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Fluctuating allelic equilibria in a hybrid swarm population
of the cyprinids Gnathopogon caerulescens and G. elongatus in
Lake Ono, Yamaguchi Prefecture, Japan

Harumi Sakai

Abstract : Allozyme allelic frequency fluctuations in a hybrid swarm population of Gnathopogon caerulescens

and G. elongatus (Cyprinidae) in Lake Ono, Yamaguchi Prefecture, Japan, monitored for twenty years from
1988 through 2007, indicated a fluctuating hybrid swarm equilibrium. Although future difficulty in the
elimination of introgressant alleles was indicated, the possibility of future extinctions of some alleles at

particular loci through genetic drift was also suggested.
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Introduction

The pelagic cyprinid minnow Gnathopogon caerulescens
(Sauvage) has been transplanted from Lake Biwa to
many ponds and reservoirs over several decades because
of its high commercial value”. Consequently, the species
has colonized several freshwater systems”. In many
cases, however, resulting progeny have appeared
intermediate between G. caerulescens and a brooklet-
dwelling relative G. elongatus (Temminck & Schlegel)®.
Such an example occurs in Lake Ono, Yamaguchi
Prefecture, a reservoir which appeared in 1950 following
the construction of the Koto River Dam, and to which G.
caerulescens was transplanted in 1953". Present-day
Gnathopogon fish in Lake Ono are intermediate
morphologically and genetically between G. caerulescens

and G. elongatus, being a hybrid swarm of the two species®°.

Neither the pelagic G. cearulescence nor the brooklet-
dwelling G. elongatus were native to the limited lacustrine

> The eventual outcome of the

environment of Lake Ono
hybrid swarm, therefore, may be extremely relevant to
predictions of the result of artificial fish stocking in an
exotic habitat; in particular, which genes of which species
are eliminated, or whether or not gene elimination
actually occurs.

Allozyme allelic frequency fluctuations in the hybrid
swarm population of Gnathopogon in Lake Ono were
monitored for twenty years from 1988 through 2007, and

the findings discussed below.

Materials and Methods

A total of 875 hybrid Gnathopogon fish (Fig. 1) were

collected from Lake Ono in April, May or September

Fig. 1. Gnathopogon from Lake Ono, 66.5 mm SL (standard length).
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from 1988 through 2007 (Table 1, Fig. 2). All samples
were frozen immediately after collection for allozyme
analysis. Samples taken in 1988, including G. caerulescence
and G. elongatus from the Lake Biwa basin, were
analyzed by Sakai et al”. The 1989 sample was reported
by Sakai & Yonehana®.

Small pieces of muscle and liver were removed from
the frozen samples for allozyme analysis. Gene products
of five allozyme or protein coding loci which were
variable in the Lake Ono population® were investigated
by standard horizontal starch gel electrophoresis and
zymogram methods®: Glycerol-6-phosphate isomerase
(E.C. 5.3.1.9, Gpi-1*, Gpi-2*), phosphogluconate
dehydrogenase (E.C. 1.1.1.44, Pgdh*), phosphoglucomutase

Sea of Japan

Lake Ono

/ Yamaguchi Prefecture

Seto Inland Sea

(E.C. 5.4.2.2, Pgm*), and general protein (Prot-2¥). The
number of analyzed loci varied from one to five in
different years, although all five loci were analyzed in
samples from 1988, 1992, 1999, 2001, 2003 and 2006.

Observed and expected heterozygosity (Ho and He)
and allelic frequencies were calculated from observed
genotypes. Hardy-Weinberg expectation was tested by
chi-square test (X’ test), summing minor genotypes to
number five or more.

Allelic frequency fluctuations were also tested by X
test for independence between number of alleles and
years over twenty years, summing minor alleles

numbering fewer than five.

—_—Z

50 km

/
%amaguchi Prefecture

Kyushu

36°N

Lake Biwaﬂ

34°N

132°E 134°E

136°E

Fig. 2. Map of western Japan showing Lake Ono, a dammed reservoir on the
Koto River system, Yamaguchi Prefecture.
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Table 2.
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Results and Discussion

Allelic frequencies, heterozygosities and results of chi-
square tests for Hardy-Weinberg expectation are shown
in Table 1. The number of observed genotypes at all loci
of all samples showed insignificant departure from the
Hardy-Weinberg equilibrium (p = 0.074-1.000). Although
Ho and He varied with both years and loci, mean values
at five loci were relatively stable, being higher than
those of G. caerulescence and G. elongatus. Ho/He were
around 1.000 (0.951-1.072). These results indicated that
the Lake Ono Gnathopogon hybrid swarm had been a
Mendelian population over the twenty year period.

Fluctuations in the number of alleles over twenty
years are shown in Table 2. The independence test
between number of alleles and years indicated that the
former was relatively stable and independent from the
latter for Pgm*, Gpi-2*, Pgdh* and Prot-2* (p = 0.070-0.680)
except for Gpi-1*, in which allelic numbers differed
significantly over time (p = 0.007), even after Bonferroni
correction. Although the Prot-2* alleles are almost
displaced between G. caerulescence (*a) and G. elongatus (*b)
(Table 1), the Gnathopogon population in Lake Ono has
been having both alleles stably for twenty years (p =
0.680, Table 2), strongly indicating the Lake Ono
population is a hybrid swarm between the two species.

The overall results indicated that the Gnathopogon
population in Lake Ono was in a rough hybrid swarm

equilibrium, although the allelic frequency of each locus

Chi-squear test for independence between number of alleles (minor alleles less than 5 are summed) and years observed in samples of Gnathopogon fish

from Lake Ono from 1988 through 2007
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had been fluctuating to some extent. In particular, Gpi-I1*
exhibited significant fluctuations, possibly indicating that
the effective population size of the hybrid swarm was
not so large as to maintain a stable Mendelian population.

Judging from the allelic fluctuating extent of the Lake
Ono population as discussed above, the Grathopogon
hybrid swarm is likely to continue in the lake, complete
elimination of genes of one or other species being difficult.
However, allelic frequencies at such loci as Gpi-1* have
been fluctuating significantly, probably because of the
relatively small effective population size. This indicates a
possibility of future extinction of some alleles at
particular loci through genetic drift, resulting in a

reduction of genetic variability in the population.
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