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Summary
The genetic variability of 7 fish-farm strains and 14 wild populations of brown trout
studied by electrophoretic analysis of 23 enzyme systems coded for by 52 loci. The
total gene diversity was high (0.112) as compared to other salmonid species, but only
45 p. 100 was found within the populations, indicating an extreme genetic differentiation
in brown trout. UrcNtn clustering analysis subdivided the populations into 4 major groups,
i.e. 2 in Corsica, 1 in Brittany and a 4 th one closely clustering the Norman wild anadromous
populations with the hatchery strains. These results suggest that Breton and Corsican
samples represent native stocks, but that some hatchery introgression or contamination is
possible in Norman rivers. This last assumption could explain the coexistence of 2 electrophoretically differentiated ecotypes in one Norman drainage. The genetic distances between
Corsican and continental samples are consistent with previous meristic studies reporting the
occurrence of a differentiated form in Corsica.
According to the heterozygosity level and genetic distance values, a severe bottleneck
effect is unlikely to have occurred except in one of the wild populations. The hatchery
strains showed a high genetic similarity which could be interpreted as a founder effect
by an initial sampling in a restricted area of the species range.
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Résumé

Génétique des populations françaises de truite fario (Salmo trutta L.) :
forte différenciation géographique des populations naturelles
et similitude génétique des souches d’élevage
La variatibilité électrophorétique de 23 systèmes codés par 52 locus a été examinée
dans 7 souches de piscicultures et 14 populations naturelles de truite fario. Par rapport à
d’autres espèces de salmonidés, la truite fario se distingue par une variabilité totale
élevée (0,112) et un fort degré de différenciation interpopulation, la variabilité intrapopulation ne représentant que 45 p. 100 de la variabilité totale. L’analyse des distances
GPMA fait apparaître 4 principaux groupes,
génétiques par agglomération hiérarchique U
2 en Corse, 1 en Bretagne et un 4" regroupant les populations naturelles normandes et les
souches de pisciculture. Ces résultats suggèrent que les échantillons corses et bretons

représentent des stocks autochtones, mais que des phénomènes de contamination ou d’introgression ont pu se produire dans les rivières normandes. Ces phénomènes pourraient bien
être à l’origine de la coexistence de deux écotypes génétiquement distincts dans l’Orne
(Normandie). Les distances génétiques entre populations corses et continentales sont
cohérentes avec des études méristiques antérieures indiquant la présence d’une forme
différenciée en Corse. Les valeurs des taux d’hétérozygotie et des distances génétiques
suggèrent que ces populations naturelles, à l’exception d’une, n’ont subi aucune perte
importante de variabilité par dérive génétique.
Par contre, les souches domestiques étudiées constituent un ensemble peu différencié.
Ceci pourrait résulter d’un effet fondateur dû à un échantillonnage initial dans une aire
restreinte du domaine de

l’espèce.
électrophorétiques, génétique
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des populations, Salmo trutta.

Introduction

Some general biological and historical features of salmonids are, a priori, in
favour of the appearance of evolutionary divergences, i.e. ( 1 ) a large species range
RIMMON & MARSHALL, 1968), (2) a subdivision of this area into independent
(Mac C
hydrographic drainages, the geographic isolation between migratory forms being
maintained by homing, and (3) the occurrence of multiple colonizations corresponding
to different geological periods (quaternary glaciations) (G
I
E
B
x
E,
i
, 1972 ; N
ELDIAY

