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Analysis of Behavioral Changes in Angelfish (Pterophyllum scalare)
Infected with Bacterial Pathogens using Video Tracking

Yoon-Jae Kim, Young-Ung Heo, Ju-Sung Kim, Min-Kyo Kim and Do-Hyung Kim"

Department of aquatic life medicine, Pukyong National University, Busan 48513, Korea

In recent years, there have been many studies investigating changes in animal behavior using video
tracking technology to track motion. However, there have been very few studies and results on changes
in the behavior of fish infected with a pathogen. Therefore, the present study attempted to analyze
the behavior of angelfish (Pterophyllum scalare) infected with bacterial pathogens using video tracking.
Two cameras were placed in front of the water tank to obtain behavior data, and tracking was performed
for three days until the day of death. Data such as average speed, changes in speed, the locations
of the fish in the tank, and fractal dimension were statistically analyzed based on the fish speed
and location in the tank of the fish. For bacterial infection, an individual angelfish was intraperitoneally
injected with approximately 10° CFU ml" of Aeromonas hydrophila or Edwardsiella piscicida. The
experiment was carried out five times for each group. Fish infected with the bacterial pathogens
showed a tendency to increase in speed and to spend more time in the upper part of the tank one
or two days before death. On the day the fish died, the average speed, changes in speed, and the
fractal dimension value were significantly lower than the corresponding values in the control group,
and the fish also remained in the lower part of the tank. Our results indicated that behavioral changes
in fish could be successfully detected earlier than death using video tracking technology, and that
this method presents potential for disease monitoring in aquaculture.
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o] AtH(Dencél et al., 2013). 53] AJF+= &
%9] 3k FZLA A o] F35H] WEo e FE
59 344 o B4ettal & o tk(Cachat
et al., 2011; Stewart et al., 2015; Macri et al., 2017,
Xia et al., 2018; Deakin et al., 2019). ol A B2}
I 4] (Danio rerio), T % (Carassius auratus), N3
) & (Pterophyllum scalareys E2Z video tracking
< ol &8st ofE, 24X, FAEE, F2 ol o
g FFEH A7V T EHJAK(Stewart er al,
2015; Blaser and Gerlai, 2006; Nimkerdphol and
Nakagawa, 2008A; Nimkerdphol and Nakagawa,
2008B; Kim et al., 2021). ZL&]} video tracking=
o] &3to] WAA M FEHE A7 WS AT
A= =&t} deromonas hydrophila®l Z+3E snake
head fish(Channa striata)7} 814424 A&
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5 tryptic soy agar (TSA)oll HF3}e 28°Coll A
18-24 A7k vl &t T} vl kst 2 107 CFU (col-
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SR v’f—/‘—i% Ah-infected group % Ep-in-
fected group?] FEZ 02 35 HEo] FFH 7]
7l Day 1 H-E Day 3 77]'21 19 & A53< 8A
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SHEN

&8 g 9A BMog TEH A IF 119
o8-S H7Es7] 98l SPSS v23.0 (IBM, NY,
USA)2] one-way analysis of variance (ANOVA) test
2 Z213+% 21, Duncan's multiple range test %

02 AZEAAES 3 THp<0.05).

clolel MEd 2 Kol HE

H AP xS APV B¢ oW =
olud HAE dojuiA] ¢kt Ah-infected group
I} Ep-infected group< Al HE & 3-59 1o
27 H A A ThFig. 1). tHET o] AAE 35 Tl
ole e BT 9280671 oM, EFEHAE
6,1707) A TH(Table 1). Ah-infected group % Ep-in-
fected group®ll TH3F Day 1-32] A|AE 3% dlo]E
MNee 22 B+t 87,6767W, 87,8537) ©]H, Lfﬁi
2= 447F 6,29270, 13,1427 S TH(Table 1). =

Table 1. Numbers of spatial coordinates based on the
movement of angelfish in the control and bacterial in-
fection groups

Numbers of spatial coordinates

Groups Angelfish Day 1 Day 2 Day 3
No.

