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Morphological Description of Three Species of Pufferfishes
(Tetraodontidae) from India

Kyeong-Ho Han, Jeong-Ik Baek*, Lim-Soo Shin, Hui-Jin Kim, Byeong-II Yoon, Jae-Ho Hwang and
Seong-Hoon Lee

Department of Marine Technology, Chonnam National University , Yeosu 59626, Korea

Three species of pufferfishes (family Tetraodontidae) were examined to determine their morphological characteris-
tics based on meristics, morphometrics, olfactory organs, and lateral line systems of specimens collected from the
Chennai Fish Market in Tamil Nadu, India, in December 2016. The three species, which are all previously unreported
in Korea, are Chelonodon patoca (Hamilton, 1822), Lagocephalus spadiceus (Richardson, 1845), and Arothron im-
maculatus (Bloch and Schneider, 1801). For nostril shape, fishes of the genus Lagocephalus have two nostrils, while
Arothron and Chelonodon have none. Fishes of the genera Lagocephalus and Arothron have a single well-developed
lateral line on the body, while Chelonodon fishes have two lateral lines that merge on the caudal peduncle.
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45 339%0] HEIL Q= AoRE A glon, o] F & 2 pQlo] Har glom, A7k Ay
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son, 2006), = ol = 42 Iof| 1045 33F-0] 7] A =] o] JITh(Kim 3}3] o] Fof x| x| ¢F= Al ol
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o] Oq?“’ﬂ A 0122016 12€ Q1% ALko] X2 ofA]
o8 F= Al 145k (Fishing Harbour)oll Al 2t 1
uh| S 25 dskth(Fig. 1). 22 F5 24| 9
stof ofA| o] 4%, SEI ujR-S AP HYEEAL, 359 2

71, AE, A W AN R g SS wEskdoH, 21
° 27 A7 o8 Adtistn AAYEAR A YU
ahaich.

T4t 50 54 U g2 Chelonodon pataca®) 7% Shen
etal. (1993), Han (1995) & Matsuura (2002)0f| ©}5}aL, Lago-
cephalus spadiceus= Matsuura et al. (2011), Arothron im-
maculatus=Masuda et al. (1984)} Shen et al. (1993)°]] ulzk

B
hj““%%)

Chennai

India ocean Fish Market

India ocean

Fig. 1. Map showing th collection site of the Tetraodontid fish,
Chennai Fish Market (Fishing Habour), India.
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o, B3 A A= Nelson (2006)f| it}
TR ALFARE & 715 BIx=gu] ° 1w &
7155 A4t aL, B3k A1 53 E2 Abe et al. (1984)2+ Han

(1995)0]] whzt 187H & 1/20 mm vernier calipers A-8-5F
o] S5 thFig. 2).
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A2 E(Chelonodon patoca) (Hamilton, 1822)
ol S

Chelonodon patoca- 2-]%Z(Tetraodontiformes), =3}
(Tetraodontidae), 2 2-E2-2x(Chelonodon)°l| <3l= ol 72 &

o] EFYg o7 F9o] &2 ZhA dlglo 215} oFAl IE = S ZFA)
o], | S0l €13 Ei= HIR o] Wl wHS Bo] 71

1 glom, eyt gale] 18 mopo R Hof ok, 5%
Vi Eof = wiw 51 A| 1] o] Qlal, 50] ol thar 2l
A1, W& v lo] ] sfte] Pl 7} ok i Aol g 7
) 9lrk. B | Qelol= 37he] b 77} glizel, R
L 7R ], S v SA a0 | EES

AL, AR = e AR Bof] Qlk(Fig. 3).

