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Required Programs summarized

* Matlab Compiler Runtime * idTracker
MATLAB* o
idTracker
* Imagel
Imaged * Microsoft Excel

Image Processing and Analysis in Java

See vwwy.mathwoks.com/patents

Protected by U.S. paten
‘The MathWorks

* EOS Utility é E Excel

E; * Origin 9.1 * GraphPad Prism
8 L] \ ] » raphPa R
2% ORIGIN 91 ‘

Data Analysis and Graphing Software

EOS Utility




Summary of analysis pipeline

rl: Video recording for 5 min@50fps by a
K= single camera (Canon 600D)

EOS Utility l

idTrqcker I Use idTracker to track fish movement I

MATLAB !

Output fish xyz position pixel data in
E Excel excel format

!

Convert xyz pixel data into cm by using

éﬁ-fﬂmcessirg andﬁ.naiﬁi Image'l SOftware
m ORlGlN Q1 Establish 3D swimming trajectory by using
Oringin9.1 software

¢

Perform statistic analysis by using
GraphPad Prism software




rg Tips for Video Recording

—

EOS Utility

* Frame rate per second (fps)
* P : more accurate tracking, slower process
* { :less accurate tracking, faster process

e Use a good contrast vessel for the fishes

* Using Black and White image setting is recommended because it can
enhance the image contrast

* There must be free space in the disk of your computer because high
resolution and high frame rate recording will generate a large amount
of data

* Internal hard drive’s video usage is strongly recommended



@ Example video recorded by Canon 600D camera

EOS Utility

1280)(72(); 50fp5 *original video is available upon request



idTracker Parameters adjustments for idTracker

Execute idTracker.exe

Select the file with the video
Load the video




n idTracker - MVI_4756 in C:\Users\PACU\Desktop\Movement Tracking\20170901 - 4th try\

° Import tracking parameters  Advanced  About idTracker
idTracker &3 <356
Start | S&E

Number of individuals] | g

! 07|

, 100)

Resolution reduction | 1|

Remove background Comp. Bckgrnd | !!

[OJinvert contrast

Interval 3 | 1 2994

# of frames for refs. | 100‘
Include region | Exclude region | Clear |

[] Segmentation only

# of processors [ Inf ]

Load previous data |

Background | 0% J
Segmentation | 0% J
Fragments _ 0% J
Individualization | 0% J
Resegmentation | 0% J

__ References | 0% J
Identification | 0% ] Current frame 6 animals 1
Trajectories | 0% J 100 L e
Est. during crossings 0% J

1. Enter the number Aof individuals

2. Intensity threshold

* The system is going to considers that pixels with
lower intensity than this threshold belong to the
animals (vice versa if “invert contrast” is checked)

| | I 1 I I
1 1 T L ' 1 ' ' 1 U
150 200 250 300 350 400 450 500 550 600
Sizes of detected animals (pixels)

3. Minimum size

* The programs will reject blobs
smaller than the minimum size
entered



u idTracker - MVI_4756 in C:\Users\PACU\Desktop\Movement Tracking\20170901 - 4th try\ = X
Import tracking parameters  Advance d  About idTracker

idTracker &% <<i%e

14
Start | S&E
Number of individuals | g iz
Intensity threshold ‘ 0.7|
Minimum size ‘ 100|
| d L
|4 Remove background| I Comp. Bckgmd | I!!
O Invert contrast
Interval 3 l 1 2994
# of frames for refs. | 100‘
Include region | Exclude region | Clear |
[] Segmentation only
# of processors ] Inf ‘
Load previous data |
Background | 0% J
Segmentation | 0% J
Fragments _ 0% J
_Individualization | 0% J
Resegmentation | 0% J
References 0% J
Identification | 0% J Current frame 6 animals Al . . | FSSE) PRI ) B . I TR
Trajectories ‘ 0% J 100 detected _100 150 200 250 4 300 350 . 400 450 500 550 600
Sizes of detected animals (pixels)
Est. during crossings 0% J

4. Choose resolution reduction 5. Background removal option

* |f the sizes of the animals are bigger than * Check if you want to activate the
2000 pixels, input a number higher than 1 background removal option
(the number of pixels will be divided by n?, » To compute it before, click on the
where n is the number in the box) ‘Compute Bckgrnd’ button



n idTracker - MVI_4756 in C:\Users\PACU\Desktop\Movement Tracking\20170901 - 4th try\
Import tracking parameters  Advance d  About idTracker

de | RO E

idTracker

Number of individuals
Intensity threshold

Minimum size

Resolution reduction |

Remove background

O Invert contrast

Interval 3 |
include region | _Exclude region |
[] Segmentation only

# of processors [

Load previous data

Background

Segmentation

Fragments

Individualization

Resegmentation

-J 1 1 II L | ' I Il ' Il 1 l U
100 10 200 250 300 30 400 450 500 550 GO

__ References 0%
eeaion ! 0% Current frame 6 animals
Trajectories 0% 100 detected
Est. during crossings 0%

6. Choose an interval

* |f you want to track only part of video,
enter the interval that you want to track

Sizes of detected animals (pixels)

7. Number of references frames

* Choose a lower number for increased
speed, a higher number for increased
accuracy



idTracker - MVI_4756 in C:\Users\PACU\Desktop\Movement Tracking\20170901 - 4th try\ = X
Import tracking parameters  Advance d  About idTracker

idTracker &% <<i%e

= 14
Start | S&E
Number of individuals | g iz
Intensity threshold < 0.7|
Minimum size ‘ 100|
Resolution reduction | 1| '
Remove background Comp. Bckgmd | !
O Invert contrast
Interval 3 | 1 2994
# of frames for refs. | 100‘
[ ncluderegion | Excluderegion | Clear |
|L] Segmentation only|
# of processors [ Inf ]
Load previous data |
Background | 0% J
Segmentation | 0% J
Fragments _ 0% J
_Individualization | 0% J
Resegmentation | 0% J
__ References | 0% J
Identification | 0% J Current frame 6 animals Al . . | FSSE) PRI ) B . I TR
- 'Tr*a"J'?E!PII?S— : Q% J - == b b - = Size?ﬁdetect::.;nimalsll(op?xals) “ - = >
Est. during crossings 0% J

8. Select Region Of Interest (ROI) 9. Segmentation only

and/or exclude regions * If this box is checked, idTracker will exit after

_ the segmentation step, leaving the tracking
* Click on button ‘Clear’ to clear all unfinished.

previously defined ROS’s or excluded * The data can be recovered later using button
regions ‘Load Previous Data’



idTracker - MVI_4756 in C:\Users\PACU\Desktop\Movement Tracking\20170901 - 4th try\
Import tracking parameters  Advance d  About idTracker

idTracker &% <<i%e

Start S&E
Number of individuals i 6|
Intensity threshold < 0.7|
Minimum size ‘ 100|
Resolution reduction | 1|
Remove background Comp. Bckgmd | !
[Jinvert contrast
Interval 3 | 1 2994
# of frames for refs. | 100‘
Include region | Exclude region | Clear |
[] Segmentation only
Bl | =
Load previous data |
Background | 0% J
Segmentation | 0% J
Fragments _ 0% J
_Individualization | 0% J
Resegmentation | 0% J
__ References | 0% J
Identification ' 0% ] Current frame 6 animals
_ Trajectories _ 0% | [
Est. during crossings 0% J

10. Number of proceAssors

* The number of this box indicates how
many processors idTracker will use (‘Inf’
means that idTracker will use all
available processors)

| | I 1 I I
1 ' T L ' 1 ' ' 1 U
150 200 250 300 350 400 450 500 550 600
Sizes of detected animals (pixels)

11. Start tracking

e Click the ‘Start’ button

» If 'S&E’ (Save & Exit) button pressed, the
programs ends, but the tracking does not start.
All tracking parameters can be used later using
‘Load Previous Data’ button



idTracker

Movement Tracking

Bl idTracker - 20171116 - Isopropanol 1% (15t Try) in C\Users\PACU\Desktop\Movement Tracking\20171116 - Isopropanol\20171116 - Isopropanol 1% (1st Try) (Side View)\ - u} X

