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An hybrid modeling framework
to combine:

- the progress in ecological sciences to 
describe ocean pelagic ecosystem
and species habitats and behaviour; 

- The progress in ocean (physical and 
biogeochemical) modeling;

- the progress achieved in stock 
assessment models for quantitative 
estimation of population dynamics
parameter models (MLE).

food

Spatial Ecosystem And Population Dynamics Model

SEAPODYM



2D - 3-layer environment:

habitats + 
movements

Integrated over 
day-night 
conditions 

in the 3 vertical 
layers

2D – fish population dynamics (ADR)
+ fisheries & parameter estimation

(spatial resolution from 2° to 9 km)

T°, U&V, PP, Zeu, O2, 
Zoo, mnekton

Spatial Ecosystem And Population Dynamics Model

SEAPODYM

5 cm

www.seapodym.eu

http://www.seapodym.eu/
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SEAPODYM - Mid Trophic

July 2019: 
1st global reanalysis (1998-
2017) of zooplankton & 
micronekton released in the 
Copernicus Marine 
Environment & Monitoring 
Service (CMEMS) catalogue 
of products
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Spatial dynamics based on 
advection - diffusion - reaction
equations
with movement ∝ to fish size and 
habitat

Model parameter
Estimation (MLE) 

(spatially-disaggregated catch, 
size, acoustic and tagging data)

ADR (Da,Ua, R, Za)

SEAPODYM - Fish

INPUT:

• Temperature
• Currents
• Dissolved O2
(3 layers) 

•Primary
production 
(total)

• Zooplankton
(1 group)

• Micronekton  
(6 groups)

• Fishing data
26 parameters + 3 or 4 par 

by fishery
(growth, age at maturity

from independent studies).



SEAPODYM – Fish: Feeding Habitat

Ha= index accounting for the abundance of different groups of forage 
and their accessibility in the vertical layer inhabited (day and night 
changes)

   aTzaOzza TGOP ,,, ;; θθ 

Coefficient of accessibility in the 
concerned layer as a function of 
temperature (turtle) and
oxygen (tuna)
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Biomass in layer z due to 
non-migrant group

Biomass in layer z due to 
migrant groups present
during the day ()

One-year displacements of 29 
juvenile loggerhead turtles 

released in May 2005 (Abecassis 
et al 2013)

Biomass in layer z due to 
migrant groups present during
the night (1-)

Hawaii



SEAPODYM – Fish: Spawning habitat
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𝐻𝑠 = 𝑓1 𝑝𝑟𝑒𝑦 𝑓2 𝑇° 𝑓3 𝑝𝑟𝑒𝑑𝑎𝑡𝑜𝑟

Larvae recruits N(0,t,x)

𝑁 0, 𝑡, 𝑥 = 𝐻𝑠
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1 + 𝑏 𝑁

Density of Atl. Bluefin tuna larvae (5-30 d) 
end of May 2010

𝑁with Number of mature fish

Then recruited larvae drift with currents; Average mortality coefficient + a range of variability ∝ 𝐻𝑠



Applications: Stock Assessment - Management

Evaluation
Fit to data

Model inter-comparison

Sensitivity analyses

optimization

• Stock estimates
(Recruits, 
spawning biomass, 
…)

• Fishing mortality
(total and by 
fishery)

• Impact of fishing
vs Environmental
variability

• Management 
scenarios (fishing
effort, closures,…)

• Spatial planning

Hindcast

forecast

‘Exportability’
Skipjack tuna density and catch

Total PS catch 1972-
2011 (A. Fonteneau)



Applications: Real time and forecast

2011: La Niña 2015 : El Niño

Fishing

No fishing

5

Predicted Skipjack tuna density (1/4°x week) and observed catch (monthly)

Lehodey et al. (2018). Operational
modelling of bigeye tuna (Thunnus obesus) 
spatial dynamics in the Indonesian region. 

Sep2015

Sep2016

Interannual variability in 
Bigeye tuna recruitment

Regional operational model



Applications: Climate change projections

Ensemble simulation (skipjack): 20 members from 5 different climate
models and 3 additional scenario exploring structural uncertainty

Biomass,WCPO Biomass, EPO

Senina et al. (2018) Impact of climate change on tropical tuna species and tuna fisheries in Pacific Island

waters and high seas areas 14th Scientific Committee of the WCPFC, Busan, South Korea, 8-16 Aug. 2018.

WCPFC-SC14-2018/ EB-WP-01, 44 pp. https://www.wcpfc.int/node/30981
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Conclusions
• Using oceanic variables T°, U&V, PP, Zeu, O2, SEAPODYM predicts zooplankton and 

micronekton before to simulate spatial dynamics of exploited pelagic fish species
(tunas, mackerel, …) and their fisheries

• The model uses hindcast for optimisation over long historical period, ocean reanalyses
and realtime forecast with satellite PP for more realistic application (fisheries
monitoring), or long term projections for climate impact studies

• Its MLE approach uses hundred thousands of data to estimate parameters and provides
quantitative estimates for management 

• The model includes both fishing and climate variability (e.g., ENSO, …) and can be used
to project impacts of climate change.

• Results are sensitive to the quality of environmental forcings. Biases in forcing variables 
are identified through lack of convergence with the MLE or bad fit to fishing data. 

• Two major detected issues concern i) the uncertainty (& coverage) on global satellite 
derived PP and ii) the deep equatorial circulation.
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