Kobayakawa:

Fig. 29. Caudal skeleton of Silurus microdorsalis.
Abbreviations as in Fig. 8. Scale bar in-
dicates 1 cm.

Revision of Silurus

Fig. 31. Tip of maxillary barbels it Silurus soldatovi.
Scale bar indicates 1 cm.

Fig. 32.
soldatovi.

Dorsal view of mesethmoid of Silurus
Abbreviations as in Fig. 5.

Fig. 30. Silurus soldatovi, ZUMT 55084, 249 mm SL.

Silurus soldatrovi Nikolsky et Soin, 1948
(Fig. 30)

Silurus soldarovi Nikolsky and Soin, 1948: 1359; Berg,
1949: 474.
Silurus soldatovi soldatovi: Chen, 1977: 208.

No specimen was dissected, but one specimen
was skinned in the head region to examine the
dorsal view of the skull. Since the adult of this
species grows over 1 m, all the specimens observed
here were young or juvenile.

Dorsal fin rays 5-6; pectoral fin rays I, 11-14;
pelvic fin rays i, 9-11; anal fin rays 78-87; caudal
fin rays 7-8 +7-8; vertebrae 17, 18 +49, 51 =67, 68
(2 specimens); branchiostegals 13-16; gill rakers
1-3-+-8-12.

Lower jaw prominently longer than upper; head
3.7540.21 in standard length and extremely large;
eye with free orbital rim; dorsal surface of body
uniformly black and ventral surface white; one

obscure white vertical line present along lateral
line running along middle of body; two pairs of
mandibular barbels; minute papillae clustered on
tip of pair of maxillary barbels (Fig. 31); pectoral
spine very weak and its anterior surface slightly
granulated; vomerine teeth in broad non-separ-
ated patch with its posterior margin sharply
notched.

Skull: Mesethmoid remarkably broad and its
lateral process stout (Fig. 32); prominent sagittal
crest rising in posterior part of skull.

Distribution. The Amur River, USSR and the
Liao River, China.

Silurus torrentis sp. nov.
(Fig. 33)
Silurichthys leucopodus (not of Fowler, 1939): Wong-
rat, 1967: 85.

Specimens examined. Holotype--NSMT-P 50234.
Adult female from Lampae stream, Khaoluk Village,

—171—



BERFME

Japan. J. Ichthyol. 36(2), 1989

Fig. 33.
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Fig. 34. Skull of Silurus torrentis sp. nov.
Scale bar indicates 1 cm.

Trang, Thailand. Collected by a local fisherman on
March 16, 1986. Paratypes—NSMT 50235-50239 (5
specimens). Data as for holotype. Specimens re-
ferred to—FBKU, uncatalogued, 2 specimens, same
data as the type series; FBKU, uncatalogued, 2 spec-
imens, collected in Klong Bang Son, Trang, Thailand
(8°33'N, 98°55'E) by Jarjin Nabithabata on March 13,
1985; NIFI 00414, 3 specimens, Krating Waterfall,
Chantaburi, Thailand ; NIFI, uncatalogued, 2 specimens,
locality unknown ; NHRM 1934. 467. 5007, 3 specimens,
collected in Mahlwedaung, Ye State, Burma, 18 Nov.
1934; NHRM 1934. 168. 3225, 7 specimens, coillected
in Patao, Kachin State, Burma, April 1934.

Diagnosis. Dorsal fin extremely small; colour
in life dark olive dorsally and white ventrally;
vomerine tooth band slender and nearly continous;
corner of mouth just reaching or beyond anterior
border of eye.

Description of holotype. Dorsal fin rays 3;

Silurus torrentis sp. nov., NSMT-P 50235, paratype, 148.5 mm SL.

a, dorsal view; b, ventral view. Abbreviations as in Fig. 5.

pectoral fin rays I, 13; pelvic fin rays i, 7; anal fin
rays 69; caudal fin rays 7+48; vertebrae 13+42=
55; branchiostegals 12; gill rakers 1-+4.

Head well depressed, 5.35 in SL; body com-
pressed; eye covered with skin; snout short,
13.89 in SL; nostrils separated by 30.37 in SL;
mouth inferior; a single pair of mandibular
barbels, 8.45 in SL; maxillary barbel extending
over pectoral fin, 2.96 in SL; anterior edge of
pectoral spine smooth; posterior edge of pectoral
spine serrated; dorsal origin 3.63 in SL; dorsal fin
height 27.15 in SL; caudal fin almost truncated;
gill rakers slender and small in number. Colour in
life dark olive on dorsal and lateral surface, and
white on ventral surface; rim of pectoral and anal
fins white.

Standard length 179.2 mm; head length 33.5
mm; predorsal 49.3 mm; preanal 66.7 mm.
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Revision of Silurus

Fig. 35. Suspensorium of Silurus torrentis sp. nov.
Fig. 6. Scale bar indicates 1 cm.

a
Fig. 36.
moved.

Paratypes. Dorsal fin rays 2-3 (X=2.8; N=35);
pectoral fin rays I, 12-13 (X=1, 12.2; N=5); pelvic
fin rays i, 6-8 (Xx=i, 7.2; N=5); anal fin rays 63-70
(X=66.6; N=5); vertebrae 12-13+41-44=>54—
56 (X=55.2; N=5); branchiostegals 12-13 (X=
12.2; N=5); gill rakers 1 +3 (X=1+3; N=5).

Two specimens were dissected.

Skull (Fig. 34): Lateral process of lateral
ethmoid prominent; antero-median margin of
mesethmoid indented posteriorly with a gentle
angle; base of lateral projection of mesethmoid
strongly compressed ; frontal extremely flat, senso-
ry canals on it forming mere groove; sagittal crest
broad and confined to posterior part of supraoc-
cipital; posterior part of epioccipital and supraoc-
cipital elevated to form a bump for origin of epaxi-
al muscles; vomer having postero-lateral processes
for attachment of a ligament connecting with en-
topterygoid.

Suspensorium (Fig. 35): Metapterygoid small
compared with hyomandibular; entopterygoid
an elongate and sheet-like bone; hyomandibular
process well-developed and, in one specimen from
Chantaburi, forming a pterygoid process to sep-
arate adductor mandibulae 3 and levator arcus
palatini.

Shoulder girdle (Fig. 36): Vertical part of
cleithrum short; ventral coracoid lamina poorly

a, lateral view; b, medial view.

