ILMU KELAUTAN: Indonesian Journal of Marine Sciences June 2024 Vol 29(2):181-190 e-ISSN 2406-7598

Acoustic Detection and Quantification of Fish in Lancang Waters of Seribu
Islands, Indonesia

Syahrul Purnawan-2, Henry M. Manik3*, Agustina Sartika Manik2, La Elson2, Myounghee Kang*

1Laboratory of Marine Acoustics, Universitas Syiah Kuala, Banda Aceh 23111, Indonesia
2 Marine Technology Study Program, Department of Marine Science and Technology, Faculty of Fisheries and
Marine Sciences, IPB University, Bogor 16680, Indonesia
3Department of Marine Science and Technology, Faculty of Fisheries and Marine Sciences, IPB University
JI. Rasamala, Kampus IPB Darmaga Bogor 16680 Indonesia.
4Department of Maritime Police and Production System, Gyeongsang National University
501 Jinju-daero, Jinju-si, Gyeongsangnam-do, Republic of Korea
Email: henrymanik@apps.ipb.ac.id

Abstract

Sound propagates effectively through the water column, establishing hydroacoustic technology as a premier
method for underwater exploration, including the mapping of aquatic ecological resources. While the fisheries
sector is considered pivotal in aquatic resource studies, mapping fisheries remains challenging due to the distinct
distribution patterns exhibited by fish within the water column, which are intricately linked to their habitat
preferences. In this study, the hydroacoustic method was employed to analyze the distribution of fish in the waters
surrounding Lancang Island, Seribu Islands, Jakarta. This analysis utilized the target strength (TS) value alongside
oceanographic parameters. Acoustic data was collected using a 200 kHz single beam echosounder based on
parallel transects encircling the waters of Lancang Island. CTD was utilized to collect oceanographic data to acquire
temperature and salinity profiles within the water column. The acoustic data processing was conducted using the
post-processing software SONAR 5-pro. The analysis was performed based on acoustic cells, obtained by dividing
segments every 100 m horizontally and layers every 5 m vertically, thereby obtaining the Target Strength per cell
(TSc) and volume backscattering strength (SV) values from each cell. The results showed that the highest average
TSc value was found in the depth range of 26-31 m at -46.98 dB, and the highest SED biomass was also found in
the same depth range at 26.6 kg.hal. Based on the analysis of water temperature and salinity, it was found that
these factors significantly influence the distribution of fish in the waters of Lancang Island (R-square= 0.1276 and
P< 0.05). This finding also indicates the presence of other parameters affecting fish distribution in Lancang waters,
with the type of substrate and habitat emerging as potential determining factors, notably in coral reef environments.
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Introduction of fish, making it an ideal method for estimating fish

biomass (Simmonds and Maclennan, 2005).

Underwater acoustic technology has long been
recognized as the most reliable method in
underwater surveying and mapping applications
(Hersey, 1969; Manik, 2014; Lee et al., 2021).
Underwater acoustic technology uses sound waves to
detect and quantify objects in the water column.
Currently, acoustic technology is widely used in
fisheries surveys (Achmadi et al., 2014; Manik et al.,
2018; Purnawan et al., 2023), monitoring marine
areas (Dwinovantyo et al., 2017; Manik et al., 2017),
and conducting bathymetric surveys and seabed
mapping (Manik et al., 2006b; Manik et al., 20063a;

Acoustic methods offer advantages in rapidly
and accurately obtaining information on fish
distribution and biomass in an area (Hilborn et al.,
2020; Peck et al., 2021),. Estimating fish abundance
quantitatively can be done with the development of
echo integration and echo counting techniques
(Thomas and Kirsch, 2000). Inferring quantitative
information about target fish is an important
requirement to obtain the target strength value as a
signal of target fish (Simmonds and Maclennan,
2005). Fish biomass, on the other hand, is the total
mass of fish in a given area, often expressed as the

Manik, 2012). The application of acoustic technology
in fisheries is also recognized for its non-invasive
nature, which does not require the capture or killing

weight of fish per unit area. Acoustic technology can
be used to estimate fish biomass by measuring the
number and size of fish in a given area (Orduna et al.,
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2021). This information can then be used to calculate
the total weight of fish in that area. Therefore, this
method can be used to quantitatively estimate the
number of fish under actual conditions (Laouar and
Djemali, 2018).

