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Simulation of zebrafish group behaviour
using a stochastic vision-based model

Understanding how individual sensory percep-
tion generates collective motion in animal groups
remains a fundamental challenge. By imple-
menting and validating a stochastic vision-based
model of zebrafish behaviour, we provide a
computational tool to explore how environmental
structure influences group dynamics across
diverse conditions that would be difficult to test
experimentally.
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In this project, we aim to simulate zebrafish group behaviour using a stochastic vision-based
model. Our primary goal is to extend the model by introducing interactive elements that allow
real-time manipulation of individual fish and environmental features, as well as exploring be-
haviour across diverse environments. We will validate our simulation by comparing it against
experimental zebrafish tracking data. Thus far, we have implemented a basic Boids simulation in
a confined rectangular environment and developed tools to generate occupancy heat maps from
tracking data, establishing the foundation for implementing the full vision-based model.
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Collective behaviour in animals demonstrates how simple individual actions can
give rise to complex group dynamics. The zebrafish (Danio rerio) is a prime
model for studying such behaviour because of its social tendencies and compatibil-
ity with controlled experiments. Different strains exhibit varying levels of cohesion
and responsiveness to their environment. In this project, our goal is to recreate these
collective behaviours in a simulation, allowing us to explore how subtle differences at
the individual level can generate distinct group patterns. By reproducing observed
behaviours computationally, we aim to uncover the underlying mechanisms that drive
collective motion in zebrafish.

Related work

Collective motion in fish schools has been extensively studied through computational
models, beginning with zone-based approaches where individuals follow simple rules of
repulsion, alignment, and attraction [1]. While these classical models successfully re-
produce emergent collective patterns, they often lack biological realism in sensory per-
ception. Recent advances have shifted toward vision-based approaches, with Strandburg-
Peshkin et al. [2] demonstrating that visual perception networks are crucial for infor-
mation transfer in animal groups and outperform metric or topological models. Pita et
al. [3] further characterized zebrafish visual capabilities, revealing wide coverage and
acute fronto-dorsal vision that influences schooling behaviour. In parallel, Gautrais et
al. [4] developed stochastic, data-driven methods using probabilistic frameworks rather
than deterministic force summations to model animal interactions.

Our work will build upon previous research on the collective behaviour of zebrafish
conducted by Collignon et al. [5, 6]. Their studies systematically investigated how en-
vironmental heterogeneity and genetic strain influence group dynamics and cohesion in
zebrafish populations. Through a combination of controlled experiments and quantita-
tive analysis, they demonstrated that distinct strains exhibit measurable differences in
spatial distribution, interaction strength, and collective decision-making. The insights
and experimental frameworks established in these works provide the foundation upon
which our simulation study is developed.

Methods

The primary objective is to simulate the group behaviour of zebrafish within differ-
ently shaped environments that may contain various points of interest. We will im-
plement a model outlined in the source material, and validate our simulation by com-
paring the results with experimental data obtained from real zebrafish recordings by
Collignon et al. [5, 6].

To achieve this, we will employ Python with the Pygame library to develop a real-
time, two-dimensional simulation of zebrafish behaviour in a confined space. Once the
basic model is successfully implemented and verified, we will extend the simulation
by adding real-time interactivity, enabling control over individual fish and parts of
the environment such as points of interest. Additionally, we will explore how zebrafish
react to differently shaped environments and configurations.

The implementation timeline for this project is as follows:
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1. Develop a basic 2 dimensional real-time simulation based on the Boids model
proposed by Reynolds [7] in a square confined environment.

2. Generate heat maps of fish movement based on experimental data provided in
the source papers [5, 6].

3. Extend the simulation by incorporating the stochastic vision-based model for
zebrafish behaviour described in the source material [5].

4. Validate the simulation by comparing the results with experimental zebrafish
data.

5. Introduce interactivity into the simulation, by adding the ability to move individ-
ual fish and parts of the environment.

6. Implement more complex environments beyond the basic square shape to simu-
late diverse habitats.

Results and Discussion

So far, we have implemented a basic two-dimensional Boids simulation within a con-
strained rectangular environment. A screenshot of the simulation is presented in Fig-
ure 1.

Figure 1. Screenshot of the initial Boids simulation with 150 Boids.

We also developed tools to generate an occupancy heat map from data that records
the positions of fish over time. Figure 2 shows an example of a heat map produced
from real zebrafish movements recorded in a 1.2 meter square tank. The dataset used
for this example is publicly available on Dryad [8], where the authors of the origi-
nal study archived their tracking data. Once the zebrafish movement model is imple-
mented, we will feed the simulated movements into the same pipeline and compare the
resulting heat map with the one calculated from the measured data.
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Figure 2. Example of an occupancy heat map, with 10 fish in a square heterogenous environment with two points of
interest in opposing corners.
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The occupancy heat map and our implementation of the basic Boids model provide
a useful starting point for exploring zebrafish group behaviour. Our next steps, fol-
lowing the implementation timeline, are to gradually expand the simulation until our
team successfully reproduces the model described by Collignon et al. [5], validate it
by comparing its output with the experimental data, and then continue extending the
model according to our implementation timeline.

CONTRIBUTIONS. AA and MR worked on the report structure and content. UV implemented
the occupancy heat map generation and OK implemented the basic Boids simulation. UV and
OK wrote about their work in the report.
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