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Abstract Although known to be distinct genetically and recently treated as different species taxonomi-
cally, two Japanese bagrid catfishes, Pseudobagrus aurantiacus (Temminck and Schlegel) and P. tokiensis
Daderlein, have not been previously scrutinized as to their morphological differences. Examination of
morphometric and osteological characters revealed that the former species differs from the latter in having
a higher dorsal fin, the pectoral spine more prominently serrated on the anterior edge, more densely
serrated on the posterior edge, and with 1-3 antrorse serrations at the base, a broader supraoccipital
process, the supraneural as long as or longer than the supraoccipital process, a broader posterior process
of the cleithrum (posterior tip angle >20°), and the hyomandibular widely separated from the metapter-
ygoid. In addition, the body color pattern of young fish differs in the two species.

According to recent literature, the family
Bagridae (Siluriformes) in Japan is represented by
the following three species: Pseudobagrus ichikawai
(=Coreobagrus ichikawai), P. nudiceps (= Pelteo-
bagrus nudiceps), and P. aurantiacus (Matsubara,
1955; Okada, 1960; Nakamura, 1963; Miyadi et al.,
1976; Sawada, 1984). These species are allopatrica-
lly distributed, P. ichikawai occurring around the Ise
and Mikawa Bays, Chubu District, central Honshu,
P. nudiceps throughout western Honshu, Shikoku
and eastern Kyushu, and P. aurantiacus dis-
continuously in eastern Honshu and western
Kyushu. In the last-named species, Ueno (1974,
1985) found allozymatic and chromosomal differ-
ences between the Honshu and Kyushu populations,
suggesting specific distinction of the two geographi-
cal forms. However, the two forms have remained
treated as a single species in most subsequent papers
(Miyadi et al, 1976; Sawada, 1984; Kimizuka,
1989).

Juso (1979) and Hosoya (1993) noted a few mor-
phological differences between the two forms of P.
aurantiacus, in addition to their genetic differences,
the latter author treating the western Kyushu form
as P. aurantiacus (Temminck and Schlegel, 1846)
and the eastern Honshu form as P. tokiensis Doder-
lein, 1887, this having previously been considered a
junior synonym of the former (e.g., Jordan and
Fowler, 1903; Okada, 1960).

Although the genetic differences between the two
forms was sufficient for their specific distinction,
recognized by Hosoya’s (1993) taxonomic treat-
ment, detailed morphological comparison of the two
species remained to be done. In the present study,
the two species, P. aurantiacus and P. tokiensis, are
redescribed and comparisons made on the basis of
extensive morphometric and osteological observa-
tions on a wide range of specimens, including the
lectotype of the former.

Materials and Methods

Specimens examined

Pseudobagrus aurantiacus.—Japan (locality unknown):
RMNH (National Museum of Natural History, Leiden)
2952a (lectotype designated by Boeseman [1947]), 164.7 mm
in standard length (SL) (collected by von Siebold).
Chikugo River (Yoshii, Fukuoka Pref.): NSMT (National
Science Museum, Tokyo)-P 36003, 4 (2 cleared and stained
specimens [C&S]), 128.9-196.4 mm SL; NSMT-P 36004,
17 (of 30) (3 C&S), 69.7-177.0mm SL; NSMT-P 36005, 7
(3 C&S), 56.5-88.4mm SL. Yabe R. (Tachibana, Fukuoka
Pref.): NSMT-P 36006, 11 (of 12), 41.3-90.4mm SL;
NSMT-P 36007, 18 (of 32), 54.2-123.2mm SL. Hiwatashi
R. (Sendai R. system; Togo, Kagoshima Pref.): NSMT-P
36008, 26 (of 30), 68.7-151.8 mm SL; NSMT-P 36009, 7
(of 21), 44.7-63.0mm SL.

Pseudobagrus tokiensis.—Tokyo: ZMB (Museum fiir
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Fig. 1. Pseudobagrus aurantiacus.
(NSMT-P 36005-7, 56.5mm SL; Chikugo River).

Naturkunde der Humboldt-Universitit zu Berlin) 12246, 2
specimens, 110.2-113.2mm SL (collected by Déderlein).
Koma River (Ara R. system; Hidaka, Saitama Pref.):
NSMT-P 36010, 31 (of 32), 71.3-127.4mm SL; NSMT-P
36011, 6, 36.6-136.2mm SL. Yoro R. (Ichihara, Chiba
Pref.): NSMT-P 36012, 18 (of 19), 33.0-104.6 mm SL;
NSMT-P 36013, 5, 38.8-54.9mm SL. Minato R. (Huttsu,
Chiba Pref.): NSMT-P 36014, 90.4mm SL. Sasa R.
(Obitsu R. system; Kimitsu, Chiba Pref.): NSMT-P 36015,
75.2mm SL. Isumi R. (Otaki, Chiba Pref.): NSMT-P
36016, 7, 30.5-46.2mm SL. Kuro R. (Naka R. system;
Nasu, Tochigi Pref.): NSMT-P 36017, 21 (of 23) (7 C&S),
44.6-119.0mm SL; NSMT-P 36018, 9 (of 30) (6 C&S),
139.2-216.6mm SL. Hienuki R. (Kitakami R. system;
Osako, Iwate Pref.): NSMT-P 36019, 19 (of 30) (5 C&S),
69.1-174.0mm SL; NSMT-P 36020, 12 (of 23), 42.1-79.2 mm
SL. Mogami R. (Kita-murayama, Yamagata Pref.):
ZUMT (Department of Zoology, University Museum, Uni-
versity of Tokyo) 8866-8871, 6, 45.3—-82.1 mm SL.

