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Abstract

The global energy transition relies on renewable solutions such as microalgae. However, the diversity of
microalgae in urban freshwaters, especially how anthropogenic noise affects them, remains unexplored. Our
study explores three small lakes in Greater Jakarta—Babakan (South Jakarta), Puspa, and Kenanga
(Universitas Indonesia, Depok, West Java)—that are becoming more exposed to anthropogenic noise, an
evolving stressor with uncertain ecological effects on microalgae. Microalgae were identified from water
samples collected from Babakan, Kenanga, and Puspa lakes, which had sound levels of -69.37 dB, -81.49 dB,
and -99.43 dB, respectively. The results show that Kenanga Small Lake has the highest diversity (H' 2.44),
while Puspa Small Lake has the highest dominance (D = 0.16) and evenness (E = 0.88). The "silent" Puspa
Lake has the highest lipid percentage, which was 51.66%. While all environmental factors are interconnected
to affect microalgal community structure and lipid percentage, these data point to a possible link between lower
noise levels and better lipid yields, implying that indigenous microalgae from calmer urban contexts could be
a feasible source of sustainable biofuel production.
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Abstrak

Transisi energi global bergantung pada solusi terbarukan seperti mikroalga. Keanekaragaman mikroalga di
perairan tawar perkotaan, terutama bagaimana kebisingan antropogenik memengaruhinya, masih belum
banyak dieksplorasi. Penelitian kami mengeksplorasi tiga situ di Jabodetabek—Babakan (Jakarta Selatan),
Puspa, dan Kenanga (Universitas Indonesia, Depok, Jawa Barat)—yang semakin terpapar kebisingan
antropogenik, tekanan ekologis yang terus berkembang dengan dampak ekologis terhadap mikroalga yang
belum diketahui secara pasti. Mikroalga diidentifikasi secara morfologis dari sampel air yang diambil dari
Situ Babakan, Kenanga, dan Puspa. Tingkat kebisingan masing-masing situ yaitu -69,37 dB, -81,49 dB, dan -
99,43 dB. Hasil penelitian menunjukkan bahwa Situ Kenanga memiliki keanekaragaman tertinggi (H' = 2,44),
sedangkan Situ Puspa memiliki dominansi (D= 0,16) dan kemerataan (E= 0,88) tertinggi. Situ Puspa yang
dianggap sunyi atau tenang memiliki persentase lipid tertinggi, yaitu 51,66%. Meskipun semua faktor
lingkungan saling terkait dalam memengaruhi struktur komunitas mikroalga dan persentase lipid, hasil
penelitian menunjukkan kemungkinan adanya hubungan antara tingkat kebisingan yang lebih rendah dengan
persentase lipid yang lebih tinggi. Hal tersebut menguatkan dugaan bahwa mikroalga indigenous dari daerah
urban yang lebih tenang dapat menjadi sumber produksi biofuel berkelanjutan.
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INTRODUCTION

Freshwater habitats, such as lakes and small lakes (referred to as "situ" in the local context), are
essential to urban areas. These types of water bodies provide essential ecosystem services, such as
water regulation (Teurlincx et al., 2019), and can also be used for recreational activities (Henny &
Mutia, 2014). Small lakes in urban areas preserve a significant degree of biodiversity, despite
environmental stresses driven by urbanization. Fish (Petriki & Bobori, 2024), aquatic plants (Tan et
al., 2024), zooplankton, bacteria, and microalgae (Pikoli et al., 2019; Hendrayanti et al., 2023) are
among the many species living in lakes or small lakes. The resilience of this ecosystem shows how
tolerant the inhabitants are to anthropogenic stressors.

One key group of organisms that lives in the small lake, including urban areas, is microalgae.
Microalgae are a non-taxonomic group of photosynthetic microorganisms (Barsanti & Gualtieri,
2023). This group of organisms plays an essential role as the primary producers in the ecosystem. It
forms the base of the aquatic food web and influences nutrient cycles (Yan et al., 2023). Several
microalgal species are known to frequently dominate urban small lakes. Domination may happen
because those species are developing unique physiological adaptations under unfavorable conditions.
For example, some microalgae in the Chlorophyta division have developed adaptive mechanisms to
cope with changes in nutrient availability (Hamdhani et al., 2024). Specific strains have been studied
and shown to adapt to and even effectively remediate some contaminants, including heavy metals
(Binda et al., 2022; Pandey et al., 2023) and microplastics (Guo et al., 2024). A comprehensive
understanding of these ecological roles and adaptations is required for optimal management and use
of urban aquatic resources.

