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THE MEMMS TEAM

Created January 2006 in CLS Satellite Oceanography Division

Two main activitities :

1) MEM :Development & 

exploitation of the SEAPODYM 

population dynamics model)

2) MS :Development of innovative

tracking techniques applied to 

marine animals (biologging) & 

fishing vessels (VMS)

One small team :

4 researchers, 3 PhD students, 

1 computer scientist
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CONTEXT

Fisheries 

(catch/ bycatch)

POPULATION
Natural 

mortality
Migration

Reproduction

Oceanic and climatic conditions
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ECOSYSTEM MODEL

3-D models  

Ocean 

Physics

Ocean 

Biogeochem.

Primary Production 

from satellites

3-D Models Prey model

Predatorôs population 

dynamics model



Modelling approach

Schellnhuber (1999)
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We have developed a model of micronekton, 

(small prey organisms)

The MODEL: 6 functional groups in 3 vertical

layers. Several components exhibit diel vertical

migrations, transferring energy from surface to

deep layers. The biomass of each component

is computed with an energy transfer coefficient

directly from the observed or modelled

vertically integrated primary production

Mar-ECO station North Atlantic, (IMR, Bergen Norway) showing acoustic detection of micronekton

First step: predicting the distribution of prey 
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Temperature and development

Gillooly et al. (2002) propose a model 

explaining relation between temperature 

and development time of post-embryonic 

(hatching to adult)  zooplankton species 

(rotifers, copepods and cladocerans) 

incubated at different constant 

temperatures ranging from 5 to 30 C 

y = -0.1252x + 7.6541

R
2
 = 0.8834
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we obtain similar result using age at 

maturity and ambient temperature 

of micronekton species

metabolism of ectotherm animals is linked to 

ambient temperature
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based on a (very) few obs., we fixed tr to the 

development time needed to reach a weight of 1g, 

which is also linked to temperature (with same 

slope) and lead to tr ~ ¼ tm )
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Dynamic of a MTL component

lis the mortality coefficient that 

control the turn over of the MTL  

(Mid-Trophic Level) component, 

~ the time of development to the 

age at maturity

lis linked to temperature

tr is the recruitment time, i.e. the 

minimum time between ñbirthò 

coinciding with the apparition of 

PP and the age at which 

organisms reach a size large 

enough to be included 

(ñrecruitedò) in the MTL
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Initial condition: 

Neumann boundary conditions 
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References:

Lehodey et al. (1998). Fish. Oceanog.

Lehodey, (2001). Prog. Oceanog.

Lehodey et al. (in press) Prog. Oceanog.

Results: day/night epipelagic biomass
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11

03/98

03/00

EASTROPAC cruises 1967-1968 (Blackburn and Laurs, 1972):

distributions of micronekton in the EPO in the upper 200m showing an increase 

in biomass between day and night from ~1-8 to 10-20 ml/1000 m3, and still some 

higher concentration near the coast of Peru. 

Hidaka et al. (2003):
micronekton biomass (Jan-Feb 1998) in the upper 200 m

Day: <1 mg WW m-3 during the day (0.001-0.07 mg WW m-2) notable

exception of large anchovy schools (-> 23.3 mg WW m-3)

Night: 3-38.8 mg WW m-3 = 0.3-3.88 mg WW m-2

2nd step: evaluation é
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2nd step: é and optimization with assimilation 

Matrix of Energy transfer coefficients used 

for the 3-layer 6-components mid-trophic

levels model, according to the depth and 

the number of corresponding layers

Mid-trophic functional groups

Nb of 

Layers

epi meso m-

meso

bathy m-

bathy

hm-bathy

0 0 0 0 0 0 0

1 1 0 0 0 0 0

2 0.34 0.27 0.39 0 0 0

3 0.17 0.10 0.22 0.18 0.13 0.20

MarEco lander

IMR, Bergen

Kindly from N. O. 

Handegard.



