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Abstract

Coastal fisheries constitute the second most important sector in fishery production in Japan, following offshore
fisheries. Thus, spatial evaluation of coastal fishing grounds and understanding of the changes in biomass are important
for the sustainable use of fishing resources. For the assessment of spatial fish biomass, a quantitative echo sounder is
used, but such a device is not mass produced and involves a high cost. In the present study, we examined the feasibility
of biomass assessment using typical commercial fisheries echo sounders that are widely used and cheaper than quan-
titative echo sounders. Therefore, we aimed to verify the validity of biomass calculations using a fisheries echo sounder
and examine the relationship between the cross-sectional distribution of fish schools calculated from a fisheries echo
sounder and the biomass obtained from a quantitative echo sounder. As a case study, we selected the whitebait fisheries
in Mochimune, Suruga Ward, Shizuoka City, in the Shizuoka Prefecture. In addition, we designed a system in which the
distribution information of fish schools (fish school map) based on data obtained from the fisheries echo sounder and
positional information is shared only with data providers (fishery workers). Fishery workers refer to this information
and make decisions on their operations and fishing grounds. We hope to further enhance the system by, improving the
cost effectiveness ratio of necessary cost for fisheries to the catch price.

Keywords: Fisheries echo sounder, Quantitative echo sounder, Rapid notification system

1. Introduction 990,000 tons in 2016 [11]. For stagnant coastal
fisheries, maximizing the sustainable use of re-

C oastal fisheries are an important type of  sources is necessary. Thus, the resources must be
fisheries in Japan, employing 59% of fishery  evaluated, and their biomass must be appropri-
workers and contributing to 30% of the total ately determined [6]. However, at present, most
annual marine fishery production (White paper  surveys have only been conducted by govern-
on fisheries, 2011). The production of coastal ment and academic ships; hence, the area
fisheries peaked at 2.27 million tons in 1985, but it coverage and number of surveys have been
has been declining since then, plummeting to insufficient [3]. In addition, information on
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marine conditions and resources are not usually
shared among fishery workers through an orga-
nized system [18].

Despite this circumstance, there is a whitebait
fishery business in Mochimune, Suruga Ward in
Shizuoka Prefecture where fishery workers are
obtaining data on their own and sharing such data
among themselves [8]. Whitebait fishery is popular
along the shoreline of the Pacific Ocean, specifically
Osaka Bay, the Kii Channel, and Suruga Bay being
the major whitebait fishing grounds [7]. Whitebait is
a collective term for late-stage larvae [23], when the
body is still transparent, or slightly older immature
fry of Clupeiformes, typically between two weeks
and two months in age [4]. Whitebaits are not strong
swimmers and are strongly influenced by the ma-
rine environment and currents [2]. The whitebait
fishery in the Shizuoka Prefecture is operated from
Enshunada to the shores of the Suruga Bay. The
annual production is 7000 tons and the production
value ranges from around four to five billion yen [2].
The whitebait fishery in Mochimune, which we
surveyed, is operated by pair trawling, where two
boats simultaneously tow a demersal trawl. One
group of boats consists of a Tebune (the command
boat), a trawler, and a fish carrier. Each boat
searches for a school of whitebaits, and as soon as a
school is spotted, all three boats assemble. The
Tebune and trawler tow the net. Then, the carrier
receives the captured fish and transports to the port
to unload the catch for each trawl. In the Shizuoka
Prefecture, the fishing season is from late March to
mid-January of the following year, so fishing takes
place almost all the year round except for the closed
season. There is, however, a large fluctuation in
daily hauls. Such a fluctuation is caused by diverse
factors, such as the Kuroshio path and changes in
the egg production [21], the actual cause is still un-
known. Because of this fluctuation, precise under-
standing of the position and number of schools of
whitebaits in the operation area and sharing such
information with fishery workers would contribute
to a more efficient operation. For this purpose,
fishery workers request for the monitoring of fish
migration into the fishing grounds and the devel-
opment of an early notification system for fishing
grounds.