A2 50] 52 A5 Han (1995)0] F4F AFZA] Ao A %
Aste] Chelonodons-& A2 BL&0 2 AHAIASIG T, &
o] 540l et e Ho = yrgstih
A, ASH

%37 0 AZH DL Table 13+ 291, 9|25 L2 Fig. 3
I 20k SA=Eoll= 77 §laL, 714 107]0]1,
SR =gju] 7|4 871l 7Hs A =8 n] E7]4= 167]0]
AL, o A =gujof vl sl 25 2, e A =gu] £7]4= 11

oE:?‘:
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——PPL—

PaL
PAL

CPD

Fig. 2. Diagram showing measurements of Tetraodontidae (Han, 1995). AL, length of anal fin; BD, body depth; CPD, caudal peduncle
depth; CPL, caudal peduncle length; DL, length of dorsal fin; ED, eye diameter; HL, head length; NL, nasal length; IW, interorbital width;
PAL, preanal length; PaL, Preanus length; PDL, predorsal length; PL, length of pectoral fin; PPL, prepectoral length; TL, total length; SL,

standard length; SnL, snout length.
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79Tk 0|23t A= Shen et al. (1993) W Matsuura (2002)
olw Jx|5}9lthTable 1). Al&E A TZ2A|A | st gH2
] Hl7} 75.34%, A1) H]7} 37.86%, T4 H]= 32.62%
2 Ao vlsf] Aot oha 9kom, 5, 7, RAI =] 9
Eﬂz]iault A ek, o] A7]ete] vl 7.77%, S
1] Q721 9] W= 74.76% % AL, e A5 o] 9] H]7} 10.87%
k. ol gk 2] A27]9ke] vl= 23.81%% ). o] 2jgh 2
3H= Han (1995) 2 Matsuura (2002)2} A 2] L2819 a1, 22
2 015391 Chelonodon laticeps®] 7|23 2 &= Matsuura (2002)
O] Ao}t FAlsHIth(Table 1).
Che)

o] T2 F=all, tivk, Y29 7t ol'd, e, sRlEAE
C oRZE|7h FEE W HR, T, A=A B Fof LEdHn,
Seubet fatk Ak ] Aol Q= o] A=A Ql3ict.

ZRLUE(ZHIIE) (Lagocephalus spadiceus)
(Richardson, 1845)

QS AHEH
Hol® 2Ep olHE _
Fig. 3. External view of Chelonodon patoca (SL: 103.0 mm). A, Lagocephalus spadiceusi= 01, 2k, dad(Lago
=5 1 Ol&
lateral view; B, dorsal view; C, ventral view. cephalus)®| 43h= o F =2 52 71 W3y E= gegol,

Table 1. Comparison of meristic characters and measuring characteristic of Chelonodon patoca and Chelonodon laticeps

Species Chelonodon patoca Chelonodon laticeps

Characters Present study Shen et al. (1993) Han (1995) Matsuura (2002)  Matsuura (2002)
Number of specimen 1 - 2 21 22
Dorsal fin rays 10 10 9-10 9-11 (10) 10
Anal fin rays 8 8 8-9 8-10 (8) 7-9 (8)
Pectoral fin rays 16 16 15-16 16-19 (17) 16-18 (17)
Caudal fin rays 1 - 1 - -
Standard length (mm) 103 - 175.3~212.4 49.4-127.7 50.5-155.3
In hundredths of standard length (%)

Head length 32.62 - 30.3+1.54 32.7-38.7 35.3-38.4

Body depth 37.86 - 29.7+2.15 - -

Eye diameter 7.77 - 5.741.23 6.5-13.1 6.5-15.9

Predorsal 74.76 - 68.3+0.56 70.9-73.7 71.9-74.7

Dorsal fin length 16.21 - 17.8+1.52 17.8-21.3 16.7-22.3

Pectoral fin length 12.33 - 14.910.64 14.7-17.2 14.8-17.8

Anal fin length 16.12 - - 16.9-19.8 13.4-21.3

Caudal fin length 24.27 - - 24.0-30.9 27.2-29.4

Caudal Peduncle length 2243 - 18.1x1.46 21.3-23.6 20.2-23.0

Caudal Peduncle depth 10.87 - 12.810.84 12.0-15.0 10.6-12.6
In hundredths of head length (%)

