Journal of

Marine Science
and Engineering

Article

Species Identification and Tempo-Spatial Distribution of
Anchovy Using Multi-Frequency

Geunchang Park 10, Wooseok Oh 2, Euna Yoon 3@, Hyoungbeen Lee 3 Sunyoung Oh 1 GaraLeel,

Chang keun Lee %, Jong Seong Khim 5

check for
updates

Citation: Park, G.; Oh, W.; Yoon, E.;
Lee, H.; Oh, S.; Lee, S.; Lee, C.k.;
Khim, J.S.; Lee, K. Species
Identification and Tempo-Spatial
Distribution of Anchovy Using
Multi-Frequency. J. Mar. Sci. Eng.
2023, 11, 1871. https://doi.org/
10.3390/jmse11101871

Academic Editor: Tohru Mukai

Received: 3 July 2023
Revised: 18 September 2023
Accepted: 19 September 2023
Published: 26 September 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://

creativecommons.org/licenses /by /
4.0/).

and Kyounghoon Lee ¢*

Department of Fisheries Physics, Pukyong National University, Busan 48513, Republic of Korea;
sssp31@naver.com (G.P.); ohsunyoungl@naver.com (5.0.); wogurtlfgdj@naver.com (S.L.)

Institute of Low-Carbon Marine Production Technology, Pukyong National University,

Busan 48513, Republic of Korea; owsnice@gmail.com

Fisheries Resources Research Center, National Institute of Fisheries Science,

Tongyeong 53064, Republic of Korea; euna85@korea kr (E.Y.); hbleeO0@korea.kr (H.L.)

School of Earth & Environmental Sciences, College of Natural Sciences, Seoul National University,
Seoul 08826, Republic of Korea; leechangkeun88@gmail.com

School of Earth and Environmental Sciences, Research Institute of Oceanography, Seoul National University,
Seoul 08826, Republic of Korea; jskocean@gmail.com

Division of Marine Production System Management, Pukyong National University,

Busan 48513, Republic of Korea

*  Correspondence: rickyl106@naver.com; Tel.: +82-51-629-5889; Fax: +82-51-629-5886

Abstract: In this study, we identified the echo signals of anchovies on echograms using the dB-difference
method; additionally, the daytime and nighttime distribution characteristics of anchovies were
determined. Using the difference in frequency characteristics of 18, 38, 70, 120, and 200 kHz, the
dB-difference intervals of —2.1 dB < AMVBS 533 < 4.4 dB, —9.7 dB < AMVBSyy_33 < 1.3 dB,
—10.2 dB < AMVBSjyg.38 < 2.3dB, and —10.7 dB < AMVBSy(p_33 < 0.3 dB were set to extract the
echo signals of anchovies. The results revealed that anchovies showed a relatively higher distribution
in the coast than in the open sea. In February, the average density of anchovies was observed to
be3.43 g/ m?2, whereas in May, it was observed to be 6.02 g/ mZ2. Also, anchovies were found to be
mainly distributed at 30-70 m water depths during the day, and at 30-50 m water depths during
the night.

Keywords: anchovy; species identification; dB-difference method

1. Introduction

Korea is surrounded by the East, West, and South seas, with each sea showing dis-
tinct characteristics of the marine environment and inhabiting different fishery resources.
The East Sea does not have any islands or bays, but has a monotonous coastline. The
width of its continental shelf is quite narrow, <25 km, averaging around 18 km, and is
considerably deeper than the South and West seas. Also, the East Sea is influenced by the
high-temperature and high-salinity Tsushima Warm Current flowing into the Korea Strait,
and the low-temperature and low-salt southward flow along the coast from the northern
part of the East Sea; different water masses exist in different waters and depths due to deep
water circulation, polar fronts, upwelling, and eddies [1,2]. The South Sea is a rias-type
coast with many islands and large and small bays, and various water masses coexist, such
as high-temperature and high-salinity Tsushima Warm Current from the south, low-salinity
West Sea coastal water from the western Jeju Strait, and South Sea coastal water, which
have a complex effect on the formation of fishing grounds [3]. Due to the formation of
various water masses, the East and South seas are rich in nutrients which serve as feed
stocks for organisms, and they are used as spawning and nursery grounds for fishery
resources. Owing to these characteristics, the East and South seas are home to Scomber
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japonicus, Trachurus japonicus, Clupea pallasii and Engraulis japonicus and such, which are
commercially important fishery resources in Korea.

