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Abstract: Acoustic-trawl surveys use trawl sampling to identify aquatic species. The Deep Vision
stereo camera system collects images of fish passing through trawl extensions. We conducted a
survey using Deep Vision with a mid-water trawl to identify and measure the lengths of domestic
fish species in October 2020 and July 2021 in coastal waters off Jeju Island, Korea. We identified
86.4% of 22 species captured from images and estimated the lengths of 40% of the identified fish. A
comparison of species numbers identified by mid-water trawl and Deep Vision revealed that, with
the exception of three species with fewer than five individuals, identification was consistent. Our
results indicate that the combined use of Deep Vision and mid-water trawl can be an eco-friendly
and effective approach of examining the spatial distribution and size of fish species.

Keywords: Deep Vision; midwater trawl; Jeju Island; fisheries resources; eco-friendly

1. Introduction

Direct resource surveys for fisheries research include trawl, ichthyoplankton, under-
water acoustic, and sighting surveys, along with scientific evaluation. Resource quantity
estimates of fishery resources based on these methods are of particular importance from
the perspective of resource management of major commercial species [1,2]. Trawl surveys
quantify fishery catches primarily by using scientific research vessels and have been contin-
uously conducted since 1930 to identify and evaluate the spatiotemporal distribution and
resource quantity of major commercial fish species worldwide [3,4]. In addition, given that
the acoustic survey method using a scientific echosounder can estimate the spatiotemporal
distribution and existing amounts of fishery organisms over large surveys area in a short
period of time, research on major pelagic fish species such as North Pacific pollock and At-
lantic mackerel has been widely conducted since the 1980s [5–7]. Acoustic surveys enhance
the accuracy of acoustic estimations by identifying and determining the length distribution
of major pelagic fish species alongside trawl surveys [8]. Mid-water trawl surveys, which
catch pelagic fish detected by scientific echosounders, have a significant advantage in
species identification when a single species is caught. However, they are limited with
respect to temporal and spatial analyses of biological resources, such as vertical distribution
of specific fish species. Furthermore, such surveys based on body length analyses are
limited if catches accumulate in the codend of trawl nets, in which multiple species are
mixed and distributed according to the fluctuation of catch depth [9]. In addition, surveys
using fishing gear can directly or indirectly affect the marine environment [10]. To minimize
damage to biological resources, eco-friendly studies are increasingly being conducted to
identify ecological characteristics, such as the depth distribution of organisms, by installing
underwater cameras on trawl gear or using autonomous underwater vehicles (AUVs) or
underwater drones [11–14].
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Unlike conventional research methods that involve the direct collection of target
species, the recently developed and commercialized Deep Vision (Scantrol Deep Vision
AS, Bergen, Norway) uses a stereo camera to identify and measure fish species passing
through the device after being caught by mid-water trawls [15]. In addition, the system
can determine the spatiotemporal distribution of fish species caught along the trawl path
and measure the length to an accuracy of within less than 5% [15]. Therefore, Deep Vision
is an eco-friendly research technology that can be used to facilitate species identification,
distribution depth, and length measurements without catching organisms, as the codend
can be opened during trawl surveys.

Previous comparative studies using Deep Vision have verified the results of species
identification and length measurements for major migratory pelagic fish such as Arc-
tic cod (Arctogadus glacialis), haddock (Melanogrammus aeglefinus), and Atlantic mackerel
(Scomber scombrus), using an acoustic survey and a mid-water trawl with Deep Vision
installed [16–18]. An earlier study described the accuracy of the length measurement of
fish imaged using Deep Vision [15]. Although Deep Vision has been introduced for the
third time globally and for the first time in Korea, major fish species in Korean waters have
yet to be sufficiently studied. In addition, the development of technologies to facilitate
the sustainable management of domestic fisheries and conservation of marine ecosystems
is required. Consequently, it is necessary to devise eco-friendly survey methods with
minimal negative impacts on fisheries resources. Accordingly, it is necessary to verify the
results of species identification and the length measurement based on mid-water trawl
surveys using Deep Vision for the major domestic pelagic fish, including chub mackerel
(Scomber japonicus), Japanese jack mackerel (Trachurus japonicus), and largehead hairtail
(Trichiurus lepturus).

