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Context : Assemblage of 11 diadromous species 
in the European Atlantic Area facing a changing environment

Diadromous species 
 They share their life cycle between  

freshwater  and marine domains,
 They disperse between catchments, in 

addition to reproduction and growth 
processes.

This originality leads to territorial 
interdependences (land-sea, latitudinal) 
which call for new management strategies. 

Climate changes will exacerbate these 
interdependences. 

Example of anadromous life cycle



Method : HyDiaD, a hybrid model for diadromous species distribution 
(Singer et al., 2016; Baber-O’Malley et al., 2022a)

HyDiaD combines 
 the classical approach of habitat 

suitability (correlative model)



Method : HyDiaD, a hybrid model for diadromous species distribution 
(Singer et al., 2016; Baber-O’Malley et al., 2022a)

HyDiaD combines 
 the classical approach of habitat 

suitability (correlative model)

 with 2 modules
 Dispersal 
 Population dynamics



Modelling: Habitat suitability index
based on shape-constraint GAM (Citores et al., 2020; Valle et al., 2023) 

using presences and absences from Eurodiad 4.0 database  (Baber-O’Malley et al., 2022b)

Sea surf. temp. SalinitySea surf. temp. Surf. areaSalinity Source elev. Precip. Mixed layer d.



Modelling: Dispersal and population dynamics 
(adapted from De Cáceres and Brotons, 2012)

𝑁 𝑖 ,𝑡=𝑚𝑖𝑛 (𝐵 𝑖 , 𝑡 𝐵 𝑖 ,𝑡2𝐵 𝑖 ,𝑡2 +( 𝜆⋅𝐷 𝑚𝑎𝑥 ⋅𝐴 𝑖 )2 𝑟 ,    𝐻𝑆𝐼 𝑖 ,𝑡⋅𝐷𝑚𝑎𝑥 ⋅𝐴 𝑖⋅𝑒 −h1)The number of 
fish is calculated 
with

𝐵 𝑖 , 𝑡=([∑𝑆 𝑁 𝑖 ,𝑡 −𝑆𝑛𝑐 ⋅(1−𝛾 ) ]+ ∑𝑗≠ 𝑖∈𝛺 [∑𝑆 𝑁 𝑗,𝑡 −𝑆𝑛𝑐 ⋅𝛾 ⋅𝑒− 𝛼 𝑑 𝑗− 𝑖𝛽

∑𝑙≠ 𝑗∈𝛺 𝑒 −𝛼 𝑑 𝑗− 𝑙𝛽 ⋅𝑒 −𝑀 𝑑𝑖𝑠𝑝 𝑑 𝑗− 𝑖 ])𝑒 −h2
a stock-recruitment relationship 
(Barrowman and Myers 2000) The number of spawners,

with a maximum production 
limited by the habitat 
suitability defined by the CC, 

reduced by a 
anthropogenic mortality 
(habitat reduction)

The number of 
spawners sums

the number of homers 
from previous cohorts

the number of strayers 
from other basins that survive during the journey 

reduced by an 
anthropogenic 
mortality (fishery, 
pollution,...) 

and give offsprings,

that are active (Allee effect),



Modelling: Dispersal and population dynamics (adapted from De Cáceres and Brotons, 2012) 

calibrated using an expert knowledge elicitation (Delphi method, Elmer et al., 2010)

But we faced  
 inconsistencies for some parameters

- population growth rate
- Allee effect

 limitations
 Dispersal kernel function
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the sensitivity w is the ratio of the absolute value of change 
between future (2071-2100) and current (2001-2030) periods 

in species distribution to the extent of species distribution.

The higher the sensitivity, the greater the changes in species are. 
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The contributions c to the sensibility allow to rank catchment influences.
 The sign of contribution indicates whether it corresponds to an increase or a decrease. 
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Method: Turn-over (Crossman et al., 2012; Allins et al. 2020 )

Species sensitivity to climate change

Based on HSI,                                                                              Based on density,



Results: Turn-over (Crossman et al., 2012; Allins et al. 2020 )

Species sensitivity to climate change

 Based on HSI



Results: Turn-over (Crossman et al., 2012; Allins et al. 2020 )

Species sensitivity to climate change

 Based on scaled density
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Method: Turn-over (Crossman et al., 2012; Allins et al. 2020 )

Catchment sensitivity to climate change

the sensitivity w is the ratio of the absolute value of change 
between future (2071-2100) and current (2001-2030) periods 

in species distribution to the extent of species distribution.

The higher the sensitivity, the greater the changes in catchments are. 

Based on HSI,                                                                              Based on density,

The contributions c to the sensibility allow to rank species influences.
 The sign of contribution indicates whether it corresponds to an increase or a decrease. 



Results: Turn-over (Crossman et al., 2012; Allins et al. 2020 )

Basin sensitivity to climate change

 Based on HSI

For the Tagus River



Results: Turn-over (Crossman et al., 2012; Allins et al. 2020 )

Basin sensitivity to climate change

 Based on scaled density

For the Tagus River



Conclusions

 HyDiaD : One-size-fit-all model

 Somewhere between a strictly correlative model and a full mechanistic 
model,

 Applied for 11 (different) species in 2010 (unique) catchments which will 
always be challenging,

 Simplifies comparison of model outputs between species,

 Allows interpretation at the level of the diadromous species assemblage.

 New insights for long-term and large-scale management of diadromous 
species.

 Feeds the DiadES interactive web atlas. 

                                https://iwa.diades.org/



Thanks for your attention
Thank you for your attention…

And thanks to the many contributors
                         Betsy Barber, post-doc,
                         Guillem Chust, ATZI,
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