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miDNA variation in Spanish brown trouts: Evidence of
alien genotypes in restocking programmes
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J. Montoya** and J.M. Blasco*
*Servicio de Investigacion Agroalimentaria, Diputacion General de Aragén
50080 Zaragoza, Spain
**Bioquimica, Biologia Molecular y Celular
Facultad de Veterinaria, Universidad de Zaragoza
50013 Zaragoza, Spain

SUMMARY- Brown trouts native fo the Ebro river system in the Northeast region of Spain provide an
excellent example of seriously threatened populations with immediate risk of extinction. To document
the genstic relationship among native and restocked brown irouts confined in this geographical
location (Mediterranean drainage), we have analysed mitochondrial DNA (mtDNA) variation afier
selective amplification and RFLP analysis with 7 restriction enzymes. We primarily focused our study
on individuals collected from different tributaries of the Ebro river system. Four distinct miDNA
genotypes were identified: AAAAAAA, ABBBAAA, ABBBBBB and BBBBABB. The AAAAAAA
genotype was present at maximum frequency in affluent systems or tributaries under low or no
restocking action, and therefore was inferred to be a Mediterranean native brown trout genotype. The
ABBBBBB and BBBBABB genotypes were characteristic Atlantic stocks currently employed in the
restocking programs. Similarly, the ABBBAAA genotype was found in fributaries under intensive
restocking but its origin is unknown. In addition, we performed the genetic survey in a local
government hatchery involved in a conservation program intended to protect this Mediterranean
native brown trout through restocking. Surprisingly, in the hatchery we could find all of the above
mentioned MtDNA genotypes in approximately equal frequency in the Mediterranean native brown
frout line. Consequently, this supposedly native stock employed for conservation and exploitation
purposes constitute a hybrid population of different macrogeographic genetic variants (Atlantic,
Mediterranean and "unknown" origin). We conclude that the genetic integrity of our Mediterranean
brown trout taxon is being compromised through inappropriate hatchery broodstock selection and
recommend that genetic data be incorporated into management straiegy for native brown trout
conservation.

Key words: Salmo trutta, mitochondrial DNA, PCR, RFLP, restocking action.

RESUME - "Variation mtDNA chez les truites brunes espagnoles : Indices de génotypes étrangers
dans les programmes de repeuplement.” Les truites brunes autochtones du systéme de I'Ebre dans
la région du Nord-Est de [Espagne sont un excellent exemple de populations sérieusement
menacées par un risque immédiat d'extinction. Afin de documenter la relation génétique entre Jes
truites brunes autochtones et celles de repeuplement confinées dans cefte contrée géographique
(drainage méditerranéen), nous avons analysé la variation de 'ADN mitochondrial (mtDNA) aprés
amplification sélective et analyse RFLP avec 7 enzymes de restriction. Nous avons en premier lieu
axé notre étude sur des individus collectés dans différents affluents du systéme de I'Ebre. Quatre
génotypes différents de mtDNA ont é1é idenitifiés : AAAAAAA, ABBBAAA, ABBBBBB et BBBBABB. Le
génotype AAAAAAA était présent selon la fréquence maximum dans les affluents du systéme avec
action de repeuplement faible ou nulle, et donc on en a déduit qu'il s'agissait d'un génotype de truite
brune autochtone de la région méditerranéenne. Les génotypes ABBBBBB et BBBBABB étaient
caractéristigues des populations de [I'Atlantique actuellement utilisées dans les programmes de
repeuplement. De la méme facon, le génolype ABBBAAA a été trouvé dans les affluents sous
repeuplement intensif, mais son origine est inconnue. En plus, nous avons conduit cette étude
génétique dans une écloserie locale du gouvernement menant un programme de conservation visant
a protéger cette truite brune autochtone de la Méditerranée moyennant un repeuplement. De facon
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surprenante, dans [‘écloserie on pouvait trouver tous les génotypes de miDNA mentionnés
auparavant selon une fréquence a peu prés égale dans la lignée de la truite brune autochtone de la
Méditerranée. Par conséquent, cette population censée éire autochtone utilisée pour la conservation
et l'exploitation, constitue une population hybride de variants génétiques macrogéographiquement
différents (de I'Atlantique, la Méditerranée et origine "inconnue"”). Nous en avons conclu que l'intégrité
génétique de nolre taxon de truite brune méditerranéenne est en train d'étre compromise au travers
d'une sélection inadéquate de reproducteurs dans ['écloserie, et nous avons recommandé
d'incorporer les données génétiques dans la stratégie de gestion pour la conservation de la truite
brune autochione.

Mots-clés : Salmo trutta, ADN mitochondrial, PCR, RFLP, action de repeuplement.