Import tracking parameters  Advanced  About idTracker

Be A0 E

Running | saE | 52
[] .

e * Separated tracking is better

Intensity threshold 0.5 1

Minimum size 50

Resolution reduction 1
Remove background  [CompBekama| 08
Invert contrast

* Advantages

# of frames for refs 3000 0s

Include region [Exclude regio] _Clear
Segmentation only

; * Reduce error occurrence

Load previous data o

Background T 1552800% |
Segmentation _ . . .
e — * Easy to match the fish with their number
Individualization TOm% ) y
Resegmentation _
References _
Identification L 0% ] Current frame 4 blobs detected. + T 1 ; . . . ; . f °
Trajectories 0% 15528 Sizes 0 10 200 300 400 50 B0 700 80 gun 1|:|:n] [ ] D I S a d Va nta ge S
Est. during crossings 0%

Bl idTracker - 20171116 - Isopropanol 1% (1st Try) in CAUsers\PACU\Desktop\Movement Tracking\20171116 - Isopropano\20171116 - Isopropanol 1% (1t Try) (Top View)\ - u} X

Import tracking parameters  Advanced  About idTracker

* Tracking duration will take more time

Running | S&E | Performing segmentation... - 14
Number of individuals 5 - di2
Intensity threshold 0.45
Minimum size 50
Resolution reduction 1 !
Remove background _Comp. Bekarnd |
Invert contrast
Interval 1 15528 [
# of frames for refs 3000
Include region |[Exclude regior| Clear |
Segmentation only e
# of processors 6
Load ious data 0.4
Background T 1552800% ) i
Segmentation __]
Fragments Tj 0.2
Individualization 0% ]
Resegmentation T
References - 0% | 0
Identification ! 0% Current frame_6 blobs defected. 4 ¥+ T T, L 5 . L
Trajectories | 0% 15528 Sizes 0 100 200 300 400 500 600
Est. during crossings T




idTracker

tracking separated

M = | 20171109 - Methanol

“ Home Share View

[I [Tl Preview pane &Z| Extra large icons [&=] Large icons
ai= Medium icons

[

st Small icons - -

Navigation [TH petails pane ; Fe= ; B Sort
—— p T List i== Details by~ [
Panes Layout Current view
= v P > Movement Tracking > 20171109 - Methanol >
~ Name
s Quick access
20171108 - Methanol (1st Try) (Side View)
%@ OneDrive 20171109 - Methanol (1st Try) (Top View)
% This PC 20171109 - Methanol 1% (2nd Try) (Side View)
- o i
& Desklop 20171109 - Methanol 1% (2nd Try) (Top View)
20171109 - Methanol 1% (3rd Try) (Side View)
5] Documents i
20171109 - Methanal 1% (3rd Try) (Top View)
Download
# Jownioads 20171109 - Methanol 1% (4th Try) (Side View)
$ Music 20171109 - Methanol 1% (4th Try) (Top View)
=1 Pictures 20171109 - Methanal 1% (5th Try) (Side View)
B Videos 20171109 - Methanol 1% (5th Try) (Top View)
#. Local Disk(C) v £
19 items

[ ttem check boxes

[] File name extensions

[] Hidden items

Show/hide

v O

Date modified

11/10/2017 1:01 PM
/972017 3:43 PM
/2017 2:15 PM

/10/2017 2:18 PM

11/10/2017 4:21 PM

11/10/2017 2:33 PM

Sea

Type

File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder

File folder

rch 20...

v
v
v

Options

y:

* Advantages
* Reduce error occurrence

* Easier to maintain the trajectories files

* Disadvantages

* Need more space to store the video

Save side view and top view movement

M = | 20171109 - Methanol (2) - O X
Home Share View 2]
Cut ¥ Delete ~ =k \/] Open Hﬂselet‘ta\\
—J il- Edit Select none
Pin to Quick Cop Paste Rename New Properties .
access e folder p' & History DDInvert selection
Clipboard Qrganize Mew QOpen Select
— v 4 » Movement Tracking > 20171109 - Methanol (2) > v O Search 20.. @
~ Name Date modified Type Size
# Quick access
20171109 - Methanol 1% (1st Try) 11/16/2017 3:32 PM  File folder
@ OneDrive 20171109 - Methanol 1% (2nd Try) 11 73:33PM  File folder
& This PC 20171109 - Methanol 1% (3rd Try) 11/ 2017 3:33 PM  File folder
- % 2017 3:33PM  Fi i
m Deskiop 20171109 - Methanol 1% (4th Try) 11, 017 3:33 e folder
20171109 - Methanol 1% (5th Try) 11/16/2017 3:33 PM  File folder
5 Documents
+ Downloads
J Music
= Pictures
B Videos
% localDisk (C) v £ >
5 items =

e Advantages

e Just one video needs to be saved

e Disadvantages

* Must backup the trajectories and video result file
before continue to the 2" tracking

* Error often occurred



idTracker

Analysis results of idTracker

* The results are in a folder
called ‘segm’ located in the
Reliahility of identities: Same fOIder aS the VideO

High (97 %)

Tracking finished! :-)
2500

2000

£ 1500

* Press ‘About the output files’
The results are in the files named trajectories’ in the same folder as the video. for more info rm ation abo Ut
the results

(fr:

Time

1000

500
About the output files

* ‘See results’ button will play
[ | the result’s video

Exit




idTracker

Analysis result of idTracker

* There will be four output files

 Two of them are .mat files, to be
loaded into Matlab

= * The others two are .txt files to import
';i;'i" EL the data into any data analysis
= 5
= software
segm 20171023 - 3D Result 1 Result 2 * Both of the files contain identical

Male WT information, which is the following

e X and Y coordinates of each individual

in each frame
E E * Probability of correct assignment

(o (o

trajectories trajectories trajectories_noga trajectories_noga
ps ps




0 ~N s W N

DNINININININ NN [N | ot | ot | o | o | o | o | | o | o | ok
0~V AE WN = O WO NNL A WN = o P

]
[

Y1

815.46
815.92
815.46
814.52
814.22

813.9
813.23
813.51
811.58
811.53
811.29

811.3
810.77
809.54
809.16
807.58

806.4
804.85
805.59

805.6
804.76

803.7
802.38
802.44
803.08
803.46
801.26

77.413
77.648
77.753
77.902
78.115
78.295
78.525
78.757
78.627
78.856

79.16

79.39
79.569
79.505
79.682
79.756
79.931
80.023
80.224
80.473
80.668
80.823
80.939
81.142
81.373
81.726
81.752

©

Probld1

0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244
0.92244

D

912.39
913.06
913.97
914.61
915.41
917.08

921.9

920.3
919.75
920.27
920.87

921.6
923.72
924.99
924.45
924.21
924.84
926.94

928.3
930.27
932.17
933.49
934.51
935.63
936.67

937.5
938.17

436.59
435.82
434.78
434.15
432.96
430.22
424.18
427.35
428.61
428.56
428.05
427.73
425.48
422.94
423.69

420.8
416.07
409.29

406.7
401.99
397.04
393.24
389.82
385.52
381.78
378.46
374.61

F

Probld2

0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216
0.82216

G

921.27
922.19
924.38
926.51
928.77

930.6
932.43
934.16

935.9
937.51
939.07
940.21
941.11
942.16
943.96

945.6
949.49
953.36
958.26
962.85
966.78
970.25
972.77
974.81
976.99
979.06
980.81

469.88
473.83
478.29
481.48
484.44
486.73
489.16
491.56
494.05
496.27
498.75
500.37
501.61
503.18
506.17
508.21
510.02
511.29
513.12
514.91
516.47
517.97
519.12
520.13
521.29
522.53
523.39

Probld3

0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348
0.97348

J

971.75
972.1
972.6

973.08

973.79

974.51

975.26

976.17

977.12

977.98

978.63

979.42

980.22

980.85

981.38

982.12

983.25

982.87

981.49

979.51

978.31

977.72

977.31

977.13

976.79

976.28

975.65

500.04
496.19
492.04
488.54
484.39
481.25
478.36
475.26
472.06
469.51
466.99

464.4
461.87

459.7
457.67
455.55
451.69
448.93
445.08
438.45
431.31
424.29

417.3
411.91
406.14
400.99
395.89

Copy XY position information and paste to Excel

* Each row corresponds to one frame of the video

* Columns 1 and 2 are the x and y coordinates of individual
1, respectively, and so forth

* There is an estimation of the probability of correct
assignment for each frame and it is usually
conservative

* The probabilities for individual 1 are in column 3, for
individual 2 in column 6, and so on



idTracker 3D tracking by running idTracker twice

* XYZ Axis

. idTracker - 20171116 - Isopropanol 1% (1st Try) in C\Users\PACU\Desktop\Movement Tracking 20171116 - Isopropanol\20171116 - Isopropanol 1% (1st Try) (Top View)\

Import tracking parameters  Advanced About idTracker

do RO E

Performing segmentation...