1968, 1972).
In brown trout, these factors seem to have been amply operative when considering
the extreme phenotypic diversity and the large number of geographical and ecological
forms described (B
, 1968, 1972). However, all these arguments, although
EHNKE
suggesting the possible existence of differentiations, do not constitue proofs of genetic
divergences. On the one hand, the biological characteristics and historical conditions
could have been inefficient. Homing is not complete and erratic individuals always
occur (T
RPE & ,
O
H
ITCHELL 1981). It seems that migration at the rate of one migrant
M
individual per local population per generation is generally sufficient to obscure any
disruptive effect of drift (SrIETII, 1974). This does not mean that such a migration
rate is sufficient to maintain statistically identical allele frequencies between populations (A
LLENDORF & ,
HELPS 1981). Successive colonizations by genetically different
P
forms could lead to the elimination of some of these forms through competition or
introgression. On the other hand, the recognition of ecological or geographical forms
is based on phenotypic differences of characters, the variation of which could be
strongly influenced by the environment.
In fact, evidence of a large genetic differentiation between brown trout populations has been provided by the electrophoretic approach. These studies, up to
now limited to a small part of the species range, Scandinavia, British Isles and
France, have revealed the extreme geographical diversity within this species (T
,
AGGART
RI &
K
1981 ; FERGUSON & FLEMING, 1983 ; RY
AN, 1983 ; EG
M
GUYOMARD, 1983)
and several sympatric situations (A
ERGUSON & MASON, 1981 ;
LLENDORF et al., 1976 ; F
RGUSON & FLEMING, 1983).
E
F

We have undertaken an extensive study of the genetic structure of wild brown
populations from French rivers. Because of the importance of fish-farm production of brown trout and the possible effect of restocking practices on wild stocks,
trout

hatchery strains were also investigated. Electrophoretic
presented here.

variations of these

populations

are

Three major questions will be treated and discussed with respect to evolution and
genetic management : (1) What is the genetic differentiation between major areas,
the Atlantic and Mediterranean provinces, that could have been isolated for a
relatively long period ? (2) What is the level of differentiation within each area,
i.e. the Mediterranean area considered as a high diversity zone for brown trout
, 1968) and the Atlantic area where evolutionary relationships between
EHNKE
(B
predominantly resident populations (e.g. Brittany) and predominantly anadromous
populations (e.g. Normandy) have not been established yet ? (3) How much of the
genetic variability of the species is found in hatchery strains ?

H.

Material and methods

Origins and main characteristics of wild and hatchery stocks
Hatchery stock sampling was based on the results of

in table 1.

studied

are

reported

inquiry made in
brown trout fish-farms. This survey showed that about 80 p. 100 of the production
or strains originated from less than 10 « pivot-hatcheries » (GUYOMARD, unpublished
results). The 4 most important hatcheries were selected and studied (populations 1,
2, 3 and 6, table 1). A 5th important stock (Bidarray hatchery, Pyrénées atlantiques)
an

studied elsewhere (G
UYOMARD et al., 1984). Moreover, populations 4 and 5,
called « synthetic populations », resulted from crosses between spawners collected
invarious hatchery stocks (including stocks 1, 2, 3 and 6).
was

Tissue

samples

were

stored at

-

30 °C until

electrophoretic analysis.

The following 23 enzymes were studied : AAT (aspartate aminotransferase),
ADH (alcohol dehydrogenase), AGP (a-glycerophosphate dehydrogenase), AK (adenylate kinase), ALD (aldolase), CPK (creatine kinase), DIA (diaphorase), EST (esterases),
FDP (fructose-1,6-diphosphatase), FUM (fumarase), IDH (isocitrate dehydrogenase),
LDH (lactate dehydrogenase), MDH (malate dehydrogenase), ME (malic enzyme),
6-PGDH (6-phosphogluconate dehydrogenase), PGI (phosphoglucose isomerase), PGM
(phosphoglucomutase), PMI (phosphomannose isomerase), P-ALB (para-albumin),
SDH (sorbitol dehydrogenase), SOD (superoxide dismutase), TFN (transferrin), XDH

