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Morphological and Osteological Characteristics of Imported Aquarium Fish,

Tetraodon lineatus
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Abstract : Tetraodon lineatus specimens were provided from the Native Fish Business
Center and transported to the laboratory for observing the external morphological and
osteological characteristics. The number of dorsal, pectoral, anal, and caudal fins was counted,
and sketched the skeleton. The osteological characteristics of T. lineatus consisted of 13
bone fragments, and the jaw bone consisted of the premaxillary, maxillary, dentary, angular,
and articular. The suspensorium was composed of the palatine, ectopterygoid, ectopterygoid,
metapterygoid, quadrate, symplectic, hyomandibular, preopercle, opercle, subopercle,
and interopercle. The hyoid arch was composed of the hypohyal, ceratohyal, epihyal,
branchiostegal rays. There were six branchiostegal rays, the first of which was significantly
developed. The shoulder girdle region consisted of the clavicle, coracoid, actinost, scapular,
and postclavicle. The vertebrae consisted of 19 pieces, the interneural processes were 11
pieces (6%2212121), and the interhemal processes were five pieces.

Keywords : Fahaka puffer, Tetraodon lineatus, Osteological, Morphological, Tetraodonti-
formes

-

}5}7 12 (Fahaka puffer, Tetraodon lineatus)+~ 1= (Tetra-
odontiformes), Z-E-o}= (Tetraodontoidei), &3} (Tetraodon-
tidae)ol &3t ET} o]F= AAZHCR 194 121F0] &
2A o™ (Nelson, 1994), FHioll= & o]l 104 333F0] 7]
Aj=o] Qth(Kim and Lee, 1990; Lee, 1993; Han, 1995; Han
and Kim, 1998a, 1998b; Han et al., 2017). F&E3} o]F= %
g 9] ojho] A £2] HgFo = 7he-u7F g7E ol L, A=
ojof| ZRAI7}F gl WA =gju|7} gitt. 3 Rol= Hjso] fle
Al A E Hso] M HRFo] Fo YR E= AA
Q= £o] 913, §l= £% QIth(Han and Kim, 1998a, 1998b).
FED olFf= HEZEFA (Tetrodotoxin) 9] E2F 74 F
o] Wi, 19| Boldt FEHE 7L e, o FE} &
ARt F50] Bot F 540l oj#so] Yrh(Baek, 2017).

2 A AAE vIEst SEvE ]9 AdA, Ak

A A7k AP eRA, Selizte] Baol ABE A4
ol A% Ho]i th(Kim and Kang, 2012). FAO FishStat]
(2010) FAI° &3t AMAF R wHHE B9 FF=
of 6,000 Fof o]20, 7Y fE= 20079 64287k T2
219909 31185k gEjo] Bl oF 2uf o] AATH(Alex,
2012). I3}7HE-L otz ylzle] U7}, At B} 9 5
o B3} o F 3 Q] @ B0 2 (Baensch and Riehl, 1985),
SEuEtolA AlE BERETE BAolE2A a7} FUlstL
At FYollA X3PE A7l gslrhEe ATt v EZET
oF DNA @714 ¥ Y Tetraodontidae A& (Gong et al.,
2016), o1E oFA UolA A Trsiohel g
9 Al G8H(AbouelFadl and Farrag, 2021), o|JE YA2
a0l IS Be7REe] Gart o] B4 B Farrag er
al.,2022) 5ol vls A SUetolA FsiriEe] wet A+
£ vlH|sith

AETY 7123 Are T2 AEsta £/t yoprt



[
o qlolAl e, eha, § AR, SR R 4L o]
sol, 9% Pl 2 24 EG shbe BF PA02 Fash A

o
SH AtH(Kim, 2004). WekA o] Ftol A= Fepol A A 4fs)
= Ql Tl o oy FE FAS dEt
S HIRC R, FH gl 712 ARE AT staAt g