Bl

Number of individuals
ntensiy threshold X Axis (idTracker)
Minimum size
Resolution reduction
Remove background  |[ComplBekarmd]
Invert contrast
Interval
# of frames for refs.
Include region|Exclude regio] _ Clear | g
———— Y Axis
: [ ¢ i
# of processors (|dTraCke r)
- Background
Segmentation
Fragments
Resegmentation 200
References
Identification Current frame_6 blobs detected. - ! LI B T :
Trajectories | 15528 Sizes: 0 100 200 300 400
Est duringcrossings 0% |




idTracker 3D trackin

X Axis in idTracker = X axis in real image

g by running idTracker twice

X Axis in idTracker = Z axis in real image

. idTracker - 20171116 - Isopropanol 1% (1st Try) in C\Users\PACU\Desktop\Movement Trking\20171116 - | N20171116 - I 1 1% (1st Try) (Top View)\ - O x . idTracker - 20171116 - Isopropanol 1% (1st Try) in C:\Users\PACU\Desktop\Movement Tracking\20171116 - |. N20171116 - I 1 1% (1st Try) (Sideflfiew)\ - (] x
Import tracking parameters  Advanced  About idTracker Import tracking parameters  Advanced  About idTracker
Hde (RO E He | RO E
R | S&E ‘ I Performing segmentation. .. -4 R | S&E | I - dio
Number of individuals 5 - dia Number of individuals 5
Intensity threshold 0.45 Intensity threshold 0.5 100 -4
Minimum size 50 Minimum size 50
Resolution reduction 1 - Resolution reduction 17 200
Remove background _Comp_Bckarnd | Remove background _Comp. Bekarnd | 0.8
Invert contrast Invert contrast
: 08 ee
ntenval 1 15528 Interval 1 15528
# of frames for refs. 3000 # of frames for refs 3000 Y AXi S 06
Include region |Exclude reqit Clear Include region |[Exclude Clear 400 ‘
Segmentation only e Segmentation only . k
# of processors [ g # of processors [ gl 500 ( I dTra C e r)
Load previous data » Load previous data 1 e
Background T 1552800 % ) Background
Segmentation __] Segmentation
Fragments D—%] 0.2 Fragments 02
Individualization 0% | Individualization
Resegmentation 0% Resegmentation 200 400 600 800 1000 1200
References D—%] 0 References
Identification ! 0% ] Current frame._6 blobs detected. = L — L ; I L Identification Current frame._4 blobs detected. ~ VI I I . . . : t . —
Trajectories 0% 15528 Sizes 0 100 200 300 500 600 Trajectories 15628 Sizes 0 100 200 300 400 500 600 700 8O0 900 1000

Est. during crossings 0%

Est. durin

Both two images share the similar Y axis position pattern




[T=R-=REN R RN R R

w W W w W || ropa R o | na fCY) [CY) Y ) Y Y Y ) () S
EuEYabRsEesEEYERREERRNEEsd a0 EnmD 3

X1 (5V
887.02
887.31
887.75
888.60
889.39
889.85
890.16
890.46

891
891.51
892.34
89278
893.53
893.68
894.32
895.29
895.92
896.59
899.09
898.91
899.83
899.54
899.26
898.97
898.69
898.41
898.12
897.84
897.56
897.27
896.99

896.7
896.52
896.23
896.17
896.11
896.11
896

E Excel

¥1 (SV)
47496
473.95
472 69
47251
472.01
470.21
46952
469.16
468.78
467 66
466.77
466.16
466.16
465.21
464.93
465.07
465.41
464 68
465.89
464 14}
466.04]
463.95
461.87
459 79
457 71
455 63
453 55
451.47
449 39
447 31
44523
44315
441 4
43818
43481
430.86
4273
42417

i n}
Fish 4
A2 (SV) Y2 (5V)
11563 116.32
1156 117.45
11564 117 64
1157 117.15
11576 11532
115785 1133
11585 110.33
11584 110.3
11582 110.33
11576 110.25
11578 109.43
11584 108.63
11586 108.04
11584 107.1
11578 10562
115785 10457
11573 10463
115695 10384
11565 10334
11556 10291
11545 102 34
11526 101.45
1151 100.26
11483 99.831
11464 100.16
114495 100.54
11424 99617
11393 98.83
11366 98.217
1134 98.364
11318 98.353
11293 97914
11277 98.235
1127 98.323
112232 98.915
11161 101.58
11132 1043
11098 107.27

X3 (V)
994.96
995.35
996.07
997.18
998.04|
998.69
999.27
999 61
1000.3
1001.1
1002.1
1002.7
1003.2
1003.7
1004.3

1005
1005.6

1006
1006.6
1006.8
1007.5
1007.8
1008.5
1008.8
1009.1
1009.3
1009.5
1009.9
1010.4]
1010.7
1010.9
1010.9
10116
1011.9
1012.5
1012.9
1013.2
1013.4]

Merge two XY and YZ dataset by searching object

in specific frame with the same Y position

¥3 (V) | %4 (5V)
24192 900.06
24258 900.04
243.31] 90035
24532) 901.04
24771 901.65
24300 9010
2491 90213
250.71) 90234
25178 90271
253.06| 903.45
253.81) 904.07
255.21) 9045
256.68 904.82
257.27| 905.13
258.59] 905.47
2595 905.96
261.3] 906.46
263.07| 907.01
2649 906.78
266.81] 907.01
268.8381 9095

2717 911
27393 91088
276.84 910
280.17 910
282.66 910

28552 91001

2878 91001
28048 91001
283.014 51001

2959 909.89
288.65 90977
301.49 910
30452 91036
30695 91052
30658 91072
313.65 911
316.81 9111

H

Y4 (SV)

4176
420.52
423.05
437.07
430.19
432 24]
433.96
43381
43551
436.54]
437.46
438.02
433.9
440.47
440.66
44137
441.92
442 78|
44559
448 94]
4555

465
467.41

470
47238
47475
477.13
479,51
481.88
48426
486.67
489.07
492 42
492 67
49295
495.76
495.92
497.26

X5 (V)
1003.9
1004.3
1005.1
1006.2
1007.1
1007.5
1008.1
1008.4
1009.1
1009.7
1010.4
1010.9
1011.3
1011.5
1011.9
1012.5
1012.8
1013.4
1013.8
1014.2
1014.7
1015.2
1015.4
1015.2
1014.7

1014
1013.5
1012.7

1012
1011.5
1010.6
1009.8
1009.2
1008.6
1008.2
1007.6

1007
1006.2

data matrix before merging

5 (SV)
337.76
340.23
342 62
346.22
34932
350.83
353.25
355.75
358.32
360.34
362.37
364.32
366.73
368.34
370.33
372.43
375.14
376.61
37773
380.01
382.14
38438
387.03
390.03
393.59
397.28
400.73
40472
409.14|
41238
416.01
418377
422.18
42473
427 67
430.47
433.05
436.17