In the present study, using a mid-water trawl survey in conjunction with Deep Vision,
we undertook comparative verifications of the species, populations, and sizes of major
pelagic fish distributed in the coastal waters off Jeju Island, Korea. The results of the present
study present a potential eco-friendly fishery resource survey method that can secure
ecological information without catching target species.

2. Materials and Methods
2.1. Measurement Apparatus

In this study, we conducted a mid-water trawl survey with Deep Vision installed
as part of a fishery acoustic survey using a scientific echosounder for major pelagic fish
species in the coastal waters off Jeju Island, Korea, in October 2020 and July 2021, onboard
R/V Tamgu23, the fisheries scientific research vessel of the National Institute of Fisheries
Science (Figure 1). The acoustic surveys of pelagic fish were carried out along a set acoustic
transects in the surveyed area, and a fishery survey using mid-water trawls was conducted
in parallel, to identify the schools of pelagic fish.

The acoustic data for volume backscattering strength (SV, dB re 1 m−1) were collected
using a Simrad EK80 scientific echosounder using 18, 38, 70, 120, 200, and 333-kHz split-
beam transducers, which were mounted on the bottom of the ship, the hull depth of which
was approximately 5.4 m. Prior to conducting acoustic surveys, the acoustic system was
calibrated using a calibration sphere. A pulse length of 1024 ms and ping rate of 2 s were
employed at all frequencies, with a constant ship speed of 9 knots between trawl surveys.



Appl. Sci. 2022, 12, 1835 3 of 12

Figure 1. Map showing the transect lines and trawling station in Western sea of Jeju Island. The
black bold lines indicate the trawling locations; thin gray lines indicate the transect line for the
acoustic survey.

For the purposes of the fishery survey, we conducted three 30 min mid-water trawls at
a ship speed of approximately 4.7 knots using trawl gear consisting of a hand rope (97 m),
net pendant (97 m), and codend mesh size (30 mm) (Table 1). During towing, fish school
signals detected by the scientific echosounder were examined in real time and the towing
depth of the mid-water trawl was altered to catch the fish according to the distribution
depth of the fish schools (Figure 2). The fish thus captured were identified at species
level, and the population, wet weight (to within 0.1 kg), and total length (to within 0.1 cm)
were measured. In the case of a large catch numbers, the total catch was divided, and we
obtained measurements from up to 100 individuals. After the fishery survey, a marine
environment survey was conducted using CTD (conductivity-temperature-depth; Sea-Bird,
SBE 911plus).

Table 1. Details of the acoustic and mid-water trawl survey.

Trawl
Date

(YYYY. MM. DD)

Location Mean
Depth

(m)

Speed
(Knot)

Temperature (◦C)
(Surface/Bottom)

Salinity (psu)
(Surface/Bottom)Start

(Latitude/Longitude)
End

(Latitude/Longitude)

Haul 01 2020. 10. 19. 32◦53.8′/125◦52.8′ 32◦51.5′/125◦52.4′ 104.2 4.4 22.08/16.92 32.74/34.40
Haul 02 2020. 10. 21. 33◦04.8′/125◦41.0′ 33◦04.5′/125◦44.4′ 107.6 5.1 22.87/16.74 33.72/34.55
Haul 03 2021. 07. 17. 33◦15.0′/126◦02.0′ 33◦15.0′/125◦58.6′ 110.3 4.6 28.30/14.93 27.38/34.05

Deep Vision consists of a main body installed at the front of the codend of a mid-
water trawl and a trawl deck network device. The main body consists of a stereo camera
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(1.4 million pixels), strobe light, and battery encased in an underwater housing, such that
all fish passing through the trawl net are photographed using synchronized stereo still
images (Figure 3). As the strobe in Deep Vision comprises two light-emitting diodes with
a brightness of 38,400 lm, there is no difference in image brightness depending on water
depth. The battery can be used for up to 8 h, and a built-in depth sensor simultaneously
collects data on the water level at which fish are caught. In addition, images of all fish
species passing through the Deep Vision body along the trawl survey route were taken
continuously in five stereo frames per second.

