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Analysis of behavior changes of angelfish(Pterophyllum scalare) exposed

to stress conditions using video tracking

Yoon-Jae Kim

Department of aquatic life medicine, The Graduate school,

Pukyong National University

Abstract

In recent years, there are many studies on changes in animal behavior
using video tracking technology that tracks motion. However, studies
and information on changes in behavior of fish exposed to stressful
condition are very limited. In this study, therefore, behavior of angelfish
exposed to bacterial pathogens and temperature increase or decrease was
monitored by video tracking using two cameras, and the data were
statistically analyzed based on data derived from fish speed and changes
in speed, and locations in the tank. For water temperature, it was raised
from 26°C to 36°C or lowered from 26°C to 16°C for 4h, respectively.
For bacterial infection, one individual angelfish was intraperitoneally
injected with approximately 10°CFU ml' of A. hydrophila or E.
piscicida. The experiment was carried out five times for each group.
For machine learning analysis, LSTM model was used to train and test
behavioral data (80s) after pre-processing. As a result, when the water
temperature changed, fish showed that their average speed, changes in
speed, and fractal dimension were significantly lower than fish in the
control group. Fish infected with the bacterial pathogens exhibited their

average speed and changes in speed were increased, and spent more



time in the upper part just before death. From machine learning
analysis, training and test accuracy of 80 seconds of video footage data
were 87.66% and 85.35%, respectively. Machine learning obtained in
this study could distinguish normal and abnormal status of fish with
accuracy rate at 80.12-85.35%. Therefore, the results presented in this
study demonstrate that video tracking technology can detect fish
abnormal behavior, indicating that it can be used as an early warning

system in fish health management of aquarium and farms.



Fo] AThHZurn et al., 2005; Denoél et al, 2013; Noldus et al., 2002).
ool e FAL 3AHAAA YEUA A=l g dE wEs
Hrlet=d 83 4 Ati(Cachat et al, 2011). ZH %= EF3}3L video
trackingo] 23t & IH|Y A= F=2 AHAXF(Zurn et al, 2005), A~(Chae
and Cho, 2020), ¥l A (Lind et al, 2005) %9 4 2% o=
ofF A vk 2L} ol gk AT HiF-E2> TA Fivgtol] o EstH,
2D Hlo]EjellA] EAo] FaHth= AFH] JTH(Macri et al, 2017). FH
o] Fo thalA %= video trackingS ©]&3%k dF FAlo] FP¥ i glom,
2t1e]  ZhHEtE o] &3ke] 3D dHeolHE Vwtex g F4 AUt
APFolt)t, a2y e A= A B3I S (Danio rerio)(McGonnell et
al,, 2006)°ll gt EH o glom, 53] AAGHE A4, =4 Hrt 2 Aok
7Rk Eofoll HF & o] 9l th(Stewart et al, 2015; Burne et al., 2011; Rosa et
al., 2018; Stewart et al., 2010; Cachat et al, 2011; Deakin et al., 2019,
Nimkerdphol & Nakagawa, 2008A). 1eju} AW & ¥ &3 thfst ~Eg X~

2z =FHJES W dojue dqE Wte] #HI A= FEHT
Aoty FE5o(Carassius  auratus)E HEEAZ  Fto]  dqF  FASH
A +(Nimkerdphol & Nakagawa, 2008B)Xx Sodium hypochlorite®] 579l

4ol wAA 9

mjd 40005 olAte]l wrolol 1400F 9] dFolES EEste] 109 why
oj4el A7l FAlHom AP E  UtH(Whittington et al., 2007).
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2 AFox = AHol e 1743 A AT H (Perophyllum scalare)s -+
Ux FXdo A Y4k o™, 25cm length x 25cm hight x 25¢cm  width

FxoA 2602 £=A3FAT. Video trackings FHSWHI FHo| 34
A|EX] 7} 2% 45cm length x 45cm hight x 45cm width %2 40cm
FHolA g miEle A HE gido= sttt ZhHl ek Intel
RealSense D435 (Intel Corporation, USA) 2tl& 77 =z AWy
TS5 A 50em "ol o] AMAXA sttt 7wk video tracking
software’} A A®  HAFHS} AZA3HF oM, software=  SoosangST
(Korea)ol| 4] 753t Smart aqua system softwareE A}-83} 1T} Video tracking
softwarex= HGH I Ade FE HES 640x640x480 pixel= F7 3}

