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Osteological Study of the Genus Acanthogobius
(Perciformes: Gobiidae) from Korea

Yong-Joo Lee

Jeonju National University of Education, Jeonju 560-757, Korea

Osteological characteristics of skull, shoulder girdle, pelvic girdle, vertebrae, and pterygio-
phore of the four members of the genus Acanthogobius are described and compared. Character-
istics of the metaterygoid, branchiostegals, urohyal, scapular, and pterygiophores that have
been used to classify gobioid fishes were not different between the four species. However, ossifi-
cation of the lacrymal and the number of ossified gill rakers differ from one Acanthogobius
species to another. A. flavimanus is distinguished from its congeners in the size of the medial
ethmoid, the number of caudal vertebrae, and the distance from left to right lateral ethmoid. A.
lactipes has a large basihyal, and A. luridus has a wide distance from left to right lateral eth-
moid: these are among the unique characters that distinguish them from other members of the
genus. A. elongata differs notably from its congeners in the number of premaxillary and den-
tary teeth, the shape of the epural, and the length of the cranium.
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Table 1. Sampling data of specimens for osteological examination in the genus Acanthogobius from Korea

- No. of Standard length - .
Species specimens (mm) Collection date Localities
A. elongata 20 52.0~64.0 July 24, 1992 Samsan-myeon, Ganghwa-gun, Gyeonggi—do
A. flavimanus 20 77.1~91.7 Sep. 24, 1989 Hohwa-myeon, Goseong—-gun, Gyeongsangnam-do
A. lactipes 20 51.9~56.6 July 3,1994 Haseo-myeon, Buan-gun, Jeollabuk-do
A. luridus 20 44.0~46.0 July 4, 1993 Haseo-myeon, Buan-gun, Jeollabuk-do
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Fig. 1. Diagram showing the method of measuring cra-
nial part of Acanthogobius flavimanus. BW, basi-
hyal width; CL, cranium length; EW, exoccipital
width; FW, frontal width; LEW, lateral ethmoid
width; MEW, medial ethmoid width; SW, spheno-
tic width; VW, vomer width.
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Fig. 2. Skull of Acanthogobius flavimanus (lateral view). Diagonal hatching represents cartilage. AC, articular; AG,
angular; BCS, branchiostegals; CH, ceratohyal; DT, dentary; EH, epihyal; EPG, ectopterygoid; FR, frontal; HM,
hyomandibular; IH, interhyal; 10, interopercle; LC, lacrymal; LE, lateral ethmoid; MPG, metapterygoid; MX,
maxillary; OP, opercle; PM, premaxillary; PO, preopercle; PSN, parasphenoid; PT, palatine; PTP, posttemporal; Q,
quadrate; RC, rostral cartilage; SBO, subopercle; SC, supracleithrum; SMP, symplectic; SP, sphenotic.
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Fig. 3. Dorsal (A) and ventral (B) aspects of cranium in Acanthogobius flavimanus. AS, alisphenoid; BO, basioccipital; EO,

epiotic; EOC, exoccipital; FR, frontal; IH, intercalar; LE, lateral ethmoid; ME, medial ethmoid; PRO, prootic; PSN,

parasphenoid; PTO, pterotic; SO, supraoccipital; SP, sphenotic; STF, subtemporal fossa; V, vomer.
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Fig. 4. Lateral aspects of upper (A, B) and lower jaws (C)
in Acanthogobius flavimanus. AC, articular; AG,
angular; AP, articular process; ASP, ascending
process; CNP, coronoid process; DT, dentary; LP,
lateral process; MP, medial process; PMP, post-
maxillary process.
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Fig. 5. Branchial and hyal arches of Acanthogoibus flavimanus. A, upper branchial arch (left side, dorsal view); B, hyal
and lower branchial arch (dorsal view); C, urohyal (lateral view); BB, basibranchials; BH, basihyal; CB,
ceratobranchials; CH, ceratohyal; EB, epibranchials; EH, epihyal; GR, gill rakers; HB, hypobranchials; IH,
interhyal; LPC, lower pharyngeal tooth plate+ceratobranchial 5; LPH, lower piece of hypohyal; PB, pharyn-
gobranchials; UPH, upper piece of hypohyal; UPT, upper pharyngeal tooth plate.
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Fig. 6. Anterior vertebrae and median fin elements of Acanthogobius flavimanus. ASR, anal spinous ray; Bl, basiost;
DOR, dorsal soft ray; DSR, dorsal spinous ray; FAV, first dominal vertebra; FCV, first caudal vertebra; FEP, first
epipleural; FP, first pleural; HS, hemal spine; INS, interneural spine; IHS, interhemal spine; MR, medial radial;