Figure 2. Echogram at 38 kHz recorded during haul03 of mid-water trawl deployment. The yellow
lines represent data obtained using the water depth sensor attached to the top and bottom of the net.

Figure 3. A schematic representation of the Deep Vision frame and trawl section (A); A photograph
of Deep Vision (B); the Deep Vision length measurement system (C).
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2.2. Data Processing

We used specialized software (Deep Vision Analysis 3.3RC9; Scantrol AS, Bergen,
Norway) to analyze the images obtained using Deep Vision. During analyses, fish were
identified based on image filtering, and their movements were tracked to enumerate the
fish species moving toward the codend from the trawl entrance. However, fish exiting
toward the trawl entrance were excluded from population counts (Figure 4). Total length
measurements of the fish were performed using the manual measurement function within
the program. For details on the camera system and measurement accuracy, please refer
to previous publications [15,17]. In addition, when photographing fish schools, fish were
excluded from length measurements if the image overlapped with other fish specimens, or
if the entire fish body was not shown in the image. The difference between the actual length
of fish species caught by the trawl and the length measured through Deep Vision images
was verified with a Welch two-sample t-test using R version 4.1.2 (The R Foundation for
Statistical Computing, Vienna, Austria).

Figure 4. Example of tracking fish through sequential images 1 to 3. The white arrow indicates the
movement of each species.

3. Results

The surface water temperature and salinity of the surveyed area were 22.08 to 22.87 ◦C
(mean 22.48 ◦C) and 32.74 to 33.72 psu (mean 33.23 psu) in October 2020, and 28.30 ◦C
and 27.4 psu in July 2021, respectively. The mean water depths for hauls 01, 02, and 03
of the mid-water trawl were 104.2, 107.6, and 110.3 m, respectively (Table 1). During the
survey period, a total of 22 species were caught through three mid-water trawls, among
which 19 species were identified from 12,625 stereo images obtained using Deep Vision,
thus indicating that 86% of the fish species caught in the trawl were identified by Deep
Vision (Table 2). The remaining three species that were not photographed were the Japanese
jack mackerel, Pacific rudderfish (Psenopsis anomala), and spearnose grenadier (Caelorinchus
multispinulosus) in haul01. In terms of populations, a total of 2102 individuals were collected
through trawling, among which a total of 1083 (52%) were identified using Deep Vision.
The deviation of the populations between the two survey methods ranged from 0% to
2000%, with the largest difference of 2000% being obtained for chub mackerel and 1748%
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for skinnycheek lanternfish (Benthosema pterotum) in haul01, whereas Japanese flying squid
(Todarodes pacificus), john dory (Zeus faber), Pacific rudderfish, and slender ribbonfish
(Trachipterus ishikawae) in haul03 showed no difference in populations. A comparison
of the length measurements of 589 individuals caught by mid-water trawl with the lengths
of 433 individuals measured using Deep Vision image revealed statistically significant
differences with respect to largehead hairtail (t =−3.04, p = 0.0228) and glowbelly (Acropoma
japonicum) (t = −2.67, p = 0.0111) in haul01 and Japanese jack mackerel (t = 4.65, p = 0.0000)
in haul03. There were, however, no significant difference in length measurements obtained
for other species (Table 3).

Table 2. Species composition of fish collected using a mid-water trawl in the Western Sea off Jeju
Island. N and W are number of individuals per unit area (ind./km3) and wet weight per unit area
(kg/km3), respectively.

