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Fig. 1 Schematic diagram of signal acquisition device
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Fig. 2 Behaviors of electric eels with corresponding EOD
patterns
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Fig. 3 Image acquisition and simulation analysis of electric eel attack behavior
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a. Photographic record of curling behavior exhibited by electric eels on earthworms (top) and krill fixed on electrodes (bottom); b. Spatial

distribution of electric field in the electric eel’s ordinary attack state; c. Distribution of electric field applied to the prey in the state of ordi-

nary attack; d. Overall current density distribution and electric field distribution of current arrows in the normal attack state; e. Spatial distri-

bution of the electric field in the curled-up attack state of the electric eel; f. Distribution of the electric field to which the prey is subjected in

the curled-up attack state; g. Overall current density distribution and electric field distribution of current arrows in the curled-up attack state
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Fig. 4 Modeling analysis of electric eels and integration of EOD attack data
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a. Equivalent circuit of the regular attack mode of electric eels; b. 3D potential map under the regular attack mode; c. Equivalent circuit of
the curled attack mode of electric eels; d. 3D potential map under the curled attack mode; e. Sequence of pictures showing electric eels biting
the electrode; f. Relationship between pulse time interval and voltage amplitude; g. Relationship between pulse frequency and voltage ampli-

tude; h. Collected waveforms from the experiment of electric eels biting the electrode; i. Graph of the relationship between pulse sequence
and duration; j. Graph of the relationship between pulse sequence and frequency
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Fig. 5 Analysis and experimental validation of the electric eel’s defense mode
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a. Schematic and equivalent circuit diagram of the touching electric eel; b. Double pulse emitted by passive defense of electric eel captured

in touch experiment; c. The touch experiment captured the triple pulse emitted by the passive defense of electric eels; d. Current density

distribution of the electric eel leaping 0.1 m out of the water; e. Leap-up attack phenomenon of active defense of electric eel captured when

simulating shallow water environment; f. The fitted curve of the correspondence between the average current density experienced by the

human body and the height of the electric eel during the whole leaping process
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DISCHARGE PATTERNS AND MECHANISMS OF ELECTRIC EELS UNDER
DIFFERENT BEHAVIORAL INTENTIONS

WU Shuai, HE Xiao, LI Chang-Hua and CAI Chun-Wei
(School of New Energy, Harbin Institute of Technology, Weihai 264200, China)

Abstract: The efficient underwater sensing and attack mechanisms of electric eels provide significant inspiration for
the development of biomimetic equipment. To this end, this paper investigates the response strategies and discharge
patterns of electric eels under various behavioral intents. By constructing specialized test scenarios and integrating
behavioral recordings, data acquisition, and bio-electric field simulations, we systematically analyzed the correlation
between attack/defense postures and discharge logic, as well as the corresponding discharge characteristics of electric
organs. The results reveal that a curled attack posture enhances targeting efficiency through synergistic electric field
and circuit interactions. Simulations indicate it can increase the voltage delivered to prey more than three times. Touch-
based experiments further identified a deep-water passive defense mechanism through double/triple pulses. By compar-
ing behavioral and electrogenic organ discharge (EOD) patterns in active and passive defense, this study concludes that
active defense is suitable for shallow water, while passive defense is suitable for deep water environments, providing a
more complete theoretical framework for understanding the different biological behaviors in electric eels.

Key words: EOD; Curled attacks; Passive defense mechanism; Scenario simulations; Electric eels
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