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What is the HyDiaD model? 

Based on two “big” formulas (adapted from De Cáceres and Brotons, 2012)

The number of fish 
is calculated with

a stock-recruitment relationship 
(Barrowman and Myers 2000) with a maximum 

production limited by the 
habitat suitability defined 

by the CC, reduced by a anthropogenic 
mortality (habitat reduction)

The number of spawners,
that are active (Allee effect),
and give offsprings,

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

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

the number of homers 
from previous cohorts

The number of spawners 
sum

𝐵𝑖 , 𝑡=([∑𝑆 𝑁 𝑖 ,𝑡 −𝑆

𝑛𝑐
⋅ (1−𝛾 )]+ ∑

𝑗 ≠𝑖∈𝛺 [∑𝑆 𝑁 𝑗 ,𝑡 −𝑆

𝑛𝑐
⋅𝛾 ⋅ 𝑒−𝛼𝑑 𝑗 − 𝑖

𝛽

∑
𝑙≠ 𝑗∈𝛺

𝑒−𝛼𝑑 𝑗− 𝑙
𝛽

⋅𝑒−𝑀𝑑𝑖𝑠𝑝 𝑑 𝑗− 𝑖])𝑒−h2

𝑁 𝑖 ,𝑡=𝑚𝑖𝑛 (𝐵𝑖 , 𝑡
𝐵𝑖 ,𝑡
2

𝐵 𝑖 ,𝑡
2 +(𝜆⋅𝐷𝑚𝑎𝑥 ⋅ 𝐴𝑖 )

2 𝑟 ,    𝐻𝑆𝐼 𝑖 ,𝑡 ⋅𝐷𝑚𝑎𝑥 ⋅ 𝐴𝑖 ⋅𝑒
−h1)



What is the HyDiaD model? 

Application to 11 species 
with variable model trust
(Barber O Malley, pers.comm.) 



What is the HyDiaD model? 

Catchment i at time t
0

1

HSI

Habitat Suitability Index for this 
catchment in this time step 

How close is the population to the limit 
set by the HSI?

a new interpretation of species distribution: the saturation rate
(Barber O’Malley et al., 2022)

Saturation rate=
𝑁 𝑖 ,𝑡

𝐻𝑆𝐼𝑖 ,𝑡 ⋅𝐷𝑚𝑎𝑥 ⋅ 𝐴𝑖



Application to shads from nowadays to the end of the century 
(Barber O’Malley et al., 2022)

Catchment i at time t

Allis 
shad

Twaite 
shad

What is the HyDiaD model? 



What is (not so) complicated ? 
The Habitat Suitabilty 

Calculated with species distribution model, often used in ecology and 
conservation biology to (Manel, 2001; Guisan and Thuiller, 2005; Pearson, 2007):

 project potential future changes in the geographic ranges of species
 identify sites for species reintroduction

In response to changing climate

(Lassalle et al., 2010)

[0; 0.15]
]0.15; 0.50]
]0.50; 1]

Habitat Suitabilty
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What is (not so) complicated ? 
The Habitat Suitabilty calibration

A. alosa
TTS = 0.776

A. fallax
TTS = 0.760(Barber O’Malley et al., 2022)

using Boosted Regression Tree  (Elith et al., 2008) with presence and absence 
(around 1900)  from Eurodiad 4.0 (Baber-O’Malley et al., 2022)



What is (still) complicated ? 
The biological processes calibration

using an expert knowledge 
elicitation (Delphi method, 
Elmer et al., 2010)
 Solicitation of 23 experts to 

provide their opinion based on 
their experience, knowledge, and 
expertise working with a particular 
fish species

 Group averages are weighted 
based on a “confidence level” 
specified for each question and 
species combination (Bevington 1969; 
Kirchner 2006)



survival
(from the survey)

« What is the estimate of 
natural survival between egg 
and adult, in the number of 

adults per egg? »

What is (still) complicated ? 
The biological processes calibration

Some inconsistencies in the “population growth rate”
fecundity

(from Fishbase)
population growth rate = 

fecundity * survival
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survival
(from the survey)

« What is the estimate of 
natural survival between egg 
and adult, in the number of 

adults per egg? »

What is (still) complicated ? 
The biological processes calibration

Some inconsistencies in the “population growth rate”
fecundity

(from Fishbase)
population growth rate = 

fecundity * survival

Use a default value of 1.3 for the population growth rate regardless the species
(for integration in the interactive web atlas)



What is (still) complicated ? 
The biological processes calibration

Some inconsistencies in the “straying rate”
distance between catchments

(from Eurodiad database)
straying rate

(from the expert survey)

« For a group of juveniles 
leaving a catchment in a 
given year, what is the 

approximate proportion of 
emigrant fish (in %)? »

mean straying distance
(from the survey)

« For all species except 
eels, what is the mean 

distance in km an 
emigrant is likely to 

disperse between its origin 
catchment and a new 

destination catchment? »
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Conclusions
The HyDiaD model: a new tool, 

 still in development (continue model calibration)

 but which already proposes a large scale, long term, dynamic perspective in 
diadromous species distribution

Perspectives
 Determine 

 Catchments with high  turn-over of species
 Anticipate management plan adaption

 Species with a high turn-over of catchments
 Identification species sensitive to global warming

 Integrate new biological process (iteroparity), anthropogenic mortalities
 Connect with ecosystem service valuation to identify ecosystem service trajectories



Thank you for your attention...
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