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Ontogeny of the Caudal Skeleton in the
Clariid Catfish Clarias batrachus

Kiyoshi Fujita
Tokyo University of Fisheries, 4-5-7,
Minato-ku, Tokyo 108, Japan

The caudal skeleton of siluriform fishes has al-
ready been studied by several authors, e.g. White-
house (1910), Merriman (1940), Hoedeman (1960),
Tilak (1969), Lundberg and Baskin (1969), Singh
and Jayaram (1981), Ayanomiya (1989), Kobaya-
kawa (1989), for the purposes of classification and
understanding of phylogenetic relationships. Among
fishes of the genus Clarias, comparative morphology
of the caudal skeleton has been studied in four
species, viz. C. lazera (by Nawar, 1954), C. angol-
ensis, C. batrachus, and C. fuscus (by Lundberg and
Baskin, 1969) and C. senegalensis (by Monod, 1968).
However, developmental osteology of these fishes
was not covered in these papers.

The purpose of this study is to describe and
comment on the development of the caudal skeleton
of Clarias batrachus.

Materials and methods

The specimens of Clarias batrachus examined in
this study were obtained from larvae which hatched
in aquaria on 27 July, 1990, at the Laboratory of
Ichthyology, Tokyo University of Fisheries. Incu-
bating and rearing temperatures ranged from 24.5° to
31.5°C (mean, 28.7°C). Larvae and juveniles were
fed on Artemia nauplii and live Daphnia. About five
specimens were sampled at one or two day intervals
starting from hatching until the 25th day after
hatching. They were preserved in 5% buffered for-
malin. A total of 135 specimens ranging from 3.6 mm
in notochord length (NL) to 16.6mm in standard
length (SL) was used. Clearing and staining follow-
ed Dingerkus and Uhler (1977). Observations and
illustrations were made by means of a dissecting
microscope equipped with a camera lucida.

The terminology of the caudal skeleton follows
Fujita (1990).

Results

The caudal complex of Clarias batrachus consists
of one epural, one autogenous parhypural, five hyp-

fa FOM

8 tﬁ o 1992;%
urals (the first and second hypurals are fused to each
other at the proximal base), the first preural centrum
+ural centrum 142 (PU1+U1+2) with pleuros-
tyle, the long neural and hemal spines of the second
preural centrum, and 14 branched caudal rays (7 in
each lobe).

There were no caudal elements, except for the
straight notochord, in larvae immediately after hat-
ching (about 3.6mm NL). Notochord flexion had
occurred in some larvae from 4.6 to 4.9 mm NL, but
no caudal elements were observed.

At 52mm NL (Fig. 1A), 2 days after hatching,
the second and third hypurals had been formed
beneath the posterior notochord, which had started
its flexion. There were two caudal rays extending
backwards from the hypurals.

At 5.4mm NL (Fig. 1B) the small, cartilaginous,
fourth hypural was recognizable between the tip of
the notochord and the third hypural. There were
three rays in the upper caudal lobe and two in the
lower lobe.

At 6.4mm NL (Fig. 1C), a cartilaginous projec-
tion corresponding to the first hypural had formed at
the base of the second hypural, and was elongated
ventrally. The catilaginous parhypural was visible in
front of the base of the fused hypural (HY1+2), and
the number of caudal rays had increased to eight
(four in each lobe).

At 7.2mm NL (Fig. 1D) the small, cartilaginous,
fifth hypural had been formed close to the tip of the
notochord. There were five caudal rays in each lobe.

At 7.6mm NL (Fig. 1E) the parhypural and the
first to fifth hypurals had grown larger. Three car-
tilaginous hemal arches of future second to forth
preural centra, were discernible at the ventral margin
of the notochord, anterior to the parhypural. There
were six rays in the upper lobe of the caudal fin, five
in the lower.

At 8.7mm SL (Fig. 1F) the epural was first seen,
as a small cartilage above the notochord. Three
cartilaginous neural arches of future third to fifth
preural centra had been formed on the notochord,
anterior to the epural. The parhypural and com-
pound hypural (HY1+2) had become fused to-
gether at their proximal bases, and the tip of the
parhypural, and the proximal bases of the middle
part of HY1+2 and the third hypural had begun to
ossify. There were seven rays in the upper lobe of the
caudal fin, six in the lower.

