
Copepods in turbulence: laboratory 
velocity and acceleration studies 

using high speed cameras

C. Le Quiniou1, F. G. Schmitt1, Y. Huang2, E. Calzavarini3, et S. Souissi1
1Laboratoire d’Océanologie et de Géosciences, CNRS, Univ. Lille, Univ.Littoral Côte d’Opale, Wimereux, 

France
2Marine Environmental Laboratory, Xiamen University, Xiamen, China

3Unité de Mécanique de Lille - Joseph Boussinesq, Université de Lille, Lille, France

EGU
28th April 2021



Action 1.4 
Dynamics and transport of particles and plankton

PI: François Schmitt

General objectives: understand better the influence of turbulence on
plankton, especially zooplankton (copepods). Two aspects: laboratory
study and field study.



Outlines

(1) Introduction about copepods

(2) The turbulence experimental system of  the 
marine station in Wimereux : Agiturb

(3) Characterization of the flow with particles of 
different size

(4) Characterization of copepod behavior



Marine Food Chain

(1) Introduction about copepods

Castellani et Edwards 2017
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Which behavior as a plankton?

11,500 species
Mauchline 1998



Copepods can swim

Vmean=40 cm.s-1

Amean=100 m.s-2 = 10 g
Vmax=80 cm.s-1

Amax=300 m.s-2 = 30 g

(1) to feed or to escape
(2) and to reproduce

Buskey et al., 2002
Acartia spp.

Jumps last about 7 ms at 50 cm.s-1

jumps of 3,5 mm
3 to 6 times their size



Acartia tonsa

VIDEO 1

Swimming behavior in live

Copepods swim by making
very fast jumps thanks to 
their antennae and their oar



Particulate Reynolds number for swimming animals

Swim in a turbulent environment

Swim in a viscous environment

Swim either in a turbulent or a viscous environment

Acartia tonsa 600 μm

Rep=1

Adapted form Schmitt (2020)



Naganuma (1996) 

Yen (2000)

•low Re for feeding
•large Re for escape

Copepods use the advantage of living on the border 
of different worlds



Turbulence and encounter rate predator/prey

• Swim given to a cost-benefit balance

• How does turbulence influence this balance?

Rothschild et Osborn 1988
Kioboe et al. 1995
Gilbert et al. 2005Turbulence intensity

Rothschild Osborn Model

Encounter rate 
(Ingestion rate)

Z : Encounter rate
N: preys density (#/m3)
R: Distance of detection
V: Predator swimming speed (cst)
U: Preys swimming speed (random direction)
W: Gradient of turbulent speed at the scale R



Turbulence and encounter rate predator/prey

• Swim given to a cost-benefit balance

• How does turbulence influence this balance?

Rothschild et Osborn 1988
Kioboe et al. 1995
Gilbert et al. 2005Turbulence intensity

Disturbed Feeding current
Disturbed detection of preys
(chemoreception)
Disturbed detection of predators
(mecanoreception)

Preys capture ↘
Predators escape ↘

Rothschild Osborn Model

Encounter rate 
(Ingestion rate)



Turbulence and encounter rate predator/prey

• Swim given to a cost-benefit balance

• How does turbulence influence this balance?

Rothschild et Osborn 1988
Kioboe et al. 1995
Gilbert et al. 2005Turbulence intensity

Disturbed Feeding current
Disturbed detection of preys
(chemoreception)
Disturbed detection of predators
(mecanoreception)

Preys capture ↘
Predators escape ↘

Rothschild Osborn Model

Encounter rate 
(Ingestion rate)

optimum



Two leading questions

• « Dome » shape : is there an optimal turbulence ?

• What are the impacts of turbulence on copepods
behavior?

We built an experimental system to generate controlled turbulence of different intensities

We have placed copepods in the system and recorded their behavior

• In case of difference between dead and alive copepods? 
– Indication of swimming behavior

• In case of difference between particles and dead copepods of the same
size ? 
– Indication of difference in shape



4 magnetic agitators

 Infra-Red lights

2 high speed synchronized cameras
(>1000 images/s)

(2) The turbulence experimental system 
of  the marine station in Wimereux : 

Agiturb



Side view Bottom view
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Measured RPM (number of rotations of the 
stirring bars) correspond to the expected
values (digital screen)

Calibration curve of the stirring bars

Taylor Four-roller mill (Taylor, 1934) 

Andreotti et al. (2001)

Focus plan 
(1 cm thick)

3 cm



Macroscale structures of the flow

VIDEO 2



VIDEOS 3&4



• Why high speed camera?   to catch high speed records

• Why IR light?  to avoid phototaxis

VIDEO 5

IR lamps



High-speed cameras are able to 
resolve very fast jumps

Example of three successive jumps visible in the coordinates recorded on the XY plan. 
Corresponding velocity and acceleration.  