Shoulder girdle of Silurus torrentis sp. nov.
Abbreviations as in Fig. 7. Scale bar indicates 1 cm.

Qu

Abbreviations as in

a, lateral view; b, medial view. Pectoral fin is re-

Fig. 37. Caudal skeleton of Silurus torrentis sp. nov.
Abbreviations as in Fig. 8. Scale bar in-
dicates 1 cm.

developed; bridge of coracoid strongly bending
upward; coracoid connected with cleithrum by
complex suture.

Caudal skeleton (Fig. 37): All hypural bones
separated from each other; hypurapophysis fused
with secondary hypurapophysis, both moderately
developed; secondary hypurapophysis forming a
well-developed shelf on hypurals 1 and 2.

Remarks. Theis species has been reported by
Wongrat (1967) as Silurichthys leucopodus Fowler.
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Fig. 38.

The meristic characters are nearly identical with
the original description by Fowler (1939) (Table 1).
However, the condition of the continuous anal and
caudal fins is quite different. In the genus Silurus,
the anal fin is continuous with the caudal fin and
possesses a definite notch, whereas in the genus
Silurichthys the two fins are completely united
without any break and the posterior rays of the
anal fin are longer than the anterior ones. Fur-
thermore this species differs from Silurichthys
leucopodus described by Fowler (1939) in the
following characters: the form of the vomerine
tooth patch, length of the maxillary barbels, and
the colour of the pectoral fin and the border of the
anal fin.

Based on these differences, this form was rec-
ognized as a species different from Silurichthys
leucopodus Fowler.

Wongrat (1967) mentioned specimens only from
Chantaburi, but the same forms were also collect-
ed in Trang and several places in Burma. A
comparison of the meristics and body proportions
of the specimens from these three different localities
is given in Tables 2 and 3. Slight differences are
evident among the specimens from Chantaburi,
Trang and Burma, especially in the dorsal fin
height, and the number of fin rays and gill rakers.
In addition to these differences the colour of the
specimens in life from Chantaburi is different
from that from Trang. The whole body is black
in the specimens from Chantaburi. The body
proportions, however, do not differ significantly
from each other, and therefore specimens from
these three localities are regarded as a single
species.

Etymology. The name rorrentis (Latin) refers
to the habitat of this species, torrents.

Distribution. Trang and Chantaburi, Thailand,
and eastern Burma.

Silurus triostegus, BMNH

220 mm SL.

1920. 3. 3: 168-176.

Silurus triostegus Heckel, 1841
(Fig. 38)

Silurus triostegus Heckel, 1841: 1090.

No specimen was dissected, but radiographs
available.

Dorsal fin rays 4; pectoral fin rays I, 12-13;
pelvic fin rays i, 9; anal fin rays 78-87; caudal fin
rays 7-8 +8; vertebrae 17+53=70; branchiostegals
14-15; gill rakers 2-3+10.

Lower jaw longer than upper; head 4.094-0.05
in standard length; two pairs of mandibular
barbels in one specimen and only one in others;
eye surrounded by free orbital rim; outer surface
of pectoral spine smooth; dorsal surface of body
mottled in pale yellowish brown and black, and
black spots scattered on ventral surface in alcohol-
preserved specimens; vomerine teeth in two patches
forming a gentle curve separated by a small break.
The mesethmoid is broad and not narrowed
bilaterally at the base of the well-developed lateral
process of this bone.

Distribution. Iraq.

Silurus wynaadensis Day, 1873

Silurus punctatus (not of Cantor, 1842): Day, 1368:
155.
Silurus wynaadeiisis Day, 1873: 237.

Dorsal fin rays 4; pectoral fin rays I, 10; anal
fin rays 56; vertebrae 13+39=52.

Pelvic fin rays could not be counted. Upper
jaw longer than lower; head 5.45 in standard
length; body uniformly pale brown (specimen not
well preserved); mandibular barbels two pairs and
rather long, longer one nearly reaching base of
pectoral fin; maxillary barbels extending over
pectoral fin, but not reaching base of pelvic fin.

Distribution. India.

The meristics of the 17 species of the genus
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Dorsal fin Pectoral fin Pelvic fin Anal fin
Silurichthys leucopodus B 7 - o .
(original description) 4 I, 10 i, 6 67
Silurichthys leucopodus (from Wongrat, 1967) 4 I, 12-13 i, 89 62-68
Silurus torrentis sp. nov. 1-3 I, 10-13 i, 6-9 68-74

Table 1. Comparison of Silurichtys leucopodus with Silurus torrentis sp. nov.

Branchiostegals

Vor;e;ine tooth
patch

broad, continuous

Table 2. Comparison of the meristic characters of Silurus torrentis sp. nov. from three different localities.

slender, continuous

Locality N Dorsal fin Pectoral fin Pelvic fin Anal fin Total vertebrae Branchiostegals Gill rakers
Chantaburi, Thailand 7 3 I, 10-12 i, 6-9 68-73 56-57 11-13 2-6
(x=3) (x=11.1) (x=i, 6.1) (x=71.4) (x=56) (x=12.1) (x=4.4)
Trang, Thailand 10 2-3 I, 12-13 i, 6-8 63-74 54-56 12-13 4-5
(x=2.7) (x=12.2) (x=i, 7.1) (Xx=68.9) (X=55.3) (x=12.2) (x=4.3)
Burma 10 1-2 I, 10-12 i, 7 68-74 55-57 12-15 2-5
(x=1.8) (x=10.4) (x=i, 7) (x=67.9) (Xx=56) (x=13.5) (x=3.4)

Table 3. Comparison of the body proportions (in standard length) of Silurus torrentis sp. nov. from three different localities.

Locality N llc;lr?gflh I})xgigﬁ: Predorsal Preanal Snout Caud:ﬂegf}?nucle Mal;ldrlll)acullar Mg;(r'l[)tilry
Chantaburi, Thailand 7 5.40 26.3 3.64 2.78 13.3 11.4 3.0 8.5
+0.161 +1.39 +0.087 +0.114 +1.10 +0.39 +1.10 +0.75
Trang, Thailand 10 5.32 25 3.57 2.64 13.6 13.3 2.7 8.3
+0.252 +5.8 +0.161 +0.056 +1.07 +1.30 +0.42 +1.04
Burma 10 5.40 31 3.63 2.60 14.2 13.1 3.2 8.8
+0.133 +4.8 +0.069 +0.114 +1.27 +0.93 +0.37 +1.46
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Silurus are shown in Table 4.