K L
Fish 6
X6 (5V) Y6 (5W)
10401 10894
10418 109499
10435 11126
10456 11321
10438 11437
10503 11406
10524 11394
10545 11333
10566 111.33
10587 1101
10594 110.36
10605 109896
1061.8 10992
10629 10857
10643 108.15
10657 107.55
1066.8 107 .86
1067 .4 10791
1068.1 107.75
1068.4 107 .48
1069 107 42
1069.3 108.03
1069.1 108.43
1069.1 106.39
10695 103.43
10638 103.35
1067 10415
1066.2 104 34
106449 10222
10639 101.39
10635 101.05
10625 100.45
10626 100.56
10627 100.33
106249 101.22
10627 10286
106249 106.11
1063 110.16

M N

X1 (TV

166.46
168.7
171.79
174.8
177.62
180.31
182.41
184.47
186.93
189.33

192
19377
195.84
197.3
199.15
201.13
203.21
204.84)
206.29
208.05

210
212.06
21377
21438
214.82
215.08
215.24
215.14]
215.16
21524
21496
21473
21461
214.4
21431
214.05
213.88
21351

o

¥ (TV)

338.41
340.56
342.82
345 8|
348.55
350.49
352 4
354 48|
356.96
359.06
361.05
362.84
365.19
366.6
368.08
369.71
372.39
373.53
374.83
376.65
378.27
380.44
383.16
386.04
389.85
393.04
395.78
400.32

204
407 38|
410.77
413.09
416.1
418.34
421.02
423 .59
426.04
428.97

X2 (TV)
268.05
266.85
265.41
26459
263.28
261.72
260.39
259.29
257.91
256.65

255.6
25437
25283
25195
250.07
24906
24791
246.82
24584
244 89
24434
242 69
24254
24272
24318
24355
24446
24478
24558
24597
24723
24933
25131
25395
257 69
260.32
26377
263 .67

¥2 (TV

457.12
456.3
45497
454 82
45411
45253
451.75
451.35
450.64]
449 57
44855
44792
44753
446.93
44568
44518
445.14)
44431
44355
44335
442 59
440.3

438
435.69
434 4
433.26
430.33
428.93
426.99
426.4)
425.01
42376
42271
420.34]
416.89
413.71
4075
406.05

X3 (TV
106.25
106.35
106.84
107.53
108.32
108.51
108.7
108.66
108.89
109.34
109.69
109.75
109.8
109.71
109.75
109.93
110.04
110.49
111.15
111.74
112.66
113.6
114.52
114.99
115.22
115.4
115.61
115.75
116.03
116.45
116.91
1175
1187
119.77
120.85
121.78
122.47
122.93

¥3 (TV)
25413
254 69
255.56
258.3
258.94
259.5
261.1
261.87
263.41)
264.43
265.17
266.4
267 .47
268.19
268.55
270.03
271.14
273.18
274.63
275.79
277.79
280.77
283.33
286.14
288.62
291.63
29374
295.3
296.68
299,65
302.41)
304.66
306.9
309.67
312.33
315.53
319.23
322.28

T u
Fish 4
X4 (TV) Y4 (TV
400.17 1246
38824 13432
396.69 12434
3894 96 12511
3938 12553
38257 12521
391384 1247
380.09 1233
38896 12296
3B7.8 12241
38586 12151
38312 12173
3804 12259
37834 133126
376.34 12356
37368 12381
37052 124 46
37033 12406
37013 12366
370 124
369 124
369 124
36871 123
368 123
368 125
365 115
367 115
367 116
367 117
367 118
367 119
367.62 11848
367 42 11808
367.23 11768
37539 11853
3B3.66 12043
38878 12273
38212 124 87

v

X5 (TV)

460.84
461.45

462.6
464.04
465.31

466.4
467.02
467.66
468.64
46957
470.65
471.31
471.87
472 34

4728
473.55
47405

4749
47552
476.13
476.86
47762
478.44
475.05
47955
430.08
480.67|
481.33
481.87|

482.6
482 85
483.25
483.71
483429

¥5 (TV)
420.91
4232
4256
42901
432.15
43463
436.85
439.59
34272
445 34
447 65
450.33
453.17
455 .31
456.96
455.43
461.87
463.79
465.59
467.53
469.59
471.23
472.78
474.66
476.9
478.35
480.01
481.49
483.04
485.01
486.49
487.95
489.09
490.85
49223
49323
494 89
496.61

x Y
Fish 6
X6 (TV) Y6 (TV

279.88 13292
27968 1316
27978 13083
27959 13128
280.87 13073
28173 129435
28244 12892
28339 12878
28479 12779
28695 126.2
290.29 1247
28554 12572
29672 12426
28976 12403
30391 12328
3091 122 .49
31594 12213
31455 12177
31316 1214
313 121
313 120
313 121
316 123
317 124
319 124
320 124
318 112
311 113
306 114
298 114
296 115
285 116
289372 1163
28233 115483
28928 11669
289932 11874
289031 12309
280.66 12675

Use the video for

confirmation

SV
TV

Side view

Top view



LR = L R R R

X1 (TV)

166.46
168.7]
171.79
174.8]
177.62
180.31
182.41
184.47
186.93
189.33

192
193.77
195 84
197 3
199.15
201.13
203.21
204.84
206.29
208.05

210
212.06
213.77
214.38
214,83
215.08
21524
21514
215.1§
215.24
214.96
214.73
214.61
2144
214.31
214.05
213.88
213,51

X Axis

¥i(Tv) |%5 (3v)

338.41) 10039
34056 10043
34282 10051
3458 1006.2
34855 1007.1
350.49) 10075
352.4 1008.1
354.48 1008.4
356.96] 10091
350.06) 1009.7
36105 10104
362.84 10109
36519 10113
3666 10115
368.08 10119
369.71] 10125
37239 10128
37352 10134
37483 10138
376,65 1014.2
378.27] 10147
380.44 10152
383.16 10154
38604 10152
380.85) 10147
30304 1014
39578 10135
40032 10127
a04 1012
40738 10115
41077] 10106
41309 1009.8
416.1 10092
41834 1008.6
42102 1008.2
42359 10076
42604 1007
428.97] 1006.2

Y Axis

D

¥5 (SV)

337.76
340.23
342.62
346.22
349.32
350.83
353.25
355.75
358.32
360.34
362.37
364.22
36673
368.34
370.33
372.43
375.14
376.61
377.73
380.01
382.14
384.28
387.03
390.03
393.59
397.28
40073
40472
405.14
412.28
416.01
418.77
42218
42473
427.67
430.47
433.05
436.17

Z Axis

Merge two XY and YZ dataset by searching object
in specific frame with the same Y position

F G H
X2 (Tv) Y2 (TV) %1 (sv)
268.05 457.12 887.02
266.85 4563 887.31
26541 454 97 B8B7 .75
264.59 454 82 B888.69
263.28 45411 889.39
26172 45253 889.85
260.39 451.75 890.16
259.29 451.35 890.46
25791 450.64f 891
256.65 449 67, 89151
255.8 448 55 89234
254.37 447 92 89278
252 83 447 53 89353
25195 44693 893 68
250.07) 445.58' 89432
24905 44518 89529
24791 445 14§ 89592
24682 444321 896.59
24584 44355 899.09
244 89 44325 89891
24434 44259 899.83
24269 440.3 89954
24254 433) 89926
24273 43569 89897
24318 434 4 B9B.69
24355 43326 89841
244 48 43033 89812
24478 42893 897 84
24558 426.99 897 .56
24597 426.4f 89727
24723 42501 89699
24933 42376 B896.7
25131 42271 896.52
253595 420.34f 896.23
257.69 416.89 896.17
26032 41371 896.11
263.77) 407.5 896.11
263.67) 406.05 296
X Axis Y Axis

¥1(SV)

47496
473.95
472.69
47251
472.01
470.21
469.52
469.16
468.78
467.66
466.77
466.16
46616
46521
464.93
465.07
465.41
464.68
465.89
464.14
466.04
463.95
461.87
459.79
457.71
45563
45355
45147
44839
447.31
44523
443.15

4414
438.18
43481
430.86

427.3
42417

Z Axis

data matrix after merging

M

X3 (Tv) [¥3(Tv) [x3(sv)