1st jump

2nd

3rd



Acceleration is well resolved during
jumps



Lagnado and Leal (1990)

Simple shear flow

Rotational flow

We aim at
reproducing a 

pure 
extensional

flow
with Agiturb

(extension+rotation)

(3) Characterization of the flow with 
particles of different size



Lagrangian tracking in 2D

vx

vy

Velocity components of 
particles in the flow (diameter 

600µm at 900rpm)

Extensional axis

X

Y



Reconstitution of the 2D trajectories with TrackPY in 
Python

• Track blob-like features in video images, follow them through time, and 
analyze their trajectories.

• 3 steps : 

– Feature finding : initial feature coordinates are obtained from the images. 

• Size, separation between two different blobs, intensity

– Refinement : sub-pixel precision is obtained in coordinate.

• Least-squares fitting with a radial model function to locate the center-
of-brightness

– Linking in time of the coordinates.

• A prediction framework (NearestVelocityPredict) relates the 
coordinates that are the closest and that have matching displacement 
directions

• About the center-of brightness : How far away can it move? How long 
can it take to appear again?



Trajectories of the polystyren particles
reconstructed with TrackPY (Python)

400rpm 900rpm

All of the detected particles are following as their own trajectory (red dot at the beginning of 
the corresponding trajectory)  



Motion is erratic in the central area

View from
the bottom

VIDEO 6



View from
the side
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On the vertical axis, the flow is anisotropic : upward panach



Signal processing
- Background substraction

- Gaussian kernel

Derivatives = convolution  with the derivatives of the kernel

τf = filter length 

τf was chosen such as filtering the noise does
not remove information at the Kolmogorov 
scale

Filter coefficient for convolution



ADV (Nortek Vectrino)

Eulerian measurements in 3D with 
particle of 10 µm

Fluctuating speed

Kolmogorov scale

Kolmogorov scale decreases with 
turbulence intensity down to 200 µm

Copepods 
size (600µm)



Comparison of the experimental turbulence with 
turbulence in natural conditions 

Weak turbulence 
100rpm

Calm sea
200rpm

Agitated sea
500rpm

Sea under storms
900rpm

RPM Rλ

100 142

200 173

250 192

300 220

400 255

500 288

550 299

700 335

900 378

Taylor-based Reynolds 
number

Dissipation rate



(4) Characterization of copepod
behavior

0rpm0rpm

100rpm 300rpm 900rpm

Vmax= 8cm.s-1



Mean values of velocity and acceleration moduli at 
different turbulence intensities

• No differences in average between dead or alive copepods and polystyren particles 
(error bar : quantile 68%)

• The average value of the velocity modulus (Threshold V >1mm.s-1) at 0 rpm is 
4,8mm.s-1

• The average value of the acceleration modulus at 0 rpm is 0,27 m.s-2



Difference between
Alive and Dead 
copepods at low
intensity of 
turbulence (100rpm)

• The velocity 
modulus at which the 
difference occurs is 
2.57 cm.s-1



• The pdf of the velocity or acceleration modulus gets broader at higher turbulence 
intensities.

• The difference between alive and dead copepods disappears when the turbulence 
increases. Signs of swimming behavior are longer visible in the acceleration signal.



Some swimming signs are visible up to 
700rpm?

alive faster than dead copepods

alive slower than dead copepods



Main messages
• The experimental system generating turbulence is operational. We are 

characterizing turbulence statistics using particles of different sizes. It is a 
first system to study experimentally copepods in turbulence with infra-red
and high speed cameras 

• In a controlled turbulent environment, generated by this newly designed
experimental setup, it has been possible to follow copepods behavior at
different Rλ.

• Swimming behavior of copepods depends on the turbulence intensity :
when turbulence is too high copepods let themselves to be carried by the
flow without swimming.

• For a large range of intensities, copepods show some swimming abilities.

• Perspectives : Does the transition occur at the same intensities when
copepods are feeding (in presence of phytoplankton)?



Thanks for your attention

Happy to answer to your questions
clotilde.le-quiniou@univ-littoral.fr