Eye diameter 23.81 - - - -

Interorbital width length 51.79 - - - -
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oh g W22 5 FEo] A = A wigko)] H2 7}
20 QLI MRES WA EX SuAS un, AT 3
A = 2 A 27} QT 52 o A3 F50l= T2
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7Vl o) AL 519 o] Aao a(Fig. 4), §:07] o](93%)
of| ofsfj FHE
WL (Lagocephalus inermis)= Han (1995) o] o= &4
B(NFQS, 1989)2.2 Eglou), “sjnzo] glo] Wglehey sl
of TidE o= WAL, ool A& L. spadiceus =
U 1712 oo g o8 Half-smooth Golden Pufferfisho]
uf, B} BARLS wnglo] “BRY AR 0 2 Wist
S,
A& ASEE
3 5 A5 22 Table 23} 294, 9| A2 Fig. 4
Lajujolli= 7RA7F §190L, 719 1370%S
o, S =] £7|5+= 127] 2 Matsuura et al. (2011)2} A 4]
sholnh. 7R =en] 7] 177091, R =ejn] &7
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(Lagocephalus lunaris), S8 2(Lagocephalus gloveri), &2 =
(Lagocephalus wheeleri), W15 Lagocephalus inermis), <
2 Lagocephalus laevigatus)¥} H| 525} TH(Han, 1998).

AEH AL FEA N gt 2] 87} 70.18%, AL
H 7} 32.47%0] 9131, F49] Hli= 29.92%0°] it =2 2719}
9] H= 9.11%, SA=2u] B2 A7A]= 66.67%% 3L, 18]
AT zolo] H7F 9.76% et ol tiet =< 2719k 1
= 30.43%81t}. o] Mgk Al S F A2 U5 (Han, 1995)7} Bl
SO, Al TRt Ao B|7h & BlE Wke
], 7ol theh =2 =17] 9k Bli= v 7| el th(Table 2).
=X

o] T Ak AMejHY, Zall, Holze|7t, T, A5 5,
dE=efl, tivh, Y 5 ol ST

OUHHBSE (Z2Y7IE), Arothron immaculatus
(Bloch and Schneider, 1801)
SEET

Arothron immaculatusS E-0]%
thron)®|| &3h= o7& 50] ARP O R 5& FEo| o=l

Table 2. Comparison of meristic characters and measuring characteristic of Lagocephalus spadiceus and Lagocephalus wheeleri

Species Lagocephalus spadiceus Lagocephalus wheeleri
Characters Present study Matsuura et al. (2011) Han (1995)
Number of specimen 1 - 4
Dorsal fin rays 13 12-13 13-14
Anal fin rays 12 10-12 12-13
Pectoral fin rays 17 - 16-17
Caudal fin rays 1 - 11
Standard length (mm) 121 - 180.2-355.4
In hundredths of standard length (%)
Head length 29.92 - 28.9+1.31
Body depth 32.47 - 36.1+1.85
Eye diameter 9.1 - 6.7£0.25
Predorsal length 66.67 - 62.2+13.7
Dorsal fin length 21.53 - 20.6+1.36
Pectoral fin length 17.53 - 18.9£0.52
Anal fin length 21.73 - -
Caudal fin length 28.46 - -
Caudal Peduncle length 25.30 - 25.6+1.07
Caudal Peduncle depth 9.76 - 6.9£2.15
In hundredths of head length (%)
Eye diameter 30.43 - -

Interorbital width length 54.48




Fig. 4. External view of Lagocephalus spadiceus. A, lateral view;

B, dorsal view; C, ventral view.
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oju], BiZ HEL wlAS Wt & HA o ALAES 9=
o] YoiQlar, me] Q&) 7RG A =efn] ofefjFof| o] FE EF
H7Eslew, 7%, 5, RA =gl 3A4E Wk A =8|
O} R eju|= 52 F& 2]9-A gl o, 59 7)o ulsf 2t
< Holt}, AP A eju| = RS A wn TRl & 2
5 H2ME "okFig. 5).

