
Reproductive isolation and management of
Mediterranean and Atlantic lineages in Brown trout

(module MEDITERRANEA)

Arnaud Caudron,
Jordi Gil,

Jacques Labonne

CAQSIS 2016 - Montpellier



CAQSIS 2016 - Montpellier
Fish in Capsis ? Since when ?

F. De Coligny, C. Pichot.



2004, BIDASSOA
Fragmentation of brown 

trout populations
J. Alvarez

CAQSIS 2016 - Montpellier
Fish in Capsis ? Since when ?

F. De Coligny, C. Pichot.



2004, BIDASSOA
Fragmentation of brown 

trout populations

2006, GUPPY
Evolution of male colour and 

female preference

J. Alvarez

A. Hendry

CAQSIS 2016 - Montpellier
Fish in Capsis ? Since when ?

F. De Coligny, C. Pichot.



2004, BIDASSOA
Fragmentation of brown 

trout populations

2007, DYNET
Dendritic networks and 

demogenetics

2006, GUPPY
Evolution of male colour and 

female preference

J. Alvarez

C. Gaucherel, V. Ravigné

A. Hendry

CAQSIS 2016 - Montpellier
Fish in Capsis ? Since when ?

F. De Coligny, C. Pichot.



2004, BIDASSOA
Fragmentation of brown 

trout populations

2012, Kerguelen
Incomplete…

2007, DYNET
Dendritic networks and 

demogenetics

2006, GUPPY
Evolution of male colour and 

female preference

J. Alvarez

C. Gaucherel, V. Ravigné

A. Hendry

CAQSIS 2016 - Montpellier
Fish in Capsis ? Since when ?

F. De Coligny, C. Pichot.



2004, BIDASSOA
Fragmentation of brown 

trout populations

2013, MEDITERRANEA
Management of hybridization through 

reproductive isolation control

2012, Kerguelen
Incomplete…

2007, DYNET
Dendritic networks and 

demogenetics

2006, GUPPY
Evolution of male colour and 

female preference

J. Alvarez

C. Gaucherel, V. Ravigné

A. Hendry

A. Caudron, J. Gil

CAQSIS 2016 - Montpellier
Fish in Capsis ? Since when ?

F. De Coligny, C. Pichot.



2004, BIDASSOA
Fragmentation of brown 

trout populations

2013, MEDITERRANEA
Management of hybridization through 

reproductive isolation control

2012, Kerguelen
Incomplete…

2007, DYNET
Dendritic networks and 

demogenetics

2006, GUPPY
Evolution of male colour and 

female preference

2014, RUNAWAY
Joint evolution of traits, behaviour and 

genome architecture under sexual 
selection

J. Alvarez

C. Gaucherel, V. Ravigné

A. Hendry

L. Chevalier,
FX. Dechaume Moncharmont

A. Caudron, J. Gil

CAQSIS 2016 - Montpellier
Fish in Capsis ? Since when ?

F. De Coligny, C. Pichot.



CAQSIS 2016 - Montpellier
Intraspecific diversity in Brown trout (Salmo trutta)

• Huge intraspecific diversity

• 5 distinct genetic lineages 
(Bernatchez 2001)

ATL = Atlantic

MED = Mediterranean

DA = Danubian

AD = Adriatic

MA = Marmorata

• Patrimonial value

ATL

MED

AD

AD

MA

DA
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ATL

MED

• Allopatric evolution = 0,5 - 2 
My
(Bernatchez, 2001)

• Extinction and/or large 
hybridization of the MED lineage 
in MED area. 

• Intense stocking for a century (Up to 
millions of eggs per river, sometimes 
yearly stocked)

• Divergent evolution

Adaptive divergence ?

Evolution

Management history

Fish Farming

Intraspecific diversity in France
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• Number of robe traits
Lascaux (1996), Aparicio (2005) 

Typique ATL

Typique MED

Phenotypic divergence
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CAQSIS 2016 - MontpellierPhenotypic divergence

R² (Phenotype/Genotype) = 30-40%



D’après Caudron 2008

• How to explain such variation 
in hydridization patterns ?

-> Jordi Gil’s PhD.

CAQSIS 2016 - MontpellierIntrogression patterns
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Prezygotic isolation ?

Heterogamic preference

• Holds true in various social contexts

• Mating systems = favor hybridization

• Females prefer phenotypically dissimilar 
partners

• Male agressivity : unrelated.
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• Offspring from MED females do better in 
cold water

• But this advantage disappears in warm 
water

Genotype/Environment Interaction

Post-zygotic isolation ?

• Some heterogamous crosses beat native 
crosses 

• Post-zygotic isolation is a reality and is 
not easily predicted. 

• Other data show higher survival for MED 
adults.
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Prezygotic isolation (or the lack thereof) X Postzygotic isolation X Environment ?

Bidassoa model

- Spatially explicit (reach/weir)
- Complex life cycle
- Behavioural routines
- Neutral genetics
- Management and interventions
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- Spatially explicit (reach/weir)
- Complex life cycle
- Behavioural routines
- Neutral genetics
- Management and interventions
- Non neutral genetics (yet simple)
- Prezygotic isolation through mating
- Postzygotic isolation through survival
- A lot of new interveners/DE/options
- A full documentation
- User friendly ? not so much.

Some evolutionary biology for population managers.
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Bidassoa model ->                         Mediterranea Model
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Tune your pre- and post-zygotic isolation mechanisms.
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Track the dynamics of hybridization in space and time (random versus preference)
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Track the dynamics of hybridization in space and time (random scenario)
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Interventions:
- Fishing
- Connectivity
- Introductions
- Translocations
- More to come !
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Time line for Transfer:

- Development of new features (DE, interveners, etc., 6 months)
- Test for real data sets ( 2 months, May-June, M. Balluteau)
- Documentation (6 months)
- Training (each year, depending on demand)
- Licence and convention (for training): -> EFPA/INRA
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Developer / Modeler User

Fédérations et Associations 
de pêche, Onema

Stakeholders