Introduction

Currently, many native taxa are seriously threatened with extinction, largely due to
human activities (Ehrlich and Wilson, 1991). In this context, forest and water
management and development practices have extensively reduced and modified
aquatic habitats and their surrounding landscapes. In addition, the introduction of
exotic species is seriously affecting native species through habitat change,
competition, predation and hybridization. More recently, it is becoming clear that
these introduced taxa may contribute to a considerable loss of biodiversity due to
extensive introgression between native and non-native species (Dowling and Childs,
1992; Purdom, 1994). In Spain, the brown trout (Salmo trutta) provide an emblematic
example of seriously threatened species with immediate local extinction (Aparicio,
1997; Villalta and Blasco, 1997).

Brown trout, Salmo trutta L., is a native salmonid from Eurasia and North Africa.
Throughout its natural distribution it exhibits an extreme phenotypic diversity and a
considerable life history variation within geographical regions, including
specialization for anadromous, fluviatile and lacustrine ecological modes of life
(trutta, fario and lacustris, are the subspecies names currently assigned in the
literature to fish possessing these specializations, respectively) (Behnke, 1972;
Hamilton et al,, 1989; Hindar et al., 1991a). Based on this phenotypic plasticity,
numerous attempts were made to trace the evolutionary history and address the
phylogenetic relationship among brown trout populations. For instance, more than 50
different Linnean species have been described over the last two centuries in the
Salmo trutta species group and considerable taxonomic confusion still persists in the
contemporary literature (Behnke, 1986; Lelek, 1987; Bernaichez et al, 1992).
However, the recent application of molecular systematics (i.e., allozyme and DNA
data) clearly illustrates that the sole analysis of phenotypic criteria in this species to
assess evolutionary or phylogenetic issues may lead to erroneous interpretations
(Guyomard et al., 1984). Consequently, it is generally assumed that this high level of
phenotypic plasticity in brown trout and most salmonid species certainly limits its
utility to resolve evolutionary and phylogenetic issues (Allendorf et al, 1987;
Bernatchez et al., 1992; Bernatchez, 1995). In addition, the establishment of genetic
resources based exclusively on phenotypic criteria may have serious practical
drawbacks for their conservation and management (e.g., erroneous broodstock
characterization and selection for restocking action). In conclusion, in the absence of
molecular genetic information, appropriate management strategies for conservation
biology purposes will be difficult in this species (Hedrick and Miller, 1992; Templeton,
1990; Ferguson, 1989).
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Over the past decades a better understanding of genetic differentiation among
brown trout populations has been gained through electrophoretic analysis of nuclear
protein loci (reviewed in Ferguson, 1989; Guyomard, 1989). Similarly, mtDNA
sequence variation revealed the existence of distinct phylogenetic groupings of
geographically remote brown trout populations, suggesting a possible allopatric
mode of speciation (Bernatchez et al., 1992; Giuffra et al., 1994; Bernaichez and
Osinov, 1995). In particular, five major miDNA phylogenetic groupings were
described among brown trout populations across western Europe, exhibiting a strong
geographic pattern of distribution but lacking congruence with phenotypic variation:
(i) group | (Mediterranean drainage); (i) group Il (Adriatic drainage and Corsican
populations); (iii) group Il (Danube drainage); (iv) group IV (Atlantic drainage); and
(v) group V (Adriatic drainage: marble trout populations) (Bernatchez et al., 1992).
Collectively, these studies illustrate that brown trout represents one of the most
highly structured animal species and the usefulness of the miDNA as a molecular
tool to address phylogenetic issues in this species (Meyer, 1994).

In Mediterranean countries such as Spain, a sustained demand for sport and
recreational fishing activities has drastically reduced native brown trout populations
in the last decades and forced government wildlife agencies to implement intensive
restocking programs. However, such management practices have not improved the
number and size of brown trout populations in Spain over the past decades (Garcia-
Marin and Pla, 1996). On the other hand, the restocking action in the last centuries
carried out with domesticated stocks originally imported from Central Europe (i.e.,
Germany, Scotland and ltaly) have also introduced modifications in the genetic
background of our native brown trout populations, threatening their adaptative
potential (Garcia-Marin et al, 1991; Martinez et al., 1993; Mordn ef al., 1995;
Garcia-Marin and Pla, 1996; Moran et al., 1996).

In the context of our geographical location (Comunidad Auténoma de Aragén:
Zaragoza, Huesca y Teruel), government wildlife agencies concerned about the
drasiic reduction of these native brown trout populations, have implemented a
conservation biology programme intended to preserve our Mediterranean brown
trout taxon (Giménez et al., 1991). For this purpose, a local government hatchery
(Planduviar, Huesca) currently produces two major brown trout populations used in
restocking programmes: (i) a Mediterranean native brown trout sirain; and (ii) an
Atlantic brown trout stock originally imported from Central Europe. However, most
decisions on broodstock selection for conservation and exploitation (i.e., intensive
fishing) purposes of these brown trout populations appear to be based on a small
number of phenotypic criteria (namely, morphological and reproductive aspects)
(Espinosa et al., 1983; Josa and Espinosa, 1980).