Haul01 Haul02 Haul03

Species N W N W N W

Chub mackerel (Scomber japonicus) 143 28.9 6 1.1
Glowbelly (Acropoma japonicum) 292 0.5 310 0.4
Indian perch (Jaydia lineata) 1233 2.2
Japanese flying squid (Todarodes pacificus) 7 2.5
Japanese jack mackerel (Trachurus japonicus) 29 2.7 24 3.4 1149 253.0
John dory (Zeus faber) 4 1.5
Largehead hairtail (Trichiurus lepturus) 1952 158.7 6 0.7 186 10.6
Pacific rudderfish (Psenopsis anomala) 29 2.7 7 0.7 4 0.1
Sharptooth seabass (Synagrops philippinensis) 98 0.2
Silver pomfret (Pampus argenteus) 200 19.5
Skinnycheek lanternfish (Benthosema pterotum) 4239 4.0
Slender ribbonfish (Trachipterus ishikawae) 4 -
Spearnose grenadier (Caelorinchus multispinulosus) 21 0.2
Yellow croaker (Larimichthys polyactis) 2102 39.5

Total 10,240 258.9 451 6.5 1354 267.7
Number of species 10 6 6

Table 3. List of species identified and quantified in the Deep Vision images and in the catch data.

Counts
Difference

Mean Length (cm)
p-Value

Species Haul Images Catch Images Catch

Chub mackerel (Scomber japonicus) 1 1 (1) 21 (20) 2000% 34.4 28.4 ± 2.0 -
Chub mackerel (Scomber japonicus) 2 5 (5) 3 (3) 67% 28.3 ± 2.4 27.8 ± 1.1 0.7147
Glowbelly (Acropoma japonicum) 1 13 (10) 42 (30) 223% 4.2 ± 0.9 5.1 ± 0.9 0.0111
Glowbelly (Acropoma japonicum) 2 227 (41) 168 (30) 35% 4.6 ± 0.8 4.9 ± 0.4 0.1656
Indian perch (Jaydia lineata) 1 18 (14) 177 (30) 883% 6.1 ± 1.0 5.7 ± 0.5 0.1907
Japanese flying squid (Todarodes pacificus) 3 2 (1) 2 (2) 0% 39.8 37.6 ± 3.0 -
Japanese jack mackerel (Trachurus japonicus) 1 - 4 (4) - - 20.4 ± 4.6 -
Japanese jack mackerel (Trachurus japonicus) 2 4 (3) 13 (13) 225% 18.1 ± 10.1 24.1 ± 1.9 0.4884
Japanese jack mackerel (Trachurus japonicus) 3 423 (244) 327 (100) 29% 25.8 ± 3.1 27.5 ± 3.3 0.0000
John dory (Zeus faber) 3 1 (1) 1 (1) 0% 31.6 30.3 -
Largehead hairtail (Trichiurus lepturus) 1 123 (7) 281 (100) 128% 34.3 ± 24.9 63 ± 9.5 0.0228
Largehead hairtail (Trichiurus lepturus) 2 4 (3) 3 (3) 33% 73.3 ± 16.9 55.4 ± 24.8 0.3600
Largehead hairtail (Trichiurus lepturus) 3 93 (8) 53 (53) 75% 43.6 ± 10.9 50.4 ± 11.5 0.1265
Pacific rudderfish (Psenopsis anomala) 1 - 4 (4) - - 18.3 ± 1.4 -
Pacific rudderfish (Psenopsis anomala) 2 2 (2) 4 (4) 100% 19.8 ± 1.56 18.5 ± 0.9 0.3750
Pacific rudderfish (Psenopsis anomala) 3 1 (1) 1 (1) 0% 8.8 9.1 -
Sharptooth seabass (Synagrops philippinensis) 2 37 (16) 53 (30) 43% 5.5 ± 1.1 5.7 ± 0.6 0.5314
Silver pomfret (Pampus argenteus) 1 8 (5) 29 (28) 263% 18.3 ± 3.6 18.3 ± 1.9 0.9897
Skinnycheek lanternfish (Benthosema pterotum) 1 33 (5) 610 (30) 1748% 4.6 ±1.1 5.2 ± 0.6 0.3047
Slender ribbonfish (Trachipterus ishikawae) 3 1 (-) 1 (-) 0% - - -
Spearnose grenadier (Caelorinchus multispinulosus) 1 - 3 (3) - - 15.3 ± 2.6 -
Yellow croaker (Larimichthys polyactis) 1 87 (66) 302 (100) 247% 13.1 ± 1.6 13.5 ± 1.8 0.0863