Methods

Counts and measurements followed those of
Hubbs and Lagler (1967), except for as follows. The
last two rays of the dorsal and anal fins were counted
separately, whereas the first 2—4 spiny soft rays of the
anal fin were counted as a single ray, such counts

A) Lectotype (RMNH 2952a, 164.7mm SL); B) young specimen

thereby corresponding to the number of proximal
pterygiophores in each case. The vertebral number
included both the preurostyle and the anterior five
vertebrae comprising the Weberian complex. Radio-
graphs were used to count the anal fin ray (=prox-
imal pterygiophores) and vertebral numbers. Mea-
surements were made to the nearest 0.1 mm. Clean-
ing and staining followed Dingerkus and Uhler’s
(1977) methods.

For examining allometric differences between the
two species, rates of correct discrimination by liner
discriminant functions calculated on two logarithmic
transformed variables, standard length and each
body part, were used.

Pseudobagrus aurantiacus
(Temminck and Schlegel, 1846)
(Japanese name: Ariake-gibachi)

(Fig. 1)

Bagrus aurantiacus Temminck and Schlegel, 1846: 227—
228, pl. 104, fig. 2 (Satzuma, Kuruma [misspelling of
Kurume?], Higo, etc.).
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Pseudobagrus aurantiacus: Bleeker, 1860: 87.

Pseudobagrus aurantiacus aurantiacus: Tanaka, 1943: 31.

Pseudobagrus (Pseudobagrus) aurantiacus: Miyadi et al.,
1976: 258-260, pl. 33.

Diagnosis. A species of Pseudobagrus with pec-
toral fin rays I, 7 (rarely 6); anal fin rays 18-23;
vertebrae 47-50; maxillary barbels long, extending to
origin of pectoral fin; caudal fin slightly emarginated
or truncated; second dorsal spine with feeble serra-
tions on anterior edge; anterior edge of pectoral
spine with conspicuous subcutaneous serrations, pos-
terior edge with 8-17 strong serrations (1-3 serra-
tions at base antrorse, remainder retrorse) in speci-
mens between about 40-200mm SL; posterior pro-
cess of cleithrum broad dorsoventrally, triangular
(posterior tip angle >20°); supraneural (1st proxi-
mal pterygiophores) large, extending almost to
supraoccipital process.

Description. All meristic and morphometric
measurements of the lectotype and other specimens
are shown in Tables 1 and 2.

Dorsal fin rays II, 7 (rarely 6 or 8); anal fin rays
18-23; pectoral fin rays I, 7 (rarely 6); pelvic fin rays
6 (rarely 7); principal caudal fin rays, 8 (upper), 9
(lower). Vertebrae 47-50 (usually 47 or 48).

Body moderately elongated, mean depth 20.9
(range: 15.9-26.6) %SL; head length 25.7 (19.9-
28.7) % SL, ratio decreasing with growth; caudal
peduncle laterally compressed, length 16.8 (14.1-
20.5) % SL, depth 9.4 (8.0-11.4) % SL.

Head broad, width 79.6 (72.3-85.3) % head
length (HL); eye small, diameter 14.5 (11.0-18.4) %
HL; mouth subterminal, broad, width 50.2 (44.3—

58.0) % HL, bearing numerous villiform teeth on
premaxillary, prevomer and dentary; supraoccipital
process subcutaneous, rather broad, moderately long
(Fig. 2A); supraneural large, triangular, extending
almost to supraoccipital process (Fig. 2A); maxillary
barbels long, 78.6 (59.4-102.5) % HL, extending to
pectoral origin; outer mandibular barbels extending
to branchiostegal membrane, 57.1 (45.9-68.9) %
HL; inner mandibular barbels extending to isthmus,
39.6 (28.9- 51.2) % HL,; nasal barbels extending to
posterior margin of eye, 41.4 (32.4— 51.2) % HL.