| 95219 93,125 88,642

Control 2 92264 88,942 90,980

. 3 89.910 94,350 101,032

group 4 98,656 103,152 89,120

5 100,790 82,756 83,156

1 91,447 87,967 79,984

. 2 98,853 84,949 84718

Ah"r‘:)f“ted 4 80473 86,898 82,631

group 7 89,826 91,479 98,131

8 94,061 85,386 78,336

2 99,520 80,547 63,005

Eoinfectod 3 80,433 83,991 108,268

P . 6 109,156 95312 69,361

group 8 86,412 99,439 81,482

10 84,656 81,560 94,651
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Fig. 1. Data collection for behavior changes in A. hydrophila (Ah) and E. piscicida (Ep) infection model. A total
of 8 and 10 angelfish were used for Ah-infected and Ep-infected groups, respectively, and video tracking was conducted

until fish was dead.

2] Helgl ek A 23 fFolAd 2
ol fIAuH.

Mz Zgo mE £38 24

tl 2=, Ah-infected group, Ep-infected group2]
STEHeE YT dElo] EFH 713U Day 15-F
Day 3 7}A] 9] &9 Hlo|HE 3| 2EI1RW O =2 Fig.
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A A (Hawke et al., 1998; Junior et al., 2019)] A
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TR Ao ® =4 UER AT Ep-infected
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3k th. Day 39+ Ah-infected group3} Ep-infected
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H 5 IF 27 gz viE £ HsleFo]
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204 iz tiH] fojHow F WstES UE
WATH(Fig. 3B). & ATNA 4. hydrophila®} E.
piscicida® 732 E angelfishe= A2 - FAFE &
g J"e & XY H(Fig. 3). Mycobacterium®| 7+ EH
delta smelt(Hypomesus transpacificus)= 3 = A
%o AT F9 &£x=7F W9k o v (Swanson et
al., 2002), Junior et al. (2019)] W= A. hydro-
phila®l 7+ R silver catfish(Rhamdia quelen)= 7+
BEHA F& HARG T F 5L A 2o A
o @ol §2oja &FAdo] At st =g
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Fig. 2. Speed histograms of fish in the control, Ah-infected, and Ep-infected groups. Distribution and proportion
of fish speed less than 5 mm/s are presented in each graph.
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Fig. 3. Average speed (A) and changes
a in speed (mm/s) (B) of angelfish arti-
ficially challenged with bacterial
pathogens. Different letters indicate
statistically significant differences de-
termined by Duncan's multiple range
test (P<0.05).

Day

A7} SAST. webA] M gl o
A 49 Wsks BEAe] §to g 7
o] 7] W&l video trackingS ©] &3}o] H
g g 129 &9 Hs 5 A5 FHH

2 gelo] shEsizitt. ole #EA}

o]
|

B

],

N
o

4
it jo N o

>~

j‘

SRRy
W% s

=
5



210 284 - 39L -7

A} Fo] ok 1 o] Aol 9]

-
R
Be BAT 5 Aee AT

M= Zgol e &

Video tracking®. ZH-E 53 % HolHE
o] g-3le] Al 7ol uE angelfishe] Y& &
Attt T 15 2 Al 2 2FlA 8Al
7t 529 angelfish 5 HAXE 2 1FE=E 7%
A2 et 3akd FrolA A4 01'931‘4 o
Zao A= 39 Ft g 9 HEs BAA
Tk Aol HF % a 2E Day 377}x]
dAgstA e E*% rER AT
(Fig. 4).

Tz Fold wt stFF, I, G ol
X AT HEE 4% 23, Day 3914 Ah-in-
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Fig. 4. Tracking results (3D scatter plot) of representative fish from each group with 8 hours as duration.
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Fig. 5. Proportion of time that angelfish with challenged pathogens spend at the lower (A), middle (B), and upper
part (C) of tank. Different letters indicate statistically significant differences (P<0.05).

2= 35S RYY 519 0, Edwardsiella tarda
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T 2A-BAT F FE U ZAE HHYE WA
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eo tracking= ©]-&% T2 W Ao & o {9
X HE £42 HAE BAs] ol E
WIS ARl /AT F S YERdTH
Fractal dimension &4 99 £34& 54
T F e Yot d3 ATl A= fractal di-
mension &4 & o F FFol A&t HF A}
=& W o] 79| YT HE-E v 23S th(Deakin
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