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Development of a New Counting Method of Caged
Bluefin Tuna Using Multi-transducer Sonar and Pinger
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Masataka Nose®, Kunio Ina1®, Takeshi Nakamural and Hideaki Tanous!

- Abstract

Over the past decade, the farming of bluefin tuna has played an increasingly important role in the
aquaculture of Japan. According to a recent report with respect to tuna farming, there are 160 tuna
farms and 1432 cages of bluefin tuna in Japan. For the bluefin tuna farmer in Japan, to determine the
number of farmed fish is one of the key issues to monitor the number of fish in addition to feed waste,
escapement, behavior, and dead fish. However, there presently exists no reliable method to count the
number of bluefin tuna in a cage. The most popular type of counter is currently the underwater
stereoscopic camera system which has mainly been used by a diver for counting. However, this kind of
counting method is not only labor-intensive, but its accuracy is low in dark or turbid water. The purpose
of this study is to develop an accurate counting method for the farmed bluefin tuna using the multi-
transducer sonar and pinger. This newly developed a multi-transducer sonar system is based on counting
the individual fish that has passed through “the sound curtain” consisting of 15 transducers (460 kHz). In
addition, a pinger was used to clarify the behavior and swimming speed of the caged fish. As a result, it
was found that all of the fish regularly swim in a concentric circle in the cage space, and the lap time in
each lane of Im from cage center for one round was estimated by a linear regression equation. The
number of fish in each lane for one round could be calculated by multiplying this lap time and the
number of fish that passed through “the sound curtain” per unit time. The total number of fish could
then be calculated by adding up the number of fish in each lane. The accuracy of this method verified
by multiple actual tests was 1% or less and 1 fish. It was considered that this approach is effective for
counting caged bluefin tuna with the objective of practical use.
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Fig. 1 An overview of the newly developed multi-transducer
sonar system consisting of 15 transducers.

Fig. 2 Schematic diagram of a concept drawing of “the
sound curtain” by using the multi-transducer sonar.
The beam-width of 1 channel is designed to cover 70
degrees at five degree intervals.
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Fig. 3 By letting mackerel swallow the pinger, it was entered
the body of a tuna through this bait. As a consequence,
wearing of a pinger occurred without injuring the tuna.
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Malti-transducer sonar .
Fig. 4 Schematic diagram of pinger measurement system.
The difference in arrival time of pinger signal is
used to determine the position of fish.
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Fig. 5 Swimming traces of caged tuna obtained by the pinger measurement. All of the fish regularly swam counterclockwise

in a concentric circle in the cage space.
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Fig. 6 The relationship between the lap time for one round

and the each lane of 1m from the cage center to the
outer frame.
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Fig. 7 Echo image obtained by the multi-transducer sonar displayed on a PC. The interference of the fish image was
removed by comparing the echo image of the so-called “ghost image” on the next channel. O : true image
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After identifying the individual fish indicated by a white circle, the position of fish in R and t was measured.
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A tomography image of fish position. For each fish,
the distance from the outer frame of the cage and
depth of the swimming layer were calculated.
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Fig. 9 The number of bluefin tuna passing through the

sound curtain per unit time in the horizontal plane.
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Fig. 10 The number of bluefin tuna passing through the
sound curtain per unit time in the vertical plane.

Number of fish and lap time (2016/10/31)
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Fig. 11 This figure shows the number of fish in each lane of
1m for one round in cage A. In addition, the regression
line of lap time for one round was added to this figure.
Total number of caged fish could be calculated by
summing up the number of fish in each lane. It was
estimated that there were 489 fish in the cage.
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Fig. 12 This figure shows the number of fish in each lane of
Im for one round in cage B. In addition, the regression
line of lap time for one round was added to this figure,
Total number of caged fish could be calculated by
summing up the number of fish in each lane. It was
estimated that there were 48 fish in the cage.
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