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Abstract: Acoustics methods are essential in surveying and assessing fish stocks in aquatic
environments, utilizing both conventional fish finders and scientific echosounders. Although fish
finders can provide acoustic backscatter information, scientific echosounders give more precise
measurements since their settings are calibrated. The present study investigates the acoustic
backscattering characteristics of eels (Anguilla sp.) using a calibrated fish finder (Furuno FCV-628)
and a scientific echosounder (Simrad EK15), both operating at 200 kHz. Discrete targets were
identified in the water column by quantifying their backscattering values. The Distorted-Wave Born
Approximation (DWBA) and Kirchhoff-Ray mode (KRM) models were adopted to estimate the
theoretical dorsal and lateral backscatter as a function of frequency and length for each eel. Results
showed that the calibrated fish finder could effectively distinguish target strength variations, offering
comparable outcomes to scientific echosounders and numerical models, particularly across different
eel lengths.
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1. Introduction

Eel is a fish species found particularly in Lake Poso, Sulawesi Island, Indonesia. It is categorized
as a high-value target species in the local fishery industry due to its high economic potential (Moeis
et al., 2024). The life cycle of eels comprises various stages, each characterized by distinct shapes
and sizes, ranging from the transparent bodies of glass eels to the more robust and pigmented forms
of elvers and adult eels. (Lukman et al., 2021; Triyanto et al., 2021). Given this scenario, the
Industrial Revolution 4.0 has introduced innovative methods for monitoring eel to ensure
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sustainability, including the use of underwater acoustics to track behavior and migration patterns
(Surjandari et al., 2022).

Acoustic technology is critically important in fisheries studies (Zang et al., 2021; Lagarde et al.,
2020; Becker and Suthers, 2014). In this context, the industrial exploration and monitoring standard,
specifically for migratory fishes, include using a scientific echosounder to measure volume
backscattering strength (SV) and target strength (TS) to estimate fish size, biomass, and distribution
patterns with high accuracy and non-invasive methods (Popper et al., 2020). It is important to note
that acoustic methods are quantitative, operate in quasi-real time, and are not limited by light
availability or high turbidity, which facilitates their increasing use in aquatic studies (Martignac et
al., 2015). However, these methods still face limitations in terms of operational flexibility,
portability, and equipment compatibility. While scientific echosounders offer clear advantages for
measuring TS, calibrated fish finders can also provide useful acoustic backscatter data for research.
Both instruments are capable of rapidly estimating aquatic populations such as fish abundance, and
tracking migratory movements along with spatial and temporal distribution patterns, particularly
for eels (Anguilla spp.) (Shen et al., 2024; Noda et al., 2021; Howe et al., 2019, MacLennan and
Fernandes, 2008).

A general limitation of conventional fish finders is the lack of TS and SV outputs data required
for post-processing. In contrast, scientific echosounders provides more accurate and reliable
acoustic backscattering measurements. Data from conventional fish finders tend to lack precision,
as these devices are primarily designed for fishing activities rather than scientific analysis.
However, it is possible to calibrate the acoustic backscatter values. The raw, uncalibrated signal
typically includes echoes from various objects in the water column (Winfield et al., 2009). To obtain
precise TS measurement of the target, a conventional fish finder must be calibrated by analyzing
the echo pattern of individual targets and adjusting the instrument settings to minimize electrical
interference and false echoes (Demer et al., 2015).

Recent advancements in eel research have been supported by the application of modern acoustic
methods. These techniques have contributed to a more detailed understanding of eel behavior and
migration patterns (Noda et al., 2021; Popper et al., 2020). In this context, the use of single beam
echosounders such as the Simrad EK15 and Furuno FCV-628, both operating at a frequency of 200
kHz, has proven particularly valuable. Verifying the consistency of results obtained from these two
types of acoustic instruments is essential for ensuring data reliability (Rautureau et al., 2022). The
Simrad EK15, equipped with a high-resolution and compact narrowband transducer, has been
instrumental in capturing detailed acoustic characteristics of fish (Fauziyah et al., 2023; Linlokken
et al.,, 2019; Betanzos et al., 2015). On the other hand, the Furuno FCV-628 offers exceptional
resolution (Manik et al., 2020), flexible raw data output, and effective target separation
(Dwinovantyo et al., 2023), making it a useful tool for monitoring and studying eels in natural
habitats.