A H W, frame rate= 3-4 fpse|th. % HloJHE 71E, A2 2 Eo]9
L



/N

YZ camera

XZ camera
Figure 1. Experimental setup for angelfish using video tracking. The tank was

45cm length x 45cm hight x 45cm width and water level was 40cm from

bottom. cameras were placed in front(XZ) and side(YZ), respectively.
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23.1. Hlojg mH
Video tracking®.= 53 Ay g Fxo| Uy o
d=d Fxrm SHdd. olF dAstuxa HAA Ax=2 WHIss

ALt o] dasttk. #Fx W3S 93] Nimkerdphol and Nakagawa

(2008)°] WA S A A3 ATt

x' = x4+ Ax;
A x> *e
X =Xg X ———=
(xinnerwidth/z)
X [(1 o= x_xnutermin) X (y_yinnermin) + (x_xnutermin) X (y_youtermin)] (1)
xuuterwidth yinnerwidth xouterwidth ynuterwidth
y'=y+Ay;
gi= ¥ x
Ay=yd><—><(1——) (2)
(yinnerwidth/z) Xouterwidth
z' =z + Az;
z—2z y 4
Az =z, X L x ( ) (3)
(Zinnerwidth/ 2) Youterwideh

x', oy, 7' i wE A Ae F Aldte AA FAxolth x, y, z &
video tracking®. ZH-E Z9HH xZ y&, z5o| t3stE ol {9 FHFojrh
Ax, Dy, Az 242 xF, y5, 25020 Add Adelr, x., ye, 2.2
A7y xZ%, y=, 259 T4 HIEOIY x4 ya zao ZHERS 7S xF,

de] "ol xF, y&, z% Aol A Hitold
X outerwidthy Y outerwidths 2 owerwiah = 21 2F  ZFHIERe} TMEE xF, yE, 259

ZAOlOl ™, X imerwidths Y innerwidths 2 imerwiah = 2125 ZFElERe} Hy] "Wl xF,
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Figure 2. Parameters used in equations for coordinate transformation.
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2.3.4. Machine learning model

Y

% dolge

glol =

Machine learnings  9]3ll video tracking softwareZ -

HAAe A& AASHITE Machine learning® 2 g5d &

il

AA3  sequence®  AEal, EU  sequence®r 1/3°] FTHEHEE
1} <39tk Machine learning®] AF&¥ R &S $=3F21 7 "(Recurrent Neural
Network)e] ™ 1 LSTM(Long Short-Term Memory) 2 2-& AF-8-3}3

%_
Machine learning #}%4 2 figure 3| YERU ST}

X v z | speed | Time Model : RNN (LSTM; Long-Short Term Memory)
stamp Normal (%)
516 | 422 135 23568 | 10:00:00 I
545 420 130 3.4568 | 10:00:00 — LSTM — LSTM — -+ — LSTM — Classification
t |
125 244 2 55126 | 17:50:50 Abnormal(%)
123 50 |48 51258 | 17:50:50
Machine learning Output

Coordination data

o ,
0.33% i K Training set
Sequence

Pre processing

Figure 3. Process of machine learning.

%9 9 9% Aoz =¥ Az SPSS v20.0(IBM, NY, USA)]
one-way analysis of variance(ANOVA) test® <133l om, AlTHdAH S

Duncan's multiple range test WS ]85t FAS A 3 th(p<0.05).
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3.1.1. Video tracking data validation
Video tracking softwareE ©]&3lo] & W3} 2 Y5 dHolHE
FHstew, 721 3o mE HelHe 5 Table 1] YEHUAT 25%=
At wE mE dHoly sjsEe i 5253270%en xEdAE s
3241709tk RE X W3 zdAM E=EE #HEY e e

Fo] Al ztol= gt
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Table 1. Numbers of spatial coordinates based on the movement of angelfish under acute water temperature change.

Acute temperature Number of data
change stress

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
Normal temperature 55,255 51,481 47.427 52,606 55,977
26C)
Increasing temperature 56,397 49,894 49,100 54,973 59,921
(26 C—367)
High temperature 52,699 47,583 52,775 50,640 53,458
(36C)
Decreasing temperature 55,410 55,940 50,069 53,559 52,866
26C—167)
Low temperature 50,265 53,259 55,295 49,763 46,682
(16C)