In recent years, surveying with an echo sounder
that estimates the spatial distribution of biomass has
become popular [12]. An echo sounder transmits
ultrasound waves in the water, receives soundwaves
reflected by schools of fishes, and determines the
density and position of such schools. Quantitative
echo sounders and fisheries echo sounders are

available. A quantitative echo sounder can quanti-
tatively assess the biomass [1], so it is often used by
government and university ships to survey re-
sources. However, such ships are small in number
and involve high survey cost, making it difficult to
increase the number of surveys. In addition, such
echo sounders are not installed on small fishing
vessels that frequently sail because of high costs and
the lack of space to store such detectors. On the
other hand, smallest fishing vessels are equipped
with fisheries echo sounders, but these detectors are
different from quantitative echo sounders and are
unable to quantitatively assess the biomass. In other
words, quantitative echo sounders can quantita-
tively assess biomass but are not used on many
ships, and surveys are not often performed. Thus,
data can only be obtained for limited areas and time
period. Contrarily, because fisheries echo sounders
are used on many boats, larger amount of data can
be obtained from much wider areas, but it is unclear
whether such detectors can be used to measure
biomass.

In the present study, we aimed to examine the
relationship between the acoustic data for the same
schools of fishes obtained with a fisheries echo
sounder and the obtained with a quantitative echo
sounder and verify the validity of the biomass
assessment made with a fisheries echo sounder. In
addition, we designed a system in which the data
obtained with a fisheries echo sounder during reg-
ular operation are sent to the management server
through a 3G network [15]. Along with the posi-
tional information, fish school distribution infor-
mation (fish school map) is obtained after data
processing, and the map is provided only to the data
providers (whitebait fishery workers). Whitebait
fishery workers refer to this information and make
decisions relevant to their operations and fishing
grounds.

2. Materials and methods

We conducted a survey with two whitebait fishing
boats along the shore of Mochimune, Suruga Ward,
Shizuoka City, in the Shizuoka Prefecture (Fig. 1),
where actual fishing operations were being con-
ducted, on June 23, 2017. The survey was conducted
with the Saimasamaru carrier ship equipped with a
quantitative echo sounder (38 and 120 kHz; KSE300,
Sonic Co., Ltd) and the Saimasamaru Tebune
equipped with a fisheries echo sounder (50 and
200 kHz; FCV1500L, Furuno Electric Co., Ltd.) (Table
1). The two ships searched for schools of whitebaits,
and when a school was found, two ships assembled
and performed the acoustic echo, which was
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Fig. 1. The study area in Mochimune, Suruga Ward, Shizuoka City in Shizuoka Prefecture.

assumed to be the same school of whitebaits, using
the quantitative and fisheries echo sounders. These
measurement data were recorded on an external
storage device along with the positional information
obtained with GPS (Table 2). After the measure-
ment, we sampled the fishes using a trawl with a
kite (Table 3). The samples were fixed with 10%
neutral buffered formalin on the ship and trans-
ported back to the laboratory. Subsequently,
whitebait specimens were identified for each sam-
pling point, and their length was measured with an
electric nozzle. At sampling points with a large
number of specimens, the whitebaits were selected
after using a divider. The lengths of approximately
100 specimens were measured.

To analyze the acoustic intensity of the school of
whitebaits obtained with the quantitative echo
sounder, we used Echoview ver7.1. Generally, the
indicators of biomass are the Volume backscattering

Table 1. Specification and Setting of quantitative echo sounder
(KSE300) and fisheries echo sounder (FCV1500L).

Quantitative
echo sounder

Fisheries
echo sounder

Beam type Split beam Single beam
Frequency(kHZ) 38 120 50 200
—3 db Beam width(°) 8.4 8.2 28 85

Table 2. Latitude and longitude of each survey site.

Survey point Lat. Lon.

1 Start point 34.1955 138.3832
Finish point 34.9159 138.3834

2 Start point 34.9226 138.4038
Finish point 34.9255 138.4074

3 Start point 34.9237 138.4118
Finish point 34.9233 138.4111

4 Start point 34.9262 138.4022

Finish point 34.9255 138.3984

strength (SV) and the area backscattering strength
(SA) [9]. When identifying schools of whitebaits
from the acoustic data obtained with the quantita-
tive echo sounder, a method that uses the difference
between low and high frequencies is often
employed [13]. Because whitebaits swim in a group
by releasing the air from their bladders during
daytime [22], there is a stronger echo in the higher
frequency range than in the lower frequency range

Table 3. Number of samples, average length, standard deviation, mean
TS in every survey point.

Survey point 1 2 3 4
number 14 140 149 215
average length(mm) 16.75 18.55 17.08 2212
standard deviation 7.11 412 3.11 3.53

mean TS(dB) -94 -91.4 -91.5 —86.8
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Fig. 2. Echogram of whitebait school obtained from quantitative echo sounder. Whitebaits have a stronger echo in the higher frequency range than in

the lower frequency range.