Lancang Island is located in the Seribu Islands
chain northwest of Jakarta City. It is inhabited by
people predominantly engaged in fishing, relying on
natural catches for their livelihoods. Like other small
islands in the Seribu archipelago, Lancang Island is
primarily composed of limestone-based reef plains.
The soil type on Lancang Island is coral sand formed
from the weathering of coral rocks, characterized by
a bright, grayish-white, and loose texture (Elson et al.,
2022). The waters surrounding Lancang Island are
renowned for their hard coral reefs, playing a crucial
ecological and economic role by sustaining diverse
aquatic life at various life stages and contributing to
high fish diversity (Purnomo and Ruswahyuni, 2009).
Unfortunately, the ecological condition of these coral
formations has been adversely affected by pressures
originating from Java Island (Sachoemar 2008).

The waters surrounding Lancang Island harbor
significant fisheries potential, with the presence of
scad, sardine, and squid, supported by the
surrounding coral reef ecosystem (Rivai et al., 2017).
However, the fisheries potential related to the
standing stock of fish in Lancang Island waters has
not been previously explored. Thus, it is necessary to
comprehensively assess fisheries potential using
acoustic methods in this area. This study employed
hydroacoustic methods, using a Simrad EK15 single-
beam echosounder to assess fish distribution and
estimate biomass in Lancang waters. Additionally,
oceanographic  parameters such as water
temperature and salinity were examined to
understand their relationship with fish distribution in
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the region. The findings of this study provide essential
insights to support the sustainable use and
conservation of natural resources in the Lancang
Island area.

Materials and Methods

Acoustic data acquisition

Field data collection was conducted in January
2020. During the acoustic data recording, the
vessel's speed was maintained at approximately 3 to
4 knots. Track data collection, including both acoustic
data and CTD data, was carried out following the
parallel transect around the waters of Lancang Island,
as shown in Figure 1.

The acoustic survey instrument used for data
acquisition was a single beam echosounder (SBES)
Simrad EK-15. The SBES Simrad EK-15 is a portable
scientific echosounder with a frequency of 200 kHz,
a beam width of 26 degrees, and a maximum output
power of 45 watts. The pulse length was set at 80 ys
with a ping rate of 40 Hz. The speed of sound
obtained based on the Mackenzie equation
(Mackenzie, 1981) by entering the temperature and
salinity values of the local waters was 1549 ms. The
transducer was attached to the starboard side of the
ship using an iron pipeline and submerged in water at
a depth of about 0.7 m from the sea surface. Prior to
data collection, the Simrad EK-15 device was
calibrated. The calibration process was conducted
aboard a stationary boat near Lancang Island Harbor,
during good weather and calm water conditions. This
involved lowering a 35 mm tungsten sphere to a
depth of around 2 m and adjusting the measured
reflection value to the reference value. Once the
instrument calibration process was completed, the
Simrad EK-15 was then used for the measurement
process.
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Figure 1. The data acquisition sites were located in Lancang waters. The acoustic survey track is delineated with gray lines while

the 12 CTD sites are indicated with green dots.
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Figure 2. Sonar5-Pro post-processing software interface. The integrated cell is divided by sub-segments within 200m horizontally

and layer widths within 5m.

Oceanographic parameters

Alongside  acoustic data acquisition,
oceanographic parameters such as temperature and
salinity were also collected using a CTD type AML
Minos-x. Temperature and salinity data profiles were
conducted by lowering the CTD from the water
surface with a depth interval of 0.1 m to depths near
the seabed. These measurements were taken at a
total of 12 stations, located between acoustic data
collection transects around Lancang waters. The
processing of vertical profiles of temperature (in
degrees Celsius) and salinity (in parts per thousand -
ppt) that have been obtained involved plotting the
data on X-Y diagrams. Additionally, to derive a
representative value for the acoustic value
integration column, the temperature and salinity
parameter values were averaged per 5-meter depth
vertically at each of the 12 data collection transects.

Data analysis

The default data format outputted by the
Simrad EK-15 is a *.raw file. The data processing was
done in this study using the post-processing software
Sonar5-Pro (Balk and Lindem 2014), which required
a dongle to convert the *.raw extension to *.uuu, and
then displayed it as an echogram (Figure 2.).
Echograms itself is a graphic visualization of
amplitude values that represent sound waves (echo)
reflected by objects below the surface of the
transducer.

The data integration process was done with
caution and consideration of the potential noise
generated in the area around the transducer surface.
For this reason, the water column selection process

was conducted from a depth of 1 m below the
transducer surface to eliminate near-field factors and
surface noise. The integration layer was created
based on an elementary sampling distance unit
(ESDU) of 100 m horizontally with an integration width
of 5 m vertically.