In the present work, we used a non-lethal approach to study mtDNA variation and
to document the genetic relationship among brown trout populations of the Ebro river
system (Mediterranean drainage) and the hatchery stocks maintained for
conservation or exploitation purposes. Our results indicate that the Mediterranean
native brown trout taxon is seriously threatened with extinction in this main river
system, largely due to improper broodstock characterization and selection in the
government hatcheries.
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Material and methods

Brown trout sampling and DNA Extraction

A total of 184 brown trout were captured and released in 1996 from sampling sites
of the Ebro river system (11 ‘tributaries) (Fig. 1). We also included brown trout from
river systems draining to the Atlantic basin: a Galician estuary (n=10) and a Duero
tributary (n=17). Similarly, we collected samples from a local government hatchery
(Planduviar, Huesca) involved in a conservation program. This fish farm currently
produces two major populations: (i) a Mediterranean native brown trout strain; and
(if) an Atlantic brown trout stock. We sampled 45 individuals from the Mediterranean
native strain and 23 from the domesticated Atlantic stock.

Comunidad Auténoma
— Vs de ARAGON

Atlantic Ocean

" Mediterannean Sea;

Huesca
Zaragoza

8 Teruel

@® Government Hatchery

Fig. 1. Geographical locations of the Ebro tributaries sampled: 1, Llisat river; 2,
Eriste river; 3, Esera river; 4, Veral river; 5, Huecha river; 6, Isuela river; 7,
Mesa river; 8, Piedra river; 9, Jiloca river; 10, Pancrudo river and 11, Rudrén
river. Ten out of eleven sampling sites were located at Aragén (Huesca,
Zaragoza y Teruel). We also include a Galician estuary (Camarifias, 13) and
a Duero tributary (Pedroso river, 12), both used as outgroup river systems.
The two main river systems studied (Ebro and Duero) are indicated in the
Fig. with dashed lines. Finally, the map also shows the three official
hatcheries of the Autonomous Government of Aragon dedicated to the
restocking action: P (Planduviar, Huesca), MP (Monasterio de Piedra,
Zaragoza) y PJ (Los Pajares, Teruel).

To perform the genetic survey we developed a non-lethal sampling procedure. A
small adipose fin biopsy (0.2 g) was used as the source for DNA isolation. DNA
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purification was performed by a phenol-chloroform extraction after the proteolytic
disruption of tissue with proteinase K (Sambrook et al., 1989; Villalta et al., 1996).
This procedure allows to isolate high molecular weight DNA with a yield of =5 pg of
total DNA per 0.1 g of tissue (data not shown). Aiso, all brown trouts were
photographically recorded for individual identification. Morphological form or trout
phenotype was based on skin colour pattern and body shape.

Primers design, DNA amplification and RFLP analysis

The cytochrome b forward primer (sense strand) and the 12S ribosomal RNA
reverse primer (non-sense strand) were designed based on consensus sequences
detected on different fish mitochondrial genomes exiracted from the GenBank
database (http://www.ncbi.nim.nih.gov) (Fig. 2). These primers amplify a 2.73 Kb
mtDNA PCR fragment containing the cytochrome b gene (0.89 Kb or 78% of the 3'
end sequence), the transfer RNAs for the Thr and Pro (0.07 Kb each), the entire
control region or D-loop (1.0 Kb), the transfer RNA for the Phe (0.07 Kb), and the
128 ribosomal RNA gene (0.63 Kb or 67% of the 5' end sequence) (Fig. 3).

Cytochrome b forward primer (sense strand)
le Arg Asn lle His Ala Asn Gly Ala Ser Phe Phe

I — 1 1T [ 11T — 1T 17 1 11T T 1T 1
S.t 5'|A T|CIC G]A|{A A|C A|T|TICAICIGCITIAACGGAGCATC|TITTCTT|CS
Ss Bl elefes «|T|- o ofefos efofe ¢]efe ¢ o o o o o ¢ & o o ele o o o o - 3
O m 5 «|T}- efs ofo afefCle «|T{le oJCle o o ¢ o » o o o o o efe o o o S| T
S f Bifs elele efole oIT oJelCle olofo o|Tle o o ¢ o o o o o o & ele o o o « 3
Cl Bl o|T e ofefe ofe ofelCle «ITle os|Cle ¢ ¢ o o ¢ ¢ ¢ o« o @ Ale « ¢« o & - 3
C.c. Bl «|C e T e o|T Gle]Ale e]le]|e ¢{Cls ¢ o ¢ ¢ o o o o o @ Ale o o o o .3
O | | SO | PR
aa79 Val (Cyprinus carpio) ; aa 90