NS, neural spine; PP, parapophysis.
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Fig. 7. Caudal skeleton of the genus Acanthogobius. A, A.
flavimanus; B, A. elongata; BR, branchial rays;
EP, epurals; HP, hypurals; HS, hemal spine; NS,
neural spine; PC, procurrent cartilage; PH, parhy-
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Fig. 8. Shoulder (A, lateral view) and pelvic girdles (B, ventral view) of Acanthogobius flavimanus. CL, cleithrum; CR,
coracoid; PS, pelvic spine; PTP, posttemporal; PV, pelvis; R, radials; S, scapula; SC, supracleithrum.
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Fig. 9. Comparision of biometric skull characters (described in Fig. 1) of the genus Acanthogobius. SL, standrd length;
a, A. elongata; b, A. flavimanus; c, A. lactipes; d, A. luridus.
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ez, 2 o802 A lactipes7} 16.5% 2 Bl wA =

Al, 28]3 A. elongata®} A. flavimanus:= Z+z; 14.9%,
14.6%2 Wasch T2 O o FEBE H)
270w Aolg vehl A ateh A2
g3 7)AF= v]E= A lactipes7} 16.9%=Z 713 =7
el 1, A flavimanus:= 14.1%, 18] 22 A. elongata$}
A. luridus:= 15.5%=2 =7+ ke Jeldo. =134
o thit SAFZE n]E= A. flavimanusZ| 35.9% 2 &%
1 A JeEld A, A. elongata, A. lactipes 9 A. luridus
Z+7r 42.0%, 44.5%, 43.4% =2 =2 7}S el gt
T ZAe] W3 Ado]ZFE "] A luridus7} 63.7%=
71 =A el FElo] FEE ¢ en, A flavimanus
7} 53.6% = 7} A, 1831 A. elongata®} luridus:=
747} 55.5%, 57.9%= M2 v]5=3 7he vehi e

ofs

aorle

o

FAYAE oAF) AFERT ATl eI ok

Zo® HEE AR Qo) 4 Bl ge A
7} 3 Fo]x ¢} (Ramaswami, 1955; Gosline, 1968;
Nelson, 1966; Matsuura, 1979; Hosoya, 1986). t] ¥-3-2]
o} 2 A Zo)F (teleost)ol] ¥]a)| A WSolFeo] TAL A}
3] E3tE oA, =4 (parietal), FF4tZ (supra-
maxillary) SA|=2n] Auj=7 (predorsal bone)e] )
b= (infraorbital)o] A2] Aod=Fe] = 5 o}F
2l R4S BojF) (Akihito, 1986). 3 HF5-o]
ZAZ OPZ @stE F2E 7 ol £

s = ol B £ 9l A=E Ak
Zt31 ¢l=4d| (Miller, 1973; Birdsong, 1975),
Acanthogobius<s o] F 4% glojirx djRiie] 743
el glow, dx g
Z7bol) Ao LT,

oo WAME wAl TEE FAs] Aol

o] &% (Pannella, 1974; Williams and Bedford, 1974;
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Campana and Neilson, 1985; ¢, 1989), &&] =3 3

3} BH3 2] H7|= &4 (Fitch and Barker, 1972),

A4 o] 52l Acanthogobius<: 4%¢] glejr: 7k

FEHo] glo] Aot Yuk meofoz Yeh} 11 =77}

g5l el vis wFgAdel olF7F DA ZA et

s B (3, 1978) 2k A8k
gt Miller (1973)& 9] J%"l

v}=7] (anterior process) W <4 Fu}lE7] (posterior
porcess)e] W wWEo]Fo] ERFoA olzts FE3}

=d ¥ F9AE Hodslgi A4l Birdsong (1975)2
o] F 7 £A o] Bt A3} -] Microgobius
signatusel| A A3 A o] 8] (sexual dimorphism)<S ¥ 173}9]
o} 234} Acanthogobiusg: o] 4ol SlelA Fo4t
2o wimle AotEs) ATs] AAHe] Yw, Hule A
523 W7 B F7hel Aol7k glslond, A
g wa el gkol & sEolAe] ¢HE

!;\__LEI'V

()
o

P gRARY ERNN Fa3 AT
&)z o] x| 4k (Miller, 1973; Birdsong, 1975) 4% R
A2 Aot Ge B, AT 2 B &
o wheh ShepaiA vieir] el offel Aol Fe
5l B3 e o]&F 3 ¢lE=1) (Akihito, 1986; Hosoya,
1986), 4% =57k Wol mefoz T el dA3IH
(Fig. 5C).