To obtain accurate acoustic backscatter measurements, several parameters on acoustic devices
must be properly calibrated (Demer et al., 2015). Calibration is typically performed by measuring
the TS of a reference sphere under controlled laboratory conditions (Manik et al., 2017). The TS of
eels has been determined across various body lengths, with results showing variation in TS values
depending on size (Dunning et al., 2023; Pratt et al., 2021). These measurements are generally
conducted in a small water tank using a horizontal beam orientation to ensure consistent and
controlled conditions (Kim et al., 2018).

In fish acoustic measurements, comparing experimentally measured TS with theoretical values
derived from models such as the Kirchhoff-Ray Mode (KRM) and the Distorted-Wave Born
Approximation (DWBA) is essential for validating results and improving acoustic methodologies.
In this study, the KRM model was used to estimate the theoretical TS of elvers and adult eels, while
the DWBA model was applied to glass eels (Macaulay et al., 2013; Horne et al., 2000). The challenges
in conventional fish finders are to be addressed by quantifying backscatter in digital numbers,
which were then converted into TS in decibels (dB). This study fills an important gap in eel acoustics
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by combining acoustic measurements at a single frequency with model-based TS estimates,
enabling a stronger connection between empirical data and numerical simulations.

2. Method

2.1. Experimental Design

In the experimental setup of this study, the acoustic acquisition was carried out using alternating
deployments of a scientific echosounder Simrad EK15 (Simrad Kongsberg Maritime AS, Horten,
Norway) and a fish finder Furuno FCV-628 (FURUNO ELECTRIC CO., LTD, Hyogo, Japan) for
individual eel across a range of lengths. A reference sphere was used concurrently as a calibration
control (Demer et al., 2015). The experimental design aimed to identify potential size-related
patterns in acoustic signatures by systematically varying the body length of the eels. The EK15
operated with dedicated software integrated into a pre-built interface hardware system, allowing
direct communication and control during measurements. In contrast, the FCV-628 was connected
via a serial converter, with data acquisition and recording managed through TeraTerm software
(Dwinovantyo etal., 2023). A schematic diagram showing the interface setup for both the fish finder
and the echosounder is presented in Figure 1.
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Figure 1 Schematic of experimental data acquisition for eel TS measurement in the controlled water
tank contrasting acquired data with theoretical TS derived from numerical models for
comprehensive analysis

Raw data obtained from acoustic measurements were processed using procedures based on the
sonar equation (Manik et al., 2020). The processed results were then compared with theoretical
outputs from the KRM and DWBA models to evaluate their accuracy and consistency. To explore
potential relationships and trends within the data, simple linear regression was applied as the
primary statistical analysis method.

2.2. Data Acquisition
The tools used in this study included a single-beam fish finder Furuno FCV-628 and a single-
beam scientific echosounder Simrad EK15, both operating at a frequency of 200 kHz. Additional
materials consisted of eels of various sizes, reference spheres for calibration, and a monofilament
line. The detailed settings of the acoustic instruments are presented in Table 1.
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Table 1 Tool settings during data acquisition and water conditions in the water tank

Parameter Furuno FCV-628 Simrad EK-15
Beam type Single beam Single beam
Absorption coef. (dB m™?) 0.007195 0.007195
The frequency used (kHz) 200 200

Power (W) 600 1000
Transmission rate (ms) 0.1 1.02

Beam width (°) 10 26

Sound speed (ms) 1501 1501

Data format *.csv *raw
Temperature (°C) 27 27

Salinity (psu) 0 0

The study procedure began with the calibration of the fish finder using a reference sphere,
followed by the measurement of eel acoustic data using each instrument in a water tank maintained
at a constant temperature of 27°C. TS measurements were performed on 69 anesthetized live eels,
ranging in size from 6.5 to 90 cm. The transducers were mounted horizontally at a depth of
approximately 0.5 meters below the water surface, with various beam orientations applied during
the measurements (Kerschbaumer et al., 2020; Kurnia et al., 2011).

2.3. Data Analysis

Raw acoustic data were converted into acoustic backscattering values, expressed in decibels (dB).
The data were obtained using TeraTerm software for Furuno FCV-628 fish finder and Simrad EK15
acquisition version 1.2.4 software for scientific echosounder. When an acoustic signal encounters a
targets or object, the characteristic measure of the scattering strength is referred to as the specific
scattering power. This is defined by (Nishiyama, 2017) and is calculated using Equation 1:

TS = EL — KTR + 40logR + 2aR — 120 1)

where TS is target strength (dB), EL is echo level (dBuV), KTR is the factor of transmitting and
receiving (dBV), R is water range from the transducer to object (m), and « is absorption coefficients
(dB km?). KTR is an unknown parameter for users and was calibrated by the manufacturer.
Subsequently, the measured TS from both instruments were compared (Rautureau et al., 2022).