Dorsal fin rather high, length of first soft ray 17.2
(13.7-19.9) % SL, ratio decreasing with growth;
first dorsal spine small, subcutaneous; second dorsal
spine with feeble serrations on anterior edge, length
12.3 (8.0-15.3) % SL; anal fin low, long, base 22.3
(18.5-25.0) % SL; length of first soft ray of pectoral
fin 17.7 (13.5-20.8) % SL, decreasing with growth;
pectoral spine strong, length 15.0 (11.1-18.2) % SL,
bearing 817 strong serrations on posterior edge (1-
3 serrations at base antrorse, remainder retrorse) in
specimens between about 40-200mm SL, conspicu-
ous subcutaneous serrations on anterior edge (Fig.
3A); posterior process of cleithrum broad dorsoven-
trally, triangular (posterior tip angle >20°), with
minute granulated ridges (Fig. 4A); length of pelvic
fin 11.1 (9.1-13.2) % SL; caudal fin slightly emar-
ginated or truncated, maximum length (from middle
of caudal base to furthest point of upper lobe) 17.8
(15.4- 21:1) % SL, minimum length (from middle
of caudal base to nearest point of distal margin of
fin) 14.5 (11.4-17.7) % SL; adipose fin base as long
as or longer than anal fin base.

Sexual dimorphism.—Males grow larger than fe-
males, the body becoming more elongated in speci-

Table 1. Meristic counts (mean+SD [range]) of Pseudobagrus aurantiacus and P. tokiensis

P. aurantiacus P. tokiensis
Lectotype Non-type specimens ZMB 12246 Other specimens
RMNH 2952a (n=90) Spm.1 Spm.2 (n=136)
Soft rays
Dorsal 7 7.0+0.1 (6-8) 7 7 7.0£0.0 (7)
Anal 20 20.2+0.9 (18-23) 20 20 20.9%1.0 (19-24)
Pectoral 7 7.0+0.1 (6-7) 7 7 7.0£0.2 (7-8)
Pelvic 6 6.0+0.1 (6-7) 6 6 6.0x0.1 (6-7)
Caudal
upper 8 8.0+0.0 (8) 8 8 8.0+0.2 (7-9)
lower 9 9.0£0.0 (9) 9 9 9.0£0.2 (8-10)
Vertebrae 47 48.1%+0.7 (47-50)* 46 47 47.8+0.9 (46-50)°

*n=86; °n=129.
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mens >ca. 150mm SL, head, eyes and dorsal and
pectoral fins larger in females.

Body color.—In live specimens, rather deep yellow
with dark blotches; in alcohol, uniformly dark, but
yellowish-white with large dark blotches (also on
fins) in specimens <ca. 100mm SL (Fig. 1B).

Distribution. Western Kyushu: Chikugo River,
Yabe R., Kikuchi R. (Ueno, 1974), Sendai R., Iki
Island (Mori, 1937).

Remarks. Although type specimens were not
designated by Temminck and Schlegel (1846) for
their Bagrus aurantiacus, Boeseman (1947: 169) se-
lected a specimen (RMNH 2952a [Fig. 1A], but
printed incorrectly as 2955a; M. J. van Oijen, pers.
comm.) from 5 specimens collected by von Siebold
as the lectotype.

Pseudobagrus aurantiacus has been treated as a
senior synonym of P. tokiensis, both having been
called “gibachi,” the Japanese common name (e.g.,

Table 2. Morphometric measurements (mean*SD [range]) of Pseudobagrus aurantiacus and P. tokiensis

P. aurantiacus

P. tokiensis

Lectotype Non-type specimens ZMB-12246 Other specimens ”
RMNH-2952a (n=90) Spm. 1 Spm. 2 (n=136)

SL (mm) 164.7 89.51+32.4 (41.3-196.4) 1132 110.2  78.7%36.7 (30.5-216.6)