[13] (Fig. 2). In the present study, we used this two-
frequency method to identify schools of whitebaits.
We set A4SV = SViroiiz — SVasia: with a threshold of
5dB < A4SV < 30dB to identify the schools of white-
baits [5]. In addition, when the SV value of an echo
was weaker than —75 dB, it was excluded from the
analysis as background noise. Echoes caused by
bubbles created on the sea surface by the ship were
manually removed [20]. The sea floor was set to be
0.2 m above the sea floor automatically detected by
the echo sounder, and echoes determined to be
originating from the sea floor were manually
removed from the analytical target layers. The
remaining echoes at 38 kHz after the differential
mask process were manually removed as they
correspond to schools of fishes other than whitebaits
[19]. The density of the target schools of whitebaits
was obtained from the Target strength (TS). For
determining the TS, we used the average length of
the whitebaits collected at each location with the
trawler with a kite and substituted it into the
following TS formula [5].

TS,wg = 60910g10L —107.4 (1)

This step was followed by dividing the SA
calculated from the quantitative echo sounder with
the mean TS of the net sampling at each location to
calculate the biomass.

The data obtained from the fisheries echo sounder
were analyzed with whitebait school detection
software (Environment Simulation Laboratory Co.,
Ltd.). This software automatically identifies schools
of whitebait from the echo difference between two
frequencies detected in the fisheries echo sounder

and calculates the cross-sectional area of the schools
[14]. By multiplying the time of echo and the speed
of the ship, we obtained the echo distance in the
horizontal and vertical directions. The software
calculates the SV and sets the SV difference between
low and high frequencies SV. The SV difference
threshold was automatically detected as the school
of whitebaits. We set the difference threshold from
5 dB to 30 dB similar to the case for quantitative
echo sounder and the whitebait threshold at 75 dB
(Fig. 2). In addition, the software automatically
removes data for the areas where the sea floor was
not detected at a lower or higher frequency by the
echo sounder. However, if there were bubbles near
the surface and low and high frequencies were
detected, these bubbles would be analyzed. There-
fore, we did not consider in the analysis the echo in
the top 5 m from surface.

For the same school of fish, the biomass calculated
from the quantitative echo sounder and the cross-
sectional area of the schools of fishes obtained from
the fisheries echo sounder were accumulated for
each interval of 100, 500, 1,000, and 3000 m, and the
relationship between the biomass and the cross-
sectional area was statistically estimated using a
generalized linear model (GLM). For visualization,
we used R 3.4.2.

3. Results
3.1. Net sampling and mean TS

We performed sampling with a fishing trawler at
four locations (Table 2). Survey point 1 did not have
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many samples (14 individual fishes), as 93% of the
samples were Engraulis japonicus juveniles with an
average length of 16.75 mm and TS of —94 dB (Table
3). At survey point 2, we selected 140 specimens and
found that all of them were E. japonicus juveniles
with an average length of 18.55 mm and TS of
—91.4 dB (Table 3). At survey point 3, we selected
149 specimens from the total samples, and found
that 95% of them were E. japonicus juveniles with a
mean length of 17.08 mm and TS of —91.5 dB (Table
3). At survey point 4, there were a total of 215
specimens; all of them were E. japonicus juveniles
with an average length of 22.12 mm and TS of
—86.8 dB (Table 3). Multiple comparisons of the
mean sample length at each location using Tukey's
test, indicated that only samples at survey point 4
showed significant difference from other samples.
In addition, survey point 2 was different from other
survey points, as the number of Mysidacea in the
samples was extremely high. The wet weight of the
formalin fixed specimens was 3.67 g for whitebaits
and 28.14 g for Mysidacea.

3.2. Relationship between the biomass obtained
from the quantitative echo sounder and cross-
sectional area of the schools of fishes calculated
from the fisheries echo sounder

The cross-sectional area of the fish schools calcu-
lated from the fisheries echo sounder and the
biomass (number of fish) obtained from the quan-
titative echo sounder were accumulated for each
sailing distance (100, 500, 1,000, and 3000 m) and
analyzed using the generalized linear model (Table
4). The result showed that when the sailing distance
was 1000 or 3000 m, there was a positive correlation
between the cross-sectional area of the fish schools
and biomass. However, such a correlation was not
observed for the sailing distances of 100 and 500 m
(Fig. 3).