12S Ribosomal RNA reverse primer (non-sense strand)

O.m.5'GGGGCCTTCACAGGGTAAGCTGACGACGGTGGTATS'
Cl BT ¢ A o]e ¢ ¢ o ¢ o« o ¢ & . " o o o o e o o o e 8 e e Cle o ¢ ¢ 3
Cc B AT T Aje ¢ o o o o s o o v o o ¢ ® e e & s e s o e s e o Cle o o ¢ @« 3
S5 B A A ¢ sle o s ¢ o o o o o s o o o o & e o s s e e a o e o efe o o o o 3

Fig. 2. Primers for the Polymerase Chain Reaction. The cytochrome b forward
primer and the 12S ribosomal RNA reverse primer were designed based on
fish mitochondrial sequences extracted from GenBank (Oncorhynchus
mykiss. accession no. L29771; Crossostoma lacustre: accession no.
M91245; Cyprinus carpio: accession no. X61010; Salmo irutta: accession
no. D58400; Salvelinus fontinalis: accession no. D58399; Salmo salar
accession no. U12143 and U12146). Consensus sequences are boxed and
primers underlined. S.t, Salmo ftrutta; S.s., Salmo salar;, O.m.,
Oncorhynchus mykiss; S.f., Salvelinus fontinalis; C.I., Crossostoma lacustre
and C.c, Cyprinus carpio.
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Selective DNA ampilification was performed in 50 pl reaction volumes containing
one unit of Thermus aquaticus DNA polymerase (Promega), 5 yl reaction buffer [500
mM KCI, 100 mM Tris-HCI (pH 9.0 at 25°C) and 1% Triton X-100], 1.5 pl primers
stock (10uM each), 2 mM MgCI2 and 150 yM dATP, dCTP, dGTP and dTTP
(Promega). We used 50-100 ng template DNA for selective amplification. DNA was
amplified in a programmable thermal cycler (MJ Research, USA) using the following
profile: one preliminary strand denaturation step at 95°C for 1 min, followed by
primer annealing at 60°C (1 min) and primer extension at 72°C (1 min). The
enzymatic reaction was initiated in "hot start" PCR mode and the exponential
amplification was achieved after 40 cycles (Villalta et al., 1996). The PCR reaction
was optimized to yield enough amplified fragment in order to perform 4 different
restriction enzyme digestions in the subsequent RFLP analysis.

PCR amplified product

(2.73 Kb)
I D-loo
cvib S | confiol / Y

Region /_

ND-5

Leus_ L
Ser Piscine
His mitochondrial DNA Hp-t
(165 Kb = 0.5 Kb) "
ND-4 Met

ND-2

Fig. 3. The fish mitochondrial genome contains 13 genes coding for proteins, 2
genes coding for ribosomal RNAs (small 12S and large 16S rBNA), 22
genes coding for transfer RNAs (tRNAs) and a noncoding region (D-loop or
control region) that contains regulatory elements for mtDNA replication and
transcription. The protein coding genes are 7 subunits of the NADH
dehydrogenase (ND1, 2, 3, 4, 4L, 5 and 6), cytochrome b, 3 subuniis of
cytochrome ¢ oxidase (COI, Il and [ll) and 2 subunits of ATP synthetase
(ATPase 6 and 8). The arrow shows the amplified fragment used to study
miDNA variation in Spanish brown trout.
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RFLP (Restriction Fragment Length Polymorphisms) analysis was performed by
first screening a total of 14 restriction enzymes on phenotypically distinct brown trout
populations of Mediterranean and Atlantic origin. For this purpose, we used
reference samples from apparently unstocked locations (e.g., the Huecha, Pedroso
and Camarifias rivers). Enzyme digestions were carried out as recommended by
suppliers (Promega or Boehringer Mannheim). The resulting restriction fragments
were electrophoretically resolved on 4% agarose gels (Nusieve, FMC Products),
ethidium bromide stained, and photographed under UV light (Sambrook et al., 1989).

Following digestions, distinct single restriction enzyme patterns or miDNA
haplotypes were electrophoretically resolved and identified by specific letters (A, B
and C). The restriction enzymes Hpall, Alul, Taqgl, Ddel, Fokl and Hinfl gave 2
distinct mDNA haplotypes (A and B), and the Mbol endonuclease showed 3 (A, B
and C) (RFLP not shown). In contrast, the BamHI, Bglll, Sacl, Xbal, Sau96!, Haelil
and Rsal enzymes were all monomorphic showing a unique electrophoretic pattern
or mtDNA haplotype (A). Cumulatively, this procedure allowed us to select a set of 7
restriction enzymes (Hpall, Mbol, Alul, Tagl, Ddel, Fokl and Hinfl) that were the
most informative in assigning specific mIDNA genotypes to either one of the two
major brown trout phylogenetic groupings investigated (Fig. 4) (Bernatchez et al.,

1992).