X Axis

59496
995.35
996.07
997.18
998.04
998.69
999.27
999.61
1000.3
10011
10021
looz.7
1003.2
1003.7
10043

1005
1005.6

1006
1006.6
1006.8
1007.5
1007.8
1008.5
1008.8
1009.1
1009.3
10095
10099
10104
1010.7
10109
10109
10116
10119
10125
10129
1013.2
10134

Y Axis

N

¥3 (SV)
24192
24258
24331
24532
247.71
248.09
249.1
250.71
251.78
253.06
253.81
255.21
256.68
25727
258.59
259.5
261.3
263.07
264.9
266.81
268.88
2717
273.93
276.84
280.17
282.66
28552
2878
290.48
293.01
295.9
298.63
301.49
304.52
306.95
309.58
313.65
316.81

Z Axis

0 P

X4 (Tv) |va(Tv)

400.17
398.24
396.69
394.96
3938
392.57
391.84
390.09
388.96
387.8
3B85.86
383.12
3804
37834
376.34
373.68
370.52
370.33
370.13
370
369
369
368.71
368
368
365
367
367
367
367
367
367.62
367.42
367.23
375.39
383.66
388.78
392.12

o] R

Fish 4

X2 (5V)
1246 11563
12482 1156
12484 11564
12511 1157
125.53 1157.6
125.21 1157.9
1247 1158.5
123.3 1153.4
122.96 1158.2
122.41 1157.6
12151 1157.8
121.73 1158.4
12259 11586
12326 11584
12356 11578
123.81 1157.9
124.46 1157.3
124.06 1156.9
123.66 1156.5
124 11556
124 11545
124 11526
123 1151
123 1148.2
125 1146.4
115 11449
115 1142 4
116 11393
117 11366
118 1134
119 1131.8
118.48 1129.2
118.08 1127.7
117.68 1127
118.53 1122.2
120.43 1116.1
122.73 11132
124.87 1109.8

S

¥2 (SV)
116.32
117.49
117.64
117.15
115.32
113.3
110.83
1103
110.33
110.25
100.43
108.63
108.04
1071
105.62
104.57
104.63
103.84
103.34
102.91
102.34
101.45
100.26
99.831
100.16
100.54
99 617
9883
98.217
98.364
98.353
97.914
98.235
98.323
98.915
101.58
1043
107.27

b\

Y Axis

X Axis

Z Axis

T

U v
x5 (Tv) fvs(Tv) |xé
460.84] 42091
461.45| 423.28
a62.6| 42569
464.04] 429.08
465.31] 432.19
466.4] 434.6
467.02] 436.89
467.66] 439.59
468.64] 44272
460.57| 445.34
470.65| 447.69
471.31] 45032
47187| 45317
47234] 45531
4728| 456.9q
473.55| 459.42
474.06] 461.87
4749| 463.79
475.52] 465.59
476.12| 467.52
476.86] 469.59
477.62| 471.22
478.44] 47278
479.06] 474.68
479.56] 4769
480.08| 478.39
48067| 48001
48132] 48149
481.87| 483.04
a826| 485.01
482.85| 486.49
483.26] 487.99
48371 489.09
484.29] 490.89
485.03| 492.23
485.38| 493.23
485.78| 494.88
486.00] 496.61

X Axis

W

1sv]
900.06
900.04
900.35
901.04
901.65
9019
902.13
902.34
902.71
903.45
5904.07
9045
50482
50513
505.47
905.96
906.46
907.01
906.78
907.01
909.5
511
910.88
910
910
910
510,01
510,01
910.01
910.01
909.89
909.77
910
910.36
910.52
910.72
911
9111

Y Axis

X

¥4 (SV)

4176
42052
423.05
427.07
430.19
432.24
433.96
433.81
43551
436.54
437.46
438.02
4389
440 47
440.66
44137
441.92
44278
445.59
448.94
4555
465
467.41
470
47238
47475
47713
47951
481.88
484.26
486.67
489.07
492.42
492.67
492.95
49576
495.92
497.26

Z Axis

z

X6(TV) Y6 (TV)

275.88
275.68
27978
279.99
28087
28173
282.44
283.39
28479
28685
280.29
28584
28672
28976
30351
309.1
31594
314.55
313.16
313
313
313
316
317
319
320
318
311
306
298
296
295
29372
29233
289.28
289.92
29031
280.66

AA AB

Fish 6

K6 (5V)
13292 10401
1316 10418
130.83 10435
131.26 10456
13073 1048
12943 1050.3
12892 1052.4
12878 10543
127.79 1056.6
126.2 1058.7
1247 1059.4
13572 1060.5
12476 10618
12403 1062 9
123.28 10643
122.49 1065.7
122.13 1066.8
12177 1067 .4
1214 1068.1
121 1068.4
120 1069
121 1069.3
123 1069.1
124 1069.1
124 1068.5
124 1068
112 1067
113 10662
114 10649
114 10639
115 10635
116 1062.5
116.3 1062.6
11593 1062.7
116.69 10629
11974 1062.7
12300 10629
126.75 1063

AC

[ J
Y6 (SV)

108.94
109.99
111.26
113.21
11437
114.06
11394
113.32
111.33

1i01
110.36
105.96
10592
10857
108.15
107.55
107.86
107.91
107.75
107.48
107.42
108.03
108.43
106.39
103.43
103.35
10415
10434
102.22
101.39
101.05
100.45
100.56
100.33
101.22
102.96
106.11
110.18

b

Y Axis

X Axis

Z Axis

Use the Y Axis
from the Top
View (TV) if the
conversion that
will be used is
also TV
conversion



Imaged Convert pixel to real distance by using Imagel
. (Top View Conversion)

4 Image! — X Measure Ctri+M
File Edit Image Process Plugins Window Help Analyze Particles .

mife)fa{{] PEPdfe \Aqmmwmwwwww» S

*Straight*, segmented or freehand lines, or arrows (right click to switch) Label

4 20171023 - 3D Male WT.png - O X
1280x720 pixels; RGB; 3.5MB

Histogram Ctri+H
Plot Profile Ciri+K
4 SsetScale Surface Plot_.

Gels

Distance in pixels: Tools

Known distance: Multi Kymograph

Pixel aspectratio: |1.
Unit of length: Icm
Click to Remove Scale |

[ Global

* Convert the pixel dimension
into the standard length
dimension using Image)

Real Size measured by ruler

Top View Conversion from pixel to cm




i

Excel

Calculate fish movement by using Excel

X1

866.58
866.54
865.91
865.32
864.73
863.53
863.19
863.36
863.04
862.72
862.29

8619
861.47
861.19
860.24
860.44
8559.44
859.26
859.63

855.4
859.16
859.13
858.99
858.94
858.75
858.62
858.64
858.59

858.6
858.59
858.46
858.45
858.51

Y1

409.89
410.16
41273
41516
41792
42405
426.18
42574
427.74
429.52
432.01
43394
436.45
438.05
44321
44221

4472
44841

4473

4485
451.05

4519
453.67
455.19
457.56
459.85
460.68
462.22
463.43
46478
466.47
467.29
467.96

Distance (pixel) Distance (cm) Speed (cm/s)

0.2725946881
2.646091457
2.500599928
2.822357171
6.246350935
2.156965461
0.471699057
2.025438224
1.808535319
2.526855754
1.969009903
2.546566316

162431524
5.246722787
1.019803903
5.089214085
1223315168
1.170042734
2.211990054
1.568470593
0.850529247

177552809
1520822146
2.377603836
2.293686988
0.830240929
1.540811475
1.210041322
1.350037037
1694992625
0.820060973
0.672681202
1.562049935

0.009821943

0.09521911
0.089983624
0.101561999
0.224773779
0.077618002
0.016974003
0.072885019
0.065079808
0.050928435
0.070854456
0.091637716
0.058450682
0.188802346
0.036697454
0.183134424
0.044020769
0.042103771
0.0795988052
0.056441123
0.030606137
0.063892049
0.054726503
0.085557633
0.082537901
0.029876066
0.055445815
0.043543112
0.048580832
0.060993985
0.029509742
0.024206308
0.056210077