(xanthine dehydrogenase). Electrophoretic and staining techniques for AK, ALD,
CPK (only Cpk-3), DIA, EST, FDP, FUM and XDH are summarized in table 2.
For all these enzymes, the staining components were dissolved in 15 ml staining
buffer, mixed to 10 ml 2 p. 100 agar staining buffer and poured over the gel layer.
oy
Electrophoretic procedures for the other enzymes were described elsewhere (Gu
MARD &
ARRIS &
RIEG 1983). All these staining techniques were derived from H
K
,
OPKINSON (1976), B
H
LLENDORF l
A
t
ll. (1977), M
AY (1980).
The locus and allele nomenclature followed the general recommendations proposed
A
L
LENDORF & U
TTER (1979). Comparisons with results from other studies
YMAN al., 1979 ; R
R
t
YMAN & ,
RT et C
A
AGG
(T
, 1981 ; B
L
I
TAHL 1981 ; ,
S
YMAN 1983 ;
R
ERGUSON & ,
F
LEMING 1983) were based on a conservative approach described in
F

by

previous

UYOMARD &
i al., 1981 ; G
B
AGGART
papers (T

RIEG 1983).
K
,

All the allele frequencies were determined by direct allele counting ; for the
duplicate loci, Aat-1,2, Cpk-1,2, Fum-1,2 and Mdh-3,4, the genetic interpretations
of the electrophoregrams were based on the relative banding intensities. Whenever
possible (i.e. more than 2 observations in every cell), Chi-square tests were performed
for determining the gene frequency heterogeneity between populations. The same
tests were applied for checking whether the genotype frequencies were in agreement
with Hardy-Weinberg proportions.
Population heterozygosities, standard and minimum genetic distances were
estimated according to N
EI (1975).
EI (1973) and C
HAKRABORTY ( 1980)
diversity analysis proposed by N
applied to our data ; if all the populations have the same numerical weight, the
total heterozygosity or gene diversity (Ht) can be partitioned into 2 components,
Hp, the average population heterozygosity or gene diversity within populations and
DT, the average minimal distance or gene diversity between populations. This par, 1973).
EI
titioning can easily be extented to any degree of hierarchical subdivision (N
In this paper, the total gene diversity of wild populations will be subdivided into
average gene diversity within population (Hp), average gene diversity between
populations within geographical group (Dp) and the gene diversity between geographical groups (DG ).

The gene

was

The dendrogram was
distances (S
NEATH &

genetic

generated by

the UPGMA cluster

analysis

on

standard

OKAL 1973).
S
,

III.

Results

Most of the systems studied have been previously analysed (A
LLENDORF et al.,
GGA aL, 1981 ; A
A
T
l
B
UYOM
G
R
D & G,
RIEG & ,
1977 ; RT
RIE 1983 ; K
K
UYOM
G
R
A
D
1983). Their description and genetic interpretation being similar from one author
to another, only the systems showing a new polymorphism or electrophoretic pattern
which differ from
AK : in the

bands, instead of

arbitrarily

published interpretations

will be described in detail.

muscle, this system
one

assumed AK

was always represented by 3 distinct invariant
(A
et al., 1977) ; however, we
previous reports LLENDORF
to be coded for by one locus in this tissue.

in

ALD : only one invariant band
studies (A
DORF et al., 1977).
rr
LLE

was

observed in the eye instead of 2 in

previous

FDP : B
LLENDORF al. (1977) found an invariant 3 banded pattern for this
A
i
enzyme in the liver and suggested a « two fixed loci » genetic model for a dimeric
enzyme. This assumption proved to be correct by the di-allelic polymorphism observed
at Fdp-1 in our samples and by the analysis of fullsib families (K
, 1984) and
RIEG

, unpublished results).
UYOMARD
gynogenetic lines (G
FUM : cross breeding data showed that this system was coded for by 2 duplicated
loci in the muscle (G
, unpublished results). These 2 loci possessed a common
UYOMARD
allele Fum-1,2 (100) ; when both loci were fixed for this allele, muscle FUM

electrophoregrams

exhibited

two-banded pattern

a

(1977). When variations occcurred

as

desccribed

by

LLENDORF et al.
A

Fum-1,2, these 2 bands were replaced by
2 identical and sometimes overlapping multibanded patterns. Thus, one of these
2 bands (or groups of bands) represents either a heterotetramer product of Fum-1,2
and a 3rd locus, or an artefact ; in our electrophoretic conditions, the 2 hypotheses
were possible. Five alleles or more were observed at Fum-1,2 and the genetic basis
of 3 of them [Fum-1,2 (100), (130) and (140)] was verified.
at