Native brown trouts miDNA Genotype
EBRO river system A F APATA TA TAT
MEDITERRANEAN origin I ! [
DUERQO river system B iA_! B !___H_A__ _A____/_\_i
Origin under investigation
GALICIAN estuary | (Al C B | Bl|A }_E_ﬂm_l
ATLANTIC origin Al|[Bi{|B |Bi|A {B |B)

] ] H ]
Restocked brown trouts | ! L | ! |
EBRO and DUERO river systems A IB{ B|B! B IB B!
ATLANTIC origin B [1B]|B_| r_B_] A (B |B |
EBRO river system A{B|{B|B|A A |A
Origin under investigation

/ /

[Hpall[Mbol| Alut | Tagi | Ddel | Foki | Hinfl]

Fig. 4. Brown trout mtDNA genotypes inferred from RFLP data. Four distinct
genotypes corresponded to native brown trout populations of the Ebro
(AAAAAAA) and Duero (BABAAAA) river systems, and the Galician estuary
investigated (ACBBABB and ABBBABB). Similarly, we could find three
different genotypes corresponding to hatchery domesticated stocks: two of
Atlantic origin (ABBBBBB and BBBBABB) and one of unknown origin
(ABBBAAA). Finally, we include the shared mtDNA haplotypes (dashed box)
that identifies the two major phylogenetic groupings studied: Mediterranean
and Atlantic.
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Results

Brown trout mtDNA variation

Our procedure to study miDNA variation revealed the existence of 7 specific
genotypes among the tributary rivers investigated. We could identify 4 different
native brown trout genotypes: two of Atlantic origin corresponding to a Galician
estuary, one of Mediterranean origin inhabiting some Ebro tributaries and one
genotype of a Duero tributary, being probably of Mediterranean origin. Similarly, we
found 3 different genotypes corresponding to domesticated brown trouts: two of
Atlantic origin and one remaining unknown its origin. All these hatchery genotypes
were distributed across tributaries under restocking action (Fig. 4).

Native brown trouts from tributaries of the Ebro and Duero rivers had a distinctive
morphology, being also morphologically different from the Atlantic hatchery stocks.
Conversely, it was difficult to differentiate the Ebro native brown trout (AAAAAAA)
with restocked trouts fixed with the unknown miDNA genotype (ABBBAAA).
Similarly, the Atlantic native brown trouts of Galician origin were slightly different
morphologically when compared with the Atlantic domesticated stocks. In addition,
all the individuals analysed were fluviatile ecological variants (Salmo trutta fario), with
the exception of one anadromous native brown trout (Salmo frutta trutta) from the
Galician estuary (ACBBABB) (pictures not shown).

Finally, we analysed the miDNA genotype frequency (%) in each tributary river to
assess the intensity of the restocking action with hatchery domesticated stocks and,
ultimately, to reflect the percent of restocked brown trouts (Table 1). As shown in the
table, 4 out of 11 sampling sites at different Ebro affluent systems contained
exclusively our Mediterranean native brown trout taxon (AAAAAAA). the Huecha
(Zaragoza, #5), Pancrudo (Teruel, #10), Veral (Huesca, #4) and Eriste (Huesca, #2)
tributaries. These sampling sites were previously documented to be under low or no
restocking action and could potentially act as sources for native genetic resources
for conservation strategies. Conversely, the remaining Ebro sampling sites showed
different stages of genetic contamination with hatchery stocks of Atlantic (ABBBBBB,
BBBBABB) and unknown origin (ABBBAAA).

miDNA variation in hatchery brown trout stocks

Wildlife agencies of our Autonomous Government operate through three distinct
hatcheries to execute their restocking programs at various Ebro affluent systems
(Fig. 1). We focussed our study in the Planduviar hatchery for two reasons. First, this
government hatchery is involved in a conservation biology program intended to
protect and exploit our Mediterranean brown trout taxon (AAAAAAA) and second,
the other two official hatcheries (Monasterio de Piedra and Los Pajares) appear to
have originated their actual stocks from Planduviar. For this purpose, we analysed
the mtDNA genotype frequency (%) from individuals randomly sampled at different
ponds of the Mediterranean native strain (n=45) and the Atlantic stock (n=23) (Fig.
5).
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Table 1. mtDNA genotype frequency (%) and inferred genetic contamination with
hatchery stocks at each sampling site. Trout type: N, native trout; R,
restocked trout; H, hybrid trout (based on miDNA genotype, phenotype
and restocking action). (a) indicates the % of restocked trouts (foreign
genotypes). (b) means that the % of restocked brown trouts may increase
due to the presence of haichery hybrid individuals fixed with the
Mediterranean native miDNA genotype (AAAAAAA). We also show in
round brackets the location number from each tributary (see river map on

