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Small pelagic fish are of key importance in upwelling ecosystems
due to their role in the food web and socio-economical rules (food, 
industry, jobs,…etc.).

These species are subject to large interannual fluctuations due to :

1) Increase of fishing effort 
2) but, mainly to environmental effects affecting early life history stages. 
(1997 : sardine collapse due to all but fishing...natural regulation, warm 
waters,…)

Case of study :

Sardina Pilchardus (most abundant and studied species in Morocco)

Engraulis Encrasicolus (comparaison with other upwelling systems)

But, can be easily extended to others species taking into account thier own traits.

1. 1. 1. INTRODUCTIONINTRODUCTIONINTRODUCTION



1) Mathematical Modelling :
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2) An IBM simulation model

Modelling the biophysical dynamics of sardine and anchovy 
ichthyoplankton in the Canary Current System (Submitted)

Collaborators :

Timothée BROCHIER  : IRD, UR - ECO UP, Sète (France)
Cristophe LETT  : IRD, UR-GEODES (France)
Eric MACHU   : IRD, UR - ECO UP, Sète (France)
Amina BERRAHO : INRH- Casablanca (Morocco)
Pierre FREON : IRD, UR - ECO UP, Sète (France)
Santiago Hernández-León : Universidad de Las Palmas de 

Gran Canaria (Spain)



PART I .    MATHEMATICAL MODELLING



Literature :

-Hjort (1913) (Critical period hypothesis) 

- Cushing (1975, 1990) (Match/ mismatch)

- C. Roy et P. Cury 1989 (Environmental Optimal Window)

- Bakun (1996, 1998) (Bakun’s Triad : Enrichment, concentration, 

larval retention).

- Latest Benguela Upwelling System studies (Mullon, Fréon, 

Lett, Prada, …) show that Transport play an important role in 

recruitment processes. 

Case of Canary : filaments transported sardine larvae

(Rodriguez et al. (2006)  

2. 2. 2. EARLY LIFE HISTORY AND RECRUITMENTEARLY LIFE HISTORY AND RECRUITMENTEARLY LIFE HISTORY AND RECRUITMENT



� Modelling and comprehension of larval spatio-temporal
dynamics and quantifying the recruitment probability
taking into account : 

• Transport during passive stage

• Density dependance effects: feeding, competition, 
growth and mortality,…)

• Environmental Effects (Climate change and physical
processes effects : temperature, water masses 
circulations, upwellings).

3. 3. 3. AIMS OF MODELLINGAIMS OF MODELLINGAIMS OF MODELLING
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4. MODEL EQUATIONS4. MODEL EQUATIONS4. MODEL EQUATIONS

3.1. Reproduction equation

3.2. Populations dynamics modeling of stage S1

3.2. Pre-recruitment probability estimate





Ongoing and future research :

Modeling Juvenile and Adult stages to acheive
modelling the whole life cycle, taking into account :

• density dependent effects and their impact on Adult
and Juvenile migration towards preferendums either
for trophic or reproduction reasons : 
(temperature, food availibility, homing, …etc.).

• Harvesting.



PART II.    INDIVIDUAL BASED MODELLING (IBM)



Aims of IBM modelling

• Study the effect of transport on the pre-recruitment succes.

• Test the hypothesis of optimal spawning strategy of 
sardine and anchovy along the Moroccan Atlantic coasts.

• Determine the main model parameters affecting the 
pre-recruitment.



Area of study :

Extending from North Cape Ghir 
to North of cape Blanc (32°N - 21°N) 

Spawning grounds and nurseries : 

The coast is subdivided to 6 zones, 
considered as both spawning
grounds and nurseries, delimitated 
by capes and 200m isobaths

Period of study :

Years : 1998, 1999, 2000.
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Modelling Tools 

ICHTHYOP, an IBM (Individual Based
Model) (Lett, Brochier, Ramzi, Verley) 
Coupled with ROMS (Regional Oceanic
Model System) with resolution 1/12° (≈ 8km) 
and 32 sigma-levels  (E. Machu)

downloadable from : http://www.eco-
up.ird.fr/projects/ichthyop/

Methodology : Each year, monthly passive 
particles are released from the different
zones, different depth classes, and are 
considered to be pre-recruited when
reaching one of the nurseries at the critical
age.



PRLIMINARY RESULTSPRLIMINARY RESULTSPRLIMINARY RESULTS
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Transport to the Canary islands



Simulations results show that :

� month, zone,  and depth classes of releases are main model 

parameters affecting the pre-recruitment also the period of 

transport (exogenous stage).

� The transport is generally southward (Canary Current) but may

be northward (zone 6) when upwelling generates filaments 

and offshore transport north Cape Boujdor (Barton, 1989).

� More retention in the same area in near bottom classes than in 

surface depth classes.

� Zone 2, 3 and 5 are zones of maximum retention and 

concentration in agreement with high density of eggs and 

larvae are found during surveys.

DISCUSSIONSDISCUSSIONSDISCUSSIONS



ONGOING & FUTURE RESEARCHONGOING & FUTURE RESEARCHONGOING & FUTURE RESEARCH

Couple the IBM to biogeochemical models (N,P,Z) to : 

1. Take into account interactions of larvae with primary and 

secondary production and habitat preferences (temperature, feeding, 

swimming food availability,…etc.).

2. Elaborate favourabilitiy map : determine the locations of best 

habitat for reproduction and recruitment success.

3. Enhance comprehension of biological and environmental

forcing factors interactions (upwelling, food, predation, 

temperature,…).

4. Adult stage (Migration, Reproduction, Exploitation, 

bioeconomy,…etc.)

5. Multi-specific Interactions towards an ecosystem approach for 

fisheries management (Couple IBM, NPZD with EwE or Ecospace).



Improve modelling ecosystemic approach and ecosystemic

management of fisheries taking into account inter-specific

interactions.

Improve bilogical and ecological studies and to reduce the gap

between biologie, ecology & models :  

(Analytical models and ecosystemic models should start…!!!)

Need of interdisciplinary collaboration and Investment in collecting

adequate and qualitative data

CHALLENGESCHALLENGESCHALLENGES



Thank You !