T. lineatus®] =] A4 H1EZ] oo} o] glom, o]
=8 A= 9EY Fahaka puffere] whet otsiztE 02 ARE-5}
fct.

al7hE o] o e W i A4S JESH| $iste] 2022
4 1Y ELFAASHAIE oA B2 107041 Als 23ttt &
2o I g8 FALHY], 7ReA =en], RA=u] @ &
A ejn| o] 5 AlFt L, o] AR &S shelth

H ZAS T3] Y3l oA 20827t 4ot A2 AAS
ATt FAE, 4F, @4E, AR, AdE, HRx3Y &
o2 ARzl e 2 AAXEAL, A 9] FAL Kim (1989)3}
Han (1995)& ws)t}.

|z =
1. 25 el

1) of5i7ts

(1) Wst7H=2 Tetraodon lineatus LINNEAUS, 1758
(Fig. 1A~C)

Tetraodon lineatus rudolfianus Deraniyagala, 1948

714: D. 11~13,P. 19, A. 9~10, C. 11. AP etYFo=
WY HOE ZA4E Fopx| 1, B gu|= SHFP 7H
th A FEL AAHo R A2AS T, g ¥ 3
AL W, Aoz Wy A2 FFHE 7ML 9itt. g
Fi HEo] gloy HEjef 52 oo e FES A5t
3 oRE=02 o gl ujFo] Ho| FFY AHT v A1
VA

Soteh. WiA =S uls Qlal, SRt 7hEA =], 5]

Table 1. Meristic characteristics of Tetraodon lineatus

HERHR, QEHA

, EMY, sHES
Lejole] e BE BUL qof, TR eels Bl A2
257} ofojA Qi FFol A2y mopoE WES =
2o} YT, 2PHL 0] 144 S,

B 22 opxaste oz A=, AUz, YA, el
Aok, Beby Seo] BEUTHL Leld gov Al B2
7l o A LA HTH(Léveque et al., 2003).

2) Ay

A=Y = 11~137, FA=gH] = 9~107], 7+&
ALgu] £= 19702 7HA7F gL, e =gjn] == 1174
Ath(Table 1).

2. Lj 27

1) 74 (Cranium)

B3l7HE9] FHE-2 A& (Vomer, V), ARZ (Ethmoid, E), X
Z (Frontal, F), A& (Prefrontal, PRF), Ad0]& (Sphenotic,
SPH), ¢Jo]& (Pterotic, PTE), 4ro]& (Epiotic, EPO), Zo|&
(Prootic, PRO), ¢]dZ (Alisphenoid, ALS), $-AZ (Parasphe-

Fig. 1. External view of Fahaka puffer, Tetraodon lineatus (A: Lateral
view; B: Dorsal view; C: Ventral view).

Number of fin rays

i Number of
Species specimens
Dorsal fin Pectoral fin Anal fin Caudal fin P
Tetradon lineatus 11~13 19 9~10 11 10
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Fig. 2. Cranium of Tetraodon lineatus (A: dorsal view, B: ventral view,
C: lateral view). ALS: Alisphenoid; BO: Basioccipital; E: Ethmoid;
EPO: Epiotic; EXO: Exoccipital; F: Frontal; PRF: Prefrontal; PRO:
Prootic; PS: Parasphenoid; PTE: Pterotic; SO: Supraoccipital; SPH:
Sphenotic; V: Vomer (scale bars indicate 10.0 mm).

noid, PS), A3 %X (Supraoccipital, SO), 7| A &5FZ (Basioc-
cipital, BO), &3 %X (Exoccipital, EXO)Z A= o] AAth
(Fig. 2).

