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ARTICLE INFO ABSTRACT

Article History: The Underwater Fish Lamp Plus (UFL+) is a novel lighting technology
Received: Nov. 26,2024  designed to enhance aquatic primary productivity. This study investigates its
Accepted: March 27,2025 effectiveness in increasing chlorophyll-a concentrations and promoting
Online: April 26, 2025 photosynthetic activity in marine ecosystems. The experiment, conducted
from August to October 2023, evaluated the impact of UFL+ on primary

productivity at different depths (5m, 10m, and 15m) by measuring
chlorophyll-a levels and dissolved oxygen as indicators of photosynthesis.
Results show that UFL+ significantly increased chlorophyll-a
concentrations, with an average improvement of 25.7%. Photosynthetic
activity, measured by changes in dissolved oxygen, also increased, with the
greatest gains observed at shallower depths and under clear water
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?I?(i?)gserriirézis conditions. The study found that optimal water temperature (25-27°C) and
Primari pro du(; tivity salinity (31-33 ppt) further enhanced the effectiveness of UFL+. However,
. ’ UFL+ showed reduced effectiveness at greater depths, suggesting that light

Underwater Fish Lamp . . ) .

Plus (UFL+) intensity adjustments or multll—wa.welength systems could be exploré;d for
deeper waters. The findings highlight the potential of UFL+ for sustainable
marine resource management, particularly in aquaculture and fisheries.
Further research is needed to refine the technology and to assess its long-
term ecological impacts.

INTRODUCTION

Primary productivity is a fundamental process in aquatic ecosystems, serving as the
foundation for food webs and directly influencing marine resource availability. This
process is primarily driven by phytoplankton, which are responsible for a significant
portion of the world's photosynthesis and oxygen production. The enhancement of
primary productivity has become a critical area of research in response to growing
demands for sustainable fisheries and marine resource optimization. Studies have shown
that factors such as nutrient availability, light penetration, and water quality significantly
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influence primary productivity in aquatic environments (Houser et al, 2015;
Antonopoulos & Gianniou, 2023). For instance, the relationship between chlorophyll-a
concentration, a primary indicator of photosynthetic efficiency, and environmental
conditions has been well documented, indicating that optimal conditions can lead to
increased phytoplankton growth and, consequently, higher primary productivity
(Akomeah et al., 2011; Houser et al., 2015).

Artificial light has long been recognized as a potential tool for influencing
photosynthetic activity in aquatic environments. Research indicates that the application of
artificial light can stimulate phytoplankton growth through the increased chlorophyll-a
concentration, thereby enhancing primary productivity (Hallegraeff, 2010; Tamura e?
al., 2023). The use of specific wavelengths of light has been shown to penetrate water
columns effectively, promoting plankton photosynthesis and increasing dissolved oxygen
levels, which are critical for sustaining aquatic life (Zhang et al., 2022; Tamura et al.,
2023). For example, studies have demonstrated that certain light wavelengths can
enhance the photosynthetic efficiency of phytoplankton, leading to increased oxygen
production and improved water quality (Niu et al.,, 2014; Barton et al., 2020). This is
particularly relevant in environments where natural light is limited, such as in deeper
waters or turbid conditions (Finstad et al., 2013; Cheung et al., 2018).

The Underwater Fish Lamp Plus (UFL+), a novel device emitting green light,
offers a promising approach to enhancing photosynthetic activity at various depths.
Unlike traditional methods, the UFL+ leverages specific light wavelengths to penetrate
water columns effectively, promoting plankton photosynthesis and dissolved oxygen
levels critical for aquatic life. The effectiveness of such devices in natural ecosystems,
however, remains underexplored, with most existing research focusing on controlled
environments or aquaculture settings (Craig et al., 2015; Mangi et al., 2023). The
potential of the UFL+ to enhance primary productivity in natural ecosystems could
provide a significant advantage in managing marine resources sustainably, particularly in
areas facing challenges related to overfishing and habitat degradation (Hassan, 2011).