Notes on Silurus goae

In addition to the 17 valid species mentioned
above, Silurus goae Haig, 1950 (two specimens
including holotype) was examined. The meristics
of this species were as follows: dorsal fin rays 4;
pectoral fin rays I, 11, 12; pelvic fin rays 8; anal
fin rays 67, 72; vertebrae 10+44=54; branchi-
ostegals 13; gill rakers 3+45. S. goae externally
resembles some members of Si/urus, but has several
unique features in osteology and other morpho-
logical characters. These include a smaller num-
ber of abdominal vertebrae, a remarkably de-
veloped sagittal crest on the supraoccipital, a
black spot behind the gill opening, and a forked
caudal fin with rounded tips. All of these char-
acters are in good agreement with diagnostic
characters of the genus Ompok, and I therefore
conclude that S. goae does not belong to Silurus
but to Ompok.

Key to species of Silurus

la Lower jaw prominent. .................. 2
1b  Upper jaw prominent.................. 13
2a Anterior surface of pectoral spine smooth
...................................... 3
2b Anterior surface of pectoral spine unsmooth
...................................... 4
3a Vomerine teeth in a continuous band
............................... S. glanis

3b Vomerine teeth in two patches. . S. triostegus
4a Anterior surface of pectoral spine with gran-

ules .. 5
4b Anterior surface of pectoral spine serrated
.................................... 10
5a Anterior surface of pectoral spine with a
rowof granules ........................ 6
5b Anterior surface of pectoral spine with scat-
tered granules ......................... 8

6a Total vertebrae less than 60; maxillary barbel
not extending over base of pectoral fin ....
............................... S. mento
6b Total vertebrae 61 and more; maxillary
barbel extending base of pectoral fin....7
7a Total vertebrae less than 63 ; maxillary barbel
reaching anterior one-third of pectoral fin
............................. S. grahami
7b Total vertebrae more than 67; maxillary

extending to half the pectoral fin..........
.......................... S. lanzhouensis
8a Standard length less than 4 times head
length; numerous papillae at tip of maxillary
barbel ....................... S. soldatovi
8b Standard length more than 4 times head
length; papillae absent on maxillary barbel

9a Maxillary barbel extends over base of pecto-
ral fin; gape very wide, extending over mid-
dle of eye................. S. meridionalis
9b Maxillary barbel not reaching base of pec-
toral fin; gape not reaching middle of eye
............................ S. biwaensis
10a Total vertebrae less than 70............ 11
10b Total vertebrae more than 70..S. aristotelis
1la Anterior surface of pectoral spine strongly
serrated; standard length less than 5 times
head length; caudal fin separated into two
lobes . ... 12
11b Serration of pectoral spine weak; standard
length more than 5 times head length; caudal
fin not separated into two lobes..........
......................... S. microdorsalis
12a  Dorsal view of snout slightly pointed; vo-
merine teeth in two patches. . .S./ithophilus
12b Dorsal view of snout rounded; vomerine
teeth usually in a continuous band........

............................... S. asotus
13a  Adults with four mandibular barbels: vo-
merine tooth patch continuous ........ 14

13b Adults with two mandibular barbels....15
14a Vomerine tooth patch continuous; border
of anal fin white............... S. gilberti
Vomerine teeth in two separate patches
S. wynaadensis
15a Vomerine teeth in a continuous band....16
15b  Vomerine teeth in two patches; body surface
S. cochinchinensis
16a Body surface smooth; dorsal fin rudimenta-

ry; body dorsally black, ventrally white

..................... S. torrentis sp. nov.
16b Body surface rough with sensory tubercles;

body entirely dark brown...... S. afghana

14b

Taxonomic invalidity of Parasilurus

The genus Silurus discussed here was formerly
divided into two genera, Silurus Linnaeus, repre-
sented by S. glanis, and Parasilurus Bleeker, re-
presented by P. asotus. The only diagnostic char-
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Table 4. Meristic characters of 18 species of the genus Silurus and Hito taytayensis.
(1882). ——:

no data.

* Radiographs included; ** after Sauvage

D., dorsal fin rays; P., pectoral fin rays; Pel., pelvic fin rays; A., anal fin rays; GR., gill rakers;
B., branchiostegals; SL, standard length; HL, head length.

Species N D. P. Pel. A. GR. B. Vertebrae M%ral;li))lé:ar SL/HL An;gé'tgrraslusrg?ﬁg of
S. glanis 5% 34 1, 15 12-13  83-87 12 15-16 18—19+54—-56=72—74 4 4.65 smooth
S. triostegus 3 4 1, 12-13 10 78-87 12-13  14-15 174+53=70 2 4.09 smooth
S. lanzhouensis 10+ 4-5 1, 11-13 9-11  70-88 9-11 13-15 164-52—53=68—69 2 4.55 granulated
S. mento 19 34 1, 9-11 8-10 61-73 12-15 12-15 12—15+41—46=54—60 2 4.01 granulated
S. grahami 8 4-5 1,10-12 9-11 67-75 10-13 13-15 14—154+46—49=61—63 2 4.35 granulated
S. soldatovi 12 5-6 1, 11-14 10-12 78-87 10-14 13-16 17—18+49—51=67—68 4 3.79 granulated
S. meridionalis 17 56 1, 13-16 10-12 71-85 12-17 12-17 15—18+47—50=64—68 2 4.15 granulated
S. biwaensis 16 4-6 1, 13-15 10-13 71-83 11-15 14-16 13—17+49—-52=63—-68 2 4.29 granulated
S. asotus 18 4-6 1, 10-13 9-12 59-88 9-12  12-16 12—14446—50=59—64 2 4.64 serrated
S. lithophilus 9 4-5 1, 10-12 10-12 77-82 9-11 14-17 12—15+48—-55=62—69 2 4.62 serrated
S. aristotelis 2 2,3 1,11 9 75 14, 15 13 15445, 46=60, 61 2 4.10 serrated
S. cochinchinensis 12 4 I, 810 8-9 58-66 4-5 10-13 11—134+41—45=53—-57 2 5.25 smooth
S. gilberti 7 4 1, 10-11 8-9 57-66 4-7 10-12 11—13439—-42=50—-55 4 5.25 smooth
S. microdorsalis 14 1-3 1, 9-11 9-11 61-74 6-8 12-13  13—14+445—47=59—-60 2 5.58 serrated
S. wynaadensis 1 4 1,10 — 56 — — 134+39=52 4 5.45 smooth
S. afghana 1 2 1,11 9 74 — — 15+45=60 2 5.26 smooth
S. torrentis Sp. nov. 27 1-3 1, 10-13 7-9 63-74 2-6 11-15  12—13+41—45=55—-57 2 5.42 smooth
S. chantrei** 3 1, 13 10 65 — — — — — smooth
Hito taytayensis 20 4 1, 10-11 6-8 59-68 9-13  10-11 9—-10+38—41=48—-51 4 4.92 smooth
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acter separating these two genera was the number
of mandibular barbels: Silurus having two pairs,
while Parasilurus had only one pair (Bleeker,
1862; Smith, 1945; Berg, 1949); Nikolsky, (1961).
However, Haig (1950) and Chen (1977) reported
that the adults of P. cochinchinensis and S. gil-
berti were variable in the number of mandibular
barbels; individuals with a single pair and two
pairs of barbels were found within a species.
This variation was confirmed in the present
study and also documented for the first time
in another species, S. triostegus. It has been
reported that in juvenile P. asotus, one of the
two pairs of mandibular barbels disappears
in the course of ontogeny (Atoda, 1935). My
own observations of the growth and development
of the Japanese Silurus species (Kobayakawa,
unpublished) have confirmed this change in S.
asotus, and similar ontogenetic changes in barbels
were also observed in two other Japanese species,
S. biwaensis and S. lithophilus. Examination of a
series of preserved specimens revealed that S.
mento and S. meridionalis also have two pairs of
mandibular barbels in their juvenile stage, but
similarly change the number of mandibular
barbels during their ontogeny.