However, in recent years, South Korea’s coastal fishery resources have shown a
declining trend. In particular, fishing of anchovies with anchovy boat seine and set nets has
been steadily decreasing; it decreased from 210,000 tons in 2017 to 130,000 tons in 2022 [4].
In addition, anchovies are one of the pilot species for South Korea’s TAC (total allowable
catch), besides being a critical commercial fish, so proper fishery resource management
methods are necessary to continue their utilization.

In Korea, sampling methods are widely used to assess the density and biomass of
fisheries resources. While these methods can provide an indication of the biomass of
organisms for a subset of stations, they are limited in their ability to characterize the
distribution of organisms over the entire ocean due to the time required for multiple survey
station. In contrast, the method of acoustic surveys is widely used as a tool to assess
fishery resources in developed countries such as the United States, Norway, and Canada
because this method can survey all the water layers of a large area in a short period of
time using multi-frequency [5-8]. Two methods of identifying fish using hydro-acoustics
are the dB-difference method and the time-varying threshold method. The dB-difference
method uses multi-frequency, i.e., two or more frequencies, to identify species of organisms
using the differences in the frequency characteristics of the target fish and zooplankton.
The time-varying threshold method is used to remove low-level organisms that correspond
with increasing depth using a single frequency. The threshold values are used to distinguish
between pelagic fish and zooplankton in waters where both organisms coexist [9-12].

Anchovies serve as a vital food source for major pelagic fish species in South Korea,
and are used as bait and fertilizer for skipjack tuna such as the bonito. Furthermore, under-
standing the distribution of anchovies is crucial due to their high commercial importance
as a fish species. This study identified anchovy echo signals as presented in echograms
using dB—difference characteristics obtained via underwater acoustics. Based on this, the
diurnal and nocturnal distribution patterns as well as the distribution density of anchovies
in South Korea were identified.

2. Materials and Methods
2.1. Survey Area and Period

Recently, due to the increase in sea temperature in the East Sea, the production of
anchovies has been increasing [13]. Anchovies begin to spawn in spring as the water
temperature increases, and move from the southern coast of the East Sea to the South Sea.
Therefore, acoustic surveys were conducted in the East and South seas in February and
May of 2022 using the research vessel R/V Tamgu No. 23 (Figure 1). Before conducting
the surveys, survey lines were established based on the survey area, and within the survey
range, the survey lines were set using Equation (1) for the concentration of dissolved
organic carbon (DOC, degree of coverage) of Algen.

N
DOC = — 1
VA .
Here, “N” represents the length of the survey line, “A” represents the area of the
survey range, and the design ensured that the value of DOC did not fall below 6. The
survey area in February was 2.26 km?, with a survey line length of 30,002 km, whereas in
May, the survey area was 2.19 km?, with a survey line length of 29,126 km.
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Figure 1. Acoustic survey stations in the East Sea and South Sea of Jeju.

2.2. Acoustic Equipment System and Data Acquisitions

The acoustic system used in the survey was a split-beam EK80 scientific echo-sounder
(Simrad, Kongsberg Maritime AS, Melbourne, Norway), which collected acoustic data for
18, 38, 70, 120 and 200 kHz. The sound data were recorded on the hard disk along with
the sound data as location information from the DGPS (SPR-1400, Samyoung, Republic of
Korea) receiver was being continuously received. The acoustic data collected in the field
were later played back in the laboratory, and processed using an acoustic analysis software.
Frequencies 18, 38, 70, 120, and 200 kHz were used to identify only the fish species in the
collected acoustic data.

In order to identify fish species using acoustics, one needs biological information about
the target organism, such as its body size and weight, and the frequency of its feeding.
Therefore, in this study, anchovies were sampled using bottom trawls and set net. Anchovy
samples were collected in February using bottom trawls deployed on the research vessel
R/V Tamgu No. 23; in May, anchovy samples were collected using purse set net in South
Sea waters.

2.3. Acoustic Data Analysis

Later, a hydro-acoustic data processing software (Echoview V 8.0, Echoview Software
Pty Ltd., Hobart, Australia) was used to analyze and process the acoustic data collected
during the survey. Acoustic data at 18, 38, 70, 120, and 200 kHz were collected for distin-
guishing the anchovies. When collecting acoustic data using scientific echo-sounders, the
loss of normal echo signals due to various acoustic noises is a problem. In this study, acous-
tic noise emerged in the form of background and impulse noises. Background noise occurs
when the depth of the survey is outside the detection range of the used frequency, and it is
relatively stronger in acoustic intensity. Background noise is removed by converting the
value of the data sample to —999 dB if the signal-to-noise ratio is greater than the threshold
value when the artificial noise is subtracted from the data sample in the specified area, and
this method is called time-varied threshold [14].

