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Surfing on turbulence : A strategy for plankton navigation
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Living in a turbulent environment, navigation is a challenging task for motile planktonic organisms
(plankters). Yet vertical migration is essential to many of them. For example, copepods (crustaceans that
are a critical link in aquatic food webs) move upwards at night to feed in surface waters, and downwards
during the day to escape visual predators [1], [2]. Being equipped with flow sensors, can these plankters
use local hydrodynamic cues to migrate faster through turbulence?
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Figure 1. Plankters can exploit velocity gradients to “surf” on the flow: (a) 2D Taylor-Green vortex flow; (b)
3D turbulent flow. We compare the trajectories of surfers (red) to those of bottom-heavy swimmers (blue), which
always swim upwards. We also show trajectories of passive particles (black). In (a), arrows show the swimming
direction. In (b), the gray line shows the depth of the initial positions and circles show the average final vertical
position for the same turbulent flow and initial conditions.

To address this question, we consider plankters swimming at constant speed whose goal is to move
upwards. We propose a robust analytic behavior that allows plankters to choose their swimming direction
according to local flow velocity gradients (Illustrated in Fig. 1a) formulated as follows:

p̂surf =
psurf

|psurf |
, with psurf = [exp (τ∇u)]

T · z. (1)

With p̂surf the chosen swimming direction, ∇u the measured flow velocity gradients, z the target direction
and τ the sole free parameter of the strategy. Testing this behavior in 3D simulations of turbulence [3]
(cf. Fig. 1b), we show that plankters can ”surf” the flow and reach net upwards velocity up to twice
their swimming speed. We assess the expected benefit of (active) orientation control over (passive)
bottom-heaviness and show that it is advantageous across a wide range of marine habitats.
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