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Relative growth and relationship between age and growth in Silurus biwaensis were examined on the basis of the
body size data of the catfish collected from Lake Biwa and the reared catfish which were hatched from artificially in-
seminated eggs. Although it had been reported that the proportion of head length to body length increased with growth
in S. biwaensis, such a relationship was not found for 218 catfish that were examined in this study. On the other hand,
the proportion of head length to head width significantly decreased with SL in females. This result indicated that the
narrow head shape peculiar to S. biwaensis becomes slightly squarer in bigger females. The three catfish reared from
the hatching grew to 196—410mm SL for 2.7 years (73—152 mm/yr). This growth rate was in contrast with that of a
tagged adult male, which grew only 50 mm from 460 mm SL to 510 mm SL in the lake for two years (25 mm/yr). These
results suggested that the growth of the adults might extremely slow down after the fast growth at the immature stage.
This study also reported that the number of transparent zones in vertebral centra of S. hiwaensis increased with growth.
The vertebral centrum may possibly be utilized as an age indicator for this species and the other kinds of Silurid.
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INTRODUCTION

The catfishes of the genus Silurus are broadly distributed
throughout Eurasia from Europe to Japan, inhabiting not
only freshwater ecosystems but also brackish waters such
as estuaries and the Caspian Sea (Kobayakawa 1989). They
often grow into the biggest fish in the local ecosystems; the
maximum body size reaches three meters in Silurus glanis
(Harka 1984). Such prominent growth makes it possible for
these catfishes to position the top of the local ecosystems
(Tomoda 1962, Xie and Sun 1993).

Silurus biwaensis, which is endemic to Lake Biwa and
Yodo River watershed, Japan, is the biggest fish in the areal
ecosystems. This species mates and spawns along rocky or
stony shores flooded in the rainy season, from June to
August, and its reproductive behavior can be observed
along the shorelines at night (Tomoda 1978, Machata et al.
1990). The eggs are adhesive and the larvae hatch 48 hours
after fertilization and are already benthic, having no plank-
tonic period (Tomoda 1978, Kobayakawa 1985).
Occasionally fishermen capture the juveniles of about
50-100mm TL in autumn and the young of about
150-200 mm TL in early summer (Tomoda 1978).

Although such fragmentary and ambiguous information
about their growth has been accumulated, relationship be-
tween age and growth are not yet clear. Thus in the present
study, the growth characteristics of S. biwaensis were in-
ferred on the basis of the body size data of the catfish col-
lected from the lake and the reared catfish which were

hatched from artificially inseminated eggs. Particularly, we
examined changes in body proportion with growth in S. bi-
waensis. Tomoda (1962) reported that the proportion of
head length to body length increased with growth in this
species, in contrast to that this proportion decreased with
growth in the other two Japanese Silurids, Silurus asotus
and Silurus lithophilus. We focused on this specific charac-
teristics of the head growth in S. biwaensis, considering the
ontogenetic change of head width as well as head length.

Furtheremore, we dealt with the method of determining
the age of S. biwaensis, in order to present the basis for the
growth study of this species and the other Silurus catfishes.
The previous studies regarding the growth have only shown
that rays of pectoral fins are useful for the growth study of
the Silurus (Harka 1984, Orlova 1987, Harka and Bird
1990). However, the erosion of the earliest formed material
with age makes it difficult to determine the growth rate of
the catfish with this character precisely. Therefore, this
study examined the usefulness of the vertebral centrum of
S. biwaensis as a potential age indicator, since this charac-
ter is not exposed to the ambient water and thus can avoid
the erosion of the earliest formed material.

MATERIALS AND METHODS

Lake Biwa consists of two distinct areas; the broad and
deep “North Basin” averaging 43 m in depth and the small
and shallow “South Basin” averaging 4 m in depth (Fig. 1).
Fishermen often capture S. biwaensis around the spawning
areas in the northern North Basin and the southernmost
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waensis are distributed along the shaded shorelines, A and C. Although the spawning grounds have not been found along the shoreline
B, the adults are occasionally captured by fishermen there every year. The broken lines indicate the isobath in meters.

Table 1.

The numbers of Silurus biwaensis examined for each analysis and the total of S. biwaensis collected from Lake Biwa.

