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Abstract

Active matter refers to a class of non-equilibrium systems where the energy is supplied to all individuals, who then make movements

oy dissipating the acquired energy [1]. A group of fish can be described as an active matter system, where the fish interaction gives rise to emerging
lective behaviour. Up to now, a fundamental understanding of these interactions has been hindered by a the lack of experimental data. Here we aim
ying the collective behaviour of zebrafish, by a 3D reconstruction of their trajectories from stereoscopic images. Our trajectories demonstrate
arge group of zebrafish exhibits "collective behaviours without collective order”, similar to what has been observed in midges.[2]

Introduction Swarming Fish
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When particles are capable of constantly moving themselves, by using
environmental or internal energy, they form a class of non-equilibrium
system called active matter.[1] Active matter includes objects across a
large variety of length scales, from artificial particles to animals. The
key feature of active matter systems is that they present stunning
collective behaviours such as flocking, swarming and milling.[3, 5]

Figure 1. Two examples of active matter. (a) The schematic of
flocking Janus particles under an a.c. electrical field pointing
into the poster.[3] (b) The flocking birds. (The image was from (4]).

Inspired by the pioneering work of Cavagna et al. on the flocking
birds [5], this study focuses on the collective behaviours of fish in 3D.
Specifically, we are working on observing fish swimming, calculating
their trajectories and analysing their movements.

Method

The observation setup is like what the whole poster presents: the fish
were placed in a big hemispherical tank with three watching cameras.
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The images in different cameras were analysed to find the 2D locations

of different fish. Knowing the water-air interface, their 3D positions can
be calculated by tracing individual refractive rays.[6] These 3D positions
are then linked into trajectories using particle tracking package trackpu.

Figure 2 shows the example of 5 fish in the view of three cameras.
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Figure 2. The images taken by different cameras. The circles illustrate
the re-projected 30 locations of different fish.

The disordered swarming of 50 adult zebrafish was observed in 3D. Their
movement is not ordered as all order parameters are low (< 0.5). The orientations
of their velocities are correlated, and the correlation length (dashed vertical line
in figure ¢) is about six body lengths.
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Figure 3. (a) The 3D trajectories of 50 swarming zebrafish. (b) The order parameter
of the movement. (c) The orientational correlation as a function of fish-fish distance.

Schooling Fish

The juvenile zebrafish moved in a synchronised way: the polar order is high,
their moving directions are aligned. The orientations of their velocities are also
correlated, with the correlation length being about seven body lengths (dashed
vertical line in figure ).
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Figure 4. (a) The 3D trajectories of 50 juvenile zebrafish. (b) The order parameters
of their movements. (c) The orientational correlation as a function of fish-fish distance.

Future work

Is their structure special? Are they in a critical state? Can we model their behaviours?
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