The observed fish TS was primarily considered a function of the length and orientation or angle
of inclination. The length and angle of inclination from the observation conducted are presented in
Equation 2 (Furusawa and Amakasu, 2010):

Tow = | [ £@h 756, 1) dod

= [ fo(L)dL [ £,(6)T5(6,L) dO 2)

where L is the length of fish (m), 8 is the angle of inclination of fish (°), fa(8) is the probability

density function (PDF) of the tilt angle, and fi(L) is the PDF of the length of fish. Results obtained

from measuring the reflected acoustic strength with variations in the angle and acoustic sounding

points on the back (dorsal), abdomen (ventral), as well as the side of each target were compared

and averaged to obtain the mean TS value. Equation 2 can be derived from the relationship between
the length and average TS, as shown in Equation 3:

Tswoy = Tscem) f L*f,(L)dL

= Is(cm) [{f Lfp (L)dL}z + O'LZ] 3)

= Is(em) (LAng + ULZ)
where Layg is the mean of fish length, and o1 is the standard deviation. TScm was calculated from
the average TS measured and average fish length, alongside the standard deviation obtained from
the measured length (Dunning et al., 2023). This suggested that the standard deviation of the
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variation in length was relatively small. Additionally, the average and mean TS were assumed to
be equal.

2.4. Numerical Model
In this study, two numerical models were employed, each suited to a different life stage of eel.
The KRM model was used to calculate the theoretical TS calculations of adult eels, while DWBA
model was applied for glass eels.

2.4.1. Kirchhoff-ray Mode (KRM) Model
KRM model was used to theoretically estimate acoustical backscattering characteristics of the
dorsal and lateral of eels as a function of fish length, aspect, and frequency (Lan-yue et al., 2021).
This model adopted a fish-shaped base resembling fluid and gas-filled cylinders representing the
body and swimbladder, respectively. The acoustic backscattering is presented in Equation 4:

Rrs(1-Riyf) - . .
() = —iL5 2 L3N Ag [kppa() + 1] : et +ven)] Au(y) (4)
and swimbladder is shown in Equatlon 5 as:
I(f) = _lMZ [k a(j)] [e i2kVj _ (1 _ R‘i)f)ei(_ZkVu(j)+2kfb(VU(j)—VL(j)+¢fb)]Au(]') (5)

where I(f) is scatterlng amplitude as a function of carrier frequency, k is the wave number (27/2)
which depends on the frequency and sound speed at water medium, A is the acoustical wavelength,
a is the radius of the cylinder, fb is fish body, w is water, sb is swimbladder, and Au(j) is the
cumulative distance between cylinder at the midpoint (Li et al., 2023). The backscattering cross-
section (Obs) from the scattering amplitude was calculated in Equation 6, while the theoretical TS of
the eel was presented in Equation 7.

1L(NI2
Ops =0 (6)
l

where TL is transmission losses. The theoretical TS was calculated individually for fish body and
swimbladder, before being summed.

2.4.2. Distorted-wave Born Approximation (DWBA) Model
General mathematical equations for scattering amplitude in DWBA model are expressed in
Equation 8:

2 -
bs = :_;fffy (VK - yp) exp iz(ki)z 'Fpos dv (8)
where fisis the backscattering amplitude, k; is the acoustic wave number, 1o is the position vector,
705 Value is the position in a particular line of the body axis. The material properties of glass eel
bodies, namely v,, and vy, were expressed in Equation 9 (Jech et al., 2015):
p2—p1_ g—1

Y, =
p P2 g
_ Ky—Kkqy _ 1—gh
o= M o 10 ©)

where g is density contrast, h is sound speed contrast, and « is compressibility which is presented
in Equation 10:

K= (pc®)™" (10)
where p is mass density, and c is sound speed. DWBA model, used in weak scatterers, is valid for
all acoustic frequencies, the angle of orientation, and shapes of glass eels. Furthermore, g and h
from other studies were considered to be used based on the acoustic properties of the weakly
scattering sphere of fluid-like bodies (Jech et al., 2015). Density (p) and sound speed (c) in glass eels’
bodies were 1028 kg m3 and 1480.3 m s, respectively, against the surrounding medium of 1026.9
kg m= and 1477.4 m s (Kusdinar et al., 2014).
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3. Results and Discussion

3.1. Calibration
The results of fish finder calibration using a sphere, produced output in the form of raw data,
which were then extracted using spreadsheet software. The output consists of an index of setting,
depth, and echo data record, as shown in Figure 2.