The numbers of S. biwaensis collected from 1977 to 1980 are shown in the parentheses.

Analyses* Males Females Sex not identified All
Body size distributions (SL) 56 (13) 184 (8) 0 240 (21)
Relationship between SL and BW 43 (0) 152 (0) 0 195 (0)
Relative growth (head size) 43 (0) 175 (0) 0 218 (0)
Relationship between N1, and SL 53 (13) 134 (8) O** 187 (21)
Relationship between SL and Ra 53 (13) 134 (8) 0** 187 (21)
The total of samples collected from Lake Biwa 56 (13) 184 (8) 1(1) 241 (22)

* SL, standard length; BW, body weight; N, the total number of the transparent zones in vertebral centra; Ra, the radius of vertebral cen-

tra.

** These relationships of the immature fish whose sex was not identified were shown in Figs. 5 and 7.

South Basin every year, but they occasionally capture some
in the southeastern area of the North Basin, where no
spawning grounds have been found (Tomoda 1978,
Maehata et al. 1990). A total of 219 catfish (176 females
and 43 males) were captured by set-nets, gill-nets and
throwing nets along the shorelines A, B, and C from May
1992 to July 1995 and a total of 22 catfish (eight females,
13 males, and one sample whose sex was not identified)
were captured from June 1977 to July 1980 (Fig. 1). Most
of our sampling depended on casual by—catches in the lake
by fishermen and consequently the captured season and the

developmental stage of the catfish collected in this study
were almost restricted to adults around the spawning season
from spring to summer. As shown in Table 1, the numbers
of the catfish examined for this study were different among
the analyses, due to the lack of data for part of the samples.

Measurements of the samples included standard length
(SL), head length (HL), head width (HW), and body weight
(BW; wet weight) for the catfish. ThelOth to 15th vertebral
centrum was extracted by dissection and was allowed to dry
on a hot plate for a week. It was observed under a binocular
microscope at 10 to 20 times magnification.
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Four fish (named V, W, X, and Y), which were hatched
from artificially inseminated eggs, were reared in a pond or
an aquarium. For the fish V, gonadotropin (10 LU. per gram
in body weight) was injected into an adult female to pro-
mote the maturity. The ova were squeezed out 18 hours
after the injection of gonadotropin and inseminated by ho-
mogenized testis. For the fish W-Y, we captured adults by a
throwing net during their mating in the spawning grounds
and extracted the ova and the testis for the insemination
there. Fish V was reared in a 1.2-kl pond for a year from
hatching in late June in 1977. Fish W was reared in a 60-1
aquarium from early July in 1995 to late February in 1998
(2.7 year). Fish X was reared in a 180-1 aquarium from
early July in 1995 to late March in 1999 (3.7 year). Fish Y
was reared in a 60-1 aquarium for the same period as was
fish X. Fish V was fed on Tubifex sp. and cyprinid fishes,
fish W and X on Hala sp. and artificial pellets, fish Y on
Hala sp. and cyprinid fishes. Fish W, X, and Y were con-
stantly under the rearing experiment and their vertebral
centrum could not be observed.

In late June in 1992, a male, which was captured in the
southernmost South Basin, was tagged on a spine of its
pectoral fin and was released in the same area. This fish was
recaptured in the same area in late June, 1994. We also ob-
served the vertebral centrum of this fish.

RESULTS AND DISCUSSION

Body length of Silurus biwaensis collected from Lake
Biwa: The body length of Silurus biwaensis collected from
Lake Biwa was mainly distributed from 500 to 700 mm SL
for males and from 600 to 900 mm SL for females (Fig. 2).
The females were significantly larger than males (males,
n=56, 610*x95mm; females, n=184, 755*133; Mann
Whitney’s U-test, p<<0.0001). The maximum values of the
standard length were 800 mm in males and 1070 mm in fe-
males. Although this difference might suggest that the se-
lectivity of fishing gears for the catfish was different be-
tween the sexes, it is more likely that it was simply a reflec-
tion of the sexual dimorphism in natural ecosystems. In
fact, in the spawning grounds, the adult females have been
observed to range from 500 to 1100 mm in TL, apparently
bigger than the adult males ranging from 400 to 800 mm in
TL (Tomoda 1962, Machata et al. 1990).

