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Synopsis

Stocking of fish from other populations has been commonly employed for enhancement of wild brown trout,
Salmo trutta, populations in north Spain. Young hatchery reared brown trout of central European origin
were introduced into some Asturian rivers every year since 1984. Based on variation at the isozyme locus
LDH-C1* and at the microsatellite locus BFRO 002, two genetic markers race-specific in Salmo trutta,
we detected introgression of foreign genomes into native gene pools in some Spanish trout populations
where only pure native individuals were present 10 years ago. We strongly suggest development of
alternative management policies for conservation of Spanish natural brown trout populations without
endangering the traditional recreational fisheries.

Introduction

In stock transfers, fish from one stock are intro-
duced into a water body in a different geographic
region inhabited by a different stock of that same
species yet are still within their native range (Phi-
lipp et al. 1993). Although stocking efforts may
affect the genetic integrity of local populations
(Machordom et al. 1999, 2000), stock transfer was,
and still is in some regions, a common manage-
ment practice for wild salmonids. Stock transfers
can also contribute to the loss of phylogeographic
genetic patterns of a species (Ståhl 1987, Verspoor
1997), and potentially endanger local adaptation,
crucial for salmonids (Taylor 1991).

Spain contains the southernmost European
populations of brown trout, Salmo truttaL. All the

unstocked natural populations yet analysed (Moran
et al. 1991) were fixed for the LDH-C1*100 allele.
Stock tranfers into the Spanish rivers were common
in the 20th century. Young hatchery-reared brown
trout of central European origin, characterized by
the LDH-C1*90/90 genotype (Moran et al. 1991),
have been introduced into some Asturian rivers
every year since 1984 and they are still used for
supplementing some brown trout populations.
Genetic introgression of foreign genomes was re-
ported for some regions (i.e. Machordom et al.
1999, 2000) with contrasting results of no intro-
gression in other rivers or areas such as in the
Cantabric coast (Moran et al. 1991).

Most of the largest and best-preserved Spanish
salmonid populations inhabit the rivers of the cen-
tral northern Spanish coast (Cantabric coast, region
of Asturias; Figure 1), where they are exploited
by recreational angling with rod and line. Their* These two authors contributed equally to the article.
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management is the responsibility of the Regional
Administration, with the advice and collaboration
of an Institution called Consejo Regional de la
Pesca Fluvial (Regional Council of Freshwater
Fisheries), where most angler associations are rep-
resented. Angling associations actively collaborate
with rivermanagement, rearing stocks (both foreign
and local) of brown trout for stocking.

The objective of this study was to determine
long-term effects of foreign stocking by assessing
the extent of introgression of foreign genomes into
Asturian populations of wild brown trout.

Materials and methods

Populations analysed

We assessed brown trout populations inhabiting
13 Asturian rivers from the 7 main river drainages
(Figure 1). They were supplemented with hatch-
ery-reared foreign young in different years since
1984. Stocking effort varied among rivers, with a

maximum of 792000 foreign young brown trout
released in the main stream of the River Narcea, as
officially recorded by the Regional Administration
(Table 1).

We carried out electrofishing in these 13 rivers
between 1997 and 2003. Adult brown trout were
anaesthetised and their adipose fin clipped and
ethanol-preserved for genetic analysis.

There is no information about population
trends before stock transfers, in the absence of
catch records per river or other direct or indirect
parameters.

Genetic analysis

The markers we chose for determining introgres-
sion of foreign genomes into Asturian local brown
trout populations were the LDH-C1* gene (Moran
et al. 1991, McMeel et al. 2001) and the BFRO002
microsatellite locus (Susnik et al. 1997). After
extracting DNA from adipose fin tissue following
Estoup et al. (1996), the methodology was based
on PCR amplification.

Figure 1. Map of the north Spanish study area: 1, River Eo; 2, River Porcia; 3, River Navia; 4, River Esva; 5, River Narcea–Nalon; 6,

River Sella; 7, River Cares-Deva.
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LDH-C1*

After PCR amplification of a fragment of the gene
LDH-C1*, we carried out digestion with BslI and
visualization of the digestion fragments in an
agarose gel, as described in McMeel et al. (2001) .
Briefly, digestion of a 440 bp region of the LDH-
C1* gene, using the enzyme BslI, generates two
fragments of 360 and 80 bp for LDH-C1*90/90
individuals. Digestion of the DNA from *100/100
homozygotes produces a single uncut fragment of
440 bp, whereas heterozygote individuals generate
all the three bands: 440, 360 and 80 bp long.