Depth: Frequency: Period of Output Output Data
1.7 [m] 200 kHz Data: 1.2 [s] Resolution: 0.0042 [m]

SPPEC,SDesl .FCV 628[200 0[1000‘000 0042460078 /m

SPFEC,SDes2,6,1.7,0.0,,,..,75F
240,240,240,240,240,253,253,253,253,253,255,255, 255, 2557
1255,255,255,255,255,255,255,255,255,255,255,255, 255,255 74
1255,255,255,255,255,255,255,255, 255,255,255, 255,255,255475
1255,255,255,255,255,255,255,255,255,255,255,255,255,255472
1255,255,255,255,255,255,255,255, 255,255,255, 255,255,255+473
1255,255,255,255,255,255,189,189,189,189,189,181,181,181+75
SPFEC,SDesd,6,7,14.181,181,177,177,177,177,166,166,166,166,166,157,157,157+73
SPFEC,SDesd,6,8,141157,157,159,159,159,159,159,159,159,159,159,159,159,159* TE
SPFEC,SDesd,6,9,14.159,159,154,154,154,154,154,146,146,146,146,141,141,141*7B | Echo Data:

SPFEC,SDesd,6,10,14,141,141,127,127,127,127,127,117,117,117,117,117,203,203+44|  Digital Number
SPFEC SDesd,6,11,14,203,203,203,203,203,203,203,214,214,214,214,214,214,214 140

Lt N

Figure 2 Raw data output in one ping data from the fish finder

The data format adhered to the NMEAQ183 proprietary sentence standard compatible with a
baud rate of 38400bps. In the raw data, PFEC SDes1, which contained frequency, power, pulse
width, data type, start depth, resolution, and the number of data, was used to index the setting.
PFEC SDes2 contained the depth of measurement, while PFEC SDesd contained raw data from the
echosounder without TVG compensation.

The calibration was conducted to verify whether the fish finder could accurately measure the
sphere ball (Kim et al., 2018). TS pattern was calculated and compared to the theoretical model, and
the measured results agreed with the model, confirming the accuracy. Subsequently, data from
recorded pings were compared and averaged to verify data consistency. The calibration results are
shown in Figure 3.

Figure 3 (a) represents the first and second echo on each ping from TS measurements. The first
echo signified backscattering from the surface of the water to the bottom, which included the
backscattering strength of the sphere ball, while the second echo showed the reflection from the
bottom of the water. The measurement results also signified noise at the surface, caused by the near
field at 0-0.5 m. The results obtained were an average value of 188 from 100 pings, as well as
minimum and maximum values of 152 and 211, respectively. The reflected strengths were then
processed into decibels (dB). Figure 3 (b) represents the sonar equation conversion results as an
echogram which considered parameters such as transmission losses and sound absorption by the
water medium. The average TS of the sphere, calculated using Equation 1, was -40.55 dB, while the
theoretical value for a standard sphere ball, was -41.0 dB (Demer et al., 2015).
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Figure 3 (a) The raw data and (b) processed data of the sphere ball from the fish finder

3.2. Measured TS5 pattern and orientation of eel

The average echo isolation was used to distinguish the measured echo value from surrounding
reflections (Dunning et al., 2023). Echoes with peak values significantly higher than the surrounding
signal were classified as single echoes. TS values obtained from the variation in measurement
angles, namely dorsal, ventral, and both sides of the eels, are shown in Figure 4.

Eels were measured at depth ranging from 1.4-1.6 m, where higher acoustic peaks were
observed. The TS values on the dorsal side were generally higher, likely because the entire surface
of the head and swimbladder reflected the sound, resulting in a high digital value. The
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swimbladder, being filled with air, produced a strong acoustic response due to the impedance
contrast between water and air (Gauthier and Horne, 2004).

o Aspect / Orientation
0.0 ﬁ l Dorsal
B ventral
057 B sice (1)
Side (Right)

1.01

1.5

Depth (m)

-80 -70 -60 -50 -40 -30

Target Strength (dB)

Figure 4 The results of measuring acoustic values on the dorsal or upper (blue), ventral or downside
(red), left (green), and right side (yellow) of the eel

3.3. TS of eel from numerical models
3.3.1. KRM Model
The comparison between TS values measured in the laboratory and those estimated using the
KRM model can vary depending on several factors, including the fish species, experimental
condition, and the modeling assumptions (Reeder et al., 2004). The integration of experimental
measurements with numerical modeling offered a more comprehensive understanding of TS
behavior and variability in fish, as illustrated in Figure 5.