VAT FE DR 5D & Al A
Asa Qord, A4S Aws} opstel Fog ¥
FIA=2 FHFFIX 2 ¢9l=d (Regan, 1911, Goslme,
1955; Akihito, 1963, 1969; Birdsong, 1975), Acanthogo-
bius%e) AFTE o4F ool HRRo] sl §
= *XHE}U% 2ol FUE Zol7t glsinh =4 A
15A==n] AAZS 49 EdS ASEF
olF %B_/\]E]—‘ e 75:_11 (Birdsong, 1975; Akihito et
al., 1984; Birdsong et al., 1988), 1 s dAlo]] QlojA] 4
% g2 ANAE Al ] sl 3-122111002 UAF

al

\:!_l =
(<

ol

oz

U‘:

Table 2. Comparison of several characters of the genus Acanthogobius

Species DF (n) EP PL E PT DT
A. elongata 3-1221110(20) 12 10 2 40~70 46~72
. 3-1221110(19)
A. flavimanus 3-2121110( 1) 13 11 2 90~180 50~100
. 3-1221110(18)
A. lactipes 3-122111%0 (2) 12 10 2 76~150 44~80
A. luridus 3-1221110(18) 12 10 2 102~ 140 74~114

3-1212110( 2)

DF, first dorsal-fin pterygiophore formula; DT, number of dentary teeth; E, epural number; EP, epipleural number; PL, pleural

number; PT, number of premaxillary teeth.
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Pgg RSt (Table 2). 254 ejr] = B
o] 28 AR glen dxgel leiAe
lactipes®} A. luridus”} 10~117), A. elongata$}
flavimanus7} 12~137§2 1 47} v]$=3)¢it}
- 487 Apolol] Fol TelA R VA
S o]F 1 ¢lEd|, A flavimanus: 1 Zo] Wu 2
o]7} Z+& wuld, A. elongata, A. lactipes ™ A. luridusel|
N Fol F3 Ael7h A VeRdEh F2e self
o] qhslE F st det e £X 7] =2 (Akihito,
1986), A. flavimanus®} A. lactipes: 3 & Z2] 7
=37} FEs A elongatas 237 44 o] 1, A
luridust= 73} o] oA kol F3bel zbolE el
W3 ek A - skebEel b sl ole] = A flavi-
manus, A. lactipes, @ A. luridus oA A}et=]7} 76~
1807Y, &}e}A|7} 44~11470 2, Aobx|7} dhefA|He} w@
< 73S vepE whd, A elongatac A= AF - 3kt
2 BE 40~72/0 2 A 9] v]$=3}gi T (Table 2).

NNAZE AZe] W gFe $AE e Wz,
Takagi (1950)= 2 3efo] ZA3}e] &AL GobioidZ
4747 typeoZ T3t Al5-S Fosdied, 4% B
F7F 12] spatulate typeel] 3= ¢lon, 7 =& A
lactipess] A=k <Fz @A) Lhekske} (Fig. 5B). 31 7-39]
AL B Fe Y wepe) Az A5 gl
raker)7} =4S ulz} A elongata®} A. luridus:= 5~6
7, A. flavimanus®} A. lactipes: 7~871% Z}7z} 192
W= o] Fbel| 2te]E Heh ST

HAFFE W57 ABEFIAM FLF {3

3
Az #HFF ez ¢4 (Birdsong, 1975), o] F B3
A
1

> > %

]
FAZE F

4% v 1) Qe dehm nFze

EH I3k Miller (1973)% Am|&Fe] +5 5oz
o ofshe TEAE Fo PRYL ALgSAAT A
H)%20) 41 PRl FolA 1~ SeFap e
w, RhyacichthyidaeZ}el| A qt 3717} od2ix] 91, b4
1) = 2 7, AR 2Y gl leirn
Fv) Wel= vbehda gle] (Birdsong, 1975), A=
= A3 BokAAS o531 gtk Acanthogobius<:
o sleidt 4% =E 24 1 Sv sdsidlon
(Table 2), A. flavimanus®} A. lactipes Z22] 12 A. luridus
NME T Helrl A3 mefor A sheA Jebd
v, A. elongatad| A= &4 w4 Yelydo}. Procurrent
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T ElA F A FF AR ot bW mEgoR
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S| <]

o] Fle)| &3l EAWE4 Acanthogobius o] 7 4
2o FAYAE T HFF E A= Wz 753
o JejA Fo EAI Feo|HE 7|, T F
7 B9g FA e bl 1 vE vaskas. 4
=, M2F AE 3t 2 27129 EAAME 4%
Zhol| Zpol A& FotE 4 e 2138 2] AF3}

