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Abstract—Amaong Salmo salar and S. trutta parr in the Keret and Nilma rivers: White Sea Basin, hybrids
between these species have been identificd by means of electrophoresis. The toci coding the enzymes esterase-D
(ESTD*) and mannose-b-phosphateisomerase (MPI*) were used (or their diagnostics. 1t is supposed that the
origin of hybrids between these two species in nature has resulted mainly from anthropogenic influences.

INTRODUCTION

The origin of interspecific hybrids is interesting for
a researcher as a good example of relativity of the
reproductive criteria of species. Studies in hybridiza-
tion of Salmo salar with Salmo rrutta also have a prac-
tical value. A high mortality rate during ontogenesis
and disturbances in gonad structure have been observed
in their first generation hybrids. Hybrids of the second
genesation and backcrosses usually die at early devel-
opmental stages (Alm, 1955). So, the appearance of
hybrids between these two species in fish hatcheries
and in natural populations is undesirabte. However, the
identification of hybrids of these species is related to
some difficulties. The differences of these hybrids from
parental species in morphological characters are insig-
nificant (Jounes, 1947). S. salar, S. trutta, and their
hybrids differ in chromosome numbers (Svardson,
1945; Nygren etal., 1975). However, Kkaryological
analysis takes a lot of time and has little use for the
studies of large numbers of fishes. The hybrids also dif-
fer from parental species in some osteological charac-
ters (Kazakov et al., 1982), the level of variability of
the mass of ovulated eggs (Kazakov and Il'enkova,
1982), and the morphology of gill rakers (Kazakov
et al., 1984). However, these characters have only been
used for the identification of hybrids among spawners
in fish hatcheries.

The identification of natural hybrids between
S, trutta and S. salar by the use of genetic methods is
also possible among the young. These species possess
differences in the electrophoretic mobility of some pro-
teins: esterases (Nyman, 1970), glucosephosphate
isomerase (Guyomard, 1978), phosphoglucomutase
(Beland er al., 1981), octano! dehydrogenase (Osinov,
1984), supcroxide dismutase (Crozier, 1984), malik-
enzyme, xantine dehydrogenase (Vuorinen and
Piironen, 1984), and esterase-D (Semenova and
Slyn’ko, 1988). Differences between these species
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have also been found in the structure of mitochondrial
(Gyllensten and Wiison, 1991) and nuclear (Gross
et al., 1996) DNA.

Genetic markers allowed the discovery of the
hybrids between S. salar and S. trufta in aimost all
regions where these species are sympatric: the rivers of
North America (Beland er al., 1981; Verspoor, 1988;
McGowan and Davidson, 1992), northern Spain (Gar-
cia de Leaniz and Verspoor, 1989; Moran ef al., 1993),
the British Isles (Payne eral, 1972; Solomon and
Child, 1978; Taggart et al., 1981; Crozier, 1984; Hur-
rell and Price, 1991; Youngson et al., 1992, 1993; Jor-
dan and Verspoor, 1993; Wilson er al., 1995; Hartley,
1996), the Rhine drainage (Schreiber er al., 1994), the
Baitic Sea basin (Semenova and Slyn’ko, 1988; Jans-
son et al., 1991; Gross et al., 1996), Norway (Stahl,
unpubiished data, in Heggberget et al., 1988), and in
the Barents Sea Basin {Semenova and Slynko, 1988;
Elo et al., 1995).

Hybrids between S. salar and S. trutta have not been
found in rivers of the White Sea basin (Semenova and
Styn’ko, 1988), and the suggestion on the hybrid origin
of S. rrutta in Pyaozero Lake (Mel'yantsev, 1951) has
not been confirmed (Makhbrov, 1995). This paper con-
tains data on the hybrids identified in the study of the
genetic variation of S. rrutta and S. salar in the White
Sea basin.

MATERIALS AND METHODS

Materials were collected in the systems of three riv-
ers of the White Sea basin, where populations of
S. salar and S. trutia exist, namely the Kachkovka,
Nilina, and Keret (Fig. 1). These rivers differ in the
extent of anthropogenic influence. Uncontrolled fishing
of S. salar takes place in all three rivers, but less so in
the Kachkovka where no settlements exist. In the
Keret’ River, the fishing of S. salar has been performed
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Fig. 1. Regions of material collecting: (7) the Kachkovka River; (2) the Nilma River; (3} Sukhoi rapid; (4) rapid upwards from

Novoe Lake,

since 1968 by the concentrated catch method. Fifty per-
cent or more of spawners were realized in the river, and
a proportion of caught fishes were used for arttficial
breeding. Since 1991, the catches have decreased sig-
nificantly, and since 1994 spawners have been caught
only for breeding purposes. Currently, more than a half
of producers of S. salar in the Keret’ are artificial in ori-
gin (data from Karelrybvod).