A. immaculatusS 71552 (Arothron) ©15F2A4 &Y
kasumihugu= ¢F7E0l 2} e A Qla, A4 o] £ o] Qb7
S Y11 9= Ak A2 O] kasumiS whA] " AT E" O

U ME rlo

2 Table 33} ZH9k a1, 9]48 42 Fig. 5
gujoll= 7RA7E )IAL, &7 1071 R
o, R L gu] £7]4% 1079} 7R m ] £7)45= 17
ML, e A =#n] £7]4= 107] 2 Masuda et al. (1984),
Shen et al. (1993)2 3t} A Ao}t BE A =u] E7]|4=
e & o7l ALE(Arothron stellatus), B77AEE(Aro-
thron hispidus), 534 71 8-5( Arothron nigropunctatus)x} H]<=
S tHLee, 1993b).
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Table 3. Comparison of meristic characters and measuring characteristic of Arothron immaculatus and Arothron stellatus

Species Arothron immaculatus Arothron stellatus
Characters Present study Masuda et al. (1984)  Shen et al. (1993) Han (1995)
Number of specimen 1 - - 4
Dorsal fin rays 10 10-11 9-11(10) 13-14
Anal fin rays 10 10 9-10(10) 12-13
Pectoral fin rays 17 17-19 16-19 16-17
Caudal fin rays 10 - - 1
Standard length (mm) 146 - - 180.2-355.4
In hundredths of standard length (%)
Head length 34.5 - 34.5-38.5 28.9+1.31
Body depth 54.2 - - 36.1+1.85
Eye diameter 5.9 - - 6.7£0.25
Predorsal length 69.9 - - 62.2+13.7
Dorsal fin length 21.2 - - 20.6+1.36
Pectoral fin length 20.2 - - 18.9+£0.52
Anal fin length 16.4 - - -
Caudal fin length 35.8 - 33.3-41.7 -
Caudal Peduncle length 18.8 - - 25.611.07
Caudal Peduncle depth 16.7 - - 6.9£2.15
In hundredths of head length (%)
Eye diameter 17.0 - 14.7-20.0 -
Interorbital width length 39.8 - 32.3-37.7 -
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et o]t A= AL Shen et al. (1993)2] A At} 7
o] Zrorom, ALE st A5%E E(Han, 1995)2] Aitel=
2ol 5 Kotk Aol tigt e ApR ol o] vloh =] 2
719ke] vl E A5t HE gho] ATE R UIAE R E9
TH(Table 3).
2

o] T2 Q1= HB Y, &5, 57
AEyAop i, U2 Ji &

worze|7, de2ld, Hut

jail
=~
g

H=(Lateral Line)

HES AEIY] Sbol= I 7‘<P°l7} AN &5 st
Aol H7|= skl 259 AFe F o=t F-835H ©]
Q_T_’ Qlth(Fraser-Brunner, 1943; Tyler, 1980; Lee, 1993).
1213t olf A9l ATOARSHS B o) g
o @%o] Q= 0] Bolr}, Fd: o] vl
X*(Ventral segment)©] SEg15}0] 7 2] R} R o] A] Eﬂi 249 gg
C e 20| 9111, A 2B (Chelonodon patoca)2- 2242 =S 7HA| 1L
B QoL 52 HAT) wiZ BAdo] AR HioA 297 §
Fe]o] 9lglon, HE0] Fef7} Han (1998)2] 17 Aol o
2| 3R THFig. 6A).