Target identification was performed using the
Target Strength (TS) parameter generated by sound
reflections generated from underwater objects. TS is
an acoustic parameter that measured the echo
strength (dB) from targets such as fish when they are
located in the beam area of the transducer. These
measurements are inherently biased if the fish are
not separated enough to be observed as a single
target, requiring analysis software that includes
algorithms to filter out single echoes.

For this reason, this research applied the
Single Echo Detector (SED) available in the software.
SED is a technique to recognize a single echo
produced by a single target detected in the
echosounder beam. It also separates the target echo
from any overlapping noise, therefore ensuring a
good signal-to-noise ratio (Manik and Nurkomala,
2016). Data filtering was also performed by applying
a threshold over the processed data to eliminate
unwanted object reflections. The threshold value was
set at -70 to -35 decibels, with intervals of 5 dB.

The maximum reflection of a fish target is
produced when the target is located on the axis of the
acoustic beam (Traynor, 1990). A basic calculation of
TS target reflection (dB) can be determined based on
the value of the received signal returned to a
transducer (signal excess, SE), following the simple
equation below:
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SE =SL+TS + Gg + Gryg + 2B(6,0) —TL (1)

where SE = signal excess; SL = source level (dB); TS
= Target Strength (dB); Gr = receiving gain (dB); Grva
= time-varied-gain; B(0,¢p) = beam-pattern factor; and
TL = Transmission loss (dB). Transmission Loss
calculates the amount of sound energy loss when
propagated in the water column, consisting of
absorption by the water column and spreading loss,
calculated following (eq. 2):

TL = 40log(R) + 2aRa (2)

Where 40 log(R) is spreading loss (dB); 2aR is
absorption loss (dB); R is range (m)

The strength of the returning echo s
determined by fish characteristics such as length-
weight, where the coefficient value used follows
(Herzig and Kubecka, 2001). The general relationship
between TS value and fish length is explained by the
eq. 3:

TS = Alog(L) + B. 3)

For biomass analysis, the Sv/TS Scaling technique
was also applied. Fish density value (fish/m3) can be
obtained by using eq. 4:

p=" (4)

where p is Fish density (fish/m3); N is the number of
good samples; V is the beam volume sum.

Result and Discussion
Hydro-oceanographic parameters

Data extraction of oceanographic parameters
showed changes in temperature and salinity as a
function of water depth. The highest recorded water
temperature was 30.4 °C and the lowest was 28.6 °C,
resulting in an average of 29.15+0.46 °C. Water
temperature tends to be warmer at the surface and
becomes lower at higher depths. On the other hand,
the salinity profile showed higher values as the depth
increased. Salinity in Lancang waters was recorded
between 29.3 ppt to 32.4 ppt with an average of
31.71+0.65 ppt. The temperature and salinity
profiles obtained from a total of 12 stations on
Lancang Island are presented in Figure 3.

Water temperature and salinity are two
oceanographic parameters that have a significant
influence on the availability of fish in a particular

water area (Lehodey et al., 2006). As a tropical
region, sunlight conditions that shine throughout the
year make this area has high productivity.
Consequently, the temperature of the waters is found
to be warm at the surface and cooler in the deeper
water column due to the conduction factor which is
not ideal for transferring heat. Salinity values
exceeding 30 ppt in this area are very typical for
marine waters. This could be a consequence of the
lack of nearby freshwater discharge since the Seribu
Islands consist of a cluster of small coral islands
devoid of river flow. Low salinity values found at the
surface could result from precipitation events that
lower salinity in the surface area, while high salinity
extends to deeper layers.

Additional results obtained on the condition of
the Lancang waters include the depth of the seabed
measured from the acoustic data acquisition. The
depth of the seabed measured by the acoustic
instrument was 29.6 m at the deepest and 17.7 m for
the average obtained. These results indicate that the
waters of Lancang Island are likely to be shallow, as
it is partly a coral area.

Target distribution

Along the track, we found a total of 1,166,361
#SED, where the maximum #SED was found at a
depth range of 11-16 m with 454,766 of SED. The
average SED information resulted from dividing the
total #SED value by the number of integration cells in
each depth range (SED/cell). The SED/cell value at
the surface was found to be 134.2 and increased in
the next layer until the maximum number was found
in the third layer, 11-16 m depth, with 3419.3 (Table
1.). It is evident that the upper layer near the surface
contains the highest number of integrated cells. The
number of integration cells of the water column
gradually decreases in deeper layers, this reduction
in integration cells is mainly due to the limited water
depth, especially in certain areas where the bottom is
relatively shallow.