SNR(i,j) = Socorr (i,]) — Sonoise (i,7) if SNR(i,j) < thresholdsnyg (2)

Impulse noise is caused by interference from sounding equipment on other vessels,
and is characterized by a vertical pattern of irregular, thick rain. Impulse noise was
initially eliminated by setting data exclusion lines between the sea surface and sea floor,
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thereby excluding unnecessary portions from data processing in the denoising algorithm.
Subsequently, a smoothing process was used, wherein vertical sample values within a
specified range were averaged; if the resulting value exceeded the set threshold value, they
were considered as candidates for noise. Therefore, in this study, the threshold value was
set to —150 dB. The values identified as candidates for noise were used to differentiate
between noise and bio-echo using the two-sided comparison method [11]. For the given
data samples a, b, and c, the two-sided comparison method was used to compare samples
a and c and to define sample b. The parameter values for removing background noise and
impulse noise are shown in Tables 1 and 2.

Svij = So(it+n), j 10-and Sv,; — Sy(i—n), j )0 ©)

Table 1. Parameters to remove background noise.

Frequency 18 kHz 38 kHz 70 kHz 120 kHz 200 kHz
Horizontal extent (ping) 20 20 20 20 20
Vertical units Samples Samples Samples Samples Samples
Vertical extent (samples) 5 5 5 5 5
Vertical overlap (%) 0 0 0 0 0
Maximum noise (dB) —125 —125 —125 —125 —125
Minimum SNR 10 10 10 10 10

Table 2. Parameters to remove impulse noise.

Parameters Values
Exclude above Surface
Exclude below Bottom
Exclude below threshold (dB at 1 m) —150
Vertical window units Sample
Vertical window size (samples) 5
Horizontal size (pings) 5
Threshold (dB) 10
Noise sample replacement value Mean

In order to separate the echoes of anchovies using multi-frequency, it is necessary
to understand the frequency characteristics and differences for frequencies 18, 38, 70,
and 120 kHz. Here, the frequency difference represents the difference in Mean Volume
Backscattering Strength (MVBS) in multi-frequency, and AMVBS is calculated by comparing
the frequency-specific TS of the target species and subtracting the frequencies with lower TS
from the frequencies with higher TS in order to get a positive value. For the new echograms
at 18, 38, 70, 120, and 200 kHz made from the matrixes, AMVBS can be expressed as the
following Equation (4).

AMVBS = TSyr — TSir = SVur — SViF @)

To extract only the acoustic signal of anchovies from the acoustic data, the acoustic
data were first processed using the data processing flow chart shown in Figure 2, and then,
extracted using the frequency differences. The extracted echoes were integrated over EDSU
(Elementary Distance Sampling Unit) intervals of 1.0 n.mile and expressed as extracted
area scattering coefficient values per nautical mile.
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Figure 2. Data flow of acoustic data analysis at 18, 38, 70, 120, 200 kHz for anchovies.

2.4. Estimating the Density of Anchovies Using Acoustics Methodology

We used the nautical area scattering coefficient (NASC) values converted from volume
backscattering strength (SV) data drawn at one nautical mile from the fish finder in order
to estimate the density of euphausiids and copepods using acoustics. Equation (5) shows
the conversion relationship from SV to NASC.

T
NASC — 4718522 / ! Sudr ®)
r

The NASC value is the linear combination of the signals received from the aquatic
organisms within a volume, so the density (p, g m?) of the target organism can be obtained
by dividing the average NASC value by the TS of the target fish (Equation (6)). The TS and
backscattering cross-section (), depending on the target organism’s body length (L, mm),
can be expressed as Equations (7) and (8), respectively.

NASC = p-TS (6)

TS = 20log(L) + by @)

o = 4710(1) ®)

The target organism’s body length (L, cm)-weight (w, g) relationship is shown in

Equation (9).
w = aLb 9)
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The target organism’s density (o) can be obtained by dividing the average NASC
within the volume at one nautical mile distance by the backscattering cross-section (¢) and
multiplying the weight (Equation (9)). All, except NASC on the right side of Equation (10),
are conversion factors (CFs) that calculate the density from the acoustic data, which con-
siders the backscattering cross-section and body length-weight of the target organism.
Average values were used for the backscattering cross-section and for the weight of the
target organism.

NA Lb
( SC) w=—2"__ .NASC (10)
o 4710(10)
The average target organism density (o) of the entire investigated sea area was the

weighted mean of each transect’s average density data, as shown in Equation (11).