ME : in all the populations except ,
IVACO the fast moving supernatant ME
Z
exhibited a 5 banded pattern ; cytosolic ME was therefore assumed to be coded
for by 2 loci Me-3 and 4. The same genetic model was proposed by V
UORINEN (1984)
for supernatant ME in vendace (Coregonus albula L.).
SOD : variations involving 2 alleles were observed at Sod-1 in the liver and
muscle. The enzyme encoded by this locus was tetrameric like the mitochondrial form
in some other vertebrates (H
ARRIS & ,
OPKINSON 1976).
H

The genetic nature of the observed variations was proven for Aat-1,2, Agp-2,
UYOMARD & ,
RIEG 1983), Aat-4, Fdp-1, Idh-3,
K
Cpk-1,2, Mdh-2, Mdh-3,4, Pmi-2 (G
Sdh-3, Sdh-1 (K
, 1984), Fum-1,2, 6-Pgdh-2 and Pgi-2 (G
RIEG
, unpublished
UYOMARD

results).
In the absence of breeding data, the genetic nature of the observed electrovariation has been inferred for some loci under the following criteria
LLENDORF & ,
(A
TTER 1979) : (1) electrophoretic variations conforming to the
U
known molecular structure of the proteins ; (2) consistent individual phenotypes
from multiple tests of a tissue ; and (3) similar expression of the variant from different
tissues of the same individual.

phoretic

The 20

populations

were

systematically analysed for

46 loci. DIA and ALD have

not been resolved clearly enough in all populations. Variations at Est-3 were difficult
to interpret. The tetrameric structure of FUM and the high number of alleles at Fum1,2 complicated the identification of all the genotypes and did not permit an accurate
frequency estimation in most hatchery and Norman populations. In these populations,

Fum-1,2 (70)

was never

observed.

Allele frequencies are reported in table 3. 21 loci were monomorphic in all
populations. On the contrary, the allele frequency variations ranged from 0 to 1 at
11 loci (Cpk-1, Est-4, Est-5, Fdp-1, Ldh-3, Ldh-5, Mdh-2, Me-1, Me-4, Pmi-2 and
Sdh-2). Some populations possessed some unique alleles at frequencies close to one
(fig. 1). Thus, a large genetic heterogeneity is clearly present in French brown trout.

Hardy-Weinberg proportions were tested in all the populations. Only Orne
a significant deviation from the Hardy-Weinberg equilibrium
(Chi-square values summed over Aat-4, Fdp-1, Mdh-3,4, Sdh-1).
(pop. 11) showed

This deviation, mainly explained by an excess of Mdh-3,4 (100/100/75/50) and
deficit of Mdh-3,4 (100/100/100/50) genotypes, was significant in 3 cases, (1) only
Mdh-3 or Mdh-4 polymorphic (p < 0.01), (2) both loci polymorphic with the same
allele frequencies (p < 0.005), (3) both loci polymorphic with the allele 75 occurring
only at Mdh-3 and allele 50 only at Mdh-4 (p < 0.005).
a