Table 4. Statistical results of relationship between the biomass calcu-
lated from the quantitative echosounder and cross-sectional area of the
schools of fishes obtained from the standard fish finder.

Estimate Std. t P
Error Value

Distance of each interval

100 m Intercept 10.8225 0.222 48.71 P < 0.05
S(cross-sectional area) 0.0879 0.0366 2.40 0.1910
500 m Intercept 12.2695 0.3275 37.47 P < 0.05
S(cross-sectional area) 0.0204 0.0112 1.82 0.0867
1000 m Intercept 12.4965 0.2381 52.48 P < 0.05
S(cross-sectional area) 0.0172 0.0046 3.76 P < 0.06
3000 m Intercept 13.2728 0.2032 65.33 P < 0.07
S(cross-sectional area) 0.0082 0.0015 5.38 P < 0.08

The statistical models for the significant positive
correlation between the cross-sectional area of the
fish schools and biomass at the sailing distance of
3000 m as follows:

y =exp(0.008204x + 13.272783) (2)

Similarly, the statistical models for the signifi-
cant positive correlation between cross-sectional
area of fish schools and biomass when accumulated
for each interval of 1000 m as follows:

y = exp(0.17204x + 12.496459) (3)

Therefore, at a distance of 1000 m or more, the
distribution of whitebaits can be quantitatively
monitored using a fisheries echo sounder. Thus, the
distribution of whitebait resources can be quantita-
tively monitored over time using the fisheries echo
sounder installed on fishing vessels.

3.3. Developing a rapid notification system for
fishing ground information

To collect positional information and acoustic data
from the fisheries echo sounder, we installed a de-
vice on the fishing vessels that sends information to
the data management server using a 3G network.
Thus, we designed a system that shares information
on the distribution of fish schools (fish school maps)
only with data providers (whitebait fishery workers).
The data management server extracts the cross-
sectional area of whitebaits for each 1000 m hori-
zontal distance in the received data and then gen-
erates the distribution information of the fish
schools (fish school maps) based on the relationship
between the cross-sectional area of the fish schools
and biomass, as discussed above. The distribution
information of the fish schools (fish school maps) is
displayed as a three-stage heat map, where the
highest biomass is shown in red, followed by green
and blue. The information is updated every 15 min
and can be viewed on devices such as a tablet on the
fishing vessels in operation (Fig. 4).

4. Discussion

The present results showed a significant correla-
tion between the cross-sectional area of the fish
schools obtained from the fisheries echo sounder
and the biomass obtained using the quantitative
echo sounder. Using this formula, the fishing
ground location and migration can be quantitatively
evaluated using the data obtained from the fish
detector during operation. Without conducting
surveys using quantitative echo sounder on survey
vessels, where the cost is high and the number of
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surveys is limited, data obtained using fisheries
echo sounders that are regularly used by fishery
workers can be used to assess the resource volumes.

However, the study was conducted during a
stagnant period of daily hauls in the Mochimune
coastal area [16], and schools of whitebaits were
distributed as small patches. Hence, the positive
correlation between the cross-sectional area of the
fish schools and biomass was observed only when
the sailing distance was 1000 m or more. If the size
of schools of whitebaits is larger than that in the
present survey (wider areas), the positive correla-
tion between the cross-sectional area of the fish
schools and biomass may be observed for a much
shorter sailing distance. Depending on the amount
of whitebait migration, the density of the schools of
whitebait may change [17]. Thus, conducting sur-
veys at various timings of migration may improve
the accuracy of biomass estimation.

In the same study area, Mysidacea produced an
acoustic echo similar to that generated by whitebaits
[10], and the majority of samples collected at survey
point 2 were Mysidacea. On the quantitative echo
sounder, many echoes appeared to be generated
from Mysidacea, but those can be separated with
the frequency difference method. The echoes were
mostly removed from the analytical image using the
frequency difference process of the fisheries echo
sounder, so we assume that the present analysis was
successful in identifying the schools of whitebaits.

With regard to the rapid notification system on
fishing ground information, the fish school density
may change with migration; thus, the correlation
between the cross-sectional area of the fish schools
and biomass needs to be updated in future studies.
At present, fishery workers can get visual informa-
tion on understand the distance from the port to the
fishing ground and biomass at the fishing ground
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based on the distribution information of the fish
schools [15]. With further enhancements, the cost
effectiveness (ratio of necessary cost for fisheries to
the catch price) of the system can be improved.
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