0.491087143
4.7609555
4499181216
5.078059949
11.23868896
3.88090009
0.84870015
3.64425083
3.25399039
4546421767
3.542722797
4581885812
2.922534123
9.440117286
1.834872709
9.156721216
2.201038464
2.105188532
3.979902579
2.822056159
1.530306855
3.184602441
2.736325134
4.277881638
4.126895029
1.493803287
2.772290747
2.177155619
2.42904161
3.045699752
1.475487086
1.210315411
2.810503851

Distance and Velocity

Maximum speed (cm/s) Minimum speed (cm/s) Total distance (cm)

124 6146758

0

433.1221536

Average speed (cm/s)
7.201898132

e Use the Microsoft Excel’s formula
to calculate the fish’s movement
frame by frame

 Example : measure the fish’s rate
of speed by dividing the
calculation results with the time



Some results we can get from this analysis

e Total distance traveled (cm) * Freezing Time (s)
2 2 2 (Total Time when speed less than 1cm/s)
X |(X2—X1)“+(Y2—Y1)*+(Z2-Z1)
* Avg. swimming speed (cm/s) * Swimming Time (s)
Total distance (cm) (Total Time when speed 1-10 cm/s)

Total Time (s)

e Rapid Movement Time (s)

* Maximum speed (cm/s) (Total Time when speed more than 10 cm/s)

 Minimum speed (cm/s)



Some results we can get from this analysis

* Turning Angle (°) * Fast Type Latent Time (s)
1 (Total time when Angular velocity above 0.5/ ms)
AY
tan(zx) X 180 * Slow Type Latent Time (s)
A (Total time when Angular velocity below 0.59/ms)

* Angular Velocity (% ms)
Video duration (ms)

Frame per second

Turning Angle X (

e Absolute Turn Angle
(Sum of all the Turning Angles without considering the sign of angular direction)



Some results we can get from this analysis

 Time spent in the top (%)
Total time spent in the top part of the novel tank

 Time spent in the bottom (%)
Total time spent in the bottom part of the novel tank

* Meandering (% m)
(The degree of turning vs. travel distance)
Absolute turn angle (°)

Total distance (cm)

X 100)



eJ  Calculation of fish trajectory by Imagel

Image Processing and Analysis in Java

* Trajectories - Fish position (cm) on every frames

4 20171109 - Methanol 1% (5th Try).png 4 Image)
11111111111111 . RGB; 3.5MB File Edit Image Process e Plugins Window

0] | OfF 41| | A &[] oo lllélﬂl [

* X position
e (X(TV) = Blue)/TV conversion

* Y Position
* (Y(TV)—Red)/TV conversion

* Z Position
* (1280 — X(SV) — Yellow)/SV conversion

1280X720 pixel



Data Analysis and Graphing Software

" ORIGIN 91

Plot fish 3D spatial trajectory by Origin 9.1

(R

i

T Ty

)

3

&

L R

L

R

EEGEN ™A

« [+ [\ Methanol [ Ist batch |
Lo A 2 e )0, 0,0 . B, @0, Ee, EE @ s] =]
For Help, press F1

Methanol 1 2nd batch

Methanol 1 3rd batch

N 17070 Q RADY 1A
Methanol 1 4th batch ) Methanol 1 5th batch /
A EPEVIATaL XSS

If<

(@] OriginPro 9.1 64-bit - C:\Users\Fugu\Desktop\Methanol - /Folder1/ - [Book1] X |
E File Edit View Worksheet Analysis Statistics Image Tools Format Window Help - B X
LDERgRbBR, DRBR FfEE isg-dat 00 - GERE BISC & B i EBEH M all TRE XY ZH g GS It ¢
LB [T Detaur arial - B LU m nnpALE WA Bl b — - = - - B e b BER,
ax | By | cen | oo | Eva | Fea) | oxa | Aol s | K [ wesn | wos) [ nes) | oes [ pee | ae [ Res) | ~
Long Name |
Units -
Comments pe--
Fix) i)
1| 1104869 172568 264516 906076 925469 08853 1711672 484457 11362 123364 317985 02509 1339966 123654 105376 047723 =
Z| 1096253 175083 264675 904324 930732 06172 1704828 462859 113976 1226623 310423 02500 1342217 1232642 101075 04814 778764 510394
3| 1088105 177714 266667 901985 937204 087455 1698551 441222 113282 1220463 30325 024731 13444 1229601 096774 048557 794515 507885
4| 1079801 179897 267742  B98H4 943793 087455 1692069 42192 112903 1213524 205218 024373 1346895 1226073 093907 048974 810285 504301 3
5| 1072238 182197 268817 894221 954982 088172 1686036 40193 112903 1207559 288318 024373 1351691 1220712 090681  0.49392  8.26015 5
B| 1066779 183662 269892 BU1108 966362 06863 1679876 383093 112185 1201477 281222 024014 1356603 1217086 085305  0.49809  B.A1/66  4.96057 .
7| 1056292 186681 2696927 66850 960713 008889 1674262 366017 11147 1195395 274361 024014 136132 121311 079928 050226 857516 492115 !
B| 1051263 18824 271685 688052 989017 089247 1667596 346992 111111 118982 208708 023656 1300150 1206443 075269 050643 873267 489889 B
9| 104385 190813 273118 688145 1000908 089247 1662021 330189 110035 1182958 2064497 023356 1374887 1200673 070509 05106 889017 486022 s
10| 1035487 193425 27276 887638 1010225 089247 1656705 312918 108602 1176058 260287 023207 1380813 1194501 068667 051477  9.04768 483154 "
11| 1029119 196037 273835 88526 1026366 089606 1648376 294166 107885 1169167 256076 023207 138748 1187613 063082 054420  9.17087  4.80645
12| 102175 19865 274552  £82921 1042389 090323 1642372 27748 107527 1162296 251905 022561 1393328 1181287 0598657 05706  9.26561 477778
13| 1014343 201262 275627  §80425 1055678 091756 1637088 262621 107527 1155395 247694 021505 1399137 1175449 056272 059567 935528 475627 E
14| 1006975 203874 276703 876566 10735 092473 1631651 247604 107885 1148495 243484 021804 1404322 1169523 053405 062635 946834 473835 i
15| 099606 206486 276703 87411 1084323 093548 1626504 240248 110035 1142101 238182 021505 1407987 1165117 050896 0064624 954475 472043 i
16| 092199 209098 277419  §72316 1095761 093007 1612742 22247 11362 113828 232130 021505 1413367 1159153 048029 067208 964261 470251 F:
17| 98483 21171 278136 869704 1107886 094265 1601046 208747 117204 1134499 226095 021505 1419332 1152798 04562 06984 975138 468450 3
18| 077462 214283 278853  B67833 1117671 094624 1568493 197168 121864 1122803 222197 024731 1424049 1147769 043369 071550 982155 467384
19| 070055 216895 278495 805404 1129400 0095341 157438 184653 125800 111407 22247 026523 1428195 1142155 040502 073431 990186 465591
20| 962686 210507 280287 863271 114001 095699 1563698 174820 129032 1107208 218209 020749 1433562 1137398 03871 074733 096610 454875 g
21| 955318 222119 280645 861244 1150381 095699 1553366 165472 135125 1100308 214088 032616 1436564 1133812 036559 076737 1003793 463799 F
22| 947911 224731 281362 860348 1154123 006057 1640345 154244 141577 1093446 200878 033333 14.40345 1128704 034409 078166 10.12993 462966 E
23| 940542 227343 281004 056242 1164806 096416 1530793 145667 146237 1086545 205667 035125 1446115 1122077 032616 079154 108724 46129 4
24| 933174 220055 282073 B55009 1176735 090057 1519526 135194 153763 1070645 201495 030558 1452431 1117515 030466 081138 1028003 460932 a
25| 025605 232568 282437 85411 1185624 006057 1511027 128660 157706 1072783 197285 037216 1458942 11.14435 027509 082163 1034085 460215 F
26| 918398 235141 28172 851537 1196345 095699 1499214 11978 162007 1065883 193074 03671 1470871 1107691 025165 08289 1040167 458781
27| 91103 237753 283154 849782 1206365 095699 1492197 11366 164676 1058082 188854 039068 1479916 1101765 024014 084783 104812 458065
28| 00361 240355 282195  BAT672 1214201 004982 1483071 108564 171326 1052121 184653 039427 1489858 1004552 022222 08536 1051785 457348
28| 896254 242077 284229  B45845 1224922 094624 1475784 100209 17401 104522 180482 040143 1500501 1086638 021505 086117 1056736 450989
30| 888885 245580 283513 843856 1233421 092115 1467188 093504 178405 1038369 176271 041219 15113 107888 022222 087006 1063831 456272
31| 881088 253386 275495 842336 1241508 0681 1463454 083981 173477 1031458 172061 041219 1520501 1071512 09319 0886 1071122 455197
32| 876203 270306 274194 840776 1249718 0681 1449117 078728 165601 1024567 16785 04085 1530092 1063948 09319 08915 1076151 454839
33| 869002 273737 260176  B36437 1250776 21147 1432314 07228 136550 1017696 163670 041577 1538624 1057477 092832 089894 1081141 454839
34| 861712 277168 272043 830044 1260211 217921 1417187 063461 133692 1010795 150408 041935 1545193 1051068 09175 090471 1084806 454122
35| 85422 280509 275289 83480 1275721 223656 1308501 063903 131541 1003895 155258 041035 155477 1044572 080247 002214 1095332 453763
3| 847131 28309 27957 833135 1286248 227957 1379605 05433 010753 997033 151047 041577 1562996 1038646 017921 093107 1098520 45340
37| 828613 295257 283154 831693 1292485 2319 1359332 061566 015412 900851 147578 042652 1569273 1033773 017921 093567 1102311 452688
38| 800855 31065/ 288172 620782 1299386  23/2/6 1339839 059367 015054  9.78/88 143484 0563047 1576212 1028237  0.13262 093781 1106677 452688 v
2743 O L2500 A QACTD 4024083 042070 N 04GR 44 12400 A L4074