Anthropogenic noise is one form of anthropogenic stressors. It is an increasingly pervasive and
often overlooked factor in ecosystem studies, especially in studies of microbial habitats (Colbert,
2020). Urban aquatic habitats, especially lakes ("situ™), are subjected to numerous sources of noise
(Bolgan et al., 2016). The primary sources are land and water transportation (Valenzisi et al., 2024),
neighboring construction operations (Wang et al., 2022), industry and urbanization activities (Kuehne
et al., 2013), and water recreation (Henny & Mutia, 2014). The detrimental effects of anthropogenic
noise have been studied on larger aquatic animals, such as marine mammals and fish. Those studies
show disruptions in communication, feeding behavior, and reproduction. However, its impact on
microorganisms, especially in their natural habitats, remains largely unknown (Kuehne, 2013;
Prosnier, 2024).

Previous laboratory-scale studies provide some preliminary information on how microalgae
respond to sound. According to these studies, exposure to various sound frequencies and intensities
can either stimulate or hinder microalgal growth, depending on the strain (Cai et al., 2014; Cai et al.,
2016; Christwardana & Hadiyanto, 2017; Carpio et al., 2015; Tambunan et al., 2021). Some
microalgae strains, such as Chlorella DPK-01 (Tambunan et al., 2020) and Scenedesmus SBG-01
(Tambunan & Prihantini, 2023) (Chlorophyta), show increased growth rates when exposed to certain
music, whereas other strains, such as Synechococcus HS-9 (Cyanobacteria), exhibit the opposite
effect (Santoso et al., 2020b). This physiological reaction is not limited to microalgal growth. Sound
waves have been linked to stress-induced lipid accumulation in some strains, which is an important
factor for biofuel production.

Research on microalgae's potential as a sustainable biofuel has emerged over the last two
decades (Carpio et al., 2015; Prihantini et al., 2020; Tambunan et al., 2024; Rajan & Gaurav, 2023).
Microalgae are highly promising for biofuel production due to their rapid growth rates, high biomass
productivity, and ability to thrive on non-arable land without competing with food crops. Most of
these studies focused on maximizing biomass and lipid production by optimizing physical
(Ardiansyah et al., 2020; Santoso et al., 2020a) and chemical parameters (Yanti et al., 2021; Prihantini
et al., 2024). However, the impact of acoustic waves, which would exist in an industrial setting, has
been generally overlooked.

Previous studies in Indonesia have discovered microalgal biodiversity in urban small lakes such
as Situ Babakan, Situ Puspa, and Situ Kenanga. These studies found that Cyanobacteria
predominated in all three locations. However, there were also significant differences in community
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structure that were linked to variations in environmental factors (Prihantini et al., 2010; EI Amin,
2023; Maulana, 2023). To this day, comparison of the microalgal communities in these three lakes,
while specifically considering the gradient of anthropogenic noise they are exposed to, has not been
done.

Therefore, this study was done to (1) examine the community structure of microalgae in three
urban small lakes, which are Puspa, Kenanga, and Babakan; (2) analyze the effect of anthropogenic
noise on microalgae diversity as well as its dominance, and (3) determine the implications of these
findings for the utilization of microalgae as a raw material for biofuel production.

