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Method to detect three-dimensional
positions of juvenile Pacific bluefin tuna

via image analysis
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To determine the optimal rearing density for juvenile production, the three-dimensional
swimming behaviour of juvenile Pacific bluefin tuna was monitored using a stereo
camera system in a large tank. The video records (HD 1080p at 30 fps) of 2 cameras
were obtained from an underwater tank, and the three-dimensional positions of 3
individuals were calculated using the direct linear transform method. Based on their
respective positions, the swimming speed, individual distance, and separation
swimming index (SSI) were evaluated. Further study should be improved analytical
space and accuracy of fish positions for evaluation of behavior of fish school in future
prospects. Due to be able to clarify distance from other individuals, wall, bottom and
surface, space use in tank and size of school, this approach in current study may provide

a scientific understanding to propose the optimum rearing density.
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Figure 1 Time series data plot of three-dimensional positions of juvenile Pacific Bluefin
tuna, A, B, and C, near the control point of camera calibration in an experimental tank.

Each plot interval corresponds to 1/30 second.
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Figure 2 Box-and-whisker plot of swimming speeds for each individual A, B, and C,
calculated using differentiated time series data of three-dimensional positions. The
horizontal lines in each box represent the median, and each box represents the quartile
(percentile of 25%, Q1 and 75%, Q3) for each individual. The whiskers for each
boxplot extend up to the maximum or minimum value within 1.5 times the height of the
box, above and below the vertical box, with points outside the asterisk representing

outliers.
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Figure 3 Box-and-whisker plot of the distances between individual A and B and
between individual B and C, calculated using time series data of three-dimensional
positions. The horizontal lines in the boxes represent the median, and the boxes
represent the quartile (percentile of 25%, Q1 and 75%, Q3) of each individual. The
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whiskers for each boxplot extend up to the maximum or minimum value within 1.5

times the height of the box, above and below the vertical box.
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Figure 4 Box-and-whisker plot of the separation swimming index (SSI) between
individual A and B and between individual B and C, calculated using time series data of
three-dimensional swimming vectors. The horizontal lines in each box represent the
median, and the boxes represent the quartile (percentile of 25%, Q1 and 75%, Q3) for
each individual. The whisker of for each boxplot extends up to the maximum or
minimum value within 1.5 times the height of the box, above and below the vertical box,
with points outside the asterisk representing outliers. If the swimming vector of the

individuals was completely random, then the SSI must converge at 1.5.

7 v~ 7 afEROITENI AR SR < ZIVE TIZ2R T D F i ZE ] & k5
& LTZBHTEMFSE M T O TE 203, RIS TIE 2 E TRk &z do
TE3RICZERNT I 1T 5 7 v~ 7 v HEF Dl 77 <0 {8 44 R BRSO AT il vk e &
BAICEHE T & /2, DLTIE TILERIE L7222/ B E W EHISIE CHEEE N L 72
HHWEERD, FRIC, AHFZECHE A L2 BHEFH > A7 A%, R IE
L7oS AR R — U DS AKFERALI 3 L T/ S W, BBRERIEAZ 1T Z< RS
NT-ZER COTE O AHALICIRE SN2, ZHEMRT D012, BEERED
a ha— LR A N EKIEREC/KIICERE T 5 2 & T, FEBRER Ok E
OHEE T ELERNONIRIC L D EHEE L 20 . SR DMEDM B RIA
DHEEZLND,

AR EBITT DICHTY . BHRFHFEICOWTAHR R ZHEZHE £ L
TZT R R AR O IR IEAGHAN, AERRZ TSHRTAW ) B ERFKES

58



BHUKERS 5 12 5(2015)

MO ZEERMZENERTR . K Ia=mIMeddR, SOLPE —RRBhZUCBGH A L BP9,
£, ARORBH 7 v~ 7 v OERICHZY, 7 u~ 7 unxkEiicd 2
PN IZN T RS IR I OB 2 R L, AFFEO L, BIRE
REIKEFIRFIERMIE T 02 = 7 FRFMRBERTE, BLO, BIEE
RERZFGEE S PO ER e R e HEE F 2612 L > TR S vz,

2% 3CHR

[1]

[4]

[5]

[7]

Y. Ishibashi, T. Honryo, K. Saida, A. Hagiwara, S. Miyashita, Y. Sawada, T.
Okada, M. Kurata: Artificial lighting prevents high night-time mortality of
juvenile Pacific bluefin tuna, Thunnus orientalis, caused by poor scotopic vision,
Aquaculture 293 (2009), 157-163.

Y. Tsuda, W. Sakamoto, S. Yamamoto, O. Murata: Effect of environmental
fluctuations on mortality of juvenile Pacific bluefin tuna, Thunnus orientalis, in
closed life-cycle aquaculture, Aquaculture 330 (2012), 142-147.

H. Fukuda, S. Torisawa, Y. Sawada, T. Takagi: Developmental changes in
behavioral and retinomotor responses of Pacific bluefin tuna on exposure to
sudden changes in illumination, Aquaculture 305 (2010), 73-78.