In SL (%)
BD 21.4 20.9+2.7 (15.9-26.6) —0.31%* 16.8 18.1 21.4%2.6 (14.9-26.8) —0.78%*
HL 24.0 25.7%£1.7 (19.9-28.7)  —0.89** 249 244 25.81+1.8 (20.0-29.5) —0.85**
CPL 17.9 16.8+1.2 (14.1-20.5) —0.12 16.3 169 18.1%1.1 (15.4-23.3) —0.13
CPD 9.1 9.41+0.8 (8.0-11.4) —0.67%* 8.6 9.4 10.4%+0.6 (8.1-11.9) —0.47**
PrDL 32.7 340%1.9 (27.9-38.0) —0.80%* 32.8 329 33.8%2.1 (27.0-37.8) —0.86**
PrAL 62.1 62.611.7 (55.9-66.4)  —0.28%* 61.5 62.5 60.9%t1.9 (53.7-64.9) —0.22*
PrP1L 21.1 21.9+1.5 (18.3-25.2) —0.77%* 21.2 20.9 22.7%2.0 (18.3-26.6) —0.76%*
PrP2L 54.0 51.1%£1.7 (44.7-54.0) —0.54** 50.1 49.6 50.0t1.9 (43.1-59.2)  —0.54**
DBL 11.3 10.6+1.0 (7.8-13.4) —0.74%* 9.8 10.7 9.8+0.9 (7.1-12.1) —0.78%*
DRIL 16.4 17.2%£1.2 (13.7-19.9)  —0.77** — 122 14414 (10.6-17.7) —0.72%*
DSpL 12.3 12.3%+1.3 (8.0-15.3) —0.73%* 10.6 11.1 9.6+1.3 (5.3-13.3) —0.43%*
ABL 21.1 22.3%1.2 (18.5-25.0) 22.1 23.1  23.1%£1.3 (20.2-28.3) —0.07
AFH 26.5 27.9+1.3 (25.2-33.1) —0.04 26.4 29.4 27.7+1.6 (21.4-31.3) —0.10
PIRIL 16.8 17.7£1.6 (13.5-20.8)  —0.88** 15.5 16.3 16.2%1.4 (11.5-19.9) —0.67**
PiSpL 14.4 15.0£1.3 (11.1-18.2)  —0.66** 14.4 142 13.0%1.2 (8.9-15.9) —0.30%*
P2L 10.7 11.1+0.8 (9.1-13.2) —0.61%* 8.8 122 10.8%+0.7 (8.8-12.5) —0.20*
CLmax 18.3 17.8%11.3 (15.4-21.1)  —0.58*%* 14.0 17.6  17.5+1.6 (14.0-20.9) —0.67**
CLmin 15.7 14.5+£1.2 (11.4-17.7)  —0.57** 11.4 14.8 14.27%1.6 (10.6-18.7) —0.64**

In HL (%)
SnL 349 36.911.6 (32.7-41.1)  —0.34%* 34.4 335 359+1.6 (31.3-40.8) —0.11**
ED 13.2 14.5£1.6 (11.0-18.4) —0.63** 13.8 123 14.1£1.3 (104-17.8)  —0.60**
HwW 78.2 79.61+2.6 (72.3-85.3) —0.11 79.1 72.1 80.3%3.3 (73.9-89.0) —0.38**
MW 55.2 50.21+2.4 (44.3-58.0) 46.8 454 51.5%2.5 (44.4-58.9) 0.35%*
oW 43.0 40.0%2.0 (34.6-44.3) 0.37%* 39.0 394 39.2+2.1 (35.1-46.7)  0.23%
MxBL 84.1 78.61+6.5 (59.4-102.5) 0.38%* 96.5 — 76.6£6.9 (50.4-95.6) 0.45%*
OMnBL 443 57.1%£5.0 (45.9-68.9) 66.7 — 56.31£5.4 (42.0-70.0) 0.50%*
IMnBL 395 39.61+3.9 (28.9-51.2) 0.32%* 40.1 — 37.9+3.7 (26.7-46.1) 0.42%*
NaBL 40.5 41.4%3.4 (32.4-51.2) 0.30%* 47.9 — 38.7+4.0 (27.2-46.6) 0.35%

BD=body depth, HL=head length, CPL =caudal peduncle length, CPD=caudal peduncle depth, PrDL = predorsal
length, PrAL=preanal length, PrP1L=prepectoral length, PrP2L=prepelvic length, DBL =length of dorsal fin base,
DRIL =length of 1st soft ray of dorsal fin, DSpL =length of second dorsal spine, ABL =length of anal fin base, AFH=
height of anal fin, PIR1L=length of Ist soft ray of pectoral fin, P1SpL =length of pectoral spine, P2L =length of pelvic
fin, CLmax=maximum length of caudal fin, CLmin=minimum length of caudal fin, SnL=snout length, ED=eye
diameter, HW=head width, MW =mouth width, IOW =interorbital width, MxBL=length of maxillary barbel,
OMnBL =length of outer mandibular barbel, IMnBL =length of inner mandibular barbel, NaBL =length of nasal barbel.
* Correlation coefficient between SL (or HL) and ratio of each character to SL (or HL); *p <0.05, ¥*p <0.01.
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Fig. 2. Cranium and anterior part of dorsal fin

supports (dorsal view). A) Pseudobagrus
aurantiacus (NSMT-P 36004-13, 125.2mm SL,
male); B) P. tokiensis (NSMT-P 36018-7, 140 mm
SL, female). Scale bar indicates 5mm; af—
anterior fontanelle; epo—epioccipital; exs—
extrascapular; fr—frontal; leth—Ilateral ethmoid;
meth—mesethmoid; npl—nuchal plate 1; pf—
posterior fontanelle; pmx—premaxillary; pt—
pterotic;  sph—sphenotic;  sun—supraneural;
suo—supraoccipital; suop—supraoccipital pro-
cess; vo—prevomer.