14
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Figure 4. Speed histogram according to water temperature change. Speed distributions of angelfish in normal
water temperature (26 C) (A), increasing temperature (26C to 36C) (B), high temperature (36C) (C),
decreasing temperature (26 C to 16C) (D) and low temperature (16°C) (E) are shown. Al, Bl, CI, D1 and El

indicate proportions at speeds below Smmy/s. 16



1.7 mm/s, 091 mm/sAth RE 2% Ws aFS fixwe] H|E
] o 2 = [e] :
oA o e &9 Wales YEl A tk(Figure 5B).
A B
12 471 b
10 b - 35 4
E 1 [ ab .E' 3
E E
E 8 [ = 25 - a
o (7]
a
o T £ 45 [ 7 2
g 4 s
3 g 11
z 2 % ool
0 0
Normal temperature (26°C) | Increasing temperature (26°C - 36 °C) . High temperature (36°C)
Decreasing temperature (26°C = 16°C) B Lowtemperature (16°C)

Figure 5. Average speed (A) and changes in speed (per second) (B) of
angelfish exposed to water temperature alterations. Different letters indicate
statistically significant differences between normal temperature group and other

groups (analyzed using Duncan's multiple range test) (P < 0.05)
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Figure 6. Tracking results (3D scatter plot) on different groups with 4 hours as duration. Normal temperature (267C)
(A), increasing temperature (26 C to 36C) (B), high temperature (36°C) (C), decreasing temperature (26 C to 16T)

(D) and low temperature (16°C) (E) are shown. 19
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Figure 7. Spatial distribution of fish in the tank under varying water
temperature-related conditions. Different letters indicate statistically significant

difference determined by Duncan's multiple range test (P < 0.05).
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TF AER Ao Hir BX vES ZZF 14%, 23.77%, 15.74%, 41.62%,
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Hl &5 UERU L tH(Figure 8C).
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Figure 8. Proportion of time that angelfish spend at the lower (A), middle (B), and upper part (C) of the

tank. Different letters indicate statistically significant differences (P < 0.05).
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Fractal dimension 2] A3}, AHWHS XZ-sidedl X Hd 2, &2 A5,
D F 3, AFe 159 FD valuew ZHZF 1.44, 133, 1.32, 1.37,
1.34% tH(Figure 9A). WS YZ-sideol ®] FD value:= ZH7} 144, 1.31, 1.35,
1.38, 1.34%1th(Figure 9B). XZ-side$} YZ-sideolr] =R%F A4 Fe3
Hlasle] RE 2% W3 JFdA Feodoew w3e FD  valueE

LHER AT

A B
XZ-side YZ-side
) {Front) i~ = (Side)
b
145 | [ 145 T
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a
14 1 a 14
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Fractal dimension(FD value)
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Fractal dimension(FD value)

YA,
1]
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Figure 9. Fractal dimension values of fish in different groups. Different letters

indicate statistically significant differences (P < 0.05).
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32. Al A E & dF HAd

3.2.1. Video tracking data validation

Video tracking softwareE ©|83}% A hydrophila 2 E. piscicida 7+ <30l
g <dAduHe] PE W3t HolHE FHsten, AALH 2 AT
A FHxEY JHFE Table 20 YEUHSIH. EE 1 wE dHolH

N

e Wi 80445 or] EEAAE + 924471910
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Table 2. Numbers of spatial coordinates based on the movement of angelfish infected with Aeromonas hydrophila and

Edwardsiella piscicida.

Bacterial infection Number of data
Trial 1 Trial 2 Trial 3 Trial 4 Trial 5

Normal Day 1 95,219 92,264 89,910 98,656 100,790
condition

Day 2 93,125 88,942 94,350 103,152 82,756

Day 3 88,642 90,980 101,032 89,120 83,156
A. hydrophila Two days before death 91,447 98,853 80,473 89,826 94,061
infection

One day before death 87,967 84,949 86,898 91,479 85,386

The day of death 79,984 84,718 82,631 98,131 78,336
E. piscicida Two days before death 99,520 80,433 109,156 86,412 84,656
infection

One day before death 80,547 83,991 95,312 99,439 81,560

The day of death 63,005 108,268 69,361 81,482 94,651

24



322. £8 B4

A3 2L A hydrophila, E. piscicida A 9 IEEE HAF B4 o] &
AR HAF FA7bA e £9 HolHE s A2EId o ® e Il th(Figure
10 and Figure 11). Zt7}9] 252 £9 B¥X 5 yd3 23, G40 H 9
1, 2, 39 2] Smmys olate] &8 X B &2 Z4HZF 61%, 58%, 61%A T
A. hydrophila®} E. piscicida®ll ZFAAZ & HAAZE doiyr] 29 A, 1