Additionally, the area density values based on
sub-layers exhibit a pattern consistent with the
distribution of #SED. The middle layers, in particular,
demonstrate higher area density values compared to
both the surface and deeper layers. Specifically, the
highest density is observed in the 16-21 m sub-layer
with a value of 64,838.4, which is comparable to the
density of the sub-layer above it, valued at 63,940.9.
However, there is a significant difference with the
surface sub-layer, which is valued at only 1712.3.
This observation indicates a tendency for numerous
objects to aggregate at intermediate depths,
highlighting the noticeable density of these layers.
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Figure 3. Vertical profiles of: (a) temperature; and (b) salinity, versus water depth at 12 stations.

Table 1. Number of SEDs and cells per depth layer

no Layer (m) # SED #cell SED/cell Area Density (#/ha)
1 1-6 18514 138 134.2 1712.3

2 6-11 222684 135 1649.5 14330.2

3 11-16 454766 133 3419.3 63940.9

4 16-21 399190 124 3219.3 64838.4

5 21-26 69877 65 1075.0 27894.1

6 26-31 1330 2 665.0 32438.7

108,585

M

Figure 4. Spatial distribution of the TSc on every depth layer: (a) 1-6 m; (b) 6-11 m; (c) 11-16 m; (d) 16-21 m; (e) 21-26 m; (f) 26-
31 m. The color scale of the TSc displayed has the same range on every depth layer.
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Target strength

The distribution of TSc values per depth layer,
as depicted in Figure 4, offers valuable insights into
the spatial distribution of TSc across the Lancang
Island waters. These values, categorized at 5 dB
intervals from -70 dB to -35 dB, represent the
acoustic reflection intensity generated by each target
in a cell, calculated as the average Target Strength
value per cell. Specifically, the distribution of fish in
the water column adheres to certain criteria, with the
surface layer predominantly characterized by low TSc
values, followed by deeper layers exhibiting higher
TSc values. However, noteworthy exceptions exist,
particularly in the eastern and northern regions,
where some spots in the surface layer display
relatively high TSc values. This indicates distinct
variations in TSc values between the surface and
deeper layers, suggesting a clear stratification of
acoustic reflection intensity. In the depth range of 21
to 26 m (Figure 4e.), higher TSc values are found
mainly in the eastern and northern parts, whereas the
western side has shallower waters. Notably, in the
depth range of 26 to 31 m (Figure 4f), only two
integrated cells with TSc values are depicted, situated
in the northern part of the survey area.

Figure b5a illustrates the results of the
calculation conducted to obtain the average TSc
value at each depth. These values were derived by
initially calculating TS in its linear form. This result
validates the previous statement indicating an
increasing trend in TSc values with increasing water
depth. Target Strength (TS) is pivotal in determining
fish size distribution within the water column. Smaller
fish generally exhibit lower TS values, whereas larger
fish tend to have higher TS values (Manik, 2009).
Figure 5b, derived from equation (3), illustrates that
larger fish predominantly inhabit deeper water
columns. Nonetheless, it's noteworthy that the
standard deviation was notably higher in the surface
layer compared to deeper water layers.

Based on the data presented, it can be inferred
that while there is a notable standard deviation at the
surface for both fish TSc values and fish size (as
depicted in Figures 5a and 5b), fish in the surface
layer generally exhibit smaller sizes but with a
relatively wide range. In contrast, as depth increases,
fish tend to be larger and exhibit less diversity. The
prevalence of smaller fish near the surface may be
attributed to their feeding habits, as they typically
feed on plankton or other small organisms present in
surface waters. Conversely, larger fish are more likely
to inhabit deeper layers, where they have the ability
to tolerate conditions in the deeper water column.

SV and biomass

Volume Backscattering Strength (SV) is a
critical parameter in acoustics, indicating the

intensity of scattering in the water column originating
from various objects (Czudaj et al., 2021). Especially
in fisheries, the observed scattering can be attributed
to backscatter from various fish species. Figure 6
illustrates the average SV value associated with sub-
layer depths in the waters surrounding Lancang
Island, showing lower average SV values near the
surface and an increasing trend with greater depth.
Notably, the 5th layer (21-26 m) exhibits a significant
average SV value, although with a substantial
standard deviation, indicating a diverse range of SV
values at this depth.