Thus the number of mandibular barbels is
proved to be an unreliable generic diagnosis, as
already indicated by Haig (1950) and Chen (1977).

The results of observations of other morpho-
logical characters are also not in favour of re-
cognizing Parasilurus. P. asotus, the type species
of the genus Parasilurus, is more similar to the
type species of Silurus, S. glanis, than to “Para-
silurus cochinchinensis in various characteristics,
such as the shape of the skull and hyomandibular,
the sagittal crest on the skull, the entopterygoid,
the pectoral spine, and the cleithrum. Since no
biologically significant difference is recognized at
present, the genus Parasilurus is regarded as in-
valid and relegated to a synonym of Silurus.

Taxonomic status of several forms

Examination of the radiograph of the holo-
type revealed several diagnostic characters of S.
bedfordi Regan (1908), such as the serration of the
anterior surface of the pectoral spine, numbers of
vertebrae, anal fin rays, and morphometrics, to
fall well within the variation range of S. asotus.
Accordingly, S. bedfordi is synonymized with

S. asotus in the above revision.

Chen (1977) described S. meridionalis as a sub-
species of S. soldatovi, but the difference in the
skull shape between these two forms is so great
that they are believed to represent two distinct
species. Chen also recognized S. grahami as a
subspecies of S. mento, but the two forms greatly
differ in the proportion of the body, colour pat-
tern, and the shape of the mesethmoid, and are
therefore considered here as different species.

Haig (1950) considered S. wynaadensis and S.
afghana to be synonyms of S. cochinchinensis, but
from my observations of type specimens of these
species they are judged to be clearly independent
species as revealed by the difference in their body
colour, body proportion, and number of vertebrae.

Phylogenetic relationships

Monophyly and outgroup of the genus Silurus.
Based on only three morphological characters,
Chen (1977) divided Chinese species of Silurus
into three groups, represented by S. cochinchi-
nensis, S. asotus, and S. soldatovi, respectively.
However, he failed to consider species distri-
buted outside China, and the relationships of
species in the genus Silurus, as a whole, have
not been studied. In recognizing the 17 valid
species in the genus Silurus, 1 studied almost
all of the hitherto-named taxa from the whole
genus range. I utilized cladistic methodology
to analyze the phylogeny among 12 species of
Silurus for which adequate data were available
on the basis of a larger number of characters.
The genus Silurus is one of the nine genera belong-
ing to the family Siluridae and is characterized by
the following autapomorphies: 1) anal and caudal
fins confluent with a distinct notch between, i.e.
the last anal fin ray is shorter than the penulti-
mate ray; 2) dorsal fin small; 3) caudal fin either
rounded, truncated or emarginated medially.
On the basis of these characters it is argued
that the genus Silurus is monophyletic.

In order to determine the sister group of the
genus Silurus, 20 morphological characters of
nine nominal genera of the family Siluridae
(Belodontichthys, Ceratoglanis, Hemisilurus, Hito,
Kryptopterus, Ompok, Silurichthys, Silurus, and
Wallago) were analyzed (Kobayakawa, unpub-
lished). In this study, Bagridae, Ictaluridae, and
Plotosidae were considered the outgroups of
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Siluridae (Howes, 1983). As the result, the genus
Hito was found to be the sister group of Silurus.
Character analysis. Out of the 38 morpho-
logical characters examined, the 18 characters
discussed below were chosen as suitable for
phylogenetic analysis. The character polarity was
determined on the basis of outgroup comparison
and ontogenetical data were not considered; the
ontogeny of several species will be discussed later.
Character 1. Condition of anterior surface of
pectoral spine. Four states of this character are
observed in the genus Silurus; smooth, granulated
in a single row, granulated, and serrated. On
the basis of the condition in the outgroup, a smooth
surface is determined as plesiomorphic, and a
granular or serrated surface as apomorphic.

State 0: smooth. State 1: granulated in a single
row. State 2: granulated. State 3: serrated.

Direction of change. 0—-1-2, 03

Character 2. Ratio of standard length to head
length. The outgroup has the value intermediate
between the extremes seen in the species of Silurus.
It is difficult to determine the polarity for the
morphometric data, because the values vary from
species to species, and usually it is subjective to
cut a continuous value at a certain point. The
relative head length, however, has a correlation
with character 1; species with a large ratio have a
smooth pectoral spine, and this condition is con-
sidered to be plesiomorphic. The outgroup has
low value (ratio 4.92).

State O: ratio 3.7-5.0. State 1: ratio 5.0-6.0.

Direction of change. 0-—1

Character 3. Shape of testis. The testis of the
outgroup is not split into slender ribbons but only
fringed; a fringed testis is considered plesiomor-
phic and split testis apomorphic.