20 Theoretical TS (dB) from KRM model of 65 cm Eel at 200 kHz
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Figure 5 (a) Digitized shape of eel in cylinder form with swimbladder (red color) and interval 16
mm; (b) The theoretical TS pattern related to tilting angle from digitized shape of eel generated by
KRM model

The results were based on assumptions regarding the shape, size, and internal structure of the
fish (Kusdinar et al., 2014). In this study, the KRM model was applied specifically to elvers and
adult eels, as it effectively represented TS across all range frequencies and under near-normal
incidence conditions. TS values generated from KRM model showed various results based on the
acoustic incidence angle or fish orientation. The model calculated the acoustic backscatter from a
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three-dimensional representation of both the swimbladder and the fish body (Macaulay etal., 2013).
Figure 5 (a) illustrates the acoustic scattering pattern at the 200 kHz digitizing interval for the fish
and swimbladder. Meanwhile, Figure 5(b) presents the modeled TS pattern based on the combined
geometry of the swimbladder and fish body. It Is important to note that the results shown in Figure
5 (b) varied with a change in pitch angle, where the impact on scattering strength was greater at
higher frequencies. The highest TS values were observed within a pitch angle range of -10° to 0°,
corresponding to the tilt angle of the swimbladder (Tong et al., 2022).

The orientation of fish relative to the incident sound wave can affect TS values, due to varying
scattering characteristics in different directions. At an incidence angle of at 0° (dorsal aspect) and
180° (ventral aspect), the main lobes from a 65 cm eel at 200 kHz displayed a similar shape, both
yielding higher TS values. The dorsal and ventral aspects exhibited greater scattering angles
compared to other orientations, resulting in stronger sound wave reflections (Reeder et al., 2004).
All eels' sizes were modeled and the results showed consistent patterns. It is important to note that
the acoustics response from different sizes of eels primarily depends on the area and rugosity of the
swimbladder surface and body. Eels possessing swimbladders exhibited resonance effects at
specific frequencies, which could enhance or reduce TS values depending on factors such as
incident frequency, swimbladder size, shape, and gas content (Li et al., 2023).

3.3.2. DWBA Model

The KRM model has limitations when applied to weak scatterers, such as glass eels (Jech et al,,
2015). This is because the model was based on ray theory, which assumed the scatterers were larger
than the wavelength of the incident sound wave. Additionally, it primarily accounts for specular
reflections from the surface of the scatterer (Li et al., 2023).

Glass eels, however, are small and possess relatively smooth bodies, which may not satisfy the
assumptions required by the KRM model. In such cases, DWBA model is more suitable for
predicting scattering as it can accommodate smaller and weaker scatterers (Jech et al., 2015). The
DWBA model incorporates the size, shape, composition, and orientation of the target, enabling
more accurate predictions of scattering behavior in glass eels. For this analysis, fish shapes were
digitized and used to generate meshes for TS estimation, as illustrated in Figure 6.

REah il
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(a) (b)
Figure 6 (a) The digitized 5.37 cm glass eel; (b) The theoretical TS compared to the acoustic incidence
angle at 200 kHz generated by DWBA model

The dorsal and ventral aspects of the fish, corresponding to incidence angles of 0° and 180°
respectively, are generally more exposed to the incoming sound wave because they face directly
toward the acoustic source. This positioning allows for more direct scattering, which often results
in higher TS values. Additionally, the body shape and orientation influence how sound waves are
scattered. The larger surface area of the dorsal and ventral sides reflects more sound energy, further
contributing to increased TS values.
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TS curves produced using the KRM model consistently showed smoother frequency response
profiles with smaller amplitude fluctuations. This suggests that TS estimates from the KRM model
exhibit lower variability and offer greater statistical reliability across the frequency spectrum
compared to those from the DWBA model. As shown in Figures 5 (b) and 6 (b), this trend aligns
with the central limit theorem, which states that increasing the sample size tends to reduce both the
range and the standard deviation of the data distribution.

