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 Copepods in pelagic ecosystems

C Linder, WHOI M Loir
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 Calanus fnmarchicus in the North Atlantic

Barnard et al. 2002
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 (Recent) changes

Reid et al. 2003
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 Fragmented spatio-temporal sampling

Speirs et al. 2006
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Interest for numerical methods

• Summarize the present knowledge of the system

• Fill the spatio-temporal gaps

• Diferent scales

• Quantify processes

• Develop / reject hypotheses

Introduction
Objectives
Parts I & II
Conclusion
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Understand and quantify the coupling between the 

variability of the physical processes and the population 

dynamics of Calanus fnmarchicus in the GSL.
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Numerous physical and biological processes involved

• Population : day → interannual = km(s) → oceanic basin

• Hydrodynamics = distribution, environment

• Vertical migrations = environment

• Diapause = interannual abundance variability / distribution

General
Specifc

Introduction
Objectives
Parts I & II
Conclusion
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1. Impacts of nychtemeral and ontogenic migrations on the variability 

of the distribution and abundance of C. fnmarchicus in the GSL

 

2. Control of entrance into and exit from diapause by the lipid 

metabolism in C. fnmarchicus

General
Specifc
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Conclusion
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Interactions between the hydrodynamics and the Interactions between the hydrodynamics and the 

population dynamics of population dynamics of Calanus fnmarchicusCalanus fnmarchicus in the GSL:  in the GSL: 

a coupled 3-D modeling approacha coupled 3-D modeling approach
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Coupled numerical model

Oceanic model

Life

cycle

  Atmospheric forcing 

  Oceanic forcing

  Hydrologic forcing
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Development Egg production

Methods
Results
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Stage
Ontogenic

( no DVM )

Nychtemeral

( DVM )

C4 / C5 / ♀ 55 0 - 1000 - 100

N1 - C3 5 -

C5d 150 - 250 150 - 250

Migrations

Methods
Results
Conclusion

Introduction
Objectives
Part I
Conclusion



F. Maps – GMRI - 5/7/09

16 / 39

ESLGSL

Diapause
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Mortality

Methods
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Copepodite 5

no DVM DVM

Methods
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 Cop. 5
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no DVM / DVM

EOF 1

 Life cycleLife cycle

~ 50%~ 50%

EOF 2

Circ. / Topo.Circ. / Topo.

~ 20%~ 20%

EOF 3

Misc.

~ 5%

C5-C5d 64.4  /  68.1 22.1  /  15.6 4.3  /  4.5

C6f 45.2  /  45.2 26.1  /  19.6 5.7  /  3.7

Nauplii 60.3  /  60.8 14.9  /  11.3 6.7  /  4.9
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Results
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• More realistic with DVM

• The Calanus circuit: distinct hydrodynamic features linked together 

by both the life cycle and the behavior of C. fnmarchicus in the GSL.

• More realistic with DVM

• The Calanus circuit: distinct hydrodynamic features linked together 

by both the life cycle and the behavior of C. fnmarchicus in the GSL.

• Limitations :DVM & fxed diapause window

Methods
Results
Conclusion
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  The control of diapause by the lipid metabolism The control of diapause by the lipid metabolism 

in in Calanus fnmarchicusCalanus fnmarchicus: a population model test: a population model test

Methods
Results
Conclusion
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Tarrant et al. 2008

Diapause = phenology + adaptation to seasonality

Introduction
Objectifs
Chapitre II
Conclusion

Problématique
Résultats
Conclusion
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Synchronization required

● Photoperiod ?

● Primary production ?

● Temperature ?

● Endogenous control ?

Johnson et al. 2008

Methods
Results
Conclusion

Introduction
Objectives
Part II
Conclusion



F. Maps – GMRI - 5/7/09

27 / 39

Copepodite 5 Female

Lipids

● ~ 70% of C5's body C but ~ 30% of female's body C

● Integrative variable

Methods
Results
Conclusion
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An individual entering diapause without enough lipid storage would be 

lost for the population : starvation / detrimental environmental conditions

(1) C5 enter diapause when the lipid / total C ratio > threshold

(2) C5 terminate diapause when lipids ~ threshold

Methods
Results
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Carlotti et al. 1993

Masses do not overlap

Development = f( growth, mass )
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Growth and critical molting mass fonctions of the environment

Example: C5

Mass

Growth

Development
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Food

Temp.

C5 diap

C5 diap
C5
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1999 13 August 30 September 1st November

Proportion (%) 69 8 23

2000 19 August 6 October 19 November

Proportion (%) 57 38 5

Methods
Results
Conclusion

Introduction
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Part II
Conclusion
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● Realistic phenology

● Realistic seasonal cycle of lipids (C5)

● Realistic abundances & amount of lipids

● Diapause : control by the lipids plausible

➔ Response to environmental variability, 

potential for regional variability

Methods
Results
Conclusion
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Dec.

Jan.

Feb.

March
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• Better understanding of migration behavior

• Test phenotypic variability of diapause

• Implement mortality as a fonction of the environnement in models

• + fexibility → climatic changes scenarios

• Need for individual variability

• Integrative (hierarchical) approach : IBM + population, distributions ...

Introduction
Objectives
Part II
Conclusion
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