Japanese Journal of Ichthyology
Vol. 38, No. 3 1991

Hybridization Experiment between Gnathopogon elongatus elongatus
% and Carassius carassius o
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Abstract Hybrids from an intersubfamilial cross between Gnathopogon elongatus elongatus $ and
Carassius carassius & were analyzed morphologically and karyologically and compared with the parental
species. These hybrids possessed a mosaic of character expressions that showed overall intermediacy
though surperficial appearances were similar to G. elongatus elongatus. Their karyotype was constituted
of one genome of the Carassius parent and two genomes of the Gnathopogon parent.

Hybridization experiments have been carried out
by many investigators. As domestic investigations,
Minamori (1949, 1950, 1951a, b, 1952, 1953), Suzuki
(1962, 1963a—e, 1964, 1965a,b, 1966, 1968), Ueno
(1972) and Arai (1984, 1987) dealt with salmonid,
cyprinid, cobitidid and gasterosteid fishes. Suzuki,
based on hybridization studies with cyprinid fishes,
suggested that the hybrids which could be brought to
attainment of adulthood were confined to be inter-
generic or interspecific hybrids among members of
the same subfamily. However, previous morpho-
logical and karyological analyses of various artificial
hybrids between cyprinid species have shown that
intersubfamilial hybrids between Carassius carassius
(Linnaeus) ¥ and Ctenopharyngodon idellus (Cuvier
et Valenciennes) o”, or Gnathopogon elongatus elon-
gatus (Temminck et Schlegel) o” reached the adult
stage, and that they were allotriploidy (Kasama and
Kobayasi, 1989b, 1990a).

This paper, the seventh in this series (Kasama and
Kobayasi, 1987, 1988, 1989a, b, 1990a, b), examines
intersubfamilial and intergeneric hybrids between G.
elongatus elongatus % and C. carassius o".

Materials and methods

Fishes used in this study were G. elongatus elong-
atus collected from Lake Biwa and C. carassius in
Holland. They had bred in our laboratory, and the
second generation in each species was used as pa-
rental species. Artificial fertilization was performed
as in the foregoing experiment (Kasama and Ko-
bayasi, 1987). Hybrids were used for morphological
and karyological studies at about three and a half
years old.

Methods for making most meristic counts and
morphometric measurements were from Matsubara
(1955) and Hubbs and Lagler (1970). Measure-
ments were read from a dial caliper to 0.1 mm. Two
measures not typically taken on cyprinid fishes and
all meristic and morphometric characters followed
Kasama and Kobayasi (1990). The hybrid index
computed following Hubbs and Kuronuma (1942)
and Hubbs et al. (1943) was used to compare hybrid
character states to the parental species. The mean of
each character value was set at 0.0 for G. elongatus
elongatus and 100.0 for C. carassius. A hybrid index
of 50.0 for any character would indicate exact in-
termediacy of the hybrid between the parental species
for that character. Scales at the region between the
anterior base of the dorsal fin and the lateral line
were plucked out, and examined after staining with
alizarin red S. Pharyngeal bones were cleared in 1%
KOH and stained with alizarin red S to examine
their morphological features. The terminology for
the scales and the pharyngeal bones was that of Chu
(1935). Vertebrae were counted from radiographs
and included the four Weberian ossicles and the
urostylar vertebra. The gonads fixed in dioxan-
Bouin’s solution were sectioned 6 um by the usual
paraffin method and stained with Delafield’s hema-
toxylin and eosin. Chromosome study was carried
out using cells from the primary culture of the scale
epithelium. The cells were fixed in Carnoy’s fluid,
flame-dried on slides and stained with Giemsa.

Results

Development and viability. About 66% of 2634
eggs produced from G. elongatus elongatus % XC.
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carassius ' developed into embryos up to the gas-
trular stage. Embryo mortality was high at this
stage. Almost all surviving embryos hatched at 98 to
117 hours after fertilization, and 649 of the eggs
produced larvae. But 789 of the larvae suffered
from edema, bent bodies and circulatory disorders.
Many of them could not feed and died at 1 to 3 days
after hatching. The larvae that did feed died with
the lapse of time. Over a period of a year, 15 hybrids
were raised to the young stage, but most of them died
during this stage due to malnutrition caused by di-
gestive system disorders. Only six hybrid reached
the adult-like stage.