3.4. Statistical analysis

After obtaining TS values of eels from both numerical models, the data were plotted and
compared with laboratory measurement results, as shown in Figure 7. In this figure, the purple
color represents the TS value derived from the DWBA model, which were based on eel lengths
obtained from digitized images during the glass eel phase. The orange data points indicate TS
values generated by the KRM model, covering the elver to adult eel stages. To evaluate the
relationship between model outputs and measured values, simple linear regression analysis was
applied. TS values obtained from the KRM model demonstrated a strong correlation with
experimental measurements, as shown by the nearly parallel regression lines. In contrast, TS values
from the DWBA model tended to be higher than the measured values.
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Figure 7 TS results (dB) from the direct measurements in the laboratory and the 2 numerical models,
compared to the length of eel (in cm)

KRM model is more appropriate for solid-shaped fish, while the DWBA is more suitable for soft-
bodied organisms such as zooplankton (Jech et al., 2015). DWBA assumes that the target organism
has soft, smooth surface, which does not accurately represent the complex shape and rough surface
of elver and adult eels. As a result, DWBA may not fully capture the scattering and reflection of
sound waves from these irregular surfaces, potentially leading to an overestimation of TS values.
In this study, it was not possible to clearly distinguish between TS measurements obtained in the
laboratory and those predicted by the DWBA model for fish measuring between 1 and 5 cm in
length.

TS values from both the numerical models and laboratory measurements showed a positive
correlation with fish length (Dunning et al., 2023; Hananya et al. 2020). Previous studies have also
established a relationship between fish length and TS across various marine species (Frouzova et
al., 2005). This study found a strong correlation between TS values obtained from the echosounder
and fish finder when compared to those predicted by the KRM and DWBA models, while also
recognizing several limitations. The research involved two eel species, Anguilla bicolor bicolor and
Anguilla marmorata, which differ in morphology and behavior. These biological differences
contributed to variability in the relationship between fish length and TS.

Further comparisons were made between TS measurements collected from the echosounder and
the calibrated fish finder. The results showed no statistically significant difference in mean TS



1333
International Journal of Technology 16(4) 1323-1336 (2025)

values across different eel lengths, as determined by simple linear regression analysis (p-value >
0.05). Moreover, graphical representations in Figure 8 illustrate a high level of consistency between
the datasets acquired using the EK15 echosounder and the FCV-628 fish finder, regardless of fish
size.
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Figure 8 The results of numerical models and laboratory measurements using simple linear
regression analysis

The significance and advantages of this study lie in its potential applications and cost-
effectiveness. The findings demonstrated that a calibrated fish finder can accurately measure fish
of various sizes within the water column. To improve the validity and generalizability of these
results, future research should consider increasing the sample size to include a wider range of
specimens. Investigating eel populations from diverse geographic regions or ecological settings
would also enhance the broader applicability of the findings. Data collected from acoustic
instruments can be further analyzed using artificial intelligence (AI), with machine learning
algorithms employed to identify patterns and trends (Berawi, 2020), particularly in the context of
monitoring eels. Additionally, Al offers the potential to automate routine and repetitive tasks
involved in acoustic data acquisition and processing (Asvial et al., 2023), thereby increasing
efficiency and reducing manual effort.

4. Conclusions

In conclusion, the TS measurement method was applied to 69 eels in a small water tank using a
calibrated fish finder at 200 kHz. The results demonstrated a clear positive relationship between eel
body length and TS values, with the highest TS observed from dorsal and ventral aspects due to
greater acoustic reflectivity, while side orientations produced comparatively lower values.
Numerical modeling further supported these findings: the Kirchhoff-Ray Mode (KRM) model
showed a strong correlation with measured TS values, particularly for elvers and adult eels, making
it a reliable tool for TS prediction in solid-bodied fish. In contrast, the Distorted-Wave Born
Approximation (DWBA) model, more suitable for soft-bodied organisms, tended to overestimate
TS, especially in smaller eels, due to its assumptions about body composition and surface
smoothness. Importantly, no significant statistical difference was found between the TS data
collected using the echosounder and the fish finder, highlighting the potential of using a calibrated
fish finder as a practical and cost-effective alternative for acoustic fish monitoring. This approach
provides new insights into eel detection and size estimation based on TS values. Future studies
should consider larger and more diverse samples, as well as integrating artificial intelligence
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techniques to enhance data analysis and automate acoustic processing for broader ecological
applications.
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