7
g2 zte]l2 BoJFgoh 3 A flavimanus: FAME
o] Z7)e} u|FFo 4 9 FAFES] Fof|A], A lactipes
= 7)1 E] Zel A, A luriduss Ao E9] Zelx] zhzt
5 Ex]-e el g}t E3] A elongata: A} - 3}
ol v e ole] & AvSEe] ¥, e 2
5

2 % 333} =9

E 5 1=
E.3 .__xol

Akihito, P. 1963. On the scapula of gobiid fishes. Japan. J.
Ichthyol., 11(1/2) : 1~26. (in Japanese)

Akihito, P. 1969. A systematic examination of the gobiid
fishes based on the mesopterygoid, postcleithra, bran-
chiostegals, pelvic fin, scapula, and suborbital. Japan.
J. Ichthyol., 16(3) : 93~ 114. (in Japanese)

Akihito, P. 1986. Some morphological characters consider-
ed to be important in gobiid phylogeny. In: Uyeno, T.,



Osteology of Acanthogobius 61

R. Arai, T. Taniuchi, and Matsuura (eds.), Indo-Pacific
Fish Bilogy. Proc. of the Second International Confer-
ence on Indo-Pacific Fishes. Ichthyol. Soc. Japan,
Tokyo, pp. 629~639.

Akihito, P., M. Hayashi and T. Yoshino. 1984. Suborder
Gobioidei. In: H. Masuda, K. Amaoka, C. Araga, T.
Ueno and T. Yoshino (eds.), The fishes of the Japanese
Archipelago. Tokai Univ. Press, Tokyo, pp. 236 ~289.

Bell, J.D., A.S. Steffe and R.B. Talbot. 1987. The oriental
goby, Acanthogobius flavimanus, colonizes a third es-
tuary in New South Wales, Australia. Japan. J. Ich-
thyol., 34(2) : 227 ~230.

Birdsong, R.S. 1975. The osteology of Microgobius signatus
Poey (Picses: Gobiidae), with comments on other gobiid
fishes. Bull. Florida St. Mus. Biol. Sci., 19(3) : 134~
189.

Birdsong, R.S., E.O. Murdy and F.L. Pezold. 1988. A study
of the vertebral column and median fin osteology in
gobioid fishes with comments on gobioid relationships.
Bull. Mar. Sci., 42(2) : 174~ 214.

Brittan, M.R., A.B. Albrecht and J.D. Hopkirk. 1963. An
oriental goby collected in the San Joaquin River Delta
near Stockton, California. Calif. Fish Game, 40 : 302~
304.

Campana, S.E. and J.D. Neilson. 1985. Microstructure of
fish otoliths. Can. J. Fish. Aquat.Sci., 42 : 1014~ 1032.

Fitch, J.E. and L.W. Barker. 1972. The fish of the family
Moridae in the eastern north Pacific with notes on mo-
rid otoliths, caudal skeleton, and the fossil record. Fish.
Bull., 70 : 565~584.

Fowler, H.W. 1962. A synopsis of the fishes of China. Part
IX. The gobioid fishes (concluded). Quart. J. Taiwan
Mus., 2 : 1225~1495.

Gosline, W.A. 1955. The osteology and relationships of
certain gobioid fishes, with particular reference to the
genera Kraemeria and Microdesmus. Pac. Sci., 9 : 158~
170.

Gosline, W.A. 1968. The suborders of perciform fishes.
Proc. U. S. Nat. Mus., 124(3647) : 1~78.

Greenwood, P.H., D.E. Rosen., S.H. Weitzman and G.S.
Myers. 1966. Phyletic studies of teleostean fishes, with
a provisional classification of living forms. Bull. Am.
Mus. Nat. Hist., 131 : 339~ 456.

Hoese, D.F. 1973. The introduction of the gobiid fishes
Acanthogobius flavimanus and Tridentiger trigonoce-
phalus into Australia. Koolewong, 23 : 3~5.

