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Abstract— Robotic agents that are accepted by animals as
conspecifics are very powerful tools in behavioral biology
because of the ways they help in studying social interactions
in gregarious animals. In recent years, we have developed a
biomimetic robotic fish lure for the purpose of studying the
behavior of the zebrafish Danio rerio. In this paper, we present
a series of experiments that were designed to assess the impact
of some features of the lure regarding its acceptance among
the fish. We developed an experimental setup composed of a
circular corridor and a motorized rotating system able to steer
the lure inside the corridor with a tunable linear speed. We
used the fish swimming direction and distance between the fish
and the lure as a metric to characterize the level of acceptance
of the lure, depending on various parameters. The methodology
presented and the experimental results are promising for the
field of animal–robot interaction studies.

I. INTRODUCTION

The mechanisms of interactions between individuals inside

an animal society have always been one of the long-standing

interests in behavioral research. It has been shown in [1] that

animal communication can be based on rather simple signals

and that it is possible to interact with animals by making

specifically designed artifacts that generate and exploit only

a part of the signals relevant for social behavior. At that time,

the level of technology was not high enough to use more

complex stimuli or multiple stimuli simultaneously. Rather

simple dummies were used instead, each one serving to study

only one specific behavior.

In recent years, technology has become more advanced

and affordable, and such lures were replaced by approa-

ches using robotized systems that are built and controlled

according to the animal under study [2]. Among the social

animals that are nowadays under these types of studies,

small species of fish, such as zebrafish Danio rerio, guppies

Poecilia reticulata, or stickleback Poecilia reticulata are

often chosen as model for studying the collective behavior

of fish and the types of interaction channels that they use

in the collective decision-making process. Due to the fact

that the communication channels used by fish during social

interactions are mainly based on vision [3], screens are

often used to evaluate the change of behavior of fish when

changing the stimulus that is displayed, such as in [4][5].

However, these types of tests using screens are often limited
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LIED, UMR 8235, F-75205 Paris, France jhalloy@gmail.com

because they are not coupled with the motion induced in

water, which fish are also very sensitive to [3]. Therefore,

recent studies have used more complex systems that use

robots to interact with fish by generating visual stimuli that

are also moving underwater, thus inducing water waves.

For instance, in [6], [7], [8], the response of zebrafish to

a robotic fish was observed. The robotic fish, which had the

same aspect ratio as the zebrafish, was attached to a moving

device on top of a tank or moving autonomously, and its

speed could be varied, along with the tail beating and its

coloration. In [9], a study measured the preference of fertile

female bluefin killifish Lucania goodei for a robotic replica

whose aspect ratio, body size, motion pattern, and color

were inspired by an adult male killifish; here, the authors

used a robotic platform specifically designed to simulate

the typical courtship behavior observed in male killifish.

In [10], [11], [12], [13], [14], a passive lure attached to a

support was moved using a mobile robot below the aquarium

and controlled using tracking software. In [15], a mobile

robot was used to move a robotic lure that emitted electrical

playback signals to attract the weakly electric fish Mormyrus

rume. In [16], the stickleback’s schooling behavior was also

observed using a carrousel that drove groups of stickleback

lures. For several years, we have worked on developing

robotic devices to study the collective behavior of zebrafish.

We developed multi-robot systems to steer fish lures in an

aquarium [17], [18], [19] and robotized fish lures to study

the effect of the beating movements of the tail on the fish

[20], [21].

In the current paper, we present a novel system to test

the reaction of fish to different types of actuated and non-

actuated lures. We propose the use of a circular corridor

to measure the attraction of fish shoal to robotic lures

that are equipped equipped with a soft beating tail. This

setup offers a binary choice for the fish because they can

either move in the clockwise (CW) or counter-clockwise

(CCW) direction. It is also a known setup to study the

shoaling formation of zebrafish [22] or rummy-nose tetra

Hemigrammus rhodostomus [23]. A coaxial motor is used

to actuate two blades to move one or more lures inside the

corridor, either CW or CCW. The lure can have different

ranges of linear speed, from 0 up to 40 cms−1.

We measured the swimming direction of a shoal of five

zebrafish when a lure that emitted different types of stimuli

was moving inside the tank with the goal being to quantify

the change in the collective decisions of the fish. The goal











that was only 1.5 times the size of a zebrafish. All these

results confirmed that a lure designed to perform experiments

involving mixed societies of fish and robots should include

two main features to increase the attraction of the lure:

a biomimetic shape and a beating tail, which shows the

potential of designing miniature and sophisticated robots

based on soft-robotics techniques that can mimic the animal’s

behavior.

In further work, we plan to use the two blades to test

the effect of multiple lures moving in two directions inside

the circular corridor on the collective decisions of the fish.

We plan also to use the position feedback of the motors to

control the lures in a closed loop according to the behavior

of the fish, such as the swimming direction, the speed or the

group cohesion. Finally, we will perform a deeper analysis

on the interaction between the agents, for instance by using

information theory, to gain new knowledge on the decision-

making process in fish shoals.
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