&L of EE—J ‘3"—} % 1= 9ol e EKprecular loop)©]
AL, 2R §2 0 2 AAEE 5% FX|(dorsal branch)7}
glom 7tEE ?'11735] t —7—1,:—%15#7\] (trancoccipital branch)7}
2] L Eo) 9lch(Han, 1998). E3t Wi 4: o] 2= ko o 1z}

Obo oflt

Fig. 5. External view of Arothron immaculatus. A, lateral view; B, o] -2 Takifugu) o] 5} npzl7 || 2 wlj2 B2 o] Qlthil
dorsal view; C, ventral view. 7]425}9 =4 (Fraser-Brunner, 1943; Tyler and Paxton, 1979;
Tyler, 1980), & <] A3 54 %(Lagocepbalus spadi-
ceus)> Hi & EAo] glo] 199 H&S 7L qlo] YRkA <l
7} 54.2%0] 131, FA2] vli= 34.5%0| Qlch. 2] A7) 2] H] YEd: o) 7o FeE UER ITh(Fig. 6B). ol2iet Aut= Y
= 5.9%, SA=2n] Bt S7HA= 69.9% AL, WA = H& o] 2o] wlj& A o] Qlth(Fraser- Brunner, 1943)11 g+ 2

o]¢] H]7} 16.7%At}. T4l thet o] A7]19k] Hl=17.0% 37} o] AlA#ehar Shipp (1974)0] 2|23t yl-&-3he 2|5},

Fig. 6. Lateral line system of Tetraodontid fishes. DB, dorsum branch; DS, dorsal segment; PL,preocular loop; RR, raised ridges;
SB,subocular branch; TB,transoccipital branch; VS, ventral segment. A and A’, Chelonodonpatoca; B and B', Lagocephalusspadiceus; C
and C', Arothronimmaculatus
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Fig. 7. Olfactory organ of Tetraodontid fishes. A, Lagocephalus
spadiceus; B, Chelonodon patoca, C, Arothron immaculatus.

Han (1998)¢] Z¥}ebe A2 5HGI T

AEELE(Arothron) o5+ HE0] HeAF FE7A] £5
SHA| AL, 7hE Al =en] SHEEO] 5% 4 (dorsal segment)
o] 1go]al, WAL Kt o] SIFEofut 1€0] Q= 7123 0]
TH(Han, 1998). o] A-2] Ax} Q7 &5 (Arothron immacu-
latus) = QEo]| B AT FR27EA] QAL 7HEA = efn] o
9] 5% S WS 4= 9l ItkFig. 6).

57t7|2HOlfactory organ)

-2 7K Tetraodontidae) o] F+= 325 (nortrils)o| 17] F&= 2
ME g A Zrgo] §lo] 2719 57l & Hol e &
F2 5 ofel7bA 7} lrk(Han, 1995). 73] w0k 437}
A %9] el $05 71202 AHgaka o, Suf 571
ol gl Aow UdHA QthRegan, 1902; Fraser-Brunner,
1943; Abe, 1949, 1952; Shipp, 1974; Tyler, 1980; Lee, 1993).

E55%(Sphocoides), W< B 545 o] f= 19
wo] Zm{u] mefolud, 1 Alo|7t BEEA] elof 7jiiel 7o)
28 o]o] 9ju o] gliz 1A F2F 13 SlchHan,
1998). YW (Lagocephalus spadiceus)= Han(1998)
9] Ao} AR HFig. 7A). A EE(Chelonodon patoca)
o 3ol glov], 277 wrio] B2 ey 1R
o B0} Qo] AR B4} A5IcHFig. TB). 7 E54%
(Arothron) ©15+9] 3217|132 o] glom, Wito] £
2 Z=A 959 &5 o]tk Han, 1998)+ ZA1te} oH7|7
LB Arothron immaculatus)] 79 L2310, L3
o] HFo 2 EEF 0] Qe R RIsHIth(Fig. 7C). &t
Wue 7o) 54u7 o 71RAsl gejglo), Wms
I} UNAEEL] 7= 271 gie 5] S,
SERIRE Hro 2 E5% S217| 7o) Holof mfoA= AlolE
HAH(Fig. 7).
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o] HEE AEOIOREHIA AT HUYSAHE fALIE(H
of) THSPA T A,0) (02 4 A7 e A%

oJokz ol A HAMI AL TARF A HEEHA A= H YT}
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