Relative growth: The relationship between standard
length (m) and body weight (kg) was exponential in both
males and females (Fig. 3). The allometric equations can be
expressed as follows:

Female: BW=12.37 SL3“%
Male: BW=11.77 SL3312

(n=152, R=0.97)
(n=43, R=0.94)

There was no striking difference between the sexes in these
relationships. These parameters are consistent with general
parametric values reported for various kinds of fish (Kubo
and Yoshihara 1969).

Both length and width of head significantly increased
with standard length in S. biwaensis (Fig. 4a, 4b). The
Pearson correlation coefficients were 0.92 (p<<0.0001) in
males and 0.95 (p<<0.0001) in females for the head length
and 0.91 (p<<0.0001) in males and 0.93 (p<<0.0001) in fe-
males for the head width (Table 2). Significant positive cor-
relations were also found for the relationship between the
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Fig. 3. The relationship between standard length (SL) and body
weight (BW) in males (@) and females (X) of S. biwanensis.

length and the width of the head (males, r=0.85,
p<<0.0001; females, r=0.94, p<<0.0001; Table 2, Fig. 4c).
Recently, Takai and Sakamoto (1999) suggested the ontoge-
netic dietary shifts and the consequent shift to a higher
trophic position in S. biwaensis on the basis of a positive
correlation of body size with nitrogen stable isotope ratio
(6"N). The growth of the head shown in this study makes
it possible for the catfish to feed on larger preys and would
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Fig. 4. The changes in body proportion with growth in males (@) and females (X) of S. hiwaensis. (a) Relationship of head length (HL)
to standard length (SL); (b) relationship of head width (HW) to SL; (c) relationship of HW to HL,; (d) relationship of HL/SL to SL; (¢)
relationship of HW/SL to SL; (f) relationship of HL/HW to SL.

Table 2. Pearson correlation coefficients () for relationships of SL-HL, SL-HW, HL-HW, SL-HL/SL, SL-HW/SL, and SL-HL/HW.

Males (n=43) Females (n=175)
Combination*
r p r 14

SL and HL 0.92 <0.0001 0.95 <0.0001
SL and HW 0.91 <0.0001 0.93 <0.0001
HL and HW 0.85 <0.0001 0.94 <0.0001
SL and HL/SL —-0.03 ns (0.84) 0.12 ns (0.13)
SL and HW/SL 0.21 ns (0.19) 0.48 <0.0001
SL and HL/HW -0.19 ns (0.22) -0.44 <0.0001

* SL, standard length; HL, head length; HW, head width; ns, not significant
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consequently elevate the trophic positions of the catfish
with the growth.

Tomoda (1962) indicated that the proportion of head
length to body length increased with growth in S.
biwaensis. However, such positive correlations between
standard length and the proportion of head length to stan-
dard length were not found in both the sexes in this study
(Table 2, Fig. 4d). It was inferred that Tomoda (1962)
would have misread the body size data due to a shortage of
the samples that were examined; he only collected 29 sam-
ples for S. biwaensis.

On the other hand, the proportion of head width to stan-
dard length significantly increased with standard length in
females (r=0.48, p<0.0001; Table 2, Fig. 4e).
Consequently, the proportion of head length to head width
significantly decreased with standard length in females
(r=—0.44, p<0.0001; Table 2, Fig. 4f). Kobayakawa
(1992) showed that the proportions of length to width in
adult skulls of three Japanese silurids are larger in S. bi-
waensis than in the other two species, Silurus asotus and
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Silurus lithophilus. This means that the head of S. biwaen-
sis is relatively narrower than that of the other species in
dorsal view. The results in this study indicated that this nar-
row shape of the head of S. biwaensis becomes slightly
squarer in bigger females likewise that of the other species.
Growth rates of the reared fish and the tagged fish:
The catfish, which were hatched from the artificially insem-
inated eggs, grew to 125 mm SL in fish V for 1.0 year, and
370mm SL in fish W (137 mm/yr), 410mm SL in fish X
(152 mm/yr), and 196 mm SL in fish Y (73 mm/yr) for 2.7
year (Fig. 5). The fish X and Y were also recorded to be
422mm SL and 234 mm SL 3.7 year later from the hatch-
ing. According to the bibliographical growth data of S. gla-
nis compiled by Harka (1984), the growth rate of the catfish
varied locally; the one-year-old catfish were 41cm TL in
Ural River (Berg 1949), while the total length of the one-
year-old fish in Vag River was 11.1 cm (Sedlar and Geczo
1973). Also in this study, the growth rates of the reared cat-
fish were quite different between the fish X and Y. Such
great variations in Silurus catfishes may be caused by the
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text for the information on these fish. The relationship between the total number of the transparent zones in vertebral centra (Ny,) and
standard length (SL) in the catfish collected from Lake Biwa are also shown. The solid circle means an immature fish whose sex was