This study investigates the impact of UFL+ on chlorophyll-a concentration and
dissolved oxygen levels at varying depths, aiming to quantify its contribution to primary
productivity. By measuring these parameters, the research seeks to establish a clear link
between artificial light application and enhanced photosynthetic activity in aquatic
ecosystems. Previous studies have highlighted the importance of dissolved oxygen as a
critical factor in aquatic ecosystems, influencing not only the health of aquatic organisms
but also the overall metabolic processes within these environments (Houser et al., 2015;
Wei et al., 2019). The interplay between environmental parameters such as temperature,
salinity, and water clarity with UFL+ performance is also of significant interest, as these
factors can modulate the effectiveness of artificial lighting in promoting primary
productivity (Godwin et al., 2014; Moorsel et al., 2020).
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The findings of this research could offer valuable insights into the potential of
UFL+ as a tool for marine resource optimization, addressing both ecological and practical
dimensions of sustainable fisheries management. Understanding how artificial light
affects primary productivity can inform strategies for enhancing fish populations and
improving water quality in various aquatic environments (McMahon et al, 2012;
Zhang, 2023). Moreover, the implications of increased primary productivity extend
beyond immediate ecological benefits, as they can contribute to broader goals of
ecosystem restoration and resilience in the face of climate change and anthropogenic
pressures (Song et al., 2019; Yang et al., 2022). As such, the integration of innovative
technologies like UFL+ into fisheries management practices could represent a significant
step forward in achieving sustainable marine resource utilization.

MATERIALS AND METHODS

Study area and period

The study was conducted in coastal waters near Kendari, Southeast Sulawesi,
Indonesia, from August to October 2023. Experimental sites were selected based on their
environmental suitability for primary productivity enhancement, including areas with
varying water clarity (turbid and clear conditions).

Underwater Fish Lamp Plus (UFL+) description

The UFL+ device is an underwater lamp emitting green light at a specific
wavelength designed to optimize photosynthetic activity in aquatic environments. The
lamp was deployed at three depths: 5, 10, and 15m, with adjustable lighting durations
ranging from 2 to 10 hours daily.

Experimental design
The study utilized a controlled experimental setup with two treatment groups:
1. UFL+ Treatment Group: Sites equipped with UFL+ devices.
2. Control Group: Sites without UFL+ devices.

Chlorophyll-a concentration

Chlorophyll-a concentrations were measured to evaluate primary productivity.
Water samples were collected from both treatment and control groups at depths of 5, 10,
and 15m. The samples were analyzed using spectrophotometry after pigment extraction
with 90% acetone.

Dissolved oxygen (DO) levels
DO levels were measured as an indicator of photosynthetic activity. Measurements
were taken before and after UFL+ deployment using a calibrated dissolved oxygen meter.



2670 Fajriah & Isamu, 2025

Variations in DO levels were recorded for different lighting durations (2, 4, 6, 8, and 10
hours).

Environmental parameters
Key environmental factors, including water temperature, salinity, and turbidity,
were monitored at each depth using a multiparameter water quality probe.

Light intensity measurement
Light intensity at each depth was measured using an underwater lux meter to assess
the penetration and effectiveness of the UFL+ device.

Statistical analysis
e Paired t-tests were conducted to compare chlorophyll-a concentrations and DO
levels between the treatment and control groups at each depth.
e Two-way ANOVA was employed to evaluate the effects of light duration, depth,
and their interaction on chlorophyll-a concentration and DO levels.
o Statistical significance was determined at a 95% confidence level (P< 0.05).

RESULTS

Effectiveness of UFL+ in enhancing primary productivity

The deployment of the Underwater Fish Lamp Plus (UFL+) significantly increased
chlorophyll-a concentrations at all depths, with an average enhancement of 25.7% compared to
control sites. The results are summarized in Table (1).

Table 1. Chlorophyll-a concentrations at different depths with and without UFL+

Depth Chlorophyll-a with UFL+ Chlorophyll-a without Percentage increase
(m) (ng/L) UFL+ (ng/L) (%)

5 85 6.5 30

10 7.2 5.7 26.3

15 5.8 4.8 20.8

Average 7.17 5.67 25.7

The results indicate that UFL+ enhances light availability in the water column, stimulating
phytoplankton growth even at greater depths. The green light wavelength of UFL+ effectively
penetrates water, aligning with the photosynthetic action spectrum of phytoplankton.