Loci at which

table 4. Four

major

significant
«

statistical

gene

frequency differences were found are given in
» appeared : Brittany (pop. 15-18), Normandy-

zones

Hatchery (pop. 1-13), Evisa (pop. 19 and 20) and Zicavo (pop. 21). Some genetic
heterogeneity was found within the « Normandy-Hatchery » cluster (pop. 1-13). Significantly different allele frequencies between samples within the same drainage were
found only in the Orne river ; Orne sea-trout (pop. 10) and Orne (pop. 11) displayed
statistically significant differences at 4 loci, Aat-2, Mdh-3, Pgi-3 and Pmi-2. If we
assume that the 2 samples belong to the same reproductive unit, the frequency heterogeneity would mean that (1) there is genetic variability within the population for

the

anadromous-sedentary character, (2) Aat-2, Mdh-3,4, Pgi-3 and Pmi-2 are linked
anadromous-sedentary» genes. As linkages between so many protein loci and
possible anadromous-sedentary genes are unlikely, gene frequency differences
between Orne (pop. 11) and Orne (pop. 10) sea-trout will rather be interpreted as
resulting from the mixture of differentiated genic pools.
to

«

«

»

The high level of geographic differentiation between wild populations as well as
the existence of geographical groups were well evidenced by the genetic distances,
heterozygosities, dendrogram (tabl 4, fig. 2) and hierarchical analysis of the total
gene diversity (fig. 3). Fifty p. 100 of the genetic variability was between groups and
only 6 p. 100 between populations within groups. By contrast, the hatchery strains
exhibit a relative genetic identity T
(DT /H = 6 p. 100). There was a rather high
similarity between hatchery and Norman populations.

Hp : Average gene diversity within population ; D5 : Average gene diversity between
geographical groups (only reported for our study) ; D!’ Average gene diversity between
populations within geographical groups ; DT : Average gene diversity between populations ;
OUDENSLAGER & ,
ALL 1980 : 24 populations, 35 loci ; (2) Reviewed by ,
G
(1) L
YMAN 1983 :
R
18 populations, 26 loci ; (3) Reviewed by ,
YMAN 1983 : 38 populations, 16 loci ;
R
UYOMARD
(4) Data from CROSS (including canadian populations), 1982 ; ,
YMAN 1981 ; G
R
(unpublished results) : 10 populations, 32 loci ; (5) Same data as (4) without canadian
populations : 8 populations, 32 loci ; (6) ,
YMAN 1983 : 35 populations, 35 loci ;
R
(7) Our study : 12 wild populations, 46 loci ; (8) Our study : 8 hatchery populations,

46 loci.

*Diversité génique moyenne
?
moyenne intrapopulation ; D
p
: Diversité génique
géographiques (uniquement pour notre étude) ; D
moyenne entre populations intragroupe géographique ; DT : Diversité génique moyenne
entre populations; (1) LOUDENSLAGER &
GALL, 1980 : 24 populations, 35 locus; (2) Dans
, 1983 : 38 populations,
AN
YMAN 1983 :18 populations, 26 locus; (3) Dans RYM
R
,
16 locus
- (4) Données de CROSS (populations canadiennes comprises), 1982 ; de
UA
G
M
O
D
Y (résultats non publiés) : 10 populations, 32 locus ;
YMAN l!81 ; de R
R
,
($) Données identiques à (4) à l’exclusion des populations canadiennes :8 populations, 32 locus; (6) R
MAN, 1983 :3$ populations, 35 locus; (7) Notre étude :
Y
,12 populations naturelles, 46 locus; (8) Notre étude : 8 populations domestiques, 46 locus.
Hp : Diversité génique