MATERIALS AND METHODS
Sampling Location

Sampling was conducted in three small urban lakes (situ) located in the Jabodetabek
metropolitan area: Babakan Small Lake (Situ Babakan; South Jakarta), Kenanga Small Lake (Situ
Kenanga; West Java), and Puspa Small Lake (Situ Puspa; West Java). The locations of the lakes are
shown in Figure 1, with Situ Babakan marked by letter (a), Situ Kenanga by letter (b), and Situ Puspa
by letter (c). Each sampling point (Inlet, Midlet, and Outlet) was also marked in the figure.
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Figure 1. Samling locations: Situ Babakan (a), Situ Kenanga (b), and Situ Puspa (c) (Source: Google
Earth with Modifications)

Sampling and Environmental Data Collection

A purposive sampling method was used to collect microalgae from the oxic zone of the three
urban small lakes. Sampling was performed in the morning (9—11 AM) to target microalgae at the
water surface. Samples were collected using a plankton net with a 20 um mesh size, horizontally
thrown 7.5 m from the sampling raft. Sampling points were strategically chosen based on the
hydrology of each small lake. Situ Puspa and Situ Kenanga have three sampling points each (inlet,
midlet, and outlet). Situ Babakan, having two inlets, had four sampling points: inlet 1 (ISTN), inlet 2
(Mangga Bolong), midlet, and outlet.

A total of six replicates were collected from each sampling point. The first three replicates were
stored as fresh samples. The remaining three were preserved by 4% formalin immediately on-site for
later morphological identification and community structure analysis. Environmental parameters were
measured at each sampling location, including water temperature (°C), pH level, weather conditions,
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depth (cm), and dissolved oxygen (mg/L) concentration (using a YSI Model 33 SCT DO meter). The
geographic position of each site was recorded with a GPS. Noise level around the sampling area was
also measured by recording sound for 15 minutes at each sampling point. It was done with a mobile
phone's voice recorder placed right above the water surface. The resulting audio files were analyzed
using Audacity software to determine the noise level and dominant sound frequency of each small
lake.

Microalgae Identification and Community Structure Analysis

Microalgae identification and counting were performed according to the methods used by
Prihantini et al. (2020). A Pasteur pipette was used to draw the samples from the bottles. The sample
was dropped onto the object glass for up to 0.04 mL. The sample was then covered with a cover slip.
The covered sample was then analyzed using a light microscope. Bellinger and Sigee (2015) were
used as references to identify the observed microalgae. Observed microalgae were then counted using
the subsample method (Prihantini et al., 2020) and photographed using a mobile camera.

The community structure of microalgae in each small lake was analyzed based on identification
and cell-counting results. Ecological indices, such as Diversity (H'), Dominance (D), and Evenness
(E), were calculated. The Diversity Index (H") value is obtained by dividing the n; value (the number
of individuals of the i-th species) by the N value (the total number of individuals), which is then
multiplied by the In of the quotient of the n; value and the N value (Stiling, 2001). The Dominance
Index (D) is obtained by summing the squares of the ni value (the number of individuals of the i-th
species) by the N value (the total number of individuals) (Magurran, 2005). Additionally, the
Evenness Index (e) is used to evaluate the uniformity of species distribution based on the Shannon-
Weiner diversity value. This index is calculated by dividing the H’ value obtained from each sampling
point by the total H” value (Odum, 2004). These ecological indices are then presented in the form of
a graph to be compared with the sound level.

Biomass Harvesting and Lipid Extraction

The biomass harvesting method was also performed according to the methods used by
Prihantini et al. (2020). Approximately 10 L of water was directly collected—without a plankton
net—from each small lake. Those water samples were then processed using the Ultrasound
Harvesting Module (UHM), which utilizes acoustic waves to flocculate microalgal cells (Ardiansyah
et al., 2020). The harvested biomass was then dried in an oven at 40 °C for 36 hours, and the resulting
dry biomass was weighed to determine the dry biomass weight.

Lipid extraction was done on the dried biomass using a modified Bligh and Dyer (1959)
method, following Tambunan et al. (2024). A 30 mL mixture of methanol and chloroform (2:1 v/v)
was added to the dry biomass. The mixture was then sonicated for 10 minutes. Subsequently, a 15
mL mixture of distilled water and chloroform (1:1 v/v) was added, and the mixture was sonicated
again for another 10 minutes. The solution was then left to stand, allowing it to separate into two
layers. The bottom chloroform layer containing the extracted lipids was transferred to a petri dish.
This sample was dried at 40 °C until the solvent had evaporated. The final weight was used to
calculate the lipid percentage. Lipid percentage was calculated by dividing dry lipid weight by dry
biomass weight (Li et al. 2008; Tambunan et al., 2024). These total lipid percentages are then
presented in the form of a graph to be compared by the sound level.