Fig. 1).
Tributary mtDNA Genotype Macrogeographic | Trout | Restocked
River Genotype Frequency Origin Type | Trouts (%) (a)
EBRO river system: Mediterannean drainage
Huecha (5) AAAAAAA | 100%, n=10 Mediterannean N 0%
Pancrudo (10) | AAAAAAA | 100%, n=8 Mediterannean N 0%
Veral (4) AAAAAAA | 100%, n=13 Mediterannean N 0%
Eriste (2) AAAAAAA | 100%, n=24 Mediterannean N 0%
Jiloca (9) AAAAAAA | 58.1%, n=18 | Mediterannean N, 41.9% (b)
ABBBBBB | 41.9%, n=13 | Atlantic R
Rudron (11) | AAAAAAA | 44.4%, n=8 | Mediterannean | N, H | 55.6% (B)
ABBBAAA | 16.7%, n=3 Unknown R
ABBBBBB | 16.7%, n=3 Atlantic R
BBBBABB | 22.2%, n=4 Atlantic R
Llisat (1) AAAAAAA |33.3%, n=7 Mediterannean N, H | 66.7% (b)
ABBBAAA | 66.7%, n=14 | Unknown R
Isuela (6) AAAAAAA |30.8%, n=8 Mediterannean N, H | 69.2% (b)
ABBBAAA | 23.1%, n=6 Unknown R
ABBBBBB | 46.1%, n=12 | Atlantic R
Esera (3) AAAAAAA 19.1%, n=1 Mediterannean N, H | 90.9% (b)
ABBBAAA | 63.6%, n=7 Unknown R
ABBBBBB | 27.3%, n=3 Atlantic R
Mesa (7) ABBBAAA | 100%, n=12 Unknown R 100%
Piedra (8) ABBBAAA | 60%, n=6 Unknown R 100%
ABBBBBB | 40%, n=4 Atlantic R
DUERO river system: Atlantic dramage
Pedroso (12) BABAAAA | 82.4%, n=14 | Unknown 17.6%
ABBBBBB | 17.6%, n=3 Atlantic R
GALICIAN estuary: Atlantic drainage
Camariiias (13) | ABBBABB { 50%, n=5 Atlantic N 0%
ACBBABB { 50%, n=5 Atlantic N

Our results indicate that individuals randomly sampled at the Mediterranean native
strain (n=45) were composed of an equivalent mixture of distinct mtDNA genotypes:
31% of Mediterranean origin (AAAAAAA), 38% of Atlantic origin (ABBBBBB and
BBBBABB) and 31% of unknown origin (ABBBAAA) (Table 2). Consequently, this
Mediterranean hatchery strain constitutes a hybrid population of native and non-
native brown trouts of very distinct macrogeographic scenarios. On the other hand, it
is important to stress that this hybrid hatchery strain has been intensively employed
for restocking action at different Ebro tributaries. In this sense, the detected genetic
contamination in such tributaries may be underestimated due to the presence of
hybrid individuals fixed with the Mediterranean mtDNA genotype (AAAAAAA)
(Table1, b: Jiloca, Rudron, Llisat, Isuela and Esera fributaries). Conversely, the
genetic study performed with the Planduviar Atlantic stock shows a much more
restricted genotype composition. In this case, we find 87% of mtDNA Atlantic
genotypes versus a 13% of unknown miDNA genotype (Table 2).
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Planduviar Hatchery
-— T

Mediterannean Atlantic brown
native brown trout frout stock
(conservation) (exploitation)
[ 1) Parental lines 1) Parental lines
(sample size n=10) (sample size n=10)
O X R S| oD X R
2) F1 lines (adults) 2) F1 lines (adults)

(sample size n=10)

ORD X P> O ORED X W T

N E2 i dut 3) F2 lines (adults)

S
(Carmpis de no12) QR X o>
Q@ X SR O, 4) F3 individuais for

testocking action

4) F3 individuals for (sample size n=13}
restocking action T
(sample size n=13) ) @
TS D> WD
D DD

Fig. 5. Brown trout breeding schemes at the Planduviar hatchery. This official
hatchery produces two populations: 1) a Mediterranean native brown trout
strain and 2) an Atlantic brown trout stock, originally imported from Central
Europe. The F3 individuals are the juvenile brown trouts currently employed
for restocking action.

Table 2. mtDNA genotype frequency (%) at the Planduviar hatchery (Huesca). The

F3 individuals (<20 cm) are juvenile forms currently employed for
restocking action.