The materials were collected over the whole length
of the Nilma River, in the Kachkovka River system
(from the tributary of the Nizhnyaya Kottevaya near the
place of its confluence in the Kachkovka). In the Keret’
River, the materials were collected from Sukhoi Porog
and from rapid above the Novoe Lake (Fig. 1). Fishes
were collected using electrofishing. The samples stud-
ied were represented mainly by the young and dwarf
males. The fishes caught from the Keret’ were signifi-
cantly smatler than the young from the hatchery
released in to this river. Therefore, they had a natural
origin. The years of material collecting and sample
sizes are shown in table. After biological analysis

(Pravdin, 1966), the fishes were frozen and transported
in this condition.

We used white muscles for the analysis. The electro-
phoresis of proteins was performed in 7.5% polyacry-
lamide gel in the apparatus described by Truvetler and
Nefedov (1974), using a tris-gel buffer EDTA-borate
(Peacock et al., 1965). The activity of the enzymes
esterase-D (Ahmad et al., 1977) and mannose-b-phos-
phate isomerase (Allendorf ef al., 1977) were identified
in the gels.

RESULTS

Esterase-D is quite suitable for the identification of
hybrid individuals. This enzyme keeps its activity for a
long time during storage, is easily identified in gel, and
the identification of genotypes does not face any diffi-
cuity. The locus ESTD* coding the esterase-D is mono-
morphic in the S. frutia samples studied by us but poly-
morphic in S. salar. The allele ESTD*71 was fixed in
S. trutta, the alleles ESTD*100 and ESTD*92 in
S. salar, which correspond to data from Semenova and
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Slyn’ko (1988), although these authors indicate other
values of the electrophoretic mobility of allele variants
of esterase-D.

No hybrids were found in the Kachkovka River.
Three hybrid individuals were found in the Keret’
River, in a rapid above Novoe Lake. Their proportion
was 10.4%. One of these individuals had genotype
ESTD*71/100, two others ESTD*71/92. Ali these were
brood of the year: O+. One hybrid with genotype
ESTD*71/100 at the age of 3+ (proportion 1.6%) was
caught from the Nilma River in 1993 (table). One more
individual, brood of the year with the same genotype,
was identified in the sample of young S. salar (n = 100,
proportion 1.0%) caught from the Nilma River in 1996,
and was kindly provided for study by M.V. Ofitserov.
Therefore, these individuals belong to different genera-
teons.

Initially, we did not plan to use mannose-b-phos-
phate isomerase for the identification of hybrids. Vari-
ability of the locus MPT* coding mannose-b-phosphate
isomerase has been examined only in the samples of
S. trutta where the afletes MPI* 100 and MPI*105 have
been identified. However, in the course of the study, we
have found that all hybrids identified using the analysis
of wvariation of the locus ESTD*, had genotype
MPI*100/107. Studies of the sample of S. salar from
the Niima River (n = 20) revealed that the allele
MPI*107 is fixed in S. salar (Fig. 2), i.e., the locus
MPI* is aiso diagnostic for S. trutta and S. salar.

DISCUSSION

Identification of hybrids. Earlier, the locus MPT* did
not fit in the diagnostic for S. salar, S. truita, and their
hybrids, although some researchers have compared
them in these species (Johnson and Wright, 19806; Elo
et al., 1995). Apparently, this related to the fact that
these authors used other gel buffer for analysis.

The results of the analysis by loci ESTD* and MPI*
coincide. Ali hybrids found have a “hybrid” phenotype
by both diagnostic loci. Therefore, they seem to be first
generation hybrids (F;). No individuals having a
“hybrid” phenotype by only one diagnostic locus, i.e.,
backcrosses and second generation hybrids (F;), were
found. At the same time, it should be noted that the
backcrosses obtained artificially had “hybrid” geno-
types by many loci (Semenova and Slyn’ko, 1988). The
progeny from the crossing of females of the hybrid and
males of S. salar (Johnson and Wright, 1986} were rep-
resented by gynogenetic individuals and triploids. The
progeny from the crossing of hybrid female and
S. trutta males were represented mainly with triploids
but some individuals were diploids (Dannewitz and
Jansson, 1996).

Recombinant genotypes were identified only in
progeny from the crossing of hybrid males and S. salar
females (Nygren et al., 1975; Wilkins et al., 1993). In
these experiments, substantial mortality rated of back-
No. |
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Rivers, years of material collecting, and sample sizes

Sample sizes, spec.
Water body Year
Salmo salar| Salnio trutta |hybrids

the Nilma River | 1992 f 29 -

1993 9 51 1

1994 16 63 -

1995 37 14 -
the Kachkovka 1994 29 35 -
River
the Keret’ River, | 1995 16 - -
Sukhot rapid
the Keret” River, | 1995] 18 8 3
above Novoe Lake

crosses were observed at early stages of development.
However, it cannot be excluded that under certain con-
ditions they can survive and produce progeny. Many
facts evidence the introgression of genes from the pop-
ulation of S. salar to that of S. rrutta and back (Verspoor
and Hamimar, 1991). At the same time, it has been dem-
onstrated that the expression of some genes of one of
the parental species may be suppressed in Fy hybrids
(Nygren er al., 1974; Jansson and Dannewitz, 1995).
Such individuals may be considered as F, hybrids or
backcrosses.