RESULTS
Environmental Data at the Sampling Location

The environmental conditions of the three small lakes—Babakan, Kenanga, and Puspa—were
characterized by measuring several key parameters. Data on surrounding and water temperature,
depth, dissolved oxygen (DO), and sound level were collected at various sampling sites within each
lake to assess spatial variations. Table 1 presents the environmental data collected during the study.
The highest value of each parameter is highlighted in peach.

Table 1. Environmental data collected at the sampling location
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Smalll_ocatg);mpling Temperate ce) Depth D;ii/(;l\e/r?d 812323 Weg.ther
lake site Surroundings ~ Water (cm) (mg/L) (dBFS) oH condition
Babakan  Inlet 1 31.00 31.90 125.00 10.70 -73.23 4.0 Cloudy
Inlet 2 32.00 32.40 75.00 9.54 -66.88 4.0
Midlet 32.00 32.80 155.00 6.81 -69.59 4.0
Outlet 33.00 34.30 149.00 6.90 -67.79 4.0
Kenanga Inlet 33.00 33.90 57.00 6.92 -91.73 4.0 Cloudy
Midlet 33.00 33.00 164.00 6.02 -88.09 5.0
Outlet 33.00 33.50 181.00 6.01 -64.64 4.0
Puspa Inlet 30.00 31.20 84.50 7.45 -93.22 4.5 Cloudy
Midlet 31.00 32.30 24.00 6.08 -103.08 4.5
Outlet 32.00 35.50 169.00 6.02 -101.99 4.0

Based on Table 1, variations in key parameters were observed across the sampling locations.
Babakan Small Lake demonstrated the highest average dissolved oxygen (DO) concentration at 8.49
mg/L, significantly greater than Kenanga (6.32 mg/L) and Puspa (6.52 mg/L). The average water
temperature was highest in Kenanga Small Lake (33.50 °C), compared to Puspa (33.30 °C) and
Babakan (32.70 °C). Kenanga Small Lake was also the greatest in terms of average depth, which is
178.33 cm; followed by Babakan (126.33 cm) and Puspa (124.67 cm). The weather conditions during
our sampling time in these 3 small lakes were cloudy. Additionally, the pH level in all small lakes is
slightly acidic, which are ranging from 4 to 5.

To interpret the acoustic environment accurately, sound levels were analyzed using the Decibels
Full Scale (dBFS) standard. In this digital scale, O dB represents the maximum recording ceiling.
Therefore, all measured values are expressed as negative numbers relative to this peak. The lowest
average level was recorded in Puspa Small Lake (-99.43 dBFS), representing the noise floor of the
recording system and a baseline of minimal acoustic activity. In contrast, Babakan Small Lake
(-69.37 dBFS) and Kenanga (-81.49 dBFS) exhibited significantly higher acoustic energy.

Microalgae Identification and Community Structure

The abundance of microalgae was quantified to assess the biological characteristics of the three
small lakes. The average cell counts (cells/L) for various microalgae genera were determined at
Babakan, Kenanga, and Puspa lakes. Table 2 provides a comprehensive list of all identified
microalgae genera and their respective abundance values at each sampling location.

The abundance of microalgae genera varied among the three small lakes. Spirulina was the
most abundant in Babakan Small Lake (73,232.4 cells/L), while Arthrospira was the most abundant
in Kenanga Small Lake (68,686.8 cells/L). In Puspa Small Lake, Spirulina also had the highest
abundance (37,037 cells/L), followed by the unidentified coccoid green algae (30,909.7 cells/L). The
photomicrograph of these microalgae can be seen in Figure 2.