Hatchery mtDNA Genotype Macrogeographic
Ponds Genotype Frequency Origin
Mediterannean native brown trout strain

Parental AAAAAAA [10%, n=1 Mediterannean

Lines ABBBBBB |40%, n=4 Atlantic
BBBBABB | 10%, n=1 Atlantic
ABBBAAA |40%, n=4 Unknown

F1 lines AAAAAAA | 50%, n=5 Mediterannean
ABBBBBB .| 20%, n=2 Atlantic
BBBBABB | 10%, n=1 Atlantic
ABBBAAA |20%, n=2 Unknown

F2 lines ABBBRBB |58.3%, n=7 Atlantic
BBBBABB | 16.7%, n=2 Atlantic
ABBBAAA |25%, n=3 Unknown

3 AAAAAAA |61.5%, n=8 Mediterannean

individuals | ABBBAAA |38.5%, n=5 Unkown

Summary: ¢ Mediterannean mtDNA genotype: 31.1% (n=14)
(n=45) « Atlantic mtDNA genotypes: 37.8% (n=17)
» Unknown mtDNA genotype: 31.1% (n=14)

Atlantic brown trout stock

Parental ABBBBBB | 70%, n=7 Atlantic
Lines BBBBABB | 20%, n=2 Atlantic
ABBBAAA | 10%, n=1 Unknown
F3 ABBBBBB | 61.5%, n=8 Atlantic
individuals { BBBBABB |23.1%, n=3 Atlantic
ABBBAAA | 15.4%, n=2 Unknown

Summary: e Atlantic mtDNA genotypes: 87.0% (n=20)
(n=23) » Unknown mtDNA genotype: 13.0% (n=3)
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Concerning the management decisions in this government hatchery, the
establishment of the genetic basis of differentiation among these stocks appears to
be based exclusively on a small number of phenotypic traits (morphological and
reproductive aspects). For instance, in some cases it was difficult fo phenotypically
differentiate hybrid individuals of distinct genetic variants encountered in the
Mediterranean strain of Planduviar (Fig. 6). In addition, hybrid juveniles from each
breeding scheme (Fig. 5, F3 lines of the Mediterranean and Atlantic stocks) showed
in most cases an identical morphology (pictures not shown).

R

a) Femz;le‘ (Fl): Medierranean native mtDNA genotype (AAAAAAA)

Mediterranean native strain

Atlantic BBBBB

R

Planduviar hatchery

d) Male (F1): Atlantic mtDNA genotype (BBBBABB)

Fig. 6. Brown trout hybrids (F1 individuals) of the Mediterranean native strain of
Planduviar: a) female showing the Mediterranean native mtDNA genotype; b)
male fixed with the unknown miDNA genotype; c) and d), female and male
with Atlantic mtDNA genotypes.
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Discussion

Brown trout in the Iberian Peninsula, although not officially listed as a threatened
or endangered species, is an example of species at risk of extinction unless
appropriate recovery measures are taken. There are several factors that contributed
to this situation. First, the restocking action carried out with domesticated stocks in
the past should be regarded as the primary factor for the genetic modification of our
native populations. Likewise, the increasing fish demand and the inadequate
restocking policy are not improving the number and size of native populations.
Finally, most management decisions for conservation or exploitation purposes
appear to be based exclusively on phenotypic traits to identify the genetic basis of
differentiation among brown trout stocks or, alternatively, there is an absence of
molecular genetic information (i.e., allozyme and DNA data).

The aim of this study was to develop a sensitive, non-lethal and fast screening
method to determine the genetic structure of brown trout populations present at a
given tributary or river system and to identify genetically native taxa from hatchery
stocks. In this way, all this information should constitute the basis for managing
genetic resources in government restocking programs and to perform a coherent
conservation or exploitation strategy of our native populations (Munilla, 1997).

Recently, our laboratory has developed different methods to perform PCR-based
DNA typing from minute sample tissues (single follicle hairs, buccal cells, etc.)
(Villalta et al., 1996). In brown trout, the advanced stage of deterioration of our native
populations prompted us to develop a non-invasive sampling procedure to study the
genetic variation. In particular, from a small adipose fin biopsy we can isolate enough
template DNA to perform a hundred genetic assays by using PCR technology. In
addition, this excess PCR-quality DNA is currently being recorded and ethanol-
preserved to generate a brown {rout gene bank to be assayed with further molecular
markers for a finer genetic characterization (i.e., microsatellite sequences and other
nuclear loci).