Morphological characters. The hybrids were
generally intermediate between the parental species
on the basis of 11 characters (Table 1) although their
superficial appearance was similar to G. elongatus
elongatus (Fig. la—c).

The body side was yellowish silver and each fin
was yellow. This coloration was very similar to G.
elongatus elongatus although somewhat darker. The
lateral band was distinct and similar to that of G.
elongatus elongatus. The dark spot at the base of the
caudal fin, characteristic of C. carassius, was present
but much indistinct compared with that of this spe-
cies. The hybrids possessed barbels as in G. elongatus
elongatus but they were shorter than that of this

Table 1.

species. The ratios of body depth/standard length
and caudal peduncle length/caudal peduncle depth
were closer to those of G. elongatus elongatus than to
intermediacy. The ratio of pectoral fin origin to
ventral fin origin/ventral fin origin to anal fin origin
was closer to that of G. elongatus elongatus, and the
ratio of dorsal fin base length/longest dorsal fin ray
length was much closer to this species. The dorsal fin
was very similar to that of G. elongatus elongatus in
shape, but its outline was round as in C. carassius.
Forking of the caudal fin was weaker than that of G.
elongatus elongatus, and rather similar to that of C.
carassius. The number of dorsal fin rays was closer
to that of G. elongatus elongatus. The number of
lateral line scales and scales below the lateral line
approached intermediacy. The number of scales
above the lateral line was seven, which was typical
number for C. carassius. The aspect of the scales was
very similar to those of G. elongatus elongatus. The
basal margin gently swelled out in the middle and the
radial grooves extended only to the apical area as in
G. elongatus elongatus, although there were fewer
grooves. The focus was situated by the basal margin.
The basolateral ridge was present, although very
indistinct compared with that of G. elongatus elon-
gatus. The number of gill-rakers was closer to that of
G. elongatus elongatus than to intermediacy. The

Comparison of meristic and morphometric characters of Gnathopogon elongatus elongatus % X

Carassius carassius o with parental species. X, mean; r, range; N, sample size; I, index value.

G. elongatus Hybrids C. carassius
Character
X r N X r N 1 X r N

Body depth/standard length 0.247 0.218-0.288 20 0.287 0.271-0.300 6 25.4 0.404 0.401-0.413 20
Caudal peduncle length/ 1529 1.303-1.792 20 1421 1234-1.568 6 20.1  0.992 0.879-1.137 20

caudal peduncle depth
Pectoral fin origin to ventral

fin origin/ventral fin origin  1.177 1.089-1.270 20 1.131 1.116-1.146 6 273 1.009 0.938-1.055 20

to anal fin origin
Dorsal fin base length/ 0.704 0.638-0.828 20  0.882 0.659-0.967 6 10.8  2.344 2.243-2.446 20

longest dorsal fin ray length ' ’ ' ’ ' ’ ’ ’ ’ ’
Dorsal fin rays 8.0 8.0 20 11.2 10.0-12.0 6 29.6 18.8 18.0-21.0 20
Lateral line scales 37.0 35.0-39.0, 20 34.0 34.0 6 57.6 31.8 31.0-33.0 20
Scales above lateral line 5.6 5.0-6.0 20 7.0 -1.0 6 100.0 7.0 7.0 20
Scales below lateral line 4.1 4.0-50 20 5.0 5.0 6 56.0 5.7 5.0-6.0 20
Gill-rakers 9.6 8.0-12.0 20 12.4 11.0-15.0 6 14.8 28.4 28.0-30.0 20
Pharyngeal teeth formula: 17 6 84.8 18

outer row on left side 3.0 3.0 0.8 0.0-1.0 0.0 0.0

inner row on left side 5.0 5.0 4.0 4.0 4.0 4.0

inner row on right side 5.0 5.0 3.8 3.0-4.0 4.0 4.0

outer row on right side 3.0 3.0 1.0 0.0-2.0 0.0 0.0
Vertebrae 35.4 35.0-37.0 20 336 33.0-340 6 50.0 31.8 29.0-33.0 20

Hybrid index=43.3
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Fig. 1. Hybrid and parental species.