At 9.4mm SL (Fig. 1G) the ossified areas of the
parhypural and the first to fourth hypurals had
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Fig. 1. Development of the caudal skeleton of Clarias batrachus. A: 5.2mm NL. B: 54mm NL. C: 6.4 mm

NL. D: 7.2mm NL. E: 7.6 mm NL. F: 8 7mm SL. G: 9.4mm SL. H: 9.7mm SL. I: 11.2mm SL. J: 16.6
mm SL. EP, epural; HY1+2, hypural 1 plus hypural 2; HY, hypural; HAPU, hemal arch of preural
centrum; HPU, hemal spine of preural centrum; NAPU, neural arch of preural centrum; NPU, neural spine
of preural centrum; NO, notochord; PH, parhypural; PL, pleurostyle; PU, preural centrum; PZ,
prezygapophysis; Ul, 2, 3, 4, ural centrum 1, 2, 3, 4; UN, uroneural. Dense dots indicate cartilage. Sparse
dots indicate intermediate condition between cartilage and bone. Undotted areas indicate bone. Scale bars

indicate 0.5 mm.

spread nearly to their distal ends. A pair of ossified
uroneurals (UN) (probably compound uroneural)
was visible for the first time, on the posterior noto-
chord below the epural. The first preural centrum
plus the ural centrum 1+2 (PU1+ U1+ 2) had
appeared as ossified elements in the notochord and
fused with the parhypural and compound hypural
(HY1+2) at their proximal bases. A terminal
compound ural centrum (U3+4) was visible in the
notochord, fused with the third and fourth hypurals
at their bases. Hemal spines of the preural centra
were also visible. There were eight rays in the upper
lobe of the caudal fin, seven in the lower.

At 9.7mm SL (Fig. 1H) the uroneural and com-
pound centrum (PU1+Ul+2) had fused at the
dorsal part of the centrum, forming the pleurostylar
vertebra with prezygapophysis. The second preural
centrum had appeared in the notochord and was
fused with the hemal spine of the centrum at the
proximal base. The neural arches and spines of the

preural centra had begun to ossify. There were eight
caudal rays in each lobe.

At 11.2mm SL (Fig. 1I) the preural centra had
been formed, and the neural spines grown longer.
All elements of the caudal complex had increased in
size and become almost completely ossified. The
parhypural and compound hypural (HY1+2) were
separated from each other at their proximal bases.

At 16.6mm SL (Fig. 1J) the pleurostyle had en-
larged and was extended above the center of the fifth
hypural, along the dorsal side of the notochord. The
terminal ural centrum (U3+4), which had fused
with the third and fourth hypurals at their bases, had
become divided into two centra (U3 and U4), which
were reduced in size and would become indistin-
guishable from the hypurals in larger specimens.

Remarks

Lundberg and Baskin (1969) reported that in the
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adults of the majority of catfishes, a reduced second
ural centrum (=terminal ural centrum) fused with
one or more hypurals lies in the cavity on the pos-
terior face of the compound centrum
(PU1+U1+2). In Clarias batrachus the terminal
ural centrum (U3 +4) is divided into two centra (U3
and U4), which become fused to the third and fourth
hypurals during development.

One of the interesting phenomena in the develop-
ment of the teleost caudal skeleton is the fusion and
detachment of hypurals during the course of their
development. In Clarias batrachus, the first hypural
is formed as a cartilaginous projection at the base of
the second hypural. The first and second hypurals
(fused at the proximal bases) and the parhypural are
first formed as autogenous cartilage, becoming fused
together at their bases, but subsequently separating
from each other as they ossify.

The developing pleurostylar vertebra of Clarias
batrachus is formed by the fusion of the uroneural
and the compound centra (PU1+U1+2). Many
siluriform (Lundberg and Baskin, 1969) and cypri-
nid fishes (Fujita, 1990) have this type of pleuro-
stylar vertebra. Many clupeid fishes have the pleuro-
stylar vertebra fused to the uroneural and PUI
(Monod, 1968; Fujita, 1990).
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Clarias batrachus DRERBIEDFE
%A F

1990 4E 7 H 24 | NS HFUKEK TEI L 72982 8L s ¢, %
ORMLIFEE 25 HIGTHE L, E0ICFRERE S L~ ) VEE
L, F - BE R OE CTRBITROREE L~ 1.

Lundberg and Baskin (1969) i & huid, KEHDF+ < K DK
BTIIH/ U725 2 24EHE (=terminal centrum) AS—DF /13
ZHLUEOTREHERAELT, PUIHUI+2 DRICHEET B &
L T\ 5. Clarias batrachus T3 terminal centrum (353 3 N2}
(HY3) L5 4 FRYT (HY4) ORISICRES L T8l 5. %o
BT terminal centrum I TFRFICRE L7- £ REEHE 3 (U3)
LR2EEHE 4 (U4) I 38 h, 203 ERINLTERENDO TR
HEXBIA ORI 5, MRHESEZ A 5 BT IR
& REEHERIS | HE(K + REEHE (PUI+UI+U2) & ORAIC
&> TR E Nz,

(108 HRFUESHEIXHERE 4-5-7 HRUKEER¥)
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