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Motivation!

Ø  Important	  link	  in	  the	  food	  chain	  
Ø  Most	  numerous	  crustaceans	  in	  the	  

ocean	  

Marine	  biology	  

Ø  Fishery	  Industry	  
Ø  Be[er	  understanding	  the	  oceanic	  

life	  	  
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What are copepods?

Copepods	  cultures	  at	  LOG	  Lab	  in	  Wimereux	  	  
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Response to Stimulus

AcarTa	  tonsa:	  The	  sTmulus	  occurred	  
3	  (ms)	  before	  the	  iniTaTon	  of	  the	  
escape	  response	  (dashed	  line)	  

Response parameters
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Undinula	  vulgaris	  giesbrech=	  response	  
L:	  latency	  to	  forward	  propulsion	  
Pr:	  preparaTon	  
R:	  rise	  
P:	  force	  peaks	  
D:	  kick	  (power	  strokes)	  duraTon	  
T:	  terminaTon	  
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Thresholds

Direction of  Escape?
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Copepods	  react	  to	  deformaTon	  rate	  
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Response	  of	  copepods	  in	  sTll	  water,	  
Data	  collected	  by	  Ib=ssem	  Benkeddad	  
at	  LOG,	  Wimereux	  

Jumps	  superposed	  by	  considering	  
their	  peak	  as	  a	  reference.	  

Lagrangian model

10-2

10-1

100

-20  0  20  40  60  80  100  120

Ve
lo

ci
ty

 |V
| (

m
/s

)

Time (ms)

A e-x/tr, A = 0.25, tr = 10 (ms)
A e-x/tr + noise, A = 0.25, tr = 10 (ms), noise = 0.01

1st jump
2nd jump
3rd jump
4th jump
5th jump
6th jump
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8	  

10-3

10-2

10-1

100

 0  20  40  60  80  100  120  140  160  180  200

Ve
lo

ci
ty

 |V
| (

m
/s

)

Time (ms)

Universal shape
A e-x/tr, A = 0.23, tr = 10.5(ms)
A e-x/tr + noise, noise = 0.006

1st	  
2nd	   3rd	   Jump	  indicator	  



Modified	  Chlamydomonas	  model	  
Fluid	  velocity	  

Slipping	  velocity	  

DirecTon	  of	  moTon	  

Foraging	  velocity	   Jumping	  velocity	  

ProperTes	  of	  the	  ocean	  water	  

Lagrangian model

Dimensionless	  control	  parameters	  
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Methods

Eulerian	  -‐	  Lagrangian	  

Spectral	  Method	  

Tracers	  

Copepods	  

Homogeneous	  Isotropic	  Turbulence	  
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Patchiness	  

Analysis

Tracers	   Copepods	  
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Analysis
QuanTfying	  spaTal	  distribuTon	  of	  the	  copepods	  :	  Fractal	  dimension	  D2	  

Maxey	  JFM87,	  	  Squires	  &	  Eaton	  PF91,	  Fessler	  Eaton	  IJMF94	  	  

is	  Heaviside	  step	  funcTon	  

Monotonically	  decreasing	  like	  power	  law	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  as	  	  

Probability	  to	  find	  a	  couple	  of	  parTcle	  whose	  distance	  is	  below	  r	  	  

D2	  =	  3	  	  	  	  	  	  D2	  ≈	  1	   D2	  ≈	  2	  

The	  Grassberger-‐Procaccia	  Algorithm:	  	  
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Analysis

Fractal	  dimension	  esTmaTon	  as	  
a	  funcTon	  of	  the	  threshold	  value	  
of	  the	  strain	  rate	  	  
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PDF	  of	  absolute	  value	  of	  single	  component	  velocity	  	  

Analysis
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Perspective

CollaboraTon	  with	  Ins=tute	  of	  Environmental	  Engineering	  	  	  
ETH	  Zurich,	  Switzerland	  
	  
François-‐Gaël	  Michalec,	  Markus	  Holzner	  

Ø  Tune	  the	  model’s	  parameters	  
Ø  Predict	  the	  behavior	  	  
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Thank you!
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