Predicting habitat and dynamics of large 

oceanic predators
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Age-structured 

Population
Growth

mortality by cohort

Feeding Habitat = 
Food abundance x

accessibility (T,DO)

Spawning Habitat =
Food & T for larvae

Absence of adultsôpreys

IF MATURE 

Seasonal 

switch

Movement toward

feeding grounds

Movement toward

spawning grounds

Mortality

Spawning success

Recrutement

PREDATOR MODEL

EULERIAN  AGE-STRUCTURED POPULATION DYNAMICS  MODEL 

ÇAdvection-diffusion equation for each cohort with  source/sink terms 

(reproduction/ageing/natural mortality/fishing)

HABITAT-DRIVEN MOVEMENT

ÇAnimals move towards favorable habitats (feeding or spawning)
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Different tunas, different parameters

Ŷ Lifespan Ÿ

Ŷ Max size / weight Ÿ

Ŷ Age at maturity Ÿ 

Ŷ Fecundity Ÿ

Ŷ Natural mortality  Ÿ

Ŷ Food Ÿ

4 yrs +

75 cm / 20 kg

10-12 months

Very high

~0.4 per month

Micronekton 

Biology

Skipjack (Katsuwonus pelamis) Bigeye (Thunnus obesus)vs

Warm 20 ï30 oC

Low! >3-4 ml l-1

0-200 m

Tropical

Ŷ Thermal habitat Ÿ

Ŷ Oxygen tolerance Ÿ

Ŷ Vertical habitat Ÿ 

Ŷ Spatial distribution Ÿ

Large 10-30 oC

Good! >1.5 ml l-1

0-1000 m

Tropical to sub-temperate

Ecology

12 yrs (+)

180 cm / 225 kg

2.5 years

Very high

~0.1(-) per month

Micronekton
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MODEL CALIBRATION & VALIDATION

Model runs over the period 1948-2005

Fishing data (Pacific)

ÅMonthly catch data (spatially-distributed)

Skipjack = 4 purse-seine and 2 pole-and-line 

fisheries 

Bigeye = idem skipjack + 15 long-line fisheries 

(original data on 5-deg resolution)

ÅQuarterly length frequencies data for each fishery 

by 5, 10 or 20 degree squares

Biogeochemical + physical forcing

Ocean state (physics+biogeochemistry) from ESSIC (U. Maryland, USA) ocean 

model forced by the NCEP 1948-2005 atmospheric reanalysis

Calibration/validation : a 3-step approach

1) Optimal estimation of parameters over  the period 85-05 (Senina et al, 2008)

2) Verification of coherence of parameters estimates and model realism

3) Check of model skill over a different period (65-85)
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q Skipjack Bigeye

bp
0.296 0.0018 0.073 0.0005

Mmax 0.5* 0.25 0.003

bs -0.044 0.0015 -0.097 0.008

A 31* 80.6 0.008

s0 3.5* 0.82 0.012

T0 30.5 0.0047 26.2 0.013

a 0.1* 0.63 0.02

BHa 0.5* 0.0045 6e-4

sa 2.62 0.0015 2.16 0.004

Ta 26* 13 0.004

O 3.86 0.0009 0.46 0.0006

Dmax 0.4 0.005 0.22 0.002

Vmax 1.3 0.006 0.32 0.002

Fishing parameters: catchabilities & selectivities

Optimal estimation of parameters

Estimated parameters
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Hindcasts

Pacific bigeye

û Predicted distribution of adult 

biomass and observed (circles) 

longline catch

WCPO adult bigeye
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EPO adult bigeye
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optimization hindcast optimization hindcast 

WCPO EPO

Black curve: SEAPODYM 

Red curve: Statistical Stock-

recruitment model (MULTIFAN-CL) 

used by the Western Central 

Pacific Fisheries Commission 
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Climate variability

Observed movement from skipack tagging data

Basin-scale ENSO-linked spatial shifts are also predictable

Skipjack
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APPLICATIONS

ÇStock assessment of exploited marine species 

(reanalyses)

ÇAdaptation to other species (sardines and anchovies) 

within a regional model 

ÇTesting management scenarios (changing fishing effort, 

no-take areas, etcé)

ÇSeasonal forecast (ENSO, NAO)

ÇNear Real time monitoring (fisheries, protected species)

ÇClimate change



PAGE 22

É 2008 Conna´tre aujourdôhui, mieux vivre demain

Forecast under IPCC A2 scenario

IPSL Earth Climate Model

Ocean General 

circulation 

Model (OPA)

Ocean 

Biogeochemical 

(NPZD) Model

Sea-ice 

model (LIM)

Atmospheric 

model (LMDZ)

Land surface 

Model

(ORCHIDEE)

Atmospheric CO2 concentration

1860-2000 : Measured

2000-2100 : IPCC A2 scenario

Coupler 

(OASIS)

This model simulates realistic seasonal, interannual and decadal variability 

in a statistical sense

A2 scenario :  PCO2 reaches

850 ppm in 2100
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EFFECTS OF CLIMATE CHANGE
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