| (B3 A, 1984) = AAF, Ao FA
Bt TA Z3pE o] F2bel 2fel7t °l°4‘4 5 A9
HE2ZL 8414=22/]2 Ao]9] 8+413~15=21~237)
(3= 7, 1998b)st AA AT, Aol Wyl AL
8+1112321=2 Ao ¢} «d=]3}gir}.
Grlze

A=)

T
L

Ar2n g AR sh=
(Itazawa, 1963)¢} &
1983), 7}=-%], Chamna argus (Itazawa, 1963)°l| 4 ¢} w}
A2 HFE3 A=) 7] 2o 1A Z3EH,
4323} Auein) 277} A9 94D Fo A3 T
7} ool ol Aein] 2719 Wk} o
2o} olfi7} fodeh e q8e
3= Aoz AEC

Fue w3 F 5 AR 3.07mmelARE AR
o) a7t AAEgiEE FAN 2 DA Ze] FA
37 ARH A, o] F ANE N E o2 =
3helo] A=} A, 1991), A (8 5, 2003)3 Hla

stede W 23} Age aHstedn

¢Jo], Cyprinus carpio
, Pagrus major (Kohna et al.,
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23 #1949 AT 14
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o] 71 w# F37}t /‘]73]’3‘”‘:} *3t %5
HF AAL 3.82+0.03mm=E T He] /‘éc’]%(spho-

notic) & AN Z (prefrontal)o] 3= g1, A7l el %
A7) =Z (preopercle), FA7NF (opercle)e] =353 _0_131],
oF ol Aol (maxillary), 78 Z (articular) o] Z3}5

odeh ¥3h F 1594 A FF AR 7.842006

mmz FriZel ®lze]l ZIHEA, WA= AR

ST

FH o] gAEoH, Ao FFH QA= 3=

FZo] F3tE et 3} F 21UA] Aol HF Ao

10.214+0.06 mmz Tl el Are|F, AIZFZ, oJAFF

g uko] F3iEe]l TN EFI WAF] EFHN T, A
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