State 0: fringed. State 1: split.

Direction of change. 0-—1

Character 4. Number of vertebrae. As in
morphometric data, it is difficult to determine a
morphocline for the number of vertebrae. The
total number of vertebrae in the outgroup vaies
from 48 to 51. These values are relatively low
among the family Siluridae. A lower number of
vertebrae is inferred plesiomorphic.

Character 5. Secondary hypurapophysis.
Lundberg and Baskin (1969) studied the caudal
skeleton of Siluriformes, but were unable to
reach a firm conclusion regarding polarity. They
assumed that species with an eel-like locomotion

possessed a weak and undeveloped hypurapo-
physis. The secondary hypurapophysis of the
outgroup forms a shelf on hypurals 1 and 2,
and is not fused with the hypurapophysis. It is
inferred that the presence of a shelf on hypurals
1 and 2 is plesiomorphic, whereas a shelf on
hypural 1 is apomorphic.

State 0: shelf on hypurals 1 and 2. State 1:
shelf on hypural 1.

Direction of change. 0-—1

Character 6. Fusion of hypurapophysis and
secondary hypurapophysis. The hypurapophysis
of the outgroup is not fused with secondary
hypurapophysis. An unfused condition of hy-
purapophysis and secondary hypurapophysis is
hypothesized to be plesiomorphic and a fused
condition apomorphic.

State 0: hypurapophysis not fused with sec-
ondary hypurapophysis.

State 1: hypurapophysis fused with secondary
hypurapophysis.

Direction of change. 0—1

Character 7. Gill rakers. The members of the
genus Silurus are roughly divided into two groups
by the number of gill rakers. This character is
correlated to the ratio of the relative head length.
The outgroup has 9-13 gill rakers, and these
values are intermediate between those of the two
groups observed in the genus Silurus. Although it
is difficult to determine polarity, 9 or more gill
rakers are considered to be apomorphic.

State O: less than 9 gill rakers. State 1: 9 or
more gill rakers.

Direction of change. 0-1

Character 8. Mouth. The mouth of the
outgroup is inferior, and this condition is con
sidered to be plesiomorphic.

State 0: inferior. State 1: superior.

Direction of change. 0—1

Character 9. Caudal fin. Since the outgroup
has a forked caudal fin, the forked condition is
inferred as plesiomorphic, and unforked apomor-
phic.

State 0: forked and emarginated medially. State
1: truncated.

Direction of change. 0—1

Character 10. Width of mesethomid. The
mesethmoid of the outgroup is constricted at the
base of the lateral projection of this bone, and this
condition is inferred as plesiomorphic.

State 0: constricted at the base of lateral pro-
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jection. State 1: unconstricted.

Direction of change. 0—1

Character 11. Sagittal crest. The sagittal
crest of the outgroup is restricted to the posterior
part of the supraoccipital, and only a broad bump
is formed. On the basis of outgroup comparison,
a broad sagittal crest restricted to the posterior part
of the supraoccipital is assumed to be plesiomor-
phic, and a well-developed sagittal crest apomor-
phic.

State 0: broad and restricted to the posterior
part of the supraoccipital. State 1: well-de-
veloped.

Direction of change. 0-—1

Character 12. Cleithrum. The length of the
vertical part of the cleithrum seems to be related
with the depth of the skull (Table 5), i.e. a deep
skull with a well-developed sagittal crest retains
a long vertical portion of the cleithrum. The
outgroup has the cleithrum with a short vertical
part, and this is considered to be plesiomorphic.

State 0: with short vertical portion. State 1:
with long vertical portion.

Direction of change. 0—1

Character 13. Number of mandibular barbels.

The outgroup has one pair of mandibular
barbels, which is considered to be plesiomorphic.

In some species, the juvenile has two pairs of
mandibular barbels, and retains this condition.
In others, only one pair is present.

State 0: one pair. State 1: two pairs.

Direction of change. 0-—1

Character 14. Entopterygoid. The entopter-
ygoid of the outgroup is a sheet bone. On the
basis of outgroup comparison, a sheet-like en-
topterygoid is considered as plesiomorphic, and
a rod-like one apomorphic.

State 0: sheet-like. State 1: rod-like.

Direction of change. 0-—1
Character 15. Hyomandibular. The hyomandi-
bular of the outgroup is elongated dorsoventrally,
and this state is regarded as more plesiomorphic
than that of the antero-posteriorly elongated state.
State 0: dorso-ventrally elongated. State 1: an-
tero-posteriorly elongted.

Direction of change. 0—1

Character 16. Suture between cleithrum and
ventral part of coracoid. The cleithrum and
ventral part of the coracoid in the outgroup are
connected by a suture. On the basis of the
outgroup analysis, connection by suture is con-
sidered to be plesiomorphic.

State 0: sutured. State 1: non-sutured.

Direction of change. 0—1

Table 5. Character state distribution of the genus Silurus and the outgroup, Hito taytayensis.

As for the character numbers and state numbers, see the text.
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Fig. 39.

Phylogenetic relationships of 12 spzcies available for anatomical study of the genus Silurus.

H. taytayensis
Num-

bers on each branch indicate character numbers of synapomorphy. 1 a—c, character state 1-3 of char-

acter 1, respectively.

Character 17. Margin of eye. In some species,
the eye is covered with skin, while in others, the
eye has a free orbital rim. The outgroup shows
the former condition, and the eye covered with
skin is considered to be plesiomorphic.

State 0: covered with skin. State 1: with free
orbital rim.

Direction of change. 0—1

Character 18. Lateral line. The lateral line of
the outgroup runs only vertically. Some species
of Silurus have a horizontal lateral line in ad-
dition to the usual vertical one. On the basis of
outgroup analysis, the condition with horizontal
lateral line only is regarded as plesiomorphic.

State 0: only vertical. State 1: both vertical
and horizontal.
Direction of change. 0—1

The character state distribution of these 18
characters is shown in Table 5.

Inferred phylogeny. The phyletic relationships
among the 12 species thus inferred are shown in
Fig. 39, from which this genus is revealed to be
split into two major species groups. Chen (1977)
recognized three species groups in the Chinese
Silurus, as noted above. Unfortunately, I could
not dissect any specimens of S. soldatovi, and the

species is therefore not included in the above
phylogenetic analysis. From my observation,
however, the differences between S. asotus and S.
soldatovi is minor compared with the differences
found between either of these two species and
S. cochinchinensis. Accordingly, it would be safe
to conclude that this genus should be divided into
two, and not three, major species groups. Here
these groups are named the g/anis group and the
cochinchinensis group. A comparison of the
main differences between these two groups is
given in Table 6.