S. Torisawa, T. Takagi, H. Fukuda, Y. Ishibashi, Y. Sawada, T. Okada, S.
Miyashita, K. Suzuki, T. Yamane: Schooling behaviour and retinomotor
response of juvenile Pacific bluefin tuna Thunnus orientalis under different light
intensities, J. Fish Biol. 71 (2007), 411-420.

M. Kadota, S. Torisawa, T. Takagi, K. Komeyama: Analysis of juvenile tuna
movements as correlated random walk, Fisheries Science 77 (2011), 993-998.
M. Kadota, E.J. White, S. Torisawa, K. Komeyama, T. Takagi: Employing
relative entropy techniques for assessing modifications in animal behavior,
PIoSONE 6 (2011), e28241.

K. Komeyama, M. Kadota, S. Torisawa, K. Suzuki, Y. Tsuda, T. Takagi:
Measuring the swimming behaviour of a reared Pacific bluefin tuna in a
submerged aquaculture net cage, Aquat. Living Resour. 24 (2011), 99-105.

K. Komeyama, M. Kadota, S. Torisawa, T. Takagi: Three-dimensional
trajectories of cultivated Pacific bluefin tuna Thunnus orientalis in an
aquaculture net cage, Aquacult. Environ. Interact. 4 (2013), 81-90.

S. Torisawa, M. Kadota, K. Komeyama, K. Suzuki, T. Takagi: A digital
stereo-video camera system for three-dimensional monitoring of free-swimming

Pacific bluefin tuna,Thunnus orientalis, cultured in a net cage, Aquat. Living

59



BHUKERS 5 12 5(2015)

Resour. 24 (2011), 107-112.

[10] T. Takagi, S. Ito, S. Torisawa, Y. Inada: Energy-saving effect of fish schooling
in the Japanese macherel, Secomber japonicus, Math. Phys. Fish. Sci. 10 (2013),
2-13.

[11] WA &, IWARIE, 5 % LabVIEW Mg AP, G 7 4,2011.

[12] S. Nakayama, R. Masuda, J. Shoji, T. Takeuchi, M. Tanaka: Effect of prey
items on the development of schooling behavior in chub mackerel Scomber
japonicus in the laboratory, Fish. Sci. 69 (2003), 670-676.

[13] ="=15K, H& i, SROKIR: SR TEIZ R D TYWEET VO Z LD
RES, AT AHETER SRR IGE 3 (1990), 14-20.

ZfFA 2014411 H8H

el

KILFn R

20044F  UTEEK AR K E R AR E

20064 ALHEIE K KRR EERM A FERHE R IR AR S T

20094 AbIEE K RZFZBKER ZHEE L ERRE T
Sl W NN T S S = VA VI 0(6) S R T =
JEB RS KPR bt B E B IR BRI BB et v % — B
HAIEICES

WFZekt 4« FEITENS:

FTBSE - BAKPESRS, BAKETLSRS, BARAA doX JifEs

(RIS 1E A R
20114F IR B REFIKBEF NS
HIEICE D

SHETEA
19874 JUMIRFEEL A AE W) L A3
19874 EVE S IRTICAST
BEICED
WFZekt e « fOEB AR - BN EE BT B RFSE

/NI

60



BHUKERS 5 12 5(2015)

19944 R RF R 57K PEFER K PE - Bh AR 3

19964F  RlfF KRR FBeKE S FERHE LR E T

19994 Rl R RF P EERH AT e RHE LR E T

20004F /U A Oceanic Institute  #F%¢ &

20024 RlfrRPEEIRBUWE  WF5EE

20044 R ILORA A AR rE AR el GERD

20094 R IR e oA rE AR R IR

20104 BRI RSFUKPETFHIKESRL  HEEUR
BEIZES

WFgEx G « FE AR

AT ¥a « BAUKESS ., HAKEREFE 2. World Aquaculture Society

A FTEERI

19784F VR B KK e i 2 2

19794 VLB RTIZ AT
HAEICES

WFFExI S - R AEPEICB S A FSE

¥ AR
19774 BB R FKPEF 2R 3
19804F AL KPR FBEKE P RRHAE PRI (B3R &7
19834 JbfalE KPR FEBE /K PE P SRR SE 7 BB 1% H1 AR BT S
19834F  HARFrRIE  SEFsE &
19844F  JKpPEFAIE L (ARifERT)
19844F T T =2 —F =7 TRREPKFERET A
19864F /T T =2 — X =7 KEFHEE KPESEHERT
19894 T T = o —F =7 KFEHFHKESR  FLHA
19924F BRIV B RPOKPESS  Bh#dz
19974 BRI B REPKPES S #d%
20004F  FEV B R F/KBEFE M B E B RR B A Bt v 4 — K (F820044F)
20044 VLR RFPIKEFIE (B 20084)
20124F VRS R FKEFEE
HAEICES
fFgeege:  [ERSIE SRS A B (B R L E O FIRSEB R BOR | I o BRI,
RERFEEHE, T—A N7 4 vy 7T EREE, REmERE
B BAKERR, 7 VT KEFR

61



