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Fig. 1 Virtual reality and behavioral system

(a) Schematics of the virtual reality setup and the optical system for recording fish behavior. Red columnar shade indicates an infrared optical path.

(b) 3D view of the darkroom structure.
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Fig. 2 Behavioral paradigm for virtual paramecium presentation

The black and white dots indicate paramecium in light and dark environments, respectively.
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Fig. 3 Behavioral analysis of larval zebrafish

(a) Extraction of head and eye coordinates: al, original image; a2, identify zebrafish from background; a3, extract head contour; a4, anchor points on

zebrafish head and eyes are marked. (b) Identification of head and eye movements: lea, left eye anterior; hp, head position; rea, right eye anterior; lep,

left eye posterior; rep, right eye posterior; LL, left line; RL, right line; CA, convergence angle.
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Fig. 4 Predatory behavior of zebrafish in the presence of virtual stimuli
(a, b) Predatory behavior with J-turn. (a) The paramecium was on the temporal side, and the zebrafish made a large tail swing. (b) The paramecium
was on the nasal side, and the tail swing is smaller. (c) Predatory behavior with a small tail swing, but not J-turn. Each image represents one frame.

The interval between two frames is 10 ms, the red arrows indicate the location of the paramecium.

Table 1 Predatory probability of zebrafish under eye convergence condition

Time
6 dpf 7 dpf 8 dpf 9 dpf 10 dpf 11 dpf 12 dpf
Number of eye convergence 942 1068 791 766 697 632 556
Number of predatory behaviors 238 233 233 203 237 229 181
Predation probability 25% 22% 29% 27% 34% 36% 33%

Predation probability is the ratio of the number of predatory behaviors to the number of eye convergence. 6 dpf, 7 dpf, 8 dpf, 9 dpf, »=20; 10 dpf, n=
21; 11 dpf, n=23; 12 dpf, n=18.
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Fig.5 Changes in the number of convergence and average convergence duration with fish ages during training and test periods
(a) Changes in the number of convergences with zebrafish ages during the training and test periods. (b) Changes in the mean convergence duration

with zebrafish ages during the training and test periods. n.s. no significance, * P<0.05, ** P<0.01, ***P<0.001. 6 dpf, 7 dpf, 8 dpf, 9 dpf, n=20;

10 dpf, n=21; 11 dpf, n=23; 12 dpf, n=18. The error bars show the standard error of the mean (SEM).
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Fig. 6 Changes in the number of hunting behaviors and the corresponding average convergence duration with zebrafish
ages during training and test periods
(a) Changes in the number of prey capture behaviors with zebrafish ages during the training and test periods. (b) Changes in the mean convergence

duration with zebrafish ages during the training and test periods. z.s. no significance, **P < 0.01, ***P < 0.001.
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Fig.7 Zebrafish predatory-like behavior in an environment illuminated by white light
(a) Predatory behavior with J-turn. (b) Predatory behavior with a small tail swing, but not J-turn. Each image represents one frame. The interval

between two frames is 10 ms. The red arrows indicate the location of the paramecium.
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Fig. 8 Statistics of hunting—like behaviors in an environment without virtual paramecium

(a) Changes in the number of hunting-like behaviors with zebrafish ages during the training and test periods. (b) Changes in the mean convergence

duration with zebrafish ages during the training and test periods. n.s. no significance, *P < 0.05, **P < 0.01.
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Fig. 9 Statistics of prey capture behaviors in response to virtual paramecium

(a) Changes in the number of prey capture behaviors with zebrafish ages during the training and test periods, only those triggered by virtual

paramecium were counted. (b) Changes in the mean convergence duration with zebrafish ages during the training and test periods. n.s. no

significance, **P < 0.01, ***P < 0.001.
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Fig. 10 Statistics of zebrafish locomotion with ages during training and test periods

(a) Experimental group. (b) Control group. Distance is defined as the total moving distances. n.s. no significance.
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Giving up Prey Capture Behavior in Zebrafish Larvae Induced by Virtual
Visual Stimuli”

ZHANG Xiang-Yu, CHAI Yu-Ming, QI Ke-Xin", WEN Quan™
(Division of Life Sciences and Medicine, University of Science and Technology of China, Hefei 230027, China)

Graphical abstract

Virtual visual stimulation

Training 25 min Test 10 min

Abstract Objective Giving up arises when an animal repeats a behavior to avoid danger or to obtain reward
without success. It is a common and fundamental behavior that has been extensively studied in model animals
such as mice, but the underlying neural mechanisms have not yet been well elucidated. Zebrafish larvae are
important model organisms in neuroscience due to their suitability for whole brain imaging. Negative stimuli such
as continuous electric shock have been used to induce giving up behavior in zebrafish, however, whether reward
stimuli can induce giving up in zebrafish has not been reported. Methods By presenting larval zebrafish visual
stimuli of paramecium, the hunting behavior of zebrafish on virtual food was examined, and the changes of the
zebrafish predation frequency and predation duration over time were compared. Results Virtual visual
stimulation of food can induce the predatory behavior of zebrafish. After receiving virtual stimuli for 25 min, the
predation frequency and single predation duration of over § days post fertilization (dpf) zebrafish decreased
significantly. Conclusion Our study enriches the paradigm of zebrafish give up behavior. The experimental
results show that virtual food stimuli lacking real rewards can induce zebrafish to abandon predation. The current
behavioral paradigm provides a new method to study animal give up behavior and the underlying neural

mechanisms.
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