(1) AHE

HEe TAze Qo) YASAL, 41 52 Boow o
o2 Hojue} dglen], Ao AZo], HEomE HAT
o Al ATk AR 4B ol olojA Y= BHew 9
mom fof Qglon], ol Bee i ofmoR A4
£ wEsje] VA 2ke ol UL, HEORE AoZo]
3 A%t

(2) ettt

HABE 2 g o] BHOZ Ze Two| 22 3 4
$9 qdoon, HEe A2 ge) Aot Az TR 5
2 7}ero] 9IAg BHol, giBo: Aoz} Wa) At
Saol A BARE o), SHe) o Ao W BT wYo)
ATt RAZE AT FZoR 27 olofA gl BHoIT
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Fig. 3. Lateral view of jaw bone. AN: Angular; AT: Articular; D: Den-
tary; M: Maxillary; PM: Premaxillary (scale bar indicates 10.0 mm).
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2) 2= (Jaw bone)

A4etE (Premaxillary, PM)2 $3°] AY $Zo] $x|3t
A Fe 2ge] ZHolth(Fig. 3). Fdet= ddstA 2%
Hol R, woz &y Za At AT (Maxillary,
M)& BAehE Hol 2TEo} YT, o HoR 2 wE
3k 2ol it A2 (Dentary, D) A/detz ol HAst% L,
BB} 2Zo] W) Yt BHo| k. XM mFE A}
Z-g ol 7ML, ol Fo] FEA &F Soi7t Bofolqinh ¢
A (Articular, AT)Z} Z+Z (Angular, AN)2 A2 £o] Qlo] X
Z S0l gal Aln. 2zl BREL BYeldr.

Wi

3) §14=F (Suspensorium)

(1) THUAE (Palato-pterygoid region)

T70Z (Palatine, PAL) 7719352 71 &l $1A
3 Asich(Fig. 4). lelaE Yol zol Ml Sl EWold
o0, 9jzo] U7}EA Mol Ygleh. YolAE (Endopterygoid,
ENE FHE, o4, TS, BT He Ut Fue
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Fig. 4. Lateral view of suspensorium. EC: Ectopterygoid; EN: Endop-
terygoid; H: Hyomandibular; IOP: Interopercle; ME: Metapterygoid;
OP: Opercle; PAL: Palatine; POP: Preopercle; Q: Quadrate; S: Sym-
plectic; SOP: Subopercle (scale bar indicates 10.0 mm).

2, ol|f o s 245 27)7F Zobfitt. 994t (Ectoptery-
goid, EC)Z f1&ol= 7E, otgiZoll= HE1 A2 9l
L Zuoldt 1eu} oRal Sojzt Rl e we
o]t} ZoJAE (Metapterygoid, ME)2 9|&0 2= oA}
coFiEeRE WS Hel e 2HeR, ¢fy 52
4F ZFoltt. ®WE (Quadrate, Q)2 2= offZo
AAeHAL, FH2 245 YolAe 424% FHE g A
4% (Sympletlc Sy T =T AANZ Atolofl 5=
Hoz oy 71 ¢5F Y moFolqint. Aot (Hyomandib-
ular, )& AAZNZ] 923 Aasol U, AhEe) 4
SEe A3 stk 958 42Re) Bl ofel
70 ot eh 22 Pt

Hdo T

IO n_[l-_] o
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(2) Mi7HE (Operculum region)

ZHAI7NZ (Preopercle, POP)9] AAA Q] mFe 22417y
3} ke YeE U qelon, gt W, Har s
=3 Al Ut FAA= (Opercle, OP) ¥ 2= HobE,
HFole AATNECl XSt ek B FANE PR
e A2 B Wi Jlglen, of&e S55HA ®ol 9l
A}, 3AZHZ (Subopercle, SOP) FAIZHE ofi&o] ¢4

sgli, ol Al 2ok 2o Gglom, Zeal Aol
A} Eook—o—i ZAA E°7F At ZE7HZ (Interopercle, IOP)
& AT HEel AAsI9en, 9k 71 w] mepez 7}
SH7F A2 AR 2o s 59 FH

4) 825 (Hyoid arch)

8}4dZ (Hypohyal, HH)9| F&o 2 ZHdEo] H3f U= =
Ho g T2 FESINTH(Fig. 5). ZdZ (Ceratohyal, CH)>
Ko R ZAA Wol QI dFol= HE, FFde A=

Fig. 5. Lateral view of hyoid arch and branchiostegal rays. BR: Bran-
chiostegal rays; CH: Ceratohyal; EH: Epihyal; HH: Hypohyal (scale bar
indicates 10.0 mm).