N
Yl PiMi

Zil\il " (11)

p:

where p; is the average density of the i transect, #; is the EDSU of the ith transect, and N is
the number of transects [15].

3. Results
3.1. Species Identification of Anchovies

After removing the acoustic noise, all fish schools that appeared in the echogram were
detected using the fish school detection module (Table 3), and the size of the anchovy
schools in the echogram was estimated and parameterized. The parameter values for the
anchovy school size are shown in Table 4.

Table 3. Parameters to detect fish.

Detect Parameter

Minimun total school length (m) 2
Minimun total school height (m) 1
Minimun candidate length (m) 1
Minimun candidate height (m) 2
Maximum vertical linking distance (m) 1
Maximum horizontal linking distance (m) 20

Table 4. Parameters to detect anchovy school.

Anchovy Classification
SV mean (>) —45 dB
Height (>) 1.8
Corrected length (>) 2.6

In order to identify fish species using acoustics, biological information about the
species such as the target organism’s body length and weight, and length of the frequency
number are required. Anchovies collected in the February survey seawater ranged from
10.0 to 12.5 cm in length, with an average length of 11.1 cm, and an average weight of
6.2 g. The length distribution of anchovies collected in the May survey seawater ranged
from 8.4 to 15.8 cm, with an average length of 11.3 cm, and an average weight of 10.8 g
(Figure 3). The length-weight relations for anchovies were found to be w = 0.0123L>7°!8
(R? = 0.6942) (Figure 4).
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Figure 3. Length frequency distribution of anchovies: (a) February, (b) May.
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Figure 4. Length-weight relationships for anchovies.

The size of the collected anchovies and the acoustic scattering intensity values es-
timated using the theoretical model were applied to set the dB-difference interval. The
dB-difference intervals per frequency were shown as follows: —2.1 dB < AMVBS;g 33 <
4.4dB, —9.7 dB < AMVBSyj 33 < 1.3dB, —10.2dB < AMVBS;3-33 < 2.3 dB, and —10.7 dB
< AMVBSyg0-38 < 0.3 dB (Table 5). Once the dB-difference is clear, a range of its value
is set to create a date range bitmap, a mask with echoes set in this range and a cell size
that matches the echoes per frequency. The echo that matches the denoised echo was then
divided by the ping interval and considered as the echo of the anchovies. The echo signal
of the extracted anchovy school is shown in Figure 5.

Table 5. dB-difference section of anchovies.

Species Frequency (kHz) dB-Difference (dB)
18-38 —2.1~4.4
Anchovy 70-38 -9.7~1.3
(Engrailis japonicus) 120-38 -10.2~2.3

200-38 —10.7~0.3
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Figure 5. Echo signals of anchovies using multi-frequency.

3.2. Temporal and Spatial Distribution of Anchovies

The day and night distribution of anchovy fish school found using the dB-difference
method are shown in Figures 6 and 7, respectively. During the daytime in February, an-
chovies showed a relatively high distribution in the waters off the coast of Ulsan in the East
Sea, Busan, and Tongyeong, with an average NASC value of 190.97 m?2/n.mileZ. At night,
anchovies were evenly distributed in low abundance between the East and South Korean
coastal waters. The average NASC value for anchovies at night was 28.54 m?/n.mile?.
During the daytime in May, anchovies showed a relatively high distribution in the waters
off the coast of Ulsan in the East Sea, Busan in the West Sea, and Namhae in the South Sea,
with an average NASC value of 123.76 m? /n.mile?. At night, anchovies showed a relatively
high distribution in the coastal waters of Busan and the central waters of the South Sea,
and an evenly low distribution in other waters. The average NASC value for anchovies at
night was 108.97 m? /n.mile?.

Daytime Nighttime

Figure 6. The spatio-temporal distribution and density estimation of anchovies in February.