Okada, 1960; Nakamura, 1963; Miyadi et al., 1976).
However, Tanaka (1943) recognized them as two
subspecies, P. aurantiacus aurantiacus (Japanese
name: ariake-gibachi) and P. a. tokiensis (Japanese
name: gibachi). As did Hosoya (1993), we follow
Tanaka’s (1943) Japanese names, since “gibachi” is
originally a local name from around Tokyo (Déder-
lein in Steindachner and Déderlein, 1887; Ichthyolo-
gical Society of Japan, 1981).

Pseudobagrus tokiensis Doderlein, 1887
(Japanese name: Gibachi)

(Fig. 5)

Pseudobagrus tokiensis Doderlein in Steindachner and
Ddderlein, 1887: 288 (Tokyo).
Pseudobagrus aurantiacus tokiensis: Tanaka, 1943: 31.

Diagnosis. A species of Pseudobagrus with pecto-
ral fin rays I, 7 (rarely 8); anal fin rays 19-24;
vertebrae 46-50; maxillary barbels long, extending to
origin of pectoral fin; caudal fin emarginated or
truncated; both sides of second dorsal spine smooth;
anterior edge of pectoral spine with feeble subcutane-
ous serrations, posterior edge with 4-14 strong, re-
trorse serrations in specimens between about 40-200
mm SL; posterior process of cleithrum narrow dorso-
ventrally, needlelike (posterior tip angle < 15°); sup-
raneural small, widely separated from supraoccipital
process.

Fig. 3. Pectoral spine (dorsal view). A) Pseudobagrus aurantiacus (NSMT-P 36003-1, 196.4 mm SL; 36004-
13, 125.2 mm SL; 36005-5, 63.1 mm SL); B) P. tokiensis (NSMT-P 36018-15, 216.6 mm SL; 36018-7, 140.1 mm
SL; 36017-13, 64.1mm SL). Scale bar indicates 5 mm.
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Fig. 4. Left pectoral girdle (lateral view). A) Pseudobagrus aurantiacus (NSMT-P 36004-13, 125.2mm SL,
male); B) P. tokiensis (NSMT-P 36018-7, 140.1 mm SL, female). Scale bar indicates 5 mm; c/—cleithrum;
co—coracoid; dpcl—dorsal process of cleithrum; mco—mesocoracoid; ppc/—posterior process of cleithrum.

Fig. 5. Pseudobagrus tokiensis. A) Specimens collected by Ddderlein (ZMB 12246, 113.2 and 110.2mm SL;
Tokyo); B) young specimen (NSMT-P 36017-17, 60.0mm SL; Kuro River).
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Description. All meristic and morphometric mea-
surements of the specimens collected by Doderlein
and other specimens are shown in Tables 1 and 2.

Dorsal fin rays II, 7; anal fin rays 19-24; pectoral
fin rays I, 7 (rarely 8); pelvic fin rays 6 (rarely 7);
principal caudal fin rays, 8 (upper) (rarely 7 or 9), 9
(lower) (rarely 8 or 10). Vertebrae 4650 (usually
47-49).

Body moderately elongated, mean depth 21.4
(range: 14.9-26.8) % SL; head length 25.8 (20.0—
29.5) % SL, ratio decreasing with growth; caudal
peduncle laterally compressed, length 18.1 (15.4-
23.3) % SL, depth 10.4 (8.1-11.9) % SL.

Head broad, width 80.3 (73.9-89.0) % HL; eye
small, diameter 14.1 (10.4-17.8) % HL; mouth sub-
terminal, broad, width 51.5 (44.4-58.9) % HL, bear-
ing numerous villiform teeth on premaxillary, pre-
vomer and dentary; supraoccipital process subcuta-
neous, narrow, moderately long (Fig. 2B); supraneu-
ral small, triangular, widely separated from supraoc-
cipital process (Fig. 2B); maxillary barbels long, 76.6
(50.4-95.6) % HL, extending to pectoral origin;
outer mandibular barbels extending to bran-
chiostegal membrane, 56.3 (42.0-70.0) % HL; inner
mandibular barbels extending to isthmus, 37.9 (26.7—
46.1) % HL; nasal barbels extending to posterior
margin of eye, 38.7 (27.2-46.6) % HL.

Dorsal fin rather low, length of first soft ray 14.4
(10.6-17.7) % SL, ratio decreasing with growth;
first dorsal spine small, subcutaneous; second dorsal
spine smooth on both sides, length 9.6 (5.3-13.3) %
SL; anal fin low, long, base 23.1 (20.2-28.3) % SL;
length of first soft ray of pectoral fin 16.2 (11.5-
19.9) 9% SL, decreasing with growth; pectoral spine
strong, length 13.0 (8.9-15.6) % SL, bearing 4-14
strong, retrorse serrations on posterior edge in spec-
imens between about 40-200 mm SL, feeble, subcuta-
neous serrations on anterior edge (Fig. 3B); posteri-
or process of cleithrum narrow dorsoventrally, nee-
dlelike (posterior tip angle <15°), surface granular
(Fig.4B); length of pelvic fin 10.8 (8.8-12.5) % SL;
caudal fin slightly emarginated or truncated, maxi-
mum length from middle of caudal base 17.5 (14.0-
20.9) % SL, minimum 14.2 (10.6-18.7) % SL; adi-
pose fin base as long as or longer than anal fin base.

