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fate of Atlantic salmon 
populations in the 
face of climate 
change?
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Atlantic salmon threats

Emblematic and threatened species
Poikilotherm and cold water species
→ France: southern edge of species distribution
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Atlantic salmon threats

Emblematic and threatened species
Poikilotherm and cold water species
→ France: southern edge of species distribution
→ Strongly impacted by dams
→ Selective exploitation
→ Climate Change & Extreme climatic events

Blöschl et al Nature 2019Blöschl et al Science 2017
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Objectives

How Atlantic salmon 
populations will cope 
with climate change?

Evaluate adaptation 
capacity to climate 
change and management 
practices to foster 
stability and resilience of 
populations
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Its vulnerability will depend on :

1) SENSITIVITY : the species' ability to adapt
• Phenotypic plasticity (e.g. timing of migration, 

thermal refugee,…)
• Genetic adaptation
• Dispersal

How to cope with environmental changes?

Assessing ecological & evolutionary processes and mechanisms!!!
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Understanding how populations work
Diadromous Fish in Coastal Rivers Observatory

Long-term 
monitoring 
and 
marking

“Le saumon aux 4 saisons”

https://diapfc.hub.inrae.fr
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Understanding how populations work
Diadromous Fish in Coastal Rivers Observatory

Inheritance

Experimental 
channel

Metabolism & Energy

Long-term 
monitoring 
and 
marking

“Le saumon aux 4 saisons”

https://diapfc.hub.inrae.fr
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Station de 
piégeage
Olha

Station de 
piégeage
Uxondoa

Dénombrement 
de frrayères

Echappement

 reproducteur

Recrutement en
juvéniles de l’année
(Tacons 0+ en 
automne)

Pêche électrique

Buoro et al. 2010

Trehin et al. 2020

River and sea ages depend on growth at sea

Understanding how populations work
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Understanding how populations work

Influence of genes on age at maturation (VGLL3)



Individual Based SAlmon Model (IBASAM): virtual population to connect demo-genetic dynamics with 
biotic & abiotic factors (from genes to metapopulations)
 

Genetic transmission
(Bi-allelic multilocus system)

Understanding how populations work



Fishing

Individual Based SAlmon Model (IBASAM): Incorporates the knowledge available to date 

Genetic transmission
(Bi-allelic multilocus system)

1Scientific RepoRts | 7:43552 | DOI: 10.1038/srep43552

www.nature.com/scientificreports

Genetic architecture of threshold 
reaction norms for male alternative 
reproductive tactics in Atlantic 
salmon (Salmo salar L.)
Olivier Lepais, Aurélie Manicki, Stéphane Glise, Mathieu Buoro & Agnès Bardonnet

Alternative mating tactics have important ecological and evolutionary implications and are determined 
by complex interactions between environmental and genetic factors. Here, we study the genetic effect 
and architecture of the variability in reproductive tactics among Atlantic salmon males which can 
either mature sexually early in life in freshwater or more commonly only after completing a migration 
at sea. We applied the latent environmental threshold model (LETM), which provides a conceptual 
framework linking individual status to a threshold controlling the decision to develop alternative 
traits, in an innovative experimental design using a semi-natural river which allowed for ecologically 
relevant phenotypic expression. Early male parr maturation rates varied greatly across families (10 to 
93%) which translated into 90% [64–100%] of the phenotypic variation explained by genetic variation. 
Three significant QTLs were found for the maturation status, however only one collocated with a highly 
significant QTL explaining 20.6% of the variability of the maturation threshold located on chromosome 
25 and encompassing a locus previously shown to be linked to sea age at maturity in anadromous 
Atlantic salmon. These results provide new empirical illustration of the relevance of the LETM for a 
better understanding of alternative mating tactics evolution in natural populations.

Alternative mating tactics found in natural populations of diverse species have important ecological and evolu-
tionary implications. At the individual level, different mating tactics often involve variation in life history traits 
such as time to maturation, habitat use and reproductive behaviour1,2. This may in turn affect life cycle character-
istics such as mating systems, generation time and reproductive structure which will impact effective population 
size and population dynamics3. Therefore, factors influencing the occurrence of alternative mating tactics have 
been the focus of longstanding theoretical and empirical research to decipher the relative contribution of genetic, 
environmental effects1,4,5 and their interactions through phenotypic plasticity6,7.

One of the most recent conceptual representation of alternative mating tactics is the environmental threshold 
model, which links the environment to alternative phenotypes through a genetically-determined threshold7–9. 
This model derives from the quantitative genetics threshold model10 and involves two components: (i) a normally 
distributed trait (liability trait) under polygenic and environmental influences integrating, for instance, individ-
ual physiological responses to the environment that can be assessed by a surrogate measure such as body size or 
weight; and (ii) a genetically determined threshold that will determine the decision to develop one particular life 
history trait. According to this model, incidence of alternative phenotypes can evolve through genetic change 
of the threshold value in addition to multigenic or environmental change of the distribution of the liability trait 
reflecting phenotypic plasticity6. As this model explicitly predicts that alternative phenotypes can be expressed by 
a given genotype depending on the environment, it provides a useful conceptual framework to study phenotypic 
plasticity7,11. Yet, in spite of formal recent statistical developments that should facilitate its confrontation to exper-
imental data6, empirical application of this model remains rare12–15. Furthermore, most available measurements 
were obtained under rearing conditions which may lead to spurious results. Additional insight into the genetic 
architecture and phenotypic plasticity of alternative mating tactics should be gained in more ecologically real-
istic settings to further our understanding of the evolutionary processes maintaining alternative mating tactics 
in natural populations16. The objective of the present study is to apply the environmental threshold model in an 

O IO  I  ni . au  a s our  4310  aint e ur i e e  rance. orrespon ence an  re uests for 
materia s s ou  e a resse  to O. . emai : o i ier. epais inra.fr

recei e : 23 eptem er 201

accepte : 25 anuar  2017

Pu is e : 10 arc  2017

OPEN

Understanding how populations work
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Its vulnerability will depend on :

1) SENSITIVITY : the species' ability to adapt
• Phenotypic plasticity (e.g. timing of migration, thermal 

refugee,…)

• Genetic adaptation
• Dispersal

2) EXPOSURE: the intensity and speed of 
environmental change.

How to cope with environmental changes?



Genetic transmission
(Bi-allelic multilocus system)

Fishing

T° water : + 3°C
Amplitude flow: + 25 %

Growth 
conditions: -25 % 

Selec%ve 
exploita%on
(1 sea winter vs 
Mul:ple sea 
winter)

Prospective : Impacts of CC and selective fisheries
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Température en rivière

Variabilité débit

C
ro
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sa
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m
ar
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e

Risque d’extinction à 50 ans

Prospective : Impacts of CC
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Lamarins et al. 2022, 2023

Adaptation network to face CC

Salmon populations are not isolated 
– Dispersal

Importance of diversity within and 
between populations –
Biocomplexity



p. 24Le saumon face au changement climatique Lamarins et al. 2022, 2023

Adaptation network to face CC

Salmon populations are not isolated 
– Dispersal

Importance of diversity within and 
between populations – Biocomplexity

Foster stability, persistence and 
adaption to environmental changes

ADAPTATION NETWORK
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AND ADAPTATION

Demographic

Genetic

Evolutionary

ADAPTATION NETWORK

Homogenization

Local adaptation

Adaptation network facing CC

Lamarins et al. 2022, 2023
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Ongoing & Future projects

Salmon Adaptation to Climate Change in the 
ADour and Basque coastal streams 
(SACCAD: 2024-2027)

IBASAM v2



Scorff river, Brittany, France
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