Daytime Nighttime

Figure 7. The spatio-temporal distribution and density estimation of anchovies in May.
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4. Discussion

The TS function, body length and weight, nautical area scattering coefficient (NASC)
of the fish were used to determine the density of anchovies. To estimate the density
of anchovies using acoustic data, the TS of anchovies from previous studies were used
(Table 6). We chose the values from these studies because they were conducted with
anchovies found in the waters around Korea, and the body size of the anchovies used in the
experiments is similar to the body size of the anchovies in this study. Using the —72.9 dB
from the previous study by [7], the average density of anchovies in February was found
to be 3.43 g/m?, and the average density of anchovies in May was found to be 6.02 g/m?.
The average density of anchovies using the —71.6 dB from the previous study by [16] was
found to be 2.54 g/m? in February and 4.46 g/m? in May. The average density of anchovies
using the —72.5 dB from the previous study by [17] was found to be 3.13 g/m? in February
and 5.49 g/m? in May (Table 7). In general, anchovy densities were relatively higher in
May than in February, which may be due to the fact that anchovies enter the southern
coastal waters and the southern East Sea to spawn between April and June when water
temperatures increase [18,19]. Also, anchovies are turbulent fish that seek out the right
water temperature, which may explain the relatively higher densities in May, as water
temperatures were higher in May, while they were lower in February.

Table 6. Target strength of anchovies from previous studies.

Species Method Target Strength References
In situ TS38k11, = 20Log(TL) —72.9 [13]
Anchovy Ex situ TSsgxr1, = 20Log(TL) —71.6 [16]
Ex situ TS38kH, = 20Log(TL) —72.5 [17]

Table 7. Monthly density distribution of anchovies.

Month Density (g/m?) References

3.43 [13
February 2.54
3.13

[
[
6.02 [
[
[

May 4.46
5.49

In this study, a single target detection method was used to determine the vertical
day-night distribution of anchovies by month. During the daytime in February, anchovy
schools were found to be distributed from the surface to 70 m of water level, while at night,
anchovy schools were found to be predominantly distributed between 30 and 50 m of water
level, with a maximum distribution at 150 m. During May, anchovy stocks were found to
be distributed from the surface to 150 m depth of water, with the main distribution found
in 80-120 m. At night, anchovy schools were found to be mainly distributed at depths of
30-50 m and 100-140 m (Figure 8). Similar to our findings, anchovies were found in the
50-70 m water level during the day and in the 30-100 m water level from the surface at
night in a previous study by Lee et al. [20] Moreover, in the study by Kang et al. [21], adult
anchovies were found to be predominantly distributed at depths of 60-80 m. In a study
by Lee [22], it was found that anchovies distributed along the West Coast of South Korea
inhabited the entire water column from the surface to near the seafloor during the daytime.
In the present study, anchovies were found to be distributed in all water columns during
the month of May, probably because anchovies are poor swimmers and are presumed to
be distributed over the surface because of the ocean currents. In the study by Kim [23],
anchovies were found to be chiefly distributed at a depth of 50 m. Thus, during the day,
anchovies are mainly distributed in the water layer at depths of 30-50 m, and at night, they
are distributed in the water level at depths of 30-150 m, which is believed to be due to the
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day-night vertical movement of anchovies in search of the thermocline layer and food. In
addition, the body length distribution of anchovies collected in February and May were
presumed to be adults, and they were found in all water columns because anchovies have
the ecological characteristic of moving from the surface to the bottom as they grow from
larval fish to adults.

Mean NASC (m?/n.mile?) Mean NASC (m?/n.mile?)
60 50 40 30 20 10 0 10 20 30 40 50 60 60 50 a0 30 20 10 0 10 20 30 40 50 60
va¢ 10 [ vA
30
40
50
~ 60
g’ 70
=
s 8
g w
100
110
120
130
140
150
(a) February (b) May

Figure 8. The vertical distribution of anchovies as mean NASC values: (a) February, (b) May.

5. Conclusions

This study utilized the dB-difference method to identify the echo signals of anchovies
in the echogram, and identified the day and night distribution characteristics of anchovies.
Using the difference in frequency characteristics of 18, 38, 70, 120, and 200 kHz, the
dB-difference intervals of —2.1 dB < AMVBS g 35 < 4.4 dB, —9.7 dB < AMVBSyj 35 <
1.3 dB, —10.2 dB < AMVB8120_38 <23 dB, and —10.7 dB < AMVBSzOO_g,g <03 dB were
set to extract the echo signals of anchovies. The echo signals of anchovies extracted using
the frequency difference method were integrated at EDSU intervals of 1.0 n.mile, and
expressed as an extracted area scattering coefficient value per nautical mile to understand
the distribution characteristics of anchovies. The results showed that in the East and South
seas, anchovies had a relatively higher inshore distribution than offshore, and a higher
distribution density in May when the water temperature was high as compared to that in
February. Furthermore, anchovies were found to be mainly distributed in the water level at
depths of 30-70 m during the daytime, whereas they were found at depths of 30-50 m and
up to 150 m at night. The results of this study are expected to serve as a basis for further
research on species identification of anchovies using acoustics.
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