Sexual dimorphism.—As in P. aurantiacus.

Body color.—In live specimens, light brown or
creamy-yellow with dark blotches; in alcohol, uni-
formly dark, but yellowish-white with obscure dark

blotches (also on fins) in specimens <ca. 100 mm SL
(Fig. 5B).

Distribution. Eastern Honshu (Kanto and
Tohoku districts): Tsurumi River (Kimura et al,,
1982), Tama R. (Ueno, 1974), Ara R., Yoro R,,
Minato R., Obitsu R., Isumi R., Naka R., Kitakami
R., Mogami R.

Remarks. In the original description of Pseudo-
bagrus tokiensis, Doderlein in Steindachner and D6d-
erlein (1887) neither designated a type specimen(s),
nor gave information about the material on which
his description was based, such as number and size of
specimen(s), pertinent to subsequent recognition.
Although type material of this species was searched
for at several institutions, including Naturhistoris-
ches Museum, Wien, where type specimens of some
species described in Steindachner and Dédderlein
(1887) were deposited (B. Herzig, pers. comm.), it
was not apparent. Although two P. tokiensis speci-
mens collected by Déderlein were found at Museum
fiir Naturkunde der Humboldt-Universitit zu Berlin
(ZMB 12246; Fig. 5A), it was impossible to deter-
mine whether or not they were used by Doderlein for
describing P. tokiensis.

P. tokiensis has long been treated as a junior syno-
nym of P. aurantiacus (e.g., Jordan and Snyder,
1901; Jordan and Fowler, 1903; Aoyagi, 1957;
Okada, 1960; Miyadi et al., 1976). However, Ueno
(1974, 1985) revealed allozymatic and chromosomal
differences between the two forms; that from eastern
Honshu (=P. tokiensis) having 2n=>56 chromo-
somes, and the other, from Kyushu, having 2n=48.
Juso (1979), in a preliminary report, indicated some
differences in the suspensorium between the two
forms, although these included individual variations
as discussed below. Recently, Hosoya (1993) treated
P. tokiensis as a distinct species based on the discon-
tinuous distribution patterns, and genetic and mor-
phological differences, giving the length of the
second dorsal spine in relation to the length of the
dorsal fin base as a diagnostic character in his key,
i.e., P. tokiensis <1.3 vs. P. aurantiacus >1.4. How-
ever, analysis of this character in the present study
indicated its unsuitability as a diagnostic character
(P. tokiensis: 0.99+0.12, 0.65-1.25, n=136, and P.
aurantiacus: 1.1710.10, 0.95-1.48, n=90 [mean=*
SD, range, number of specimens]), although the
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shape of the dorsal fin can be used for distinguishing 20
between the two species, so far as allometric differ-

ences are concerned (see below). ‘g
“Gibachi” is retained as the Japanese common 2
name for P. tokiensis (see Remarks under P. au- g

rantiacus). w 10
o]
Qo

E
Comparisons 2

1 1 1 1 ]
Meristics and morphometrics 0 10 20

Length of pectoral spine (mm)

There were no remarkable differences in fin ray Fig. 6. Relationships betv'veen pectoral spine lenth
and number of serrations on posterior edge in

and vertebral counts between Pseudobagrus au- Pseudobagrus aurantiacus (@) and P. tokiensis
rantiacus and P. tokiensis (Table 1). However, a ©).

Table 3. Allometry and discriminant analysis of morphometric characters of Pseudobagrus aurantiacus and P. tokiensis