>

Average=0 Sum=0 Count=0 AU: ON 5: [Book1]"Methanol 1 5th batch®! Radian

|FIOt|Cqumn Worksheet Analysis  Statistics Image Tools For

Line

Symbol

Line + Symbol
Column/Bar/Pie
Multi-Curve

3D XYY

3D Surface

3D Symbol/Bar/Vector
Statistics

Area

Contour
Specialized

Stock

User Defined
Template Library...

1 3D Trajectory

4

b . . S .

wEE W

= x o A A

i 3D Bars

{8 3D Scatter

(B 3D Trajectory I

# 3D Vector XYZ

100% =
=M A,

% 3D Scatter + Error Bar

# 3D Vector XYZ XYZ

dXdYdZ




¢ ORGIN 91  Plot fish 3D spatial trajectory by Origin 9.1

Data Analysis and Graphing Software

—a@— Fish 1
—&— Fish 2
—a— Fish 3

Fish 4
—@ Fish 5
—@— Fish 6

=4




#% ORIGIN 91

Data Analysis and Graphing Software

[=-RIES = RN R R L R

A

Y1 {cm)
12,4255
12 3783

12.324

12274

12.237
12,1916
121389
12.0992
12 0564
12.0229
119832
11.9438
119167
11.8683
11.8309
117874
11.7687
11.7416
11.6938
116641
116171
11.5969
11.5729
11.5473

11511
11.4797
114484
11.4198
11 3671
11.3286

75 {cm)
129791
129762
129699
129691
129574
12,9489
129351
12,9298
129294
129234
129262
1291495

124916
12,9099
129106
12,9106
129103

12906
129028
12.9043
129028

12911
129099
12.8979
12 3908
12.8894
12 3915
12.8908
12 3922
12.8968

2916404055
3524957699
3.416443925
2552823399
2.806436078
3.282763062
2716155436
2969309588
2322362028
2.716425592
2436394078
1.808948055
2977271367
2.699680083
2.844204545
1322584256
1.640955189
2.858128116
1963787673
2966916888
2105637973
1489766761
1624374826
2168018011
2.010250966
2036172178

1.78666453
3.392642373
3.181578052
5.240571446

D
Freezing

Speed 30 (cmys) Yi{cm)

Fllcm)

F

G

Swimming

¥1{cm)

12,4255
12 3793

12,324

12274

12237
12.1916
12,1389
12.0992
12.0564
12.0229
119832
119438
119167
11.8683
11.8309
117874
11.7687
11.7416
11.6938
116641
116171
11.5969
11.5729
11.5473

11.511
11.4797
11 4484
11.4198
11 3671
11.3286

Fi{cm)
129791
129762
129699
129691
129574
12.9489
129351
12.9298
129294
129284
129262
12,9195

12916
12.9099
129106
12.9106
129103

125906
129028
12.9043
129028

12911
129099
12.8979
12 83908
12 8394
12 83915
12.8908
12 83922
12.8968

H
Rapid
¥1{cm)

Z1(cm)

Plot fish 3D temporal trajectory by Origin 9.1

* Temporal Trajectories

* Grouped the average speed (1 fish) for
each frame into 3 different types of
movement

* Freezing Time (Speed < 1cm/s)
e Swimming Time (1cm/s < Speed < 10cm/s)
» Rapid Movement Time (Speed > 10cm/s)



@& ORIGIN 91  Plot fish 3D temporal trajectory by Origin 9.1

Data Analysis and Graphing Software

Freezing Swimming Rapid Movement

inPro 9.1 64-bit - C:\User:

* Temporal Trajectories + R Vo i oo

RROE,. DB CENMHE m=w %’?

gu\Desktop\Trajectories\Temporal Trajec{ories * - /Folder1/ - [Book1]

Worksheet Analysis Statistics Image Format Window Help

& 7O
. Long Name
* Copy the grouped speeds into s
. . F(x)
Or|g|n 9.1 (Y&Z COlumn) 1627 3254 3254 783394 1029929 3254
1628 3256 325 782821 1030922 3256
1629 3258 3258 781218 1032163 3258
. . 1630 326 326 780608  10.34255 326
o Add the time In the X C0|umn 1631 3262 779692 1034920 3262 779692 1034929 3262
1632| 3264 778279 1036738 3264 778279 1036738 3264
1633 3268 266 777745 1037021 3266
. . 1634 3268 3268 776982 1037624 3268
* Make the 3D temporal trajectories
63| 3272 3272 772821 1041738 3272
1637] 3274 3274 770989 1044184 3274
1638 3276 3276 774005 1044539 3276
1639 3278 3278 77702 104844 3278
1640 328 328 780035 1051312 128
1641 3282 3282 78305 1054894 3282
1642] 3284 3284 786066 1059681 3284
1643 3286 3286 789081 1063759 3286
1644 3288 3288 79209% 1067801 3288
1645 329 329 795111 1071525 329
1646 3292 292 798127 1075177 3292
1647] 3294 3294 801142 1079752 3294
1648 3296 3296 804119 1085106 3296
1649 3298 3298 807134 1088865 3298
1650 3 33 808394 1093085 3
1651 3302 3302 822134 1097305 3302 822134 1097305
1652] 3304 3304 837783 1100674 3304 837783 1100674
1653] 3308 3306 859233 1103723 3306 859233 1103723
1654| 3308 3308 879768 1106206 3308 879768 1106206
1655 331 331 899386 1107943 331 899386 1107943
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GraphPad