entre

groupes

IV. Discussion
A.

Geographical differentiation

between wild

populations

Although the lack of identical electrophoretic conditions or enzyme sample
precludes a rigourous comparison of published data from different laboratories,
2 major points may be emphasized in the comparative hierarchical analysis of the
genetic variability of closely related salmonid species (fig. 3), i.e. (1) the high level
of total gene diversity (H
T 0.112 ; fig. 3) and (2) the high relative magnitude of
j 55 p. 100 ; fig. 3) in
gene diversity between wild populations (DG -!- Dp/H
brown trout. This large amount of relative divergence between brown trout populations was previously pointed out (R
, 1983). Our results mainly differ from
YMAN
published information by the higher absolute values reported here, but, as mentioned
before, this apparent discrepancy could reflect differences in the electrophoretic
procedures used as well as in the intrinsic characteristics of the populations studied.
Due to the small number of sampled populations, it is impossible to determine
whether the 4 clusters we observed correspond to a clearcut geographical differentiation or only express the sampling discontinuity of the populations.
The local origin of Zivaco (pop. 19) and Evisa (pop. 20 and 21), is supported
oy
by their large electrophoretic divergence from the hatchery strains studied (Gu
MARD
et al., 1984 ; this paper ; ,
UYOMARD unpublished results) which have been the
G
only strains used for restocking Corsican drainages. Two hypotheses might explain
the large genetic distance between Zivaco and Evisa. On the one hand, this distance
is characteristic of salmonid populations from well-distinct genic pools, considered
as species (S
, 1981) or subspecies (L
MITH
OUDENSLAGER & ,
ALL 1980). As difG
ferentiation events and local colonization events seem to have been frequent in the
mediterranean area (B
, 1968), Zivaco and Evisa might belong to 2 distinct forms
EHNKE
which could have invaded the Corsican drainages. On the other hand, the low
heterozygosity level of Zivaco suggests that the large electrophoretic divergence
between the 2 samples might result from severe genetic drift or selection events and
=

=

an extreme situation. In such a case, additional studies could reveal
intermediate populations so that no obvious dichotomy would appear between
Corsican populations. In fact, both multiple colonization and full intergradation
might have occurred during the recent evolution of Corsican stocks. Evisa which,
to some extent, is intermediate between continental and Zicavo populations (table 4)
could be an intergraded form between northern and meridional « Zivaco-like» (but

represent

more

polymorphic) populations.

A meridional subspecies, Salmo trutta macrostigma, has been distinguished from
northern populations by fewer pyloric caeca, vertebra and gill rakers (B
, 1968).
EHNKE
Its native range is thought to include Corsica (ROULE, 1933 ; ,
PILLMAN 1961). Our
S
electrophoretic data confirm to some extent the originality of Corsican populations
suggested by some meristic studies. However, it seems premature and perhaps
meaningless to assign Evisa (pop. 20 and 21), Zivaco (pop. 19) or any other
Corsican population to Salmo trutta macrostigma, on the sole basis of their large
IVARI &
,
1
electrophoretic differentiation from continental stocks. As recent works (0
BRUN, in press) have shown that the number of pyloric caeca in some Corsican
populations could be more variable and higher than previously reported, a first simple

caution is to check these populations for the discriminant characters. Moreover, the
morphological similarities on which the Salmo trutta macrostigma concept is
might rather reflect an adaptative or epigenetic convergence than taxonomic re-

based

lationships.
The remaining wild populations can be divided into 2 well differentiated Norman
and Breton groups, but a clinal or more complicated pattern of geographical
variations could possibly emerge from a systematic sampling between Orne and
Elorn rivers. Breton wild populations differ considerably from hatchery populations
and could be considered as native. On the contrary, the Norman populations are
close to the domesticated strains so that hatchery introgression and contamination
cannot be excluded.
F
E
RGUSON & F
LEMMING (1983) have hypothesized the existence of 2 geographical
in the British Isles, an « ancestral trout» and a « migratory trout » possessing
Ldh-5 (105) and Ldh-5 (100) respectively, at very high frequencies. These authors also
suggested that these 2 races could have undergone their differentiation during the
WURM III phase of the last glaciation. South-Brittany and Norman populations fixed
for Ldh-5 (105) and Ldh-5 (100) respectively could be the French counterparts of
the 2 British « races ». However, their existence as well as their taxonomic relationships with the French populations are based on variations at a single locus and are
still highly spéculative.
races