P. aurantiacus P. tokiensis
SL (mm) (n=90) (n=136) Discriminant function'
41.3-196.4 30.5-216.6

a b r a b r a b rate (%)?
BD 0.882 —0.456 0.927 0.779 —0.263 0.976 —0.507 2.169 53.1 T
HL 0.824 —0.252 0.994 0.865 —0.340 0.995 0.789 —0.192 64.2 A
CPL 0.977 —0.733 0.980 0.982 —0.710 0.990 1.037 —0.831 757 T
CPD 0.846 —0.731 0.980 0.937 —0.869 0.992 0.952 —0.914 779 T
PrDL 0.867 —0.212 0.993 0.875 —0.241 0.996 0.834 —0.157 69.5 A
PrAL 0.978 —0.161 0.997 0.985 —0.187 0.998 0.954 —0.123 68.1 A
PrPIL 0.846 —0.365 0.989 0.848 —0.365 0.989 1.147 —0.932 575 T
PrP2L 0.946 —0.188 0.996 0.954 —0.215 0.997 0.920 —0.145 69.5 A
DBL 0.791 —0.575 0.972 0.829 —0.694 0.987 0.801 —0.364 792 A
DRIL 0.838 —0.453 0.987 0.846 —0.558 0.985 0.827 —0.477 96.0 A
DSpL 0.757 —0.443 0.959 0.866 —0.773 0.952 0.791 —0.572 920 A
ABL 1.023 —0.697 0.989 0.991 —0.622 0.992 1.092 —0.818 615 T
AFH 0.996 —0.547 0.997 0.987 —0.534 0.991 0.668 0.069 61.5 A
PIRIL 0.769 —0.309 0.987 0.856 —0.540 0.985 0.804 —0.402 84.1 A
P1SpL 0.822 —0.484 0.971 0.933 —0.765 0.975 0.854 —0.581 84.1 A
P2L 0.868 —0.704 0.981 0.970 —0.913 0.989 0.816 —0.615 61.5 A
CLmax 0.880 —0.520 0.982 0.858 —0.495 0.984 0.762 —0.305 633 A
CLmin 0.866 —0.583 0.976 0.838 —0.549 0.975 0.706 —0.290 65.5 A
SnL 0.782 —0.605 0.985 0.855 —0.767 0.989 0.776 —0.606 69.0 A
ED 0.617 —0.697 0.927 0.740 —0.960 0.965 0.578 —0.640 624 A
HW 0.813 —0.332 0.988 0.830 —0.371 0.995 0.724 —0.167 615 A
MW 0.848 —0.599 0.982 0.903 —0.699 0.989 1.179 —1.223 60.2 T
IOW 0.877 —0.755 0.983 0.893 —0.799 0.991 0.803 —0.622 63.7 A
MxBL 0.914 —0.533 0.967 0.959 —0.632 0.979 0.712 —0.158 57.1 A
OMnBL 0.871 —0.588 0.957 0.977 —0.800 0.978 0.519 0.069 53.1 A
IMnBL 0.920 —0.843 0.950 0.960 —0.939 0.972 0.813 —0.637 67.7 A
NaBL 0.898 —0.780 0.963 0.949 —0.910 0.972 0.716 —0.468 575 A

a, b: log Y=a log SL+b (r: regression coefficient), where SL=standard length, Y=morphometric characters
(abbreviations as in Table 2). 'Liner discriminant functions on two logarithmic transformed variables, SL and each
character, between the two species. 2Species showing greater value than discriminant function; A =P. aurantiacus, T=P.
tokiensis.
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Fig. 7. Allometric relationships (left) and ontogenetic changes in ratios (right) of 4 body parts in
Pseudobagrus aurantiacus (@) and P. tokiensis (O). Solid and broken lines indicate regression lines of P.
aurantiacus and P. tokiensis, respectively. SL—standard length; DRIL— length of 1st soft ray of dorsal fin;
DSpL—Tlength of 2nd dorsal spine; PIR1L—length of Ist soft ray of pectoral fin; P1SpL—Iength of pectoral

spine.

significant difference occurred in the number of ser-
rations on the posterior edge of the pectoral spine
(Fig. 6), P. aurantiacus having greater number of
posterior serrations in a given length of the spine
than P. tokiensis (P. aurantiacus: Y =0.465 X +5.24,
r=0.890; P. tokiensis: Y=0.485 X+2.53, r=0.938
[X: length of pectoral spine, mm; Y: number of
posterior serrations]; analysis of covariance, slope:
df=1,221,F=0.5,p >0.1; intercept: df =1, 222, F=
450.9, p<0.001).

Allometric relationships between standard length

and 27 morphometric characters are shown in Table
3. The rates of correct discrimination by liner dis-
criminant functions were greater than 80% in the
following 4 characters: length of the first soft ray of
dorsal fin (96.0%), length of the second dorsal spine
(92.0%), length of the first soft ray of pectoral fin
(84.1%) and length of the pectoral spine (84.1%).
In particular, the lengths of the first soft ray and
second spine of the dorsal fin were good dis-
criminants (Fig. 7). However, since allometric
changes in the ratios were apparent in all of the
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above characters (Fig. 7, right side), the size of
specimens should be taken into consideration when
discrimination is by the above ratios.

Osteology

In addition to the morphometric characters, con-
spicuous differences were found in some osteological
characters as shown bellow.

Cranium and supraneural (Fig. 2).—The cranium
and supraoccipital process of P. aurantiacus were
broader than those of P. tokiensis in dorsal view. In
addition, the supraneural was large, as long as or
larger than the supraoccipital process, extending
almost to the latter in P. aurantiacus. The narrower
supraoccipital process of P. tokiensis was widely sep-
arated from the supraneural, which was shorter than
the former.