Several genera, such as Pediastrum and Scenedesmus, were found in various forms across the
sampling sites. Pediastrum was represented by five distinct forms (Pediastrum 1-5), and their
abundances varied across the three lakes. Similarly, Scenedesmus was found in three forms
(Scenedesmus 1-3), with their abundance differing among the lakes. The distinctive forms of
Pediastrum and Scenedesmus are shown in Figure 3.
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Figure 2. Photomicrograph of Spirulina from Babakan (a), Arthrospira from Kenanga (b),
unidentified coccoid green algae (c), and Spirulina from Puspa (d). = : 50 um
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Figure 3. Photomicrograph of colonial microalgae with different morphological forms: Pediastrum
1 from Babakan (a), Pediastrum 2 from Puspa (b), Pediastrum 3 from Puspa (c),
Pediastrum 4 from Babakan (d), Pediastrum 5 from Kenanga (), Scenedesmus 1 from
Kenanga (f), Scenedesmus 2 from Puspa (g), and Scenedesmus 3 from Babakan (h).
Pictures not to scale

The diversity and evenness of microalgae communities were analyzed at different sampling
points within each of the three Small Lakes, with the highest values for each metric highlighted in
peach (Table 3). In Babakan Small Lake, the microalgae community showed a mean Diversity Index
(H") of 2.38, with individual sampling points ranging from 1.83 to 2.68. The corresponding mean
Dominance Index (D) was 0.14, and the mean Evenness Index (E) was 0.77. The community in
Kenanga Small Lake had a mean Diversity Index (H') of 2.44, with individual values ranging from
2.36 to 2.49. Its mean Dominance Index (D) was consistently low at 0.12, and the average Evenness
Index (E) was 0.81. Finally, Puspa Small Lake exhibited a mean Diversity Index (H') of 2.33, with
values from 2.16 to 2.50. Its mean Dominance Index (D) was 0.16, slightly higher than the other two
Small Lakes, while its average Evenness Index (E) was the highest at 0.88. A summary of the average
values for each location revealed that Babakan had an average H' of 2.38, D of 0.14, and E of 0.77;
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Kenanga had an average H' of 2.44, D 0f 0.12, and E of 0.81; and Puspa had an average H' of 2.33,
D of 0.16, and E of 0.88.

Table 2. Microalgae abundance (cells/L) in each small lake
Average of microalgae abundance (N) value (cells/L)

Microalgae genera

Babakan Kenanga Puspa
Actinastrum 505.1 1474.7 5387.2
Anabaena 10101 18181.8 0
Ankistrodesmus 0 6060.6 673.4
Ankyra 1515.2 0 0
Apanothece 505.1 2020.2 1346.8
Arthrospira 52020.2 68686.8 26942.7
Aulacoseira 5555.6 2693.6 0
Chlorococcum 4545.4 0 0
Chroococcus 1515.2 0 0
Crucigenia 0 2693.6 0
Cruciginella 0 2020.2 0
Cyclotella 2020.2 5387.2 6734.4
Eudorina 2020.2 8969.5 5387.2
Euglena 3030.3 0 1346.8
Gonium 2020.2 T7474.7 3373.7
Limnothrix 3030.3 0 673.4
Melosira 2525.3 0 3367
Merismopedia 4040.4 17508.4 14848.8
Microcystis 0 2020.2 0
Oscillatoria 2020.2 0 3367
Pandorina 1010.1 4040.4 3373.7
Pediastrum 1 6060.6 2020.2 0
Pediastrum 2 9696.9 2020.2 2693.6
Pediastrum 3 9191.9 6734.4 5387.2
Pediastrum 4 3030.3 4040.4 0
Pediastrum 5 7070.7 673.4 673.4
Phacus 1 9696.9 8080.8 2693.6
Phacus 2 3030.3 5387.2 6060.6
Phacus 3 505.1 0 0
Plankthotrix 1 20707 0 0
Plankthotrix 2 3030.3 0 2693.6
Planktothrix 3 6565.7 0 0
Pseudanabaena 2525.3 3367 0
Scenedesmus 1 2020.2 141414 9696.9
Scenedesmus 2 2020.2 114141 6734.4
Scenedesmus 3 2020.2 2020.2 0
Spirulina 73232.4 70707 37037
Tetraspora 505.1 8969.5 1346.8
Trachelomonas 0 673.4 673.4
Unidentified coccoid green 23737.4 39039 30999.7

Our analysis of the community structure has shown an interesting finding when correlated
with the measured sound levels (Figure 4). Kenanga Small Lake, with an intermediate noise level
(-81.49 dB), showed the highest diversity, while Puspa Small Lake, the quietest of the three (-99.43
dB), had the highest dominance (D= 0.16) and evenness (E= 0.88). The dominance of specific genera
like Spirulina and Arthrospira in the noisier small lakes (Babakan and Kenanga) suggests that these
organisms may be more resilient or adaptable to such stressors.