The glanis group is composed by S. asotus, S.
aristotelis, S. biwaensis, S. glanis, S. grahami, S.
mento, S. meridionalis, and S. lithophilus. From
the main characteristics listed in Table 4, S. lan-
zhouensis, S. soldatovi, and S. triostegus are also
regarded as members of this group. The cochin-
chinensis group consists of S. cochinchinensis,
S. gilberti, S. microdorsalis, and S. torrentis.
S. afghana and S. wynaadensis are also included
in this group on the basis of the characteristics
given in Table 6. Although S. chantrei Sauvage
was not treated in the present work, the species
may be a member of the cochinchinensis group,
since the description of this species (Sauvage, 1882)
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Fig. 40. Distribution of the genus Silurus.

Horizontally hatched area indicates the distribution range

of cochinchinensis group, vertically hatched area that of the glanis group. Localities of specimens
examined are shown: solid circle, species of cohcinchinensis group; triangle, species with smooth an-
terior surface of pectoral spine in glanis group; square, species with granulated anterior surface of
pectoral spine in glanis group; solid square, with serrated anterior surface of pectoral spine in glanis

group.

indicates its close resemblance to S. afghana.

From the phylogenetic tree shown in Fig. 39, it is
possible to further subdivide each major group.
Regarding the cochinchinensis group, S. micro-
dorsalis is separable from the other species, but
available information is inadequate to recognize
clear subgroups. Similarly the glanis group seems
to be separated into at least three groups (Fig.
39). When the species not shown in the tree
(S. lanzhouensis, S. soldatovi, and S. triostegus)
are added to this group, a single character (char-
acter 1; anterior surface of the pectoral spine) may
be used to further divide the glanis group into
three subgroups. The first subgroup is composed
of S. glanis and S. triostegus, whose anterior
surface of the pectoral spine is completely smooth,
the second consists of S. lanzhouensis, S. mento,
S. grahami, S. meridionalis, S. biwaensis, and S.
soldatovi, whose anterior surface of the pectoral
spine is granulated, and the third consists of S.
asotus, S. lithophilus, and S. aristotelis, whose
anterior surface of the spine is well-serrated. In
order to confirm the validity of these subgroups,
further morphological and anatomical informa-
tion is required.

Pattern of distribution

Due to the limited amount of available infor-
mation, it is impossible to accurately determine
the exact distribution range of each species at
present. However, the locality records attached
to the observed specimens give an outline of the
range of the two major species groups in the genus
Silurus. The range of Silurus, as a whole, is
clearly separated in Europe and Asia (Fig. 40). In
Europe, only members of the glanis group occur.
In contrast, the two species groups occur in Asia,
where their ranges are roughly split into two
regions. This distribution pattern seems to sup-
port the validity of the two major species groups
recognized from the phylogenetic analysis based
on the external morphology and anatomy.

The outgroup species, Hito taytayensis, is en-
demic to the northern part of Palawan and Car-
amians, the Philippines. On the basis of this
distribution range of Hito and its phylogenetic
relationships to the two species groups of Silurus,
it is inferred that the genera Hito and Silurus have
differentiated in Southeast Asia, from where
Silurus later extended its distribution range.
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Table 6. Comparison of the two species groups of the genus Silurus.

Character

cochinchinesis group

glanis group

Mouth
Standard length/head length

Total vertebrae

Gill rakers

inferior

>5

<60

less than 9 and reduced

Anterior surface of pectoral spine smooth or slightly serrated

Entopterygoid
Hyomandibula

Testis

sheet bone
vertically elongated

split into slender ribbons

superior

<5

>60

9 and more and well developed
smooth, serrated, or granulated
rod-like bone

transversally elongated

fringed
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The pattern of distribution and the estimated
phylogenetic relationships of the two species groups
seem to support this idea. The distribution range of
the cochinchinensis group is mainly in southeastern
Asia and the southern part of eastern Asia, with
the exception of S. microdorsalis which extends
north to Korea. This species is particularly in-
teresting. The distribution of S. microdorsalis
is slightly separate from other members of the
cochinchinensis group, and this species is mor-
phologically more similar to the g/anis group than
are other members of the cochinchinensis group,
as shown in the phylogenetic tree. It is possible
that this species might represent a relict, retaining
some character states similar to those of the an-
cestral form of the glanis group.

The geographic distribution of the glanis group
is clearly split into two wide ranges, one in central
Europe and the other in East Asia, being separated
by the Mongolian Plateau (Lindberg, 1972). S.
aristotelis, a member of one of the subgroups of
the glanis group, is isolated in the Balkan Pen-
insula far from the other two members of the
same subgroup, S. asotus and S. lithophilus, which
are distributed in eastern Asia. The Himalayan
orogeny might have a serious effect on splitting the
distribution range of the glanis group. Since the
fossil record of this genus is very poorly known
(Obrchev, 1964; Kobayakawa and Okuyama,
1984), it is difficult to infer from which of the
present centers the ancestral form of the glanis
group arose.

The distribution ranges of the two major groups
overlap at the eastern edge of Asia. Awvailable
data indicate that the members of the cochin-
chinensis group inhabit upper streams or more
rapid running waters than the members of the
glanis group (Day, 1878; Uchida, 1939; Joen,
personal communication), and therefore it is
probable that ecological isolation exists between
the members of these two major groups.

Ontogeny and phylogeny

Since the ontogeny of only several members of
the glanis group has been studied, it is difficult
to generalize the relationship between ontogeny
and phylogeny in the genus Si/lurus. Regarding
the ontogeny of the three Japanese species of
the glanis group, however, detailed information
is available (Kobayakawa, unpublished). From

that study, the juveniles, in comparison with
adults, have unique conditions in several charac-
ters: the anterior surface of the pectoral spine
is smooth, the skull is flat both dorsally and
ventrally, the cleithrum is gently curved, and
the mouth is inferior. When these juvenile
features are considered, the conditions of the
corresponding chraracters found in the cochin-
chinensis group are regarded as juvenilized ones
of the glanis group. These ontogenetical con-
siderations again seem to confirm the validity of
grouping them into two major species groups,
and suggest that the ontogeny has strongly affected
the phylogeny in the evolution of the genus
Silurus. The two major species groups, the coch-
inchinensis group and the glanis group, men-
tioned above seem to deserve generic status, but
in this report, I will reserve further discussion
until all genera of Siluridae have been studied in
detail.