Bold font indicates statistically significant differences (p < 0.05 by t-test). ( ): Number of measured species.
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Figure 5 shows an echogram for a frequency of 38 kHz and the depth line of the
scanmar sensors attached to the top and bottom of the net during haul03 mid-water trawl
deployment. The fish schools detected by the scientific echosounder in the research area
were irregularly distributed, and towing distance of Scientific Echo Sounder and mid-water
trawls and fishing depth were considered for fishing (Figure 5). When fish schools in the
same water layer were distributed in various water depths, the fish groups that can be
caught at particular water depths were targeted. The average net height of the mid-water
trawl when fishing was 26.7 m, and 33 fish schools were detected when towing the mid-
water trawl. The average height of the detected fish schools within the mid-water trawl
range was 2.6 m, which was in the range of 33.7 to 101.8 m in depth.

Figure 5. The number of individuals and trawl depth according to elapsed time of largehead hairtail
and Japanese jack mackerel caught in mid-water trawl haul03.

In order to identify the spatiotemporal distributions of Japanese jack mackerel and
largehead hairtail present in haul03, the population distribution of these species according
to water depth was represented graphically using the towing depth data of mid-water
trawl and time data from Deep Vision images (Figure 5). A comparison of elapsed trawl
time and depth revealed that 41.7% of the total population of Japanese jack mackerel was
photographed at a depth of approximately 100 m after approximately 30 min of towing,
whereas 38.4% of the total population of largehead hairtail was observed at the end of the
hauling operation at a depth of approximately 30 m.

With regard to the length distribution of yellow croaker (Larimichthys polyactis) in
haul01 and Japanese jack mackerel in haul03, which are the major commercial fish species
in the surveyed area, we found that the yellow croaker had a greater length distribution
at the 13 cm level, with an average of 13.1 ± 1.6 cm for Deep Vision and 13.5 ± 1.8 cm for
trawls, thereby indicating that the length distribution of the two surveys showed a similar
unimodal form. Although we detected no significant differences with respect to Deep
Vision (25.8 ± 3.1 cm) and trawl (27.5 ± 3.4 cm) average values, lengths of the Japanese
jack mackerel showed a high bimodal distribution in the 26 cm and 30 cm sections, which
differed from the unimodal distribution determined using Deep Vision (Figure 6).
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Figure 6. Length comparison of yellow croaker (haul01) and Japanese jack mackerel (haul03) mea-
sured using two different methods.