Table 3. Ecological indices of Babakan, Kenanga, and Puspa Small Lake
Location Sampling point Diversity index (H')  Dominance index (D)  Evenness index (E)
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Babakan Inlet 1 2.68 0.08 0.81
Inlet 2 1.83 0.27 0.64
Midlet 2.52 0.10 0.80
Outlet 2.47 0.11 0.81
Kenanga Inlet 2.36 0.13 0.81
Midlet 2.47 0.12 0.80
Outlet 2.49 0.12 0.82
Puspa Inlet 2.33 0.16 0.88
Midlet 2.16 0.19 0.84
Outlet 2.50 0.12 0.92
250 1238 0.14 0.77 2,33 0.16_0.88 2,44 0.12 0.81
Babakan Puspa Kenangd
& -1750 -
T
=
$ 3750 |
§ m Diversity Index (H")
E -57.50 - ® Dominance Index (D)
2 @ Evenness Index (E)
S - ; -69.37
g 7750 : = Sound Level (dB)
3 -81.49
m -97.50 -
-99.43
-117.50 -

Small lake names
Figure 4. Graph of the connection between community structure and sound level values

Lipid Percentage

Analysis of the microalgae biomass from the three small lakes revealed slight variations in
their lipid content. It can be seen from the graph in Figure 5. The highest lipid percentage was
observed in samples from Puspa Small Lake, reaching 51.66%. This was followed closely by the
microalgae from Kenanga Small Lake, which had a lipid percentage of 50.18%. The lowest lipid
percentage was found in the microalgae from Babakan Small Lake, at 46.96%. A key finding
from this study is the relationship between anthropogenic noise and the percentage of microalgal
lipids. Microalgae biomass from Puspa Lake, with the lowest sound intensity, has the highest lipid
content (51.66%). This inverse relationship suggests that quieter environmental conditions may be
more conducive to lipid accumulation within these microbial communities.
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Figure 5. Graph of the connection between lipid percentage and sound level values

DISCUSSION

This study examines the complex correlation between microalgal communities and
environmental factors, especially anthropogenic noise in urban small lakes. Specifically, it focuses
on how anthropogenic noise as an environmental stressor may impact the potential of microalgae as
a biofuel raw material. Environmental parameters observed across Babakan, Kenanga, and Puspa
small lakes show that distinct habitats likely drive seasonal shifts in microalgal community
structures. The significantly higher dissolved oxygen (DO) levels in Babakan (8.49 mg/L) suggest a
higher photosynthetic rate compared to the deeper, warmer waters of Kenanga. Furthermore, the
slightly acidic pH levels (4-5) across all sampling sites, alongside the cloudy weather during
sampling, indicate a growth environment that may select for specific microalgae that can tolerate
those conditions. Variations of these physical factors, such as the elevated temperatures in Kenanga
(33.50 °C), may act as critical secondary stressors alongside anthropogenic noise. This condition
potentially alters the metabolic pathways responsible for lipid production in microalgae.
Consequently, these abiotic factors must be considered as integral components of the ecological
setting when evaluating the overall potential of microalgae from urban small lakes as a sustainable
biofuel raw material.

In order to accurately interpret the acoustic environment and avoid data misinterpretation,
sound levels were measured using the Decibels Full Scale (dBFS) standard. While sound pressure is
often measured on a logarithmic scale, with 0 dB representing the human hearing threshold (Beranek
& Mellow, 2019), we analyzed our recorded sound levels on a digital scale. In digital terms, the value
of 0 dB is considered the maximum recording ceiling. As a result, all measured values are displayed
negatively in relation to this peak. Negative values on the dBFS scale do not signify the absence of
sound, but rather the intensity of acoustic energy in accordance with the digital maximum. A value
that is closer to zero indicates a higher sound intensity (Kagan, 2025).

