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Emotion evaluation of zebrafish based on ultra-multi-channel biosignal
measurement and distributed constant circuit model
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In this research, we focused on the bioelectrical signals generated by the
locomotion and respiration of zebrafish, and developed a system to measure these signals from freely
swimming zebrafish. We demonstrated that physiological and locomotor states can be simultaneously
estimated from the bioelectrical signals, and used to identify three types of emotional states:
fear/anxiety, appetitive, and neutral states. One advantage of this method is that it does not
require a camera system, allowing for locomotion measurement regardless of the lighting environment
or tank background. Furthermore, the unique idea of simultaneous measurement of physiological and
locomotor states from bioelectrical signals in this study has the potential to revolutionize the
evaluation of fish emotions, which has traditionally relied on locomotion analysis.
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Fig. 1. Multi-electrode ventilatory signal measurement
system. (a) shows the system configuration. (b) shows
overhead view of the measurement aguarium and an
arrangement of the 126 measurement electrodes. (c) shows
cross-sectional view of the measurement aguarium.



100Hz PC 3

( 0.5 Hz 10 Hz)
2
2
2
Vix,t; 1) =V(xt — At)+ Z qs()Gs(x, At; 05(1)) @
s=1
0(t) = (0:(0)",0:())" = {XT (1), q: (O} XL (1), g2 ()} Xi(t) eR?
qs(t) s At >0
V(x,t — At) t—At x € R?
Gs(x, At; 05(t))
G,(x 085 0,(1)) = ———exp [(x — X,©) 2 (x - X,(0)] @
sy 4mDAt s s
D X = 4DAtl I € R?*2
V(x,t) o(t) X(t)
X(®) = (X,(0) + X2(0))/2
2 (s=1,2)
t
X()
2
Tube !'nnitinnwailf Shelter "-'-'hilc limwnlﬂm (blue)
/ aoets
E o o9 &
= M ®
= [ N J
[ N J
[ ] [ ]
g 210 [mm)] “7s [mm]‘ : 90 [mm] 3:(.] [11:11] 90 [mm]-
(a) Experimental environment in the measurement aquarium
Administration
30 min 5 min 5 min
[Parraet d., 2009] i e
Fig. 2 (a) S
Fig.2 ' N ) SeEy |
(b) i(:;i:ﬁ::d | dll.;c:u:n:t‘:q:ﬁ um i
omn T T T
10min (b) Flow of the experiment to administer the alarm pheromone
1100 5 min 5 min

&

s T ——— oy
Partition & Exposing water 1 Partition
i 11
]
]
]
|

e @

5

e Uk

4 After 308 | Reset for 2min UAI[CFJG{\E
¥

Exposing EIOH

[Priyaet al. 2011]

(c) Flow of the conditioned place preference method

Fig. 2. Experimental protocols
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Fig. 6. Mapping and classification results of emotional states.
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