not identified.
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environmental difference of temperature, abundance of prey
species, and existence of competitors or predators (Hilge
1985, Rossi et al. 1991, Xie and Sun 1993).

The tagged fish Z grew up 50 mm from 460 mm SL to
510mm SL in the lake for two years. This growth rate of
25mm/yr was in contrast with that of the reared catfish.
Since the adult males in the spawning ground have been ob-
served to range from 400 to 800 mm in body length (Tomda
1978, Maehata et al. 1990), this tagged catfish was inferred
to be a younger adult. The marked difference between the
tagged catfish and the reared catfish might suggest that the
growth of the adults extremely slows down after the fast
growth at the immature stage, although it might also be af-
fected by the environmental difference between the rearing
system and the natural ecosystem.

The transparent zone in the vertebral centra as a po-
tential age indicator: We found that narrow transparent
zones stratified alternately with wide opaque zones in verte-
bral centra of S. biwaensis as shown in Figure 6 (The fish Z
instanced for this figure had a total of six transparent
zones). There were significant positive correlations between
the total number of the transparent zones (N;,) and the
standard length in both males and females (Pearson correla-
tion coefficients; males, n=53, r=0.80, p<<0.0001; females,
n=134, r=0.81, p<<0.0001; Fig. 5). Accordingly, it was
considered that these transparent zones increase with the
growth of the catfish. Figure 5 shows that at the same body
size class the ages of the reared catfish were in accordance
with the N, of the catfish collected from the lake particu-
larly in males. This result presents the possibility that these
transparent zones are annual rings.

Here, the length from the center to the edge of the centra
along the horizontal axis was referred to as the radius (Ra;
mm) of the centra (Fig. 6). The edge of the centra was sur-
rounded by a lipidic stratum, but we measured the radius to
the exclusion of the width of this stratum. This radius in-
creased in proportion to the standard length in S. biwaensis
(Fig.7). The relationship between standard length (mm) and
the centrum radius was expressed as follows:

Ra=0.012SL—1.452

(n=53, R=0.94, p<<0.0001)
Female: Ra=0.013SL—1.722
(n=134, R=0.94, p<<0.0001)

Male:

A striking sexual difference was not found for these rela-
tionships.

The season of the increment formation of the transparent
zones was not identified in this study, since the samples
were captured almost only from spring to summer and the
seasonal change of the marginal increment of the centra
could not be examined; most of the samples of which verte-
bral centra were examined were captured from April to
August (120 females and 45 males), and only two females
and two males were captured from September to January.
We observed that a transparent zone had already been
formed in the centra of the fish V which had been reared in
a field pond for 1.0 year from hatching. Also considering
that the annual rings of fish are generally supposed to be
formed in winter when the growth ceases (Chugunova
1963), we expect that the transparent zone might be formed
before the spawning season, probably in winter.

Fig. 6. The conic hollow side on the vertebral centra of the
tagged catfish Z. See text for the information on the fish. The
radius (Ra; mm) of the centrum was measured along a horizon-
tal axis from the center to the edge. The lipidic stratum (l.s.)
and the transparent zones (rl-r6) are shown with the arrows.
Scale bar, Imm.
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Fig. 7. The relationship between standard length (SL) and ra-
dius of vertebral centra (Ra) in males (@) and females (X) of
S. biwaensis. The individual of which sex was not identified
(L) are also shown.

Hereafter, it is necessary to examine the seasonal change
of the marginal increment of the centrum by seasonal sam-
pling of the catfish in the lake and the long-term rearing ex-
periment from the hatching to the adult stage. The proof of
the periodicity in the increment formation should demon-
strate that this character is an unquestionable age indicator.
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