4. Discussion

During the investigation period, we collected 22 species over the course of three mid-
water trawl surveys, among which 19 species from 12,625 images were captured based on
analyses of 118,064 Deep Vision stereo images. However, the remaining species, namely
Japanese jack mackerel, Pacific rudderfish, and spearnose grenadier, caught during the
haul01 trawl were not identified using Deep Vision. This is essentially consistent with the
findings of a previous study [17], in which 2 species (silvery pout (Gadiculus argenteus) and
Atlantic herring (Clupea harengus)) among 17 species caught in four mid-water trawls were
not identified using Deep Vision. In this case, it was established that these two species
were obscured from the camera’s field of view by a school of blue whiting (Micromesistius
poutassou) passing simultaneously through Deep Vision within the trawl. In the present
study, we found than more than 50% of the populations of yellow croaker (87 individuals)
and largehead hairtail (123 individuals) captured during haul01 were caught at a specific
time, and that at other times, numbers of the three species (Japanese jack mackerel, Pacific
rudderfish, and spearnose grenadier) of less than five individuals were obscured from the
camera’s field of view. However, given that a larger number of individuals were captured
from trawls (n = 629) and Deep Vision (n = 800) during haul02 and haul03, correspondingly
higher proportions of individuals were identified from Deep Vision images. For haul01,
the number of individuals from trawl catches was approximately 420% higher than that
captured by Deep Vision. Underwood et al. [18] have reported that the number of polar cod
(Boreogadus saida) captured using Deep Vision was lower than that obtained by trawling, as
these fish passed through Deep Vision during the time in which the net was rising from
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the trawled sea level to the survey vessel. Thus, we suspect that in the case of haul01 in
the present study, some individuals moved to the codend whilst Deep Vision was being
raised to the survey vessel. Contrastingly, the number of glowbelly recorded during haul02
was higher in Deep Vision (227 individuals) than in the trawl (168 individuals), which we
assume to be indicative of the fact that some individuals escaped from the net between
the body of the Deep Vision apparatus and the codend, given that the glowbelly is a small
species with a total length of 4 cm or less. This would be consistent with the findings
of Rosen and Holst [17], who have reported that the trawl catches of some fish species
were underestimated by 47%, owing to a loss of the individuals of species with body
lengths of less than 10 cm during their passage to the codend. With respect to haul03, we
found that large numbers of Japanese jack mackerel and largehead hairtail were captured
in Deep Vision images compared with those captured by trawling. We believe these
differences to be attributable to an error made in calculating the number of Japanese jack
mackerel caught by the trawl, due to dividing the entire catch and not obtaining total catch
measurements, whereas in the case of the largehead hairtail, numbers were underestimated,
as some individuals caught in the net were not sampled while opening the codend and
collecting catches.

Differences in the total populations captured and photographed based on fish species
analyzed in the three trawl surveys with installed Deep Vision ranged from 0% to 2000%
(mean 321%). In contrast to many of the other fish species, chub mackerel showed a
significant difference (2000%), with one individual being recorded by Deep Vision and 21
from trawls, followed by skinnycheek lanternfish with 33 based on Deep Vision images
and 610 from trawls (1748%). Rosen and Holst [17] have also reported wide variations of
between 0% to 1055% (mean 106.9%) on the basis of four trawl surveys. In the present
study, we suspect that the large difference between the numbers of skinnycheek lanternfish
recorded using Deep Vision and from trawl catches of haul01 can be attributed to an
error in estimating the number of individuals in the total catch by measuring only a few
individuals, owing to the large catch size. Consequently, we believe that it would be
necessary to increase the number of individuals measured in order to accurately compare
the two survey methods.

When comparing fish body lengths measured based on trawl catch and Deep Vision ap-
proaches, we found that largehead hairtail and glowbelly captured in haul01 and Japanese
jack mackerel captured haul03 showed statistically significant differences (Table 3). In the
case of largehead hairtail caught in haul01, it was difficult to precisely compare differences,
as the number of samples measured using Deep Vision images (seven individuals) was
notably small. In contrast, in the case of Japanese jack mackerel, the number of samples
measured (Deep Vision 244 and mid-water trawl 100) was comparatively large, which is
considered to be similar to numbers reported by Rosen [15]. These authors found that,
based on a comparison of lengths, the two species Atlantic horse mackerel (Trachurus
trachurus) and Atlantic mackerel showed a statistically significant difference in Deep Vision
image and trawl catch analyses, which was attributable to the particularly small differences
in length, owing to the large number of samples and the small length distribution range.