Pectoral spine (Fig. 3).—As mentioned above
(Fig. 6), the posterior edge of the pectoral spine was
serrated more densely in P. aurantiacus than in P.
tokiensis, the former having about 1-3 small serra-
tions directed outwards near the base of the spine.
Serrations on the anterior edge of the spine, which
was covered with skin, were more developed in P.
aurantiacus than in P. tokiensis. Even in specimens
of the latter with relatively developed serrations,
such did not cover the entire anterior margin of the
spine, the opposite being the case in P. aurantiacus.

Pectoral girdle (Fig. 4).—The posterior process of
the cleithrum was exposed on the lateral surface of
the body, being broader dorsoventrally (triangular
shape; posterior tip angle >20°) in P. aurantiacus
than in P. tokiensis (needlelike; posterior tip angle
<15°). This character seemed to be the best for
distinguishing between the two species, because the
shape of the process could be clearly observed exter-
nally. In addition to the shape, although granulation
of the surface of the process was clearly visible in
both species, it was finer and tended to form numer-
ous ridges in P. aurantiacus.

Suspensorium (Fig. 8).—The anterior part of the
hyomandibular nearly extended to the metapterygoid
in P. tokiensis, being widely separated in P. au-
rantiacus, as mentioned by Juso (1979). The ante-
romedian process of the hyomandibular (crest for
insertion of the levator arcus palatini muscle) was
prominent in P. tokiensis, but rudimentary in P.
aurantiacus. The presence of a distinct, post-
erodorsal concavity on the hyomandibular of P. au-

Fig. 8. Suspensorium and opercles (dorsolateral
view). A) Pseudobagrus aurantiacus (NSMT-P
36003-1, 196.4mm SL, male); B) P. tokiensis
(NSMT-P 36018-1, 204.9 mm SL, male). Scale
bar indicates 5mm; clap—crest for insertion of
levator arcus palatini muscle; ect—ectoptery-
goid; ent—entopterygoid, hyo—hyomandibular;

iop—interopercle; met—metapterygoid; op—
opercle; pl—palatine (detached); pop—pre-
opercle; g—quadrate.

rantiacus, considered by Juso (1979) to have diag-
nostic significance, is apparently subject to individual
variation.

Coloration

Some differences in color pattern were apparent
between the two species, the most conspicuous being
the blotches on the dorsal and anal fins. The dark
dorsal fin blotch was broader and the anal fin blotch
narrower in P. aurantiacus than in P. tokiensis (Figs.
1B and 5B). The dark lateral blotches on the body
and fins were more distinct in smaller P. aurantiacus,
but in both species such blotches became unclear in
specimens exceeding about 100mm SL. Further-
more, the ground body color of live P. aurantiacus
was a rather intense yellow, but creamy-yellow in P.
tokiensis.
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Key to Japanese Bagrid Fishes
la. Caudal fin truncated or slightly emarginated . .

1b. Caudal finforked .............coiinin.t. 3
2a. Posterior process of cleithrum broad, triangular
(posterior tip angle >20°); base of pectoral
spine with 1-3 antrorse serration posteriorly;
distributed in western Kyushu ..............
.................. Pseudobagrus aurantiacus
2b. Posterior process of cleithrum narrow, needle-
like (posterior tip angle < 15°); base of pectoral
spine lacking antrorse serrations posteriorly;
distributed in eastern Honshu (Kanto and
Tohoku districts) .. ..oovvvevennn. P. tokiensis
3a. Caudal fin incompletely forked; anal fin rays 13—
18; distributed in the rivers flowing into Ise and
Mikawa Bays .................. P. ichikawai
3b. Caudal fin deeply forked; anal fin rays 18-24;
distributed in western Honshu except around
Ise and Mikawa Bays, Shikoku and eastern
Kyushu (but introduced to other regions from
Lake Biwa) ............oooinn.. P. nudiceps
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BAEXHEIHEEE 2% Pseudobagrus aurantiacus & P.
tokiensis DFECHE,

BORsE - ATAAER

BIZFHICHIETH B C LHRSOTV 3 BAEF FHEAR
2 f&, Pseudobagrus aurantiacus (Temminck and Schlegel) (7Y
THENF) ELEFDY/ =b6ELTEOLNTE P tokiensis
Doderlein (¥/¥F) ic2W T, MAEAEEUEROEAEREIC
LB, MEREZT-12. Z0OER, P. aurantiacus
3, DBV, RERERELC B EETERY), AmE
D 13 WE S & o EEERREKRGERS], X 0IRLV ERER
BERE, HAEERELFEREORS OKRE I EERE, BLV
BHEEBRAER (KR >20°), ARRKED SKE(HENLEH
BRE, L OHRGSERDER Y — v, BT X - T P. tokiensis
AR 3 gl
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