Level of hybridization in different rivers. In our
study, as in the majority of others, hybrids have been
found among young fish. At the same time, hybrids
among spawners have been described (Payne et al.,
1972; Youngson et al., 1992). The proportion of hybrids
among spawmers is extremely high, 18.8-31.4% in the
Narva River, the Baltic Sea Basin (Semenova and
Slyn’ko, 1988). In alt probability, these hybrids have
appeared mainly due to crossing of $. salarand S. trutta
in the Narva Fish hatchery (Kazakov et al., 1982).

The highest proportion of hybrids was noted by us
in the Keret’ River exposed to the most intensive fish-
ing. In the more favorable Nilma River the proportion
of hybrids is lower. In the Kachkovka River, under the
fowest anthropogenic pressure, no hybrids were found.
Hybrids were not found or were very rare in other rivers
of the Kola Peninsula (Semenova and Styn’ko, 1988),
as well as in many rivers of Norway and northern Fin-
land (Heggberget et al., 1988; Elo et al., 1995), which
face lower anthropogenic pressures than other salmon
rivers of Europe.

At the same time, the proportion of hybrids S. salar X
S. trutta is very high in some rivers of Sweden, up to
23% (Jansson et al., 1991) and in England up to 18.2%
(Hartley, 1996), although for rivers of the British Isles
their much lower proportion has been indicated earlier
(Paine et al., 1972; Solomon and Child, 1978; Crozier,
1984; Hurrell and Price, 1991; Jordan and Verspoor,
1993). The frequency of hybridizations of . salar with
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Ci — 100
25105
et — 107

Fig, 2. Electrophoretic phenotypes of mannose-b-phosphate
isomerase: (/) S. truita, MPI*105/105; (23 S, iruna,
MPI*100/105; (3) S. frutta, MPI* §00/100; () hybrid,
MP1*100/107; (5) Saime salar, MPI*107/107.

S. trutta seem to the increase with increase of anthropo-
genic pressure on natural water bodies.

Anthropogenic factors promoting hybridization.
The origin of hybrids in the Nilma and Keret’ rivers
may relate to the population decline of S. safar, result-
ing from fishing. Hybrids may appear when single
fishes, reaching spawning sites, cannot find a partner of
the same species. In addition, with the population
decline in S. salar, the proportion of dwarf males seems
to increase (Gibson, 1978). In the Nilma River, the
majority of S. salar males mature without migrating the
sea (Kuzishchin, 1997). Hybrids S. salar X S. trutta are
often encountered in rivers where the proportion of
dwarf males is high in populations of S. salar (Garcia
de Leaniz and Verspoor, 1989; Jansson eral., 1991;
McGowan and Davidson, 1992; Elo etal., 1995).
S. salar dwarf males may participate in the insemina-
tion of eggs together with anadromous males, but usu-
ally the larger anadromous males push out the dwarfs
from the female before spawning (Myers and Huich-
ings, 1987). This seems to prevent dwarf males recog-
nize the female correctly and they may mate with the
female of S. trutta.

The gonads of dwarf males of S. frufta can be
mature for a long time before spring {Scrochowska,
1969). Consequently they can also participate in the
spawning of S. salar, which takes place later than that
of S. trutta. Analysis of mitochondrial DNA revealed
that hybrids can be formed as a result of the reciprocal
crossing of S. trutta and S. salar (McGowan and David-
son, 1992; Youngson et al., 1992, 1993; Hartley, 1996).

Probably, hybridization can be promoted by the
presence of spawners from fish hatchery on the Keret’
River, as it was noted that artificially reared S. salar
females crossed with S. trutta more often than wild
ones {Younson etal., 1993). A.G. Osinov (personal
communication) has found hybrids of S. salar with
S. trutta in the Luven’ga River where the reared young
of S. salar are reieased.

Undoubtedly, hybridization sometimes occur in riv-
ers not influenced by anthropogenic factors. However,
as a rule, sympatric populations of 5. salar and S. trutia

differ in time of reproduction and, to a lower extent, in
the place of spawning (Heggberget et al., 1988).

Apparently, the hybridization of S. salar with
S. truita in natural habitats largely resulted from
anthropogenic influence. To prove it, we need yearly
monitoring of the level of hybridization of these species
in rivers influenced by anthropogenic activity.

Unfortunately, we should indicate that the hybrid-
ization of S. salar with S. trurta should be added to a
long list of unfavorable consequences of anthropogenic
influences on the White Sea rivers where S. safar repro-
duces. In this way, the appearance of natural hybrids
among spawners used in salmon fish hatcheries is pos-
sible. To prevent this, it is necessary to realize the con-
trol of species of spawners; most desirably by the use of
genetic methods.
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