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Analysis and Prediction of Behavioral Changes in Angelfish Pterophyllum
scalare Under Stress Conditions
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The behavior of angelfish Pterophyllum scalare exposed to low and high temperatures was monitored by video track-
ing, and information such as the initial speed, changes in speed, and locations of the fish in the tank were analyzed.
The water temperature was raised from 26°C to 36°C or lowered from 26°C to 16°C for 4 h. The control group was
maintained at 26°C for 8 h. The experiment was repeated five times for each group. Machine learning analysis com-
prising a long short-term memory model was used to train and test the behavioral data (80 s) after pre-processing.
Results showed that when the water temperature changed to 36°C or 16°C, the average speed, changes in speed and
fractal dimension value were significantly lower than those in the control group. Machine learning analysis revealed
that the accuracy of 80-s video footage data was 87.4%. The machine learning used in this study could distinguish be-
tween the optimal temperature group and changing temperature groups with specificity and sensitivity percentages of
86.9% and 87.4%, respectively. Therefore, video tracking technology can be used to effectively analyze fish behavior.
In addition, it can be used as an early warning system for fish health in aquariums and fish farms.
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Fig. 1. Experimental setup for angelfish Pterophyllum scalare us-
ing video tracking. Cameras were placed at the front (XZ) and side
XY2).
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Fig. 2. Experimental setup for temperature changing. OT (26°C)
(A), IT (26°C to 36°C) (B), HT (36°C) (C), DT (26°C to 16°C) (D)
and LT (16°C) (E) groups. All groups were tracked for 4 h.
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Fig. 3. Parameters used in equations for coordinate transformation.
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Fig. 5. Speed histograms according to water temperature changes. Speed distribution of angelfish in OT (26°C) (A), IT (26°C to 36°C) (B),
HT (36°C) (C), DT (26°C to 16°C) (D), and LT (16°C) (E). A1, B1, C1, D1 and E1 indicate proportions at speeds below 5 mm/s.

o}, XA _/r\_i(l:ﬂ z:,L), _/,:i/kl—/\ _,—r__,_i Ea o].71— AL

oA B £, 5 mm/s 0]5he] &8 KL v

= 1 T

© 747+ 847,

4.12,3.9,6.26, 3.68 mm/s2} 55%, 80%, 81%, 63%, 82%%t.
ol A 23 vlalsto] = 42 W9} 517kl A angelfish

o 1o
)

o,

%efo] "ol A= 2& Lehy L
o e BAw

g, A 152
mm/s, 0.91 mm/s

N

Lt B e I TS

oIk E3t | 2t
PR, 2 e, S A, TS, 2 3
Z¥7F 291 mm/s, 1.3 mm/s, 1.24 mm/s, 1.7
ESTEE

49 wis

Table 1. Numbers of spatial coordinates based on the movement of angelfish Pterophyllum scalare under acute water temperature changes

» Trials
Stress conditions
1 2 3 4 5

Optimal temperature (OT) (26°C) 54,798 50,523 44,983 51,980 54,891
Increasing temperature (IT) (26°C to 36°C) 56,001 46,922 47,531 50,366 49,233
High temperature (HT) 45,196 43,554 47,017 47,833 50,871
Decreasing temperature (DT) (26°C to 16°C) 51,717 52,447 47,045 49,665 48,893
Low temperature (LT) (16°C) 48,946 52,938 54,184 45,603 43,905
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Fig. 6. Average speed (A) and changes in speed (per second) (B) of angelfish Pterophyllum scalare subjected to water temperature altera-
tions. Different letters indicate statistically significant differences between the normal temperature group and other groups (analyzed using

Duncan's multiple range test) (P<0.05).
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Fig. 7. Tracking results (3D scatter plot) of different groups over 4 h. OT (26°C) (A), IT (26°C to 36°C) (B), HT(36°C) (C), DT(26°C to

16°C) (D), and LT (16°C) (E).
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