BFRO002

We chose the microsatellite locus BRFO002 as a
marker based on characteristic alleles found in
geographically remote areas (Susnik et al. 1997).
Samples obtained in 2004 in some of the rivers
above cited were genotyped for this microsatellite.
To confirm its value for identification of foreign
genes in the region studied, we analyzed samples
from a domestic stock employed to supplement
these rivers, as well as samples obtained in head
tributaries of three basins (Cares, Navia, Esva and
Porcia rivers), isolated from downstream areas due
to impassable barriers to migration (natural
obstacles, hydroelectric facilities) and where for-
eign stocking has never been carried out. We per-
formed PCR amplifications on reaction mixtures
containing 10 nM Tris–HCl pH 8.8, 1.5 mM

MgCl2, 50 mM KCl, 0.1% Triton X-100, 0.35 lM
of either fluorescently labelled or non-labelled
primers, 0.5 units of DNA Taq Polymerase (Pro-
mega, Madison, WI), 250 lM of each dNTP and
approximately 50 ng of extracted brown trout
DNA template, in a final volume of 20 ll. Size
determination of the labeled PCR products was
performed using an ABI 3100 automatic DNA
Sequencer and the GENESCAN V. 3.7 software at
the DNA Sequencing Unit of the University of
Oviedo (Spain).

Results

Introgression of foreign genomes in Asturian brown
trout populations

LDH-C1* genotypes found for the brown trout
sampled from our 13 study rivers are summarized in
Table 2. As this marker is absolute, foreign indi-
viduals can be identified by their *90/90 genotype,
heterozygotes being the product of crosses of native
and foreign trout. The presence of foreign adults
was confirmed in five rivers (Sella, Nalon, Nora,
Caudal and Esva). Evidence of reproduction of
foreign individuals with native ones (heterozygotes)
existed in four of these five rivers (Sella, Nalon,
Nora, and Caudal) and also in the River Navia,
where pure foreign adult were not found. In the

Table 2. LDH-C1* genotypes for the brown trout populations

analysed (N=1286 individuals).

River Genotypes

*100/100 *90/100 *90/90

Cares 50 0 0

Sella 177 2 5

Piloña 50 0 0

Nalon (upstream) 227 0 0

Nalon (Caleao) 37 15 0

Nalon (Rioseco reservoir) 0 0 50

Nora 23 4 8

Caudal 117 28 8

Trubia 50 0 0

Narcea 85 0 0

Esva 98 0 2

Negro 50 0 0

Navia 77 23 0

Ibias 50 0 0

Porcia 50 0 0

Table 1. Non-native brown trout, Salmo trutta, stocked in

Asturian rivers: number (in thousands) of foreign alevins

released in the studied rivers. Origin: Central Europe hatcheries.

River Drainage Foreign stocking

Cares Cares 177

Sella Sella 225

Piloña Sella 573

Nalon Narcea–Nalon 549

Nora Narcea–Nalon 108

Caudal Narcea–Nalon 783

Trubia Narcea–Nalon 233

Narcea Narcea–Nalon 792

Esva Esva 103

Negro Esva 42.5

Navia Navia 133

Ibias Navia 44

Porcia Porcia 130
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River Nalon, foreign individuals were spatially
segregated from the rest, being restricted to a res-
ervoir area with very low water flow. Heterozygotes
were present in a stream near the reservoir. Native
brown trout was the only variant found upstream,
in head river tributaries. The global *90 allele fre-
quencywas 0.175 for this river. In the Sella andEsva
rivers the frequency of foreign adults or heterozyg-
otes was very low, *90 allele frequency being 0.032
and 0.02, respectively. In the Navia, Caudal and
Nora rivers, however, the *90 allele frequencies
were much higher: 0.115, 0.144 and 0.286, respec-
tively. In the other seven rivers (Cares, Piloña,
Trubia, Narcea, Negro, Ibias and Porcia) only na-
tive brown trout was found despite high stocking
effort in some cases (Narcea and Piloña rivers,
where more than 500 000 foreign trout had been
released). There was no statistical association be-
tween stocking effort and introgression of foreign
genomes (r=0.109, 11 d.f., n.s.).