Acknowledgments

1 express my thanks to the following persons;
Drs. Moto6 Tasumi, Yoshio Tomoda, Masafumi
Matsui, Tsuneo Nakajima, and Tyson R. Roberts
for their advice and critical reading of the man-
uscript. Dr. Tyson R. Roberts also arranged
specimens and radiographs. Mr. Tsutomu Hikida
gave me some valuable advice on phylogenetic
analysis. I also thank Drs. Chen Hxiang-Lin,
Luo Pei-Qi, Chu Xin-Luo, Zei Qui-Hua, Chen
Wen-Biao, and Liu Chien-Han for assisting me
in examining Chinese specimens and for their
useful advice; Jeon Sang-Rin for arranging Korean
specimens; Sonkphan Lumlertdacha, Shavalit
Vidthayanon, Sompot Ukkatawewat and Jarjin
Nabithabata for their help in collecting Thai
specimens.

This study was mainly performed in Kyoto
University, and partly in Kyushu University, the
Institute of Hydrobiology, Academia Sinica,
Kunming Institute of Zoology, and South China
Normal University. I express my gratitude to all
the staffs of these institutions for their generosity
in allowing me to study the specimens under their
care.

Literature cited

Abbott, J. F. 1901. List of fishes collected in the river

— 184 —



Kobayvakawa: Revision of Silurus

Pei-Ho, at Tien-Tsin, China, by Noah Fields Drake,
with descriptions of seven new species. Proc. U. S.
Natn. Mus., 23(1221): 483-491.

Agassiz, L. 1856. Pages 325-333 in Four hundred
thirty-second meeting. Proc. Amer. Acad. Arts Sci., 3.

Atoda, K. 1935. Egg, larva and juvenile of Parasilurus
asotus Linne. Zool. Mag., Tokyo, 47(558): 228-230.

Berg, L.S. 1949. Freshwater fishes of the U.S.S.R.
and adjacent countries. Israel Program for Sci-
entific Translations, Jerusalem, 496 pp. (Translated
from Russian in 1964.)

Bleeker, P. 1862. Notice sur les generes Parasilurus,
Eutropiichthys, Eudeutropius et Pseudopangasius.
Versl. Akad. Amsterdam, 14: 396--399.

Brousseau, A.R. 1976. The pectoral anatomy of
selected Ostariophysi. J. Morph., 150: 76-216.
Cantor, T. 1842. General features of Chusan with
remarks on the flora and fauna of that island. Ann.

Mag. Nat. Hist., Ser. 1, 9: 481-493.

Chen, H. 1977. A review of the Chinese Siluridae.
Acta Hydrobiol. Sinica, 6(2): 179-216. (In Chinese
with English summary.)

Cuvier, G. A. and A. Valenciennes. 1839. Histoire
naturelle des poissons, vol. 14. Pitois, Paris, 464
pp.

Dabry de Thiersant, P. 1872. La pisciculture et
la péche en Chine, précédé d’un introduction sur
la pisciculture chez les divers peuples par J. L.

Soubeiran. Paris, 195 pp.

Day, F. 1868. On some new or imperfectly known
fishes of India. Proc. Zool. Soc. Lond., 1868: 149-
156.

Day, F. 1873. On new imperfectly known fishes of
India. Proc. Zool. Soc. Lond., 1873: 236-240.

Day, F. 1878. The fishes of India; a naturai history:
the fishes known to inhabit the sea and fresh waters
of India, Burma and Ceylon. Vol. 1. London,
816 pp.

Ditu Chubanshe. 1977. Zhonghua renmin gongheguo
fen sheng dituji (Hanyu pinyinban). Xinhua
Shudian, Beijing, 169 pp.

Fowler, H. W. 1939. Zoological results of the third
de Schauensee Siamese Expedition. Part 9.—Ad-
ditional fishes obtained in 1936. Proc. Acad. Nat.
Sci. Philad., 91: 39-76.

Garman, S. 1890. Silurus (Parasilurus) aristotelis,
Glanis aristotelis, Ag., 1856. Bull. Essex Inst., 22:
8-11.

Ginther, S.J. 1864. Catalogue of fishes of British
Museum, vol. 5. British Mus., London, 455 pp.
Haig, J. 1950. Studies on the classification of the
catfishes of the oriental and palaearctic family

Siluridae. Rec. Ind. Mus., 68: 59-116.

Heckel, J. J. 1841. Ictyologie (von Syrien). In
Russegger, J. von. Reisen in Europa, Asien und
Africa, mit besonderer Riicksicht auf die natur-

wissenschaftlichen Verhdltnisse der betreffenden
Linder unternommen in den Jahren 1835 bis 1841,
etc. Stuttgart.

Hennig, W. 1966. Phylogenetic systematics.
of Illinois Press, Urbana, 263 pp.

Herre, A.W. 1933. Herklostella anoinala.—A new
fresh water cat-fish from Hong Kong. Hong Kong
Nat., 4: 170-180.

Hoffmann, H. A.and D. S. Jordan. 1892. A catalogue
of the fishes of Greece, with notes on the names now
in use and those employed by classical authors.
Acad. Nat. Sci. Philad., 44: 230-285.

Hora, S.L. 1937. On a new catfish from Kwansi,
China. Rec. Ind. Mus., 39(4): 341-343.

Hora, S. 1. 1938. A new name for Silurus sinensis
Hora. Rec. Ind. Mus., 40: 243.

Howes, G.J. 1983. Problems in catfish anatomy and
phylogeny exemplified by the neotropical Hypo-
phthalmidae (Teleostei: Siluroidei). Bull. Brit. Mus.
Nat. Hist. (Zool.), 45(1): 1-39.

Kobayakawa, M. and S. Okuyama. 1984. Pliocene
Silurus from Iga-Aburahi Formation, Kobiwako
Group, Central Japan. Bull. Mizunami Fossil
Mus., 11: 107-110. (In Japanese.)

Lindberg, G.U. 1972. The origin of Recent fresh-
water ichthyofauna. Tokai Univ. Press, 366 pp.
(In Japanese translated from Russian in 1981.)