We chose the mtDNA as a molecular marker because of its great sensitivity to
identify brown trout gene pools for different purposes [Hall and Nawrocki, 1995;
McVeigh et al., 1995; Hansen et al., 1995; Hansen and Loeschcke, 1996 (a,b)] and
its suitability to address evolutionary and phylogenetic questions [Bernatchez et al.,
1992; Giuffra et al.,, 1994; Patarnello et al., 1994; Bernatchez and Osinov, 1995;
Ferguson et al., 1995 (a, b); Moran et al., 1996]. Likewise, we have successfully
applied this experimental approach, in the context of a conservation biology program,
to study the systematics for an endangered Spanish ibex subspecies (Villalta et al.,
1997). In both species, we focussed the study on the noncoding or D-loop region
because point and length mutations accumulate fastest here and this domain
presents the highest rate of evolution in vertebrates. Although partially constrained in
primary sequence or secondary structure o regulate replication and transcription of
the molecule (Clayton, 1991; Zardoya et al., 1995), this control region is the marker
of choice for the study of population level phenomena and phylogenetic relationships
among closely related taxa or recent divergence events [Meyer, 1994; Fergusson et
al., 1995 (a,b)]. In the brown trout, we have included the slow evolving genes
cytochrome b and ribosomal RNA 12S (Fig. 3) to increase the size of the PCR-
amplified fragment to be tested in the RFLP analysis for an easier phylogenetic
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reconstruction (Nei and Li, 1979).

Our non-invasive method to study genetic variation in brown trout populations has
shown to be very sensitive to detect native taxa and domesticated hatchery stocks: 7
specific mtDNA genotypes were found from only 3 distinct main river systems (Ebro,
Duero and a Galician estuary) (Fig. 1 and 4). In this way, we have identified 4 distinct
native or wild populations: one from the Ebro river system (AAAAAAA), another from
the Duero (BABAAAA) and two from a Galician estuary (ACBBABB and ABBBABB).
Native status was assigned based on fish morphology and the restocking action
history (not shown). Similarly, we have found 3 different domesticated hatchery
genotypes: two of Atlantic origin (ABBBBBB and BBBBABB) and one of unknown
origin (ABBBAAA). In addition, when we used the same approach (PCR and RFLP)
with a distinct miDNA domain (i.e., a 3.8 Kb fragment containing the coding
sequences rRNA 12S/16S and the ND1 gene) an identical mtDNA genotype
distribution was obtained in all the tributaries investigated (data not shown).

In the Comunidad Auténoma de Aragon, we have detected 4 different mtDNA
genotypes in tributaries of the Ebro river system: a Mediterranean native brown trout
(AAAAAAA) subject of conservation strategy and different hatchery stocks
maintained for restocking action (2 Atlantic genotypes: ABBBBBB and BBBBABB;
and 1 of unknown origin: ABBBAAA). Likewise, their observed genotype frequency
(%) correlates with the intensity of the restocking action and, ultimately, reflects the
genetic contamination or admixture of the different river systems investigated. For
instance, we could find sampling sites containing exclusively native populations and
others under different stages of genetic admixture (Table 1). Recently, it has been
reported that several domesticated brown trout stocks have been employed for
restocking action in Aragén since 1915 (Espinosa and Josa, 1997). Such restocking
programs included brown trout strains from Germany, the Lakes of Switzerland and
Spain, as well as rainbow trout lines (Onchoryncus mykiss). At present, we are
investigating the possible origin of the restocked unknown mitDNA genotype found in
this work (ABBBAAA).

The genetic survey performed in the government hatchery (Planduviar, Huesca)
(Fig. 5) indicates that the Mediterranean native strain is composed of a mixture of all
the above mentioned mtDNA genotypes (Table 2). Consequently, this "native"
hatchery stock employed for conservation purposes constitute a hybrid population of
different genetic variants belonging to very distinct macrogeographic scenarios
(Atlantic, Mediterranean and unknown origin). The hybrid status of this strain was
supported by some facts: 1) the hatchery technicians were unable to distinguish
phenotypically the four distinct genetic variants encountered in this native strain, 2)
we also have RAPD ("Random Amplified Polymorphic DNA") data that confirm this
status (not shown) and, 3) the establishment of the genetic basis of broodstock and
their selection were exclusively based on a small number of phenotypic traits (i.e.,
morphological and reproductive aspects).

In the present work, we conclude that the genetic integrity of our Mediterranean
native brown trout (Ebro river), and possibly its adaptative potential and fitness, are
already being threatened through inadequate hatchery management activities: a) an
erroneous broodstock selection based exclusively on phenotypic criteria, b) an
improper restocking action with non-native trouts that may led competition, predation
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and natural hybridization, and c) a direct release to fluviatile systems of artificial
hybrids of native and non-natives brown trout populations.

Finally, we should stress that native or wild fish populations may be subdivided
into small enclaves associated with specific rivers, tributaries or even short sections
within them. It is commonly accepted that this population genetic structure is the
result of restricted gene flow and natural selection operating in subdivided
environments such that individual subpopulations are uniquely fitted to live where
they do (Beaumont, 1994; Purdom, 1993). Consequently, introduced cultured fish
from any different source population are likely to be less fit than native fish (i.e., poor
juvenile survival, weaker tetritorial behaviour, less active spawning behaviour, lower
disease resistance, etc.), even ignoring the potential loss of genetic diversity
associated with their culture (Hindar ef al., 1991b; Fleming and Gross, 1992).
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