The estimation of fish biomass using acoustic
methods is also highly dependent on the value of SV.
This is because biomass estimation relies on SV and
TS scaling techniques, which enable the derivation of
fish biomass distribution throughout the water
column. Figure 7 illustrates the distribution of
biomass across each sub-layer, indicating higher
biomass values in the deeper layers of the water
column. This trend is supported by data revealing that
intermediate depths have the highest target
densities, further reinforced by evidence showing
larger fish predominantly inhabiting these deeper
regions, as indicated by higher TSc values. While the
average biomass value in deeper waters increased,
there was also an increase in variability. This
contrasts with the biomass value near the surface,
which is lower and more uniform. Although the
highest average biomass was found at depths of 26-
31 m, itis derived from only two cells in that sub-layer.
The 21-26 m sub-layer specifically exhibits noteworthy
biomass potential, with an average biomass value of
14,219.8 g.hal. It's also important to admit the
standard deviation accompanying this average
(Figure 8), highlighting the considerable variability in
biomass values within this depth range. Certain areas
display high biomass values, while others
demonstrate lower values. Upon closer examination
of spatial distribution patterns, it becomes evident
that the waters around Lancang Island, particularly its
northern part, are more likely to host significant fish
populations. This highlights the potential influence of
geographic location on fish distribution and
abundance within the study area.

Correlation analysis

The distribution pattern of fish in the water column
can be analyzed by correlating it with environmental
parameters in the waters of Lancang Island by
extracting salinity and temperature data. In order to
examine this relationship, particular emphasis was
placed on the correlation between TSc and the
temperature and salinity variables. Each of these
parameters had a P<0.05, as temperature produced
an R-square of 0.1027 and salinity of 0.0852. In this
regard, simple linear  regression analysis
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demonstrated that both temperature and salinity while the opposite trend was observed with higher
significantly influenced the distribution of TS values in salinities. Based on a simple linear regression
Lancang waters. Figure 9 illustrates a tendency for function, it is argued that temperature influenced the
TSc values to decrease with increasing temperature, distribution of TSc in Lancang waters more than salinity.
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Figure 5. (a) The average value of TSc in each layer with 5-meter intervals along with the standard deviation value. (b) Fish length
value obtained from fish TS-L relationship.

SV [dB]

1-6 6-11 11-16 16-21 21-26 26-31
layer (m)

Figure 6. SV value by depth layer
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Figure 7. Spatial distribution of the biomass on every depth layer: (a) 1-6 m; (b) 6-11 m; (c) 11-16 m; (d) 16-21 m; (e) 21-26 m;
(f) 26-31 m. The color scale for displaying biomass remains consistent across all depth layers.
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Figure 9. Oceanographic parameter relationships versus TSc values. Oceanographic parameters such as: (a) temperature, and

(b) salinity, are expressed in logarithmic.

Notably, a multiple linear regression equation
was employed when both parameters were included
in the correlation analysis with TSc values. The
resulting equation was TSc= 1582.1 - 684.2 log T -
422.6 log S, where T represents temperature and S
represents salinity. Moreover, the analysis yielded a
statistically significant R-square of 0.1276 with a P<
0.05. When the two parameters were tested together,
an improved R-square value of 0.1216 was obtained,
surpassing the individual measurements. This
indicates that the assessment of fish distribution in
Lancang waters is more effectively achieved by
considering both  oceanographic parameters,
temperature, and salinity, which jointly influence fish
distribution through TSc values, rather than analyzing
them separately.

The modest R-square value suggested that
additional parameters were likely to have a greater
influence on the distribution of fish in Lancang
waters. This would certainly be quite complex and
requires further analysis by considering habitat
factors, for example, the condition of coral reefs in
these waters or the types of seabed substrates.

Considering that this area is partly composed of coral
reef ecosystems, it can be speculated that some of
the fish that live in this area are reef fish associated
with coral reef habitats (Alvarez-Filip et al., 2011).

Conclusion

This study revealed distinct variations in TSc
values across different depths of the water column,
suggesting a clear stratification of acoustic reflection
intensity. This trend aligns with biomass distribution
patterns, with lower values observed at the surface
and higher values in deeper layers, particularly
concentrated in the northern region of Lancang
Waters. Furthermore, regression analysis focusing on
temperature and salinity highlights their significant
influence on TSc values, emphasizing the role of
environmental factors in influencing fish distribution.
However, while these factors explain a portion of the
variance in TSc values (as indicated by the R-square
value of 0.1276), it is evident that additional
unexplored factors, potentially including habitat and
substrate type, may contribute to observed
distribution patterns.
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