DPC

VPC

Fig. 6. Lateral view of shoulder girdle region. AC: Actinosts; CL: Clav-
icle; CO: Coracoid; DPC: Dorsal postcleithrum; SC: Scapular; SUC:
Supraclavicle; VPC: Ventral postcleithrum (scale bar indicates 10.0
mm).
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5) ZALHE (Shoulder girdle region)

#& (Clavicle, CL)Z A4 71
= Aok BHLR R0 R A4E oFn 2?171] @01
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CO)9 H& FE2 AE=3 A4Eo] slsleH, 7H&d7t &5
24 §7159 YAt AEZ (Actinost, AC)2 7HEA| =]

2 AR 4le] e BHOR YHElo] gglon, nhxje
2R AHE2 Sl ATET e Yot AYE (Scapu-
lar, SC)& #=Z AZ = Uglen, eq&3} &9 3 5{1‘3}
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M7= (Interhemal processes)
ajv] E7]= wiE g7lEel sl AR EHL jiglen,
o] Qi Burkol THE FurkIo| |
AT FEO 2 7442 Holx)= AL WA A1 B
_%_.T’..

Al Bl3ze] B TN AFE L, B2
7gich.
=t
=
Fig. 7. Lateral view of vertebrae. C: Centrum; EP: Epural; HS: Hemal
spine; IHS: Interhemal spine; INS: Interneural spine; LH: Lower hypu- B0 oFElo] ool A H oF O ° o=
ral; NS: Neural spine; PA: Parapophysis; PH: Parhypural; US: Urostyle To7hES GH ofRe] A e BELR Thed7h g9
(scale bar indicates 10.0 mm). =ol glon, A=guld] 7FAI7} G, WX =g u]7} glofA o]
£ AR 8= athEo] §ith(Han et al., 2017). 3R o] H|&o]
o}z o ol 919 Huo wEsA glot Blgo] MyE yi=Sg Faoleh e FE2 A9t
Fz o2 B Mol QAL 7k R WESHA §7)H] e
rern A e g NN I AAL Qo] At BEH 54 71 9t
A FH= O%Lt Sl 247 ®o] = FEHE wh

as7hEe o5 Ul R Fee] Tt A% A7 ) o
Hol $AT EAS 744 BT} 059l 718 (Takifugu xan-
thopterus), 3 E-(Takifugu obscurus), B4 (Takifugu niphobles)
3} 9% % R FehS vl shcs.

5 FHE WHEFE W, T 552 A2 uigel w2

Bre Aol HAHO 2 WA 2 ZFHE AT 9
Atk B2 BgoR melt 2R AT S5} E
o= yF=o] 23 e wiEe wiSFo| o At 7t
N ET} 71 AT S23F dXo| el A2 S1Y 0]
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1g.
;_(—l_‘

i

l% 4o

Fi

~

7).
%%4 0] Z5 (Caudal skeleton)= 4719 ZHOZ AT
oo AR =YulE AKXt et u]ZH (Caudal
skeletonH 7he-dloll= v EAE (Urostyle, US)ol 91215+ b aJelth 9L G dee sdos ol goon =
I, o REXE O] 9Zoj= Al 2T (Epural, EP), o} &)=
- Z mEaEt wj &) gl fi=o] Aekglal, He X =2jw] o] A
5H5-81u] 3= (Lower hupural, LH)®] $]X|8}aL Q)itt. &5}0] .
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7) &7|Z (Pterygiophores)

%3} iZ] NS W@71Z S ABF Abolell Bolk  qlolthe Held TR 7B s $Et B
£ AU S 32 S A H8T JUR AGEL Y A meldctol} SUY] /10, 53 o) 513
ALY E71% 55 B7180) 95 ANHT Qgom A 3 AT g FEP] itk AT IR Fw U
AU 5 7V 250 sl ARl Y AT HEOR  ANE AT 900 SE WE 1ol ALl o
242 Aobgirt. Zo] QzElo] gl uhe, BHL WRJo] obF oFsla, 5X

sjelhie] AH7EEL |
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Agom, @712 AL 642212121 3} wiZo] Rej=lof glrk. wiEe] FAe AL w3 9l A