U

VERSIONE 6

G IR

* ANOVA & t-test using GraphPad Prism

Perform statistic ana

lysis by GraphPad Prism

;“E GraphPad Prism - [20171109 - Methanol 1% (1st - 5th Try).pzfx.Average Speeds] b x
[ File Edit View Insert Change Amange Window Help - &
Prism File Sheet Undo  Clipboard Analysis Change Import  Draw Write Text Export Print Send LA Help
p K . o —re
rg. | D-B 2 <~ & & - B = gl @ - PRU\A
HiE- X 3twew- Q- BB- L S - L . @ b O .
& D Farr\ily ﬂ | Groupa Group B Group | Group J Group K Group L GroupM | Group N Group O GroupP | GroupQ | GroupR Group § Group T
D Search results Control | Methanol 1%| e tie Titie Title Title Title Title Title Title Tite T T Te E—
=l Data Tables d Y Y L Y ¥ Y Y Y Y Y L Y Y Y Y Y
3 1 5138284 47208504
B Average Angular Velocity
d z 4396404 5507437} \
| Average Speeds \
) . 3 ssaa|  s43en) —
H @ Time in Top Duration [ \
i . 4 5901224 3.838574 b\
i..[g Total distance ~————
5 4579128 7.387208f \\
=l Info &1
o 5818503 5 123897 \\
€ Projectinfo 1 1 ~—
Tazesee 4050919 T ~—
G-l Results . 8 Taon3y  e.omss] \\\\
~[£] Unpaired t test of Average Speeds g 7Tatee13]  o.520292) \\\
m Unpaired t test of Average Angular Velocity | [ 70 seeies 704t \\
H m Unpaired t test of Time in Top Duration 1 s.0s8e24  7.07e8cd] \\
\ﬂ Unpaired t test of Total distance 12 7482881 482987 \
=i Graphs 1 5550220  5.3487504
\@ Average Speeds 14 5728137  4.205541
B Average Angular Velocity 13 841041 5483219
L[d] Timein Top Duration 16 | eozeror] esaion
[ Total distance | 7| sz sastas
{Ih Layouts 18 6.091584  6.22121C
19 5870558  6.742830)
2 5552803  4.884381
n 5434428 o503
2 7641638 5534411
2 4544592 42391
u 5383057  8.457227)
5 5815087 5852729
% 5053011  6.750129
2 6.2%6574  £.008808
E 5727838 5439518
2 5237028 7.254458
0 5543245 4.472220)
B 5.628514
32 8.718527]
1 10.28934)
u 8.629572)
35 3.533051
% 5.526714]
< >

Analyze Data X

Built-in analysis ~
Which analysis? Analyze which data sets?

[“]4:Control
[1B:Methanol 1%

= Transform, Normalize... ~
Transform
MNormalize
Prune rows
Remove baseline and column math
Transpose % and Y
Fraction of total

XY analyses

Frequency distribution
ROC Curve
Bland-Altman method comparison
Correlation
|dentify outliers
Grouped analyses
Contingency table analyses
Survival analyses
Paits of whole analyses
Generate curve v

Select All Deselect All

Help

Cancel

~ 1 Row 54, Column W

<> A 7 (8]0 = 8] 8]lrromes




GraphPad

Perform statistic analysis by GraphPad Prism

VERSIONE 6

[] GraphPad Prism - [20171109 - Methanol 1% (1st - 5th Try).pzficUnpaired t test of Average Speeds] - s
0 File Edit View Insert Change Amange Window Help - & %
Prism File Shest Unde Clipboard Analysiz Interpret Change Draw Write Text Export Print  Send LA Help

) D'J‘ {)% =~ f' -| ¥ LD A- ;(xl g Q' GraphPsa
- - X Senew- - [ - Sanalze ¥ H.‘il. - TITIO | AA BT UXXIjNms- @] @ L | | @ PRJM

@ Fomily =2 ttest A
|] Search results
-/} Data Tables 4
-|# Average Angular Velocity T [Tabe Analyzed Average Speads
Average Speeds :
]Q Time in Top Duration : Colmn & Methanol 1%
Total distance = =
5 |Column A Control
= Wl Info 0
) Projectinfo 1 T U
-0 Results Kl < 0.0001
~-|t] Unpaired t test of Average Speed N ErE— —
]ﬂ Unpaired t test of Average Angular Velocity | [7p Significantly different? (P < 0.09) Yes
-{t] Unpaired t test of Time in Top Duration 1| One- or two-taiied © vale? Two-tailed
]ﬂ Unpaired t test of Total distance 12 | ¢ af t=4.433 gf=88
&} Graphs 1
]@ Average Speeds 14 |How big is the difference?
[ Average Angular Velocity 15 | Mean £ SEM of column A 7.357 £ 0.2124 N=80
B Time in Top Duration 16 | Mean + SEM of column 8 5.857 = 0.2130 N=30
B Total distance 17 | Ditference betwean means 1,500 +£0.2283
L.ul Layouts 18 % confidence interval 217210 08273
19 | R square 0.1825
2
21 F test to compare variances
22 | F.DFn, Dfd 1.881, 59,29
23 | P vaie 0.0855
24 | P value summary ns
25 | Significantly different? (P < 0.05)]{ No
%
z
n
2
3
ET]
2
EX)
u
35
£ v
< >« >

‘4 b Qﬂ‘f- ERI) ElM fid) | [ unpaired t test of Average Speeds | Tabular results - |Q ] a
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Perform statistic analysis

by GraphPad Prism

f! GraphPad Prism - [20171109 - Methanol 1% (1st - 5th Try).pzfx:Average Speeds] X
[ File Edit View owgemiciange  Window Help - & x New Data Table (+ Graph)...
Prism File Sheet Undc  Clipboard Analysis r ——lmogd, Oraw __ Write . New Info
O-B| 2% 2o X BT FF - Iﬁ\/t
EH- Xinew- 9 BB~ | Sedee 1K Ef S F 50 A A BT UX X i it =- R New Analysis...
b Famil GroupA | Group B | Group C Group | | GroupJ Group N | Group O Group @ | Group R GroupT | 4 —> T
TR ot results B [ o [uatana 1] Toe T | Tee . | Tae T | New Graph of Existing Data...
-/} Data Tables 4 v ¥ ¥ v Y ¥ ¥ v Y ¥
]ﬁ Average Angular Velocity : 5ieezed 472054 NCW LB)’OUt---
B e H o
! Ilme " Top Duration 4 5501224 3888574 Dupllcate Current Sheet
—|g| Total distance =
: 4579138 7.387300)
e 6 | estemg sz Duplicate Family...
i o Project info 1 = T1o4ie 405051
il Results 8 R IR
~|t] Unpaired t test of Average Speeds 9 7318513 820292 Rows/Columns...
]ﬂ Unpaired t test of Average Angular Velocity | [Tp sswmed 704812
~|t] Unpaired t test of Time in Top Duration [ 11 | sosssed 707385 Create Series...
]ﬂ Unpaired t test of Total distance 12 7.482881|  4.835887]
=-{[l Graphs 13 5990220 5.34870) .
|| Average Speeds 1" 5728131 4205941 Insert ObJECt
) Average Angular Velocity | 15 | satoerz sae321g
) Timein Top Duration | eoosmor] esenoeq Embedded Table...
) Total distance 17 838727  5.451345
-l Layouts 18] eosieq ezg Character
19 5.670556  6.742630
5552809 4604381 p
1 s seaad Info or Analysis Constant...
3 ’
e s I Insert Prism Graph...
u 5.353057]  8.457227] ‘.
5 5815047 5852729 New Floatmg Note
% 5053011  6.790129 .
| 27 | ezsms7d 5008508 Audio Note...
ERREEE S
e 5237028  7.254459
30 s.54348  4.472220 Import Data...
H 5628514
32 8.718527]
3 10.289940)
M 8629572
B
v
>
ol Ry I ] Row 54, Colam w Q




€ RM Perform statistic analysis by GraphPad Prism

Create New Graph X

Data sets to plot

Table:  Average Speeds v Control x Methanol 1%

[] Plot selected data sets only Select

o
w

Also plot associated curves 1 ¥ = P<0.0001
Kinld:lj::p: new graph for each data set [don't put them all an one graph) % Signiﬁcanﬂy different
Show: | Column > 'TE' 10 -1 Control (n=60)
: Eiil s Methanol 1% (n=30)
. . — - @ |
. . @
ol 2 BE = = L : — ——
< N :
Box & whiskers 0 . T
Plot:  Min to Max v ..g.& N

Help Cancel