Gnathopogon elongatus elongatus (a), G. elongatus elongatus

% X Carassius carassius & hybrid (b), C. carassius (c). Bars equal 10 mm.

length of the gill-rakers in relation to the gill-
filaments was shorter than that of C. carassius, very
similar to that of G. elongatus elongatus. The gill
arch angled obtusely and its corner was indistinct,
more similar to that of C. carassius than G. elongatus
elongatus. The number of pharyngeal teeth was
closer to that of C. carassius than to intermediacy.
The aspect of the pharyngeal bones was similar to
those of G. elongatus elongatus, but the tooth plat-
form was somewhat shorter than this species. The
number of vertebrae was exactly intermediate. The
gas-bladder was similar to that of G. elongatus elon-
gatus in shape although somewhat more roundish as
in C. carassius. The intestine was very simple in its

coiling, resembling that of G. elongatus elongatus.
Anatomical observations showed the gonads to be
extremely underdeveloped in the spawning season
and to be hidden by fat tissues. Microscopic exam-
ination disclosed that the hybrids were neuter
(Fig. 2).

Karyotypes. The chromosome number of the
hybrids was 100 (Fig. 2). While it was 2n =50 for G.
elongatus elongatus and 2n=100 for C. carassius.
The karyotype of G. elongatus elongatus contained
12 metacentrics, 32 submetacentrics and 6 acrocen-
trics and that of C. carassius involved 20 metacen-
trics, 40 submetacentrics and 40 acrocentrics. These
results for the parental species agreed with those
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Fig. 2. Karyotype of Gnathopogon elongatus elongatus % X Carassius carassius & hybrid.

chromosome with satellites.

reported by Kobayasi et al. (1970) and Ojima et al.
(1972). Chromosomes of the hybrids were distin-
guished into 22 metacentrics, 52 submetacentrics and
26 acrocentrics, from which 50 chromosomes, i.e. 10
metacentrics, 20 submetacentrics and 20 acrocen-
trics, were chosen out as a genome belonging to C.
carassius on the basis of the karyotype. The other 50
chromosomes consisted of 25 pairs of homologous
chromosomes, 6 pairs of metacentrics, 16 pairs of
submetacentrics and 3 pairs of acrocentrics. These
50 chromosomes were identical to the karyotype of
G. elongatus elongatus in both number and mor-
phology and could belong to two genomes of this
species.

Discussion

In the previous studies in this series, the hybrids
bred from female C. carassius have been reported to
be allotriploidy. C. carassius % X Ctenopharyngodon
idellus & hybrids had the karyotype incorporating
two genomes of C. carassius and one of Ct. idellus,
and their phenotype was similar to C. carassius
(Kasama and Kobayasi, 1989b). InC. carassius $ X
G. elongatus elongatus " hybrids, the phenotype could
be distinctly distinguished into two types, one closer
to C. carassius and the other to G. elongatus elon-
gatus. The karyotype of the Carassius-type hybrids
consisted of two genomes of C. carassius and one of
G. elongatus elongatus, while that of the Gnathopogon-
type hybrids combined one genome of C. carassius
and two genomes of G. elongatus elongatus (Kasama

Arrow shows

and Kobayasi, 1990a). On the basis of these data, we
have cautioned against discussing the interrelation-
ship among parental species of various hybrids on the
basis of morphological analsis only, and have sug-
gested that fishes belonging to the genus Carassius
seem to produce offspring by a specific fertilization
mechanism in intergeneric or interspecific crosses.

In the present cross using male C. carassius, the
karyotype of the hybrids incorporated two genomes
of G. elongatus elongatus and one of C. carassius.
These data not only offer our caution and suggestion,
but also indicate that spermatozoa as well as oocytes
of C. carassius occasion a specific fertilization mech-
anism. The phenotype of the present hybrids showed
a trend toward general intermediacy although they
had the same karyotype as that of the Gnathopogon-
type in C. carassius ¥ X G. elongatus elongatus &
hybrids. Generally reciprocal hybrids do not always
show correspondense in their phenotypes. However,
it may be necessary to consider a difference in the
specific fertilization occationed by spermatozoa from
that by oocytes in futher studies.
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