A3 AAE FAe) smms ole 5 B

e

jus

U S-S 747 60%, 62%, 73%S}
62%, 64%, 81%A}tt. E Ao & F Qo] FHAZF dojd T

QA9 &0 Fogow Fas Zo] BEH
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Figure 10. Speed histogram according to A. hydrophila infection. Speed distributions of angelfish in
normal condition (A, Day 1; B, Day 2; C, Day 3) and A. hydrophila infection (D, two days before
death; E, one day before death; F, the day of death) are shown. Al, B1, Cl1, DI, El and Fl1

indicate proportions at speeds below Smm/s. 26



35
30 | A 30 [+ >
25 61% A1l
20
20
15 10
10 0 L
— 5 0 1 2 3 4 5
X 0
i
- 0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
0
)
| =5
Q
Q 35 35
o ” .
= 30| D 30 30 hF 30 |« >
0,
25 20 25 20 || 81/6 Fl
20 0 20 0
I - HW
10 o 10 o
s 5 0 1 2 3 4 5
0 0
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50

Speed (mm/s)

Figure 11. Speed histogram according to E. piscicida infection. Speed distributions of angelfish in
normal condition (A, Day 1; B, Day 2; C, Day 3) and E. piscicida infection (D, two days before
death; E, one day before death; F, the day of death) are shown. Al, B1, Cl1, DI, El and Fl1

indicate proportions at speeds below 5mmy/s. 27
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Figure 12. Average speed (A) and changes in speed (mm/s) (B) of angelfish
artificially challenged with a bacterial pathogen. D-day indicates the day that
fish was killed due to bacterial infection. Different letters indicate statistically

significant difference determined by Duncan's multiple range test (P < 0.05).
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Figure 13. Examples of tracking results (3D scatter plot) on different groups
with 8 hours as duration. Normal condition(A; day 1; B, day 2; C, day 3), 4.
hydrophila infection (D, two days before death; E, one day before death; F,
the day of death) and E. piscicida infection (G, two days before death; H, one

day before death; I, the day of death) are shown.
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Figure 14. Spatial distribution of fish in the tank under bacterial infection.
Different letters indicate statistically significant difference determined by

Duncan’s multiple range test (P<0.05).

31



e

15).

=] 8} 9 th(Figure

vl &S

Mo

A.  hydrophila

o H
Hl &S YElN oW E piscicida

e

o
i)

ol
e

&
o)
oF

!

el

ol

P
i)
ol
K

&
o)
oF

X7

X

n-

fite)

i

2% el A4 ol

AAb o5 A3

Al
H &S YEtWlew, E piscicida 7+9 A

< YER I tH(Figure 15B). %
o

Hl &S UER A thH(Figure 15A). F%

NH] A hydrophila "2 E. piscicida 73 A

H] 4. hydrophila %t

B
i)
ol
HH

&
o)
oF

X7

X

w-

—
fite)

L EF 91 oH(Figure

32

15C).



A. Lower part B. Middle part

100 - 100 - 100 1
§_ 90 90 90 -
@ 80 4 b b b 80 4 20 4
E n{b bab aTT 70 - 70
: B0 - T a T 60 60 A
2 50 - a T 50 4 50 A
O a0 40 - b 40
]
5 30 30 - [ T . 30
g- 20 - 20 - T ? T 20 -
& 10 - 10 4 10 4

0 0% 0

D-2 D-1 D-day D-2 D-1 D-day
= Normal = A. hydrophila
condition infection

C. Upperpart

. L

D-2 D-1 D-day

E. piscicida
infection

Figure 15. Proportion of time that angelfish spend at the lower (A), middle (B), and upper part (C) of tank. Different

letters indicate statistically significant differences (P < 0.05).
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Figure 16. Fractal dimension values of fish in different groups. Different letters

indicate statistically significant differences (P < 0.05).
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3.3. Machine learningS ©] 83+ o]4 3 F £

3.3.1. Training accuracy test

B Ao = 43 AZURNN) 22 F LSTM 2@< AF&8Ho] machine
learnings A A3} T}, Training accuracy =71 7-317] 93] LSTM &
HAste] d5s st 2 AR 51253 102459 LSTMe] 2t}
87.66%, 87.68%%= =< training accuracyS WENN RS, test accuracyt

dolg HA2lE s8] FHx dlolHE o8] 4ol sequence= e}t
st5S AlAY. sy AT 87.66%= 80x% Zol9 sequence’t 7MY =

training accuracys “}E A TH(Table 4).
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Table 3. Accuracy test of LSTM layer.