2 A8 97)Zo] oulA) Haze| 41742 q_ HAZEs o4 S pusho.
£oR AAZF] 6MA AATHY THA ABF Aolo] 2, Back 2017)9] AT Ao} A% FAL vjTIAAL T, 5
TR 423k gRA| 43T Apolo] 270, 8 Z'H VAT oW Amgjn] 7] Sk werkEe] 11~13702 7hg Al 74

A A3 Abolo] 1), owA) AAST 10A) AAZ Alolo] o] 17~19A42 714 ‘E%&’kt}(Table 2. AL 7] 4
27H 109AS 119A) AT Aolo] 17, 1IHAe WA A & BHo] 14~16742 714 AL, Fsiigo) 19742 714

I Apolo]l 27, 128Aer 13WA AAF Abole] 1} £ME Wtk RAE] £7] S slrkEo) 9~10/2 A
5401 A%t AL, 7HR o] 14~167] 2, B0l 15~1671 715 B
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Table 2. Comparison of meristic characteristics among the family Teraodontidae

Number of fin rays

Species Reference
Dorsal fin Pectoral fin Anal fin Caudal fin

Tetraodon lineatus 11~13 19 9~10 11 Present study
Takifugu xanthopterus 16~17 17~19 14~16 11
Takifugu obscurus 16~18 17~18 15~16 11 (]238 ?7()
Takifugu niphobles 12~14 14~16 10~12 11
Table 3. Comparison of vertebrae and pterygiophores among the family Tetraodontidae

Species Number of vertebrae NDP NAP Reference
Tetraodon lineatus 19 11 5 Present study
Takifugu xanthopterus 21~22 15~16 11~12 Han
Takifugu obscurus 24~25 17 12~14 (1995)
Takifugu niphobles 21 11 8

Uehdet. mejAmejnlt 4% B 142 2o 2ED
=4¢ ugh

£ BHRAL W, AR TARZAA Ffol7}
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e Y egon S50 S UL %245 25 ¢
1 7] soy) mope zsw A ] ol 2 4
402 8 43T RYOR SURON Jue 7ied ol
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& Wkt (Table 3). A& ©7]&0] 6¥A A5
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F29 AAF thFE AZEo 1779 AA=se=E 7t
& Bslth @S2 elrhEoe] sz 7Ht
12~14702 7} Eotct

o| Aol E WsFHEY FE9t 45 TEsto] HET}
o} 7o} Hjwatg o, gt R 7|ES A Y8 44
48 A7k 27ke SeEl] BuT ofRe] REAA Y
HEF sfjof gttt

AL, 5ol

|z =

o] A7 ThaThEe] e U v 22 S BAeic v}
Fhee] SALein] 7] SE 127, BALen] £7] 4= 10
N, 7FeA =] 71 197], A =] E7]< 1174

seph e TR F 1370e] FHOR o|Rol4 g, o
B AT, FYNE, AT, 47 L VBIE T4 9)
om, @43 AT, WAYE, AT, FNT, U,
ET, 4tE, FANE, AVAE, SRS 2 2AAER
T itk HTRE QUF, HUE, UF, BB
4BE LA d9n, AEFE IR 13 Al H2Zo] 2
A wesle] oich ARE 4T AHT, FHE, AT A
BT AYER FAH UAT, AFES 197), AANFL
11712 62212121, BRESE AL, of G5 ol
o B 712 422 B8E 5 UL Aol

il

re

I
o2

MO

AbouelFadl, K.Y. and M.M. Farrag, 2021. Biology and population
dynamics of the freshwater puffer fish, Tetraodon lineatus
(Linnaeus, 1758), from the river Nile, aswan, Egypt. Egypt. J.
Aquat. Res.,47(1),75-80.