Allele frequency variation at some loci (e.g. Ldh-1, Mdh-3,4, Sdh-1 and Pgi-3)
in Scandinavian stocks (R
YMAN et al., 1979 ; ,
YMAN 1983) also suggest large genetic
R
differentiations between some of these stocks and French populations.
The different heterozygosity levels between populations from different clusters
could reflect differences in the effective size of the populations. Slightly lower
estimates of heterozygosity were obtained by other authors (F
LEMIN
F
ERGUSON & G,
YMAN & ,
1983 ; R
TAHL 1981 ; ,
S
YMAN 1983) but this does not necessarily reflect
R
intrinsic differences between populations. The quite identical homozygosity levels as
well as the small genetic distances within the Norman and Breton clusters suggest that
no severe bottleneck effect had occurred in these populations.

B.

Ecological differentiation

In Orne river, an analysis of migratory (pop. 8 and 10) and resident (pop. 11)
collected in the same area evidenced 2 electrophoretically differentiated
stocks. This is the only noticeable case of genetic differentiation within a drainage
found in this study. Moreover, if some intra-population variability for resident-migratory behaviour exists, the 2 stocks could have contaminated each other and the genetic
distance between them could have been underestimated. Sympatric anadromous and
resident populations were found in Irish lake systems (C
, 1983), but they
ROZIER
were only self-sustained populations. In Orne river, the resident stock is naturally
reproducing. On the other hand, Orne sea-trout (pop. 10) and Orne smolt (pop. 8)
were quite similar to the hatchery strain used for restocking and could mainly represent

samples

artificially propagated stocks. So, the behavioural differences between Orne sea-trout
(pop. 10) and Orne (pop. 11) could rather reflect environmental differences in the
early stage fo development (i.e. natural versus artificial conditions) than genetic
differences between stocks.

The discrepancy between observed and expected genotype frequencies at Mdh-3,4
in the Orne sample might simply result from a mixture of genetically differentiated
stocks. In such a case, deviations from Hardy-Weinberg proportions are observed
during the 1 st generation and non-random associations between alleles at different
loci are generated for several generations (Li, 1955 ; M
AKELA & ,
ICHARDSON 1977).
R
to
the
indetermination
of
the
allele
Owing
frequencies at Mdh-3 and 4, and the small
size of Orne sample, we did not test this hypothesis of mixed stocks.
C.

Origin of hatchery strains and management implications

As 70 p. 100 of the hatchery stocks used originated from the hatchery strains
studied (G
, unpublished data), it may be concluded that domesticated
UYOMARD
stocks are highly similar. Two hypotheses may account for this relative similarity :
a selection towards a « domestic type », an instantaneous selection if some
wild populations do not stand the « breeding conditions » or a progressive one over
several generations ;
an initial sampling of the hatchery strains in a restricted area of the species
, 1983)
HORGAARD
, 1975), karyological (T
LLENDORF
range. There are electrophoretic (A
and historical ,
RIMMON 1971) evidences for such a « founder» effect in domesC
AC
(M
ticated rainbow trout which predominantly originated from trout native to Sacramento
river tributaries in northern California. It is to be feared that the original area of
the domesticated brown trout is now highly modified by intensive restocking in
we

-

-

Europa.
When released in some rivers, these hatchery strains can also exhibit some
anadromous trends (RICHARD, personal communication), but environmental as well as
genetic factors might explain this feature.
Some practical conclusions may be drawn from our results for the utilisation
and management of genetic variability. First, hatchery populations only exhibit
50 p. 100 of the total variability of the species, and wild populations should be
included in selection programmes. Secondly, a repeated use of hatchery strains could
lead to a marked depletion of genetic variability. In addition, these strains might
not be adapted to all ecological conditions. On the basis of the geographical clusters
found in this study, very simple preliminary preservation programmes of local populations could be proposed : restocking practices should be prevented in areas such as
West Brittany and some parts of Corsica. However, it is possible that further studies
in new drainages or analysis of the intracluster variability for other characters such as
quantitative characters and chromosomal polymorphism would reveal a more complex
genetic structure and call for a more sophisticated management strategy.
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