With respect to the marker BRFO002
(Table 3a), we found six different alleles in the
samples we analyzed. In the domestic stock only
two alleles appeared, 118 (the most frequent) and
124 (one unique allele in a heterozygote). In the
samples obtained in inaccessible sites never
stocked (upstream Navia, Porcia and Esva rivers),
we found five different alleles: 120, 122, 124, 126
and 128. Therefore the allele 118 can be considered
a marker allele for identification of the domestic
stock. This allele was almost absent in trout sam-

pled from areas where domestic alevins had been
released (Table 3b), indicating low level of intro-
gression of domestic genomes in the region. In the
River Esva some introgression (two individuals %)
were detected employing the marker LDH-C1*.
Similar introgression was also detected with this
marker (2.2% individuals were heterozygotes for
the allele 118). In the rest of the rivers sampled in
2004 introgression was not detected employing this
microsatellite locus as a marker. This is consistent
with the results obtained for the marker LDH-C1*
(Table 2).

Discussion

Our results show introgression of foreign genomes
into north Spanish populations of brown trout.
For the six rivers where two independent genetic
markers were analysed (Cares, Sella, Piloña, Esva,
Negro and Porcia rivers), results were consistent
for both markers; around 1% introgression was
detected combining the six rivers (0.7% employing
the microsatellite BRFO002, 1.8% with the locus
LDH-C1*). In the whole study, genetic introgres-
sion of central European genomes was detected in
six out of 13 rivers considered. The frequency of
foreign alleles was higher than 0.1 in four rivers.
This means 10% foreign variants. Heterozygotes
were present in five rivers, indicating a relevant
contribution of foreign trout to natural spawning.

Table 3. (a) BRFO002 allele frequencies found in one domestic stock employed to supplement native brown trout populations in the

area (N=50), and in inaccessible never stocked wild populations sampled in 2004 (N=280 individuals). (b) Frequency of the allele 118

found in individuals sampled in 2004, from river areas where foreign stocking had been carried out (N=268).

(a) Alleles

Sample N 118 120 122 124 126 128

Domestic 50 0.990 0 0 0.010 0 0

Upstream Porcia 30 0 0.067 0.367 0.317 0.250 0

Upstream Navia 86 0 0 0.424 0.262 0.307 0.064

Upstream Esva 120 0 0 0.558 0.096 0.346 0

Upstream Cares 44 0 0 0.284 0.511 0.205 0

(b)

River N 118 allele frequency

Cares 42 0

Sella 54 0

Piloña 8 0

Esva 88 0.011

Negro 45 0

Porcia 31 0

156



At the beginning of the 1990’s, stock transfers were
reported to have negligible effects on the genetic
pool of Asturian populations (Moran et al. 1991).
Ten years later, introgression is confirmed in more
than one quarter of the rivers considered, with no
association to stocking effort. Introgression of
central European genes into Iberian trout popu-
lations has also been reported for other areas
(Garcı́a-Marı́n et al. 1998, Machordom et al.
2000). On the other hand, variable levels of
hatchery trout introgression depending on partic-
ular river conditions seem to be a characteristics
for this species (i.e. Ruzzante et al. 2001, Hansen
2002). These results emphasize the need for
envisaging alternative by-river management poli-
cies instead of relying in a combination of fish-
ing+stocking (Allendorf et al. 1987, Almodovar
& Nicola 2004).

There is an urgent need for dissemination of
these results amongst users of this natural re-
source, including anglers, administrators, manag-
ers, tourists and also conservationist associations
and the general public. Public dissemination of
scientific results has proved to be an excellent tool
for designing conservative management policies in
other cases of exploited wild populations (Odum
1993). Involvement of users in management en-
sures the implementation of conservative practices
if they are supported by a critical mass of citizens
(Stake 1995). This social aspect is most probably
the next step needed for the conservation of
Spanish salmonids.
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