Accuracy LSTM layer
)
64 128 256 512 1024

Training 83.16 83.95 85.69 87.66 87.68
Test 81.49 83.42 84.96 85.35 85.38
Table 4. Accuracy test of sequence length.
Accuracy Sequence length (s)
)

60 70 80 90 100 110
Training 83.69 84.03 87.66 85.10 84.70 81.75
Test 81.94 81.63 85.35 84.20 83.33 80.71
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3.32. BEMAY VT £F

51259 LSTM¥ 80%2] sequence®] HIOJEE o] &3sle] HA 874 2L ~E
d 2 oA HolHE trainingdlil testE A AT Video trackingS
o] gato] ANLH, 2 Wl 2EHX AW A9 2EHE SAdA =
Hy doly F 7247 FALE 60%] tlolHE AEsle] training 3} LS
W, U4 A 40%9] HolHE o] &35t tests AAISHATE AFEE o] H 9
7N+ Table 59 YEFWHTE. Machine learning test 22}, JAJE] HolH

td

T Agow pRAGo, 2Eds 27 dHolHE BF nggo

s

=
oA TE Test accuracy™ X5 Hlo|Heol| tfd 80% old= YERATH
(Table 6, Table 7 and Table 8).

Table 5. Number of data used training and test for machine learning.

Number of Stress

data Normal condition Water temp. Bacterial infection
change

Total 20 20 30

Training 12 12 18

Test 8 8 12
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Table 6. Test accuracy at normal condition data.

Number of Normal condition

data Datal Data2 Data3 Data4 DataS Data6 Data7 Data8 Data9 Data 10 Data 11 Data 12
Test 85.25 80.48 83.12 8L.15 85.35 84.44 84.95 85.17 81.45 82.26 82.75 81.65
accuracy (%)
Table 7. Test accuracy at temperature change stress data.
Number of Temperature change stress
data Increasing temp. High temp. Decreasing temp. Low temp.
Data 1 Data 2 Data 1 Data 2 Data 1 Data 2 Data 1 Data 2
Test 82.26 83.35 84.41 84.12 80.12 81.77 82.87 83.43

accuracy (%)
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Table 8. Test accuracy at bacterial infection stress data.

Number Bacterial infection stress
of data = 4y drophila E. piscicida
Two days before One day before The day of death Two days before One day before The day of death
death death death death
Datal Data2 Datal Data2 Datal Data2 Datal Data2 Datal Data2 Datal Data2
Test 80.77 80.65 82.15 84.15 84.15 85.11 81.35 84.25 82.76 83.45 84.31 84.66
accuracy
o)
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oFe &§&AA, A5, FEE, Aa IFE T 3 Aol s
o9~ T 7FEA WE-S-3ho) (Kramer, 1987; Popper & Carlson, 1998; Atchison et
al.,, 1987; Isracli-Weinstein & Kimmel, 1998). o]&{ 3t A= o Fol Al
, v, A, 39 S oy THA e WstE

Qosm, grlHo wEH Aot ofe 44E ¥ WYy Pa

2EY 22 ZL5e] 55

a8 a3 HAAES S 7 e 1ol Uth(sraeli-Weinstein & Kimmel,

1998). ol #HA wZAsHA Yty A& WIS Lol QAL of 7]

gk A7l A4dg &2 JE Fol=d FEUE Fastth wahA

2 AFM = video trackings o] &3dte] ZEdH Xz =FWH ofFe
5

o Ao 27 AN AR 4 A=A AsHL HuA

e w48 £ Hed =E2HW O K9S JoAY dEete =

g5 WE YEFAY©Neill & Magnuson, 1974). A 234 FAE 52

Ha7h yehud H3steE =2 oo, Id F5o HIEr)

s7tete & e WIE UEhYIth(Robson, 2013; Haesemeyer et al.,

2015; Haesemeyer et al., 2019; Haesemeyer, 2020). UG%°] ojfF+ L5
5

Sl m=EHH A= ek wkgo] st Aol EalA &
d

st Aol dEidH A Ae UEAdS doiwEa <5 Ao
doj}7|%=  FTh(Lutterschmidt et al, 1997). FAMSHAl olFe AFe
FAANAME Aol =HA, §9 THo] AgHM wb&EAH] A}
By A FA, 259 2, 45 75 $4E YEATH(Donaldson et

al., 2008; Bartolini et al., 2015; Wardle, 1980). A AFo| A= T4 AT

2~EY 2 St A 39t brown troute] F-so] 73S (Colchen et al.,
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