Our recorded levels in Babakan (-69.37 dBFS), Kenanga (-81.49 dBFS), and Puspa (-99.43
dBFS) show varying levels of anthropogenic pressure in each sampling site. Based on a logarithmic
scale (Kagan, 2025; Beranek & Mellow, 2019), Kenanga is approximately 62 times noisier than
Puspa, while Babakan exhibits an acoustic intensity roughly 1,000 times greater than Puspa and 16
times greater than Kenanga. These findings are in accordance with intense human activity in Babakan
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and Kenanga, compared to the relatively quiet conditions in Puspa. The high acoustic energy
recorded in Babakan suggests a state of persistent physical agitation. Unlike humans, microalgae are
highly sensitive to subtle vibrations and pressure waves. Such acoustic pressure can induce physical
stress, potentially compromising cell membrane integrity or reducing photosynthetic efficiency,
similar to responses observed in higher plants (Chauhan et al., 2023). Consequently, prolonged
exposure may force a metabolic shift, diverting energy from growth toward survival mechanisms,
such as lipid synthesis (Shi et al., 2020). Our findings offer new perspectives into microalgae
ecosystems in urban lakes. We discovered significant differences in environmental factors,
microalgal communities, and lipid percentages among the three lakes. It suggests a potential
connection between various noise levels and microalgal lipid percentage. This connection has
significant implications for biofuel production.

Certain microalgae species can develop unique physiological adaptations to unfavorable
conditions (Hamdhani et al., 2024; Guo et al., 2024). For instance, the dominance of specific genera,
such as Spirulina and Arthrospira, in the noisier environments (Babakan and Kenanga) suggests that
these organisms possess higher resilience or adaptability to such acoustic stressors. Furthermore, the
presence of multiple morphological forms of genera such as Pediastrum and Scenedesmus across all
three lakes indicates a high degree of phenotypic plasticity. These colonial forms may represent an
adaptive strategy to thrive in a range of conditions, including varying levels of anthropogenic noise.
Coloniality can offer advantages such as defense against grazing pressure (Wang et al., 2022),
improved nutrient uptake, or increased resistance to environmental stresses (Lin et al., 2020). The
widespread presence and morphological diversity of these genera, even in the most
anthropogenically-impacted lake, reinforces the idea that some microalgae are highly tolerant to
urban stressors, including acoustic disturbances.

This finding is in line with laboratory-scale studies indicating that sound waves can trigger
stress-related lipid accumulation in several microalgae strains (Ren et al., 2019; Wei et al., 2022;
Helfield et al., 2016). Although other environmental parameters, such as dissolved oxygen (DO) and
temperature, also affect the lipid, the difference in noise levels across the three small lakes provides
an interesting context for exploring that connection. The higher lipid percentage in the "silent™ lake
could be a response to environmental stress caused by other factors. Microalgae are known to
produce higher amounts of lipids in unfavorable conditions (Han et al., 2016; Anam et al., 2021).
This shows a possible new approach for selectively cultivating indigenous microalgae from small
lakes in quieter urban areas for sustainable biofuel production. Further studies are needed to identify
these specific strains and determine their lipid-producing ability under laboratory conditions.

CONCLUSION

In conclusion, this study demonstrates that anthropogenic noise impacts microalgal
communities in urban small lakes. Specifically, a correlation was observed between lower noise
levels and higher lipid percentages, identifying microalgae from quieter environments—such as
Puspa Small Lake—as promising raw materials for biofuel. However, as this is a preliminary
investigation, large-scale industrial applications require a comprehensive analysis of additional
ecological and physicochemical factors to ensure consistent lipid yields. Future studies should also
be done to know the overall bioenergy potential of these strains beyond lipids. Investigating the
carbohydrate profiles of microalgae biomass from Kenanga, Puspa, and Babakan small lakes could
reveal their suitability for biohydrogen production, thereby establishing them as a sustainable biofuel
raw material.
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