Alex, P., 2012. The volume of the ornamental fish trade, international
transport of live fish in the ornamental aquatic industry. OFI
educational publication, 7,44-57.

Baek, J.I., 2017. Taxonomy and molecular phylogeny of the Tetraodon-
toidei (Teleostei: Tetraodontiformes). doctoral dissertation, ph.D.
Thesis Chonnam Nat’l Univ., 1-152.

Baensch, H. and R. Riehl, 1985. Verlag fur natur-und heimtierkunde.
Mergus,?2,1216.

FAO FishStatJ, 2010. https://www.fao.org/fishery/en/statistics.
Farrag, M.M., M. Alaa, W. Aly, K.Y. AbouelFadl, A.M. Nasr-Allah,



0l

TI5}7H2 (Tetraodon lineatus)2| LIS =24 & SEf EZ 95

M.A M. El-Geddawy and H. Charo-Karisa, 2022. Nutritional
values vs. toxicity assessment of pufferfish, Tetraodon lineatus
(Linnaeus, 1758), from lake Nasser, Egypt. Egypt. J. Aquat.
Res.,48(1), 53-59.

Gong, X., Q. Zhang and B.L. Bao, 2016. Complete mitochondrial DNA
sequence of globe fish Tetraodon lineatus (Linnaeus, 1758)
and the phylogenetic analysis of tetraodontidae. Mitochondrial
DNA B Resour., 1(1), 781-782.

Han, K.H., 1995. Morphology, osteology and phylogeny of the fishes of
the family Tetraodontidae (Teleostei: Tetraodontiformes). Ph.D
Thesis, Chonnam Nat’l Univ. of Busan, Korea, 205.

Han, K.H. and Y.U. Kim, 1998a. Taxonomic revision of the genus 7aki-
fugu (Teleostei: Tetraodontidae) from Korea. Bull. Yosu Nat’l
Univ., 12,563-589.

Han, K.H. and Y.U. Kim, 1998b. Taxonomic revision of the genera
Logocephalus and Pleurancanthus (Teleostei: Tetraodontidae)
from Korea. Bull. Yosu Nat’l Univ., 12, 591-604.

Han, K.H., J.I. Baek, L.S. Shin, H.J. Kim, B.I. Yoon, J.H. Hwang and
S.H. Lee, 2017. Morphological description of three species of
pufferfishes (Tetraodontidae) from India. Korean J. Fish. Aquat.
Sci., 50,77-84.

Kim, C.C., 2004. Morphology and osteology of the oblong blowfish,
Takifugu oblongus and broad-barred toadfish, Arothron hispi-
dus. Master Thesis, Chonnam Nat’l Univ., 42.

Kim, D.Y. and J.H. Kang, 2012. Improvement of ornamental fish in-
dustry through analysis of recognition and market scale of the
ornamental Fish. J. Fish. Bus. Adm., 43(3), 89-106.

Kim, I.S. and W.O. Lee, 1990. Synopsis of the suborder Tetraodontoidei
(Pisces; Tetraodontiformes) from Korea. Korea J. Ichthyol., 2,
1-27.

Kim, Y.U., 1989. Introduction of ichthyology. Tachwa Publishing, Bu-
san, Korea.

Lee, W.O., 1993. New records of six species of the Tetraodontidae (Pi-
sces: Tetraodontiformes) from Korea. Korean J. Ichthyol., 5(2),
165-176.

Lévéque, C., D. Paugy and G.G. Teugels, 2003. Faune des poissons
d’eaux douce et saumatres de 1’Afrique de 1’Ouest, Tome 2.
Musée Royal de I’Afrique Centrale, Tervuren, Belgique, Mu-
seum National d’Histoire Naturalle, Paris, France Institut de
Recherche pour le Développement, Paris, France. 815.

Nelson, J.S., 1994. Fishes of the world. Third edition. John Wiley and
Sons, Inc., New York, 1-600.