During the present survey, 10 species were collected from haul01 and 6 species from
each of hauls 02 and 03. In previous bottom trawl surveys conducted in the seas off Jeju
Island [19–21], a variety of fish species were identified differing to those we recorded,
which is believed to reflect differences in the additional species of benthic fish caught
using bottom trawls. Among these species, Indian perch (Jaydia lineata), yellow croaker,
spearnose grenadier, and glowbelly were also captured in the present study. In terms of
the number of individuals per unit volume for different hauls, we found that skinnycheek
lanternfish in haul01 at 4239 ind./km3 (41.4%) and glowbelly in haul02 at 310 ind./km3

(68.7%) were the predominant species. Skinnycheek lanternfish are mainly found at depths
of around 100 m or more, although are known to occur at depths of between 80 and 130 m
during the daytime and from 30 to 70 m at night [22]. In Tosa Bay, Japan, Kaeding et al. [23]
have analyzed glowbelly caught by commercial fishing boats at depths of between 100 to
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300 m. Accordingly, given that the present survey was conducted by trawling at a depth
of approximately 100 m during the daytime, we were, in all probability, sampling from a
zone in which skinnycheek lanternfish and glowbelly are more likely to be captured. In
haul03, Japanese jack mackerel was the predominantly recorded species with an estimated
population of 1149 ind./km3 (94.5%). In this regard, we believe that the collected mackerel
had gathered for spawning, as Japanese jack mackerel inhabit depths of between 10 and
100 m [24] and the main spawning season of these mackerel in the seas around Jeju extends
from March to July [25]. However, given that 50% of Japanese jack mackerel females are
known to have a mature body length of 26.6 cm [25], it is considered that not all Japanese
jack mackerel collected at this time were engaged in spawning.

When analyzing the data, we established that there was a time difference between the
acoustic signal of the scientific echosounder and the image captured by the Deep Vision
installed on the mid-water trawl, depending on the installation distance, and that there
is also likely to have been variations depending on the swimming ability of fish schools.
When using only the depth data recorded by Deep Vision, errors may occur in determining
the actual distribution depth of fish schools [26]. For example, in the case of the North
Atlantic cod (Gadus morhua), it has been reported that these fish moved 360 m along the
trawl at a trawling speed of 1.5 m/s for 4 min. It has also been reported that the movement
and passage speeds in trawls differ depending on fish species, and that differences may
be recorded even for the same fish species, which may have different residence times
depending on density or the presence of different fish species in the trawl [26]. Therefore,
it is necessary to analyze the location of fish schools by combining the analysis results
obtained using Deep Vision and echosounder signals.

Given that the largehead hairtail, one of the major domestic pelagic fish species, has
a long non-streamlined body length, entire images of specimens are often not captured,
and thus it is difficult to measure lengths accurately. In addition, in the case of small fish,
there is a possibility of variation when compared with the catch data, as these fish are often
hidden by other fish species or escape through the trawl net prior to taking images.

Finally, we anticipate that, in the future, fishery resource research using Deep Vision
will be further refined to facilitate the measurement of small fish species and track over-
lapping fish species, based on new developments with respect to cameras and analysis
software, and will be able to automatically identify fish species via AI and Deep Learn-
ing. Therefore, in the future, we believe that this technology will provide an eco-friendly
research approach for monitoring pelagic fish resources.

5. Conclusions

The Deep Vision stereo camera system collects images of fish passing through trawl
extensions. We conducted a survey using Deep Vision in conjunction with a mid-water
trawl to identify and measure the lengths of domestic fish species in coastal waters off Jeju
Island, Korea, which enabled us to determine the spatiotemporal distribution of a range of
different pelagic fish species. However, we found that, when using this system, it is difficult
to measure the number of individuals or measure the lengths of target fish species if these
are particularly small, large, or long. In addition, some species may swim together to avoid
the trawling net, depending on their swimming ability, or may be recorded in Deep Vision
at different times or in locations other than their typical range of distribution. Therefore,
it is important to interpret spatiotemporal distribution data by taking into consideration
factors such as acoustic signals, the depth of field of view, trawl gear, and characteristics of
the swimming behavior fish.

Collectively, the results obtained in this study indicate that the combined use of Deep
Vision and a mid-water trawl can serve as an eco-friendly and effective approach for
examining the spatial distribution of fish species and their sizes without the necessity of
catching target species.
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