Hosoya, K. 1986. Interrelaltionships of Gobioinae (Cyprini-
dae), In: Uyeno, T., R. Arai, T. Taniuchi and K. Matsu-
ura(eds.), Indo-Pacific Fish Bilogy. Proc. of the Second
International Conference on Indo-Pacific Fishes. Ich-

thyol. Soc. Japan, Tokyo, pp. 484 ~501.

Iwata, A. and S.R. Jeon. 1987. First record of four Gobiidae
fishes from Korea. Korean. J. Limol., 20(1) : 1~12.

Kim, B.J., K. Nakaya and I.S. Kim. 2000. Osteology of Mic-
ropercops swinhonis from Korea (Perciformes: Odonto-
butidae). Korean J. Ichthyol., 12(3) : 157~ 165.

Matsuura, K. 1979. Phylogeny of the superfamily Bali-
stoidae (Pisces: Tetradontiformes). Mem. Fac. Fish.
Hokkaido Univ., 26(1/2) : 49~ 169.

McAllister, D.E. 1990. A working list of fishes of the world.
Can. Mus. Nat. Can., 2661 pp.

Middleton, M.J. 1982. The oriental goby, Acanthogobius
flavimanus (Temminck and Schlegel), an introduced
fish in the coastal waters of New South Wales, Australia.
J. Fish Biol., 21(5) : 513~524.

Miller, P.J. 1973. The osteology and adaptive features of
Rhyacichthys aspro (Teleostei: Gobioidei) and the clas-
sification of gobioid fishes. J. Zool. Lond., 171 : 397~
434.

Nelson, G.J. 1966. Osteology and relationships of the eel,
Neenchelys buitendijki. Copeia, 1966(2) : 321 ~324.

Ni, Y. and H.L. Wu. 1985. Two new species of the genera
Aboma and Acanthogobius from China. J. Fish. China,
9(4) : 383~388. (in Chinese)

Pannella, G. 1974. Otolith growth patterns: An aid in age
determination in temperate and tropical fishes. In: T.T.
Bagenal (ed.), The ageing of fish. Unwin Brothers. Ltd.
Surrey, pp. 28~ 39.

Ramaswami, L.S. 1955. Skeleton of cyprinoid fishes in
relation to phylogenetic studies: 6. The skull and Webe-
rian apparatus in the subfamily gobioninae (Cyprini-
dae). Acta Zoologica Bd., 36 : 127 ~158.

Regan, C.T. 1911. The osteology and classification of the
gobioid fishes. Ann. Mag. Nat. Hist., Ser. 8, 8 : 729~733.

Reshetnikov, Y.S., N.G. Bogutskaya, E.D. Vasil'eva, E.A.
Dorofeeva, A.M. Naseka, O.A. Popova, K.A. Savvaitova,
V.G. Sideleva and L.I. Sokolov. 1997. An annotated
check-list of the freshwater fishes of Russia. J. Ich-
thyol., 37(9) : 687 ~736.

Springer, V.G. 1983. Tyson belos, new genus and species of
western Pacific fish (Gobiidae, Xenisthminae), with
discussions of gobioid osteology and classification.
Smithsonian Contri. Zool., (390) : 1~40.

Takagi, K. 1950. On the glossohyal bone of the gobioid
fishes of Japan, with some phylogenetic considerations.
Japan. J. Ichthyol., 1 : 37~52. (in Japanese)

Taylor, W.R. 1967. An enzyme method of clearing and
staining small vertebrates. Proc. U. S. Nat. Mus., 122
(3569): 1~17.

Williams, T. and B.C. Bedford. 1974. The use of otoliths for



62

age determination. In: T.B. Bagenal (ed.), The ageing of
fish. Unwin Brothers. Ltd. Surrey, pp 114~123.

714, 1978. o] F3+E-&. el E=DA} FAL 270 pp.

Jold - o187 - DB, 1987, WA FHolol of 2]
2734 A7 . 54 #], 20(6) 529~ 542.

992. At YL ERHS o) Fe) #it

o 1

=

Received : January 20, 2001
Accetped : March 10, 2001

°] 8- 1993b. gh=pat ol o} fo| Ao} FrFel] I
g A AFEEEFE3]#], 9(1) : 25~ 34.

o4 1998, FFAF o] o}% ool Ml HA. VIF

ER353}3)%], 14(2) : 121~ 134.

o] &d., 1990. g+=AF w=1l5o] Periopthalmus cantonensis
(Csol=: molah)e] e Q7. BFFEeA, 33(4)
1 402~410.

Qopl. 1989, F4t Yo} ol Fel AMel WmE FaA
e} Abe). Fddista st AAbeke) =, 56 pp.