Linnaeus, C. 1758. Systema naturae. 10th ed. British
Mus. (Natural History), London, 824 pp.

Liu, C. 1965. New materials on the species of the
common catfish (Parasilurus). J. Sichuan Univ., 1:
102-114. (In Chinese.)

Lundberg, J. G. 1970. The evolutionary history of
north American catfishes, family Ictaruridae. Ph.
D. Thesis, Univ. of Michigan, 524 pp.

Lundberg, J. G. and J. N. Baskin. 1969. The caudal
skeleton of the catfishes, order Siluriformes. Amer.
Mus. Novit., (2398): 1-49.

McLelland, J. 1844. Description of a collection of
fishes made at Chusan and Ningpo in China, by
Dr. G. R. Playfair. Cal. J. Nat. Hist., 4: 390-
413.

Masuda, H, K. Amaoka, C. Araga, T. Uyeno and T.
Yoshino. 1984. The fishes of the Japanese Archi-
pelago. English text. Tokai Univ. Press, Tokyo,
437 pp.

Mori, T. 1936.
three new species of Siluroidea from Chosen.
Mag., Tokyo, 48(8/10): 671-675.

Nichols, J. T. 1943. Natural history of Central Asia.
Vol. 9. Fresh-water fishes of China. American
Museum of Natural History, New York, 322 pp.

Nikolsky, G.B. 1961. Special ichthyology. The
Israel Program for Scientific Translation, Jerusalem,
538 pp.

Nikolsky, G.B. and S. G. Soin. 1948.

Univ.

Description of one new genus and
Zool.

On the seat

—185—



BEFME Japan. J. Ichthyol. 36(2), 1989
fish (family Siluridae) of Amur Basin. Proc. Acad.
Sci. U.S.S.R., 59(7): 1357-1360. (In Russian.)

Obrchev, V. A. 1964. Fundamentals of paleontology.
Nauka, Moskva, 483 pp. (In Russian.)

Patterson, C. 1975. The braincase of pholidopholid
and leptolepid fishes, with review of the actionoptery-
gian braincase. Phil. Trans. Roy. Soc. Lond., B,
269: 275-579.

Regan, C.T. 1904. On a collection of fishes made
by Mr. John Graham at Yunnan Fu. Ann. Mag.
Nat. Hist., Ser. 7, 13: 190-194.

Regan, C.T. 1907. Descriptions of three new fishes
from Yunnan, collected by Mr. J. Graham. Ann.
Mag. Nat. Hist., Ser. 7, 19: 63-64.

Regan, C. T. 1908. The Duke of Bedfordi's zoological
exploration in Eastern Asia.—8. A collection of
fresh-water fishes from Korea. Proc. Zool. Soc.
Lond., 1908: 59-63.

Sauvage, H. F. 1882. Catalogue de poissons recueillis
par M. E. Chantre pendant son voyage en Syrie,
Haute-Mesopotamie, Kurdistan et Caucase. Bull.
Soc. Philomatiq., Paris, 7(6): 163-168.

Smith, H. M. 1945. The fresh-water fishes of Siam
or Thailand. U.S. Natn. Mus. Bull., (188), 662
op.

Tchang, T. L. 1936. Study on some Chinese catfishes.
Bull. Fan Mem. Inst. Biol., 7: 33-56.

Temminck, C.J. and H. Schlegel. 1847. Fauna Ja-
ponica, Pisces. Lugduni Batavorum, 323 pp.

Thompson, D. W, 1947, A glossary of Greek fishes.
St. Andrews Univ. Publ. 45, Oxford Univ. Press,
Cambridge, 302 pp.

Tomoda, Y. 1961. Two new catfishes of the genus

Parasilurus found in Lake Biwa-ko. Mem. Coll.
Sci. Univ. Kyoto, Ser. B, 28(3): 347-354.
Uchida, K. 1939. Chosen gyorui-shi. Fishery Sta-

tion of Chosen, 458 pp. (In Japanese.)

Wiley, E.O. 1981. Phylogenetics. The theory and
practice of phylogenetic systematics. John Wiley
and Sons, New York, 439 pp.

Wongrat, L. 1967. Studies on the fresh-water catfishes

(Family Siluridae) of Thailand. MS Thesis, Kaset-
sart Univ., 91 pp. (In Thai.)

(Department of Fisheries, Faculty of Agriculturs,
Kyushu University, 6-10-1 Hakozaki Higashi-ku,
Fukuoka 812, Japan)

FAGSSVELTED 1 FilEZEC T XBREOSEE
SHE&R
WRNHEY

FARARTI 2 -7 VT REBIIELS AT E A, 2
NETICHMONATVB3IRBDS B, = XB Silurusiz,
LA NIE, ABIIOVCTRAFBEVT-DEED
AFERES TRV LD Y, RESEENLWEITZ
ErEhTHo ¥, BOBHRT 21T 72 Haig (1950) »
hEECHEOBERI T Chen (1977) OFZE 5
BicTERY, LB TAEARBIZIZZAE TICERT
HEhT a2 VAT AL o7, £, FBITH
DEO¥IZ X 5T Silurus J& L Parasilurus B2 57 >
A T 7223, Haig (1950) 35 X o8 Chen (1977) i3 v <K »
POMTTHEOBORICIHEANLERPEDLN, B0
BT HIcfELAVZ EEEMLTV 2. APFETE,
lFmean 1ITmE AR LB, S bedfordi Regan
i S. asotus Linnaeus O R4 4 L L, S. goae Haig !
Ompok J& ¥ Ui=. %7, #HfE S. torrentis %A L7z,
ho 1THONBEEEZ, 12 o QLIAEHFAC
LEEL, YESFEICL S TRFEBFEEHEELL, &
OFER, Ak Silurus Parasz[mm AT BEDREE
Wik i &, Parasilurus 3HiEORYWELTH B LT
o, EHICVL O OFREMEBICI Y, FBIETAEL
2 SOMRIIHTON B L b, cochinchinensis
B, glanis EEE L 45 \J 7. cochiinchinensis FEE X
glanis MBPFOHAW BB EMFL IV, b 2o
OHEE, I 2L00, HFinrd bFOHENHER
Mrdbhi, Zho2o00HEIBICHLYTZLELE
Z2bh2H, % F~IAHOMOBLOREET L
TRHTETH B,
TUMREE

(812 fRMMREX #ls 6-10-1 FHKEFE

2E%)

— 186 —