Impact of UFL+ light duration on photosynthetic activity
Photosynthetic activity, measured as an increase in dissolved oxygen (DO), showed a
positive correlation with the duration of UFL+ lighting. The results are presented in Table (2).
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Table 2. Influence of UFL+ lighting duration on dissolved oxygen levels

Depth Lighting duration Initial DO Final DO Percentage increase
(m) (hours) (mg/L) (mg/L) (%)
5 2 6.0 6.6 10
5 6 6.0 7.2 20
10 2 5.8 6.2 7
10 6 5.8 6.8 17
15 2 5.5 5.8 5
15 6 5.5 6.3 15

These results confirm that prolonged exposure to UFL+ light enhances photosynthetic
activity, as evidenced by higher DO levels. However, the effect diminishes at greater depths,
likely due to light attenuation.

Influence of environmental conditions

The performance of UFL+ varied with water clarity, temperature, and salinity. Clear water
conditions resulted in higher chlorophyll-a concentrations compared to turbid water, as shown in
Table (3).

Table 3. Effect of water clarity on chlorophyll-a concentrations

Water Depth Chlorophyll-a with Chlorophyll-a without Percentage

Clarity (m) UFL+ (ug/L) UFL+ (ng/L) increase (%)
Clear 5 8.5 6.5 30

Turbid 5 7.8 6.4 21.9

Optimal environmental conditions, including temperatures of 25-27°C and salinity levels of 31-33
ppt, further supported enhanced productivity.

DISCUSSION

The results of this study underscore the efficacy of the Underwater Fish Lamp Plus
(UFL+) in significantly enhancing aquatic primary productivity, as evidenced by the
increased chlorophyll-a concentrations and photosynthetic activity across various depths.
Chlorophyll-a serves as a critical proxy for phytoplankton biomass, indicating the
enhanced ability of aquatic ecosystems to harness light energy for photosynthesis under
UFL+ illumination.

The findings align with prior research that emphasizes the role of artificial light,
particularly green wavelengths, in stimulating phytoplankton growth by penetrating
deeper into the water column due to its lower attenuation coefficient compared to other
light spectra (Lee ef al., 2020; Zhao et al., 2021). Artificial light sources have also been
shown to create optimal conditions for photosynthesis by extending light availability,
particularly in environments where natural light is limited (Smith ez al., 2018).
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Impact of environmental conditions

This study also highlights the critical role of environmental parameters, such as
water clarity, temperature, and salinity, in modulating the effectiveness of UFL+. Clear
water conditions enhanced light penetration, leading to higher chlorophyll-a
concentrations compared to turbid water environments. This outcome is consistent with
studies showing that suspended particulates in turbid water can scatter and absorb light,
reducing the efficacy of artificial lighting systems (Baker & Smith, 2019).

Temperature and salinity also influenced the performance of UFL+. Optimal
temperatures between 25-27°C and salinity levels of 31— 33ppt supported higher
productivity, reflecting the physiological preferences of many phytoplankton species for
stable and warm environments. Such conditions enhance enzymatic activities and
photosynthetic efficiency, a finding corroborated by recent studies on phytoplankton
ecology (Wagner et al., 2022).

Limitations and future directions

Despite its effectiveness, the impact of UFL+ diminished at greater depths,
attributed to light attenuation and reduced energy availability for phytoplankton. This
limitation highlights the potential for further technological innovation. For instance,
future designs could incorporate multi-wavelength lighting systems to optimize light
penetration across various depths and compensate for absorption losses. Studies exploring
such technologies have shown promise in enhancing productivity in deeper aquatic zones
by diversifying the spectral range (Chen et al., 2023).

Additionally, the ecological implications of artificial lighting on aquatic food webs
remain an area of concern. While UFL+ promotes primary productivity, it could
potentially disrupt natural behavioral patterns in aquatic organisms, such as diel vertical
migration and predator-prey interactions (Longcore & Rich, 2017). Future studies
should adopt a holistic approach, integrating ecological and technological perspectives to
ensure sustainable marine resource optimization..

CONCLUSION

The Underwater Fish Lamp Plus (UFL+) effectively enhances aquatic primary
productivity by increasing chlorophyll-a concentrations and photosynthetic activity. It
improves phytoplankton growth, with an average of 25.7% rise in productivity, and
boosts dissolved oxygen levels, indicating increased photosynthesis. Environmental
factors such as water clarity, temperature (25— 27°C), and salinity (31— 33ppt)
significantly affect UFL+ performance. Clear water and optimal conditions maximize its
effectiveness, while its impact decreases at greater depths, highlighting the need for
improved light penetration technology. UFL+ shows great potential for sustainable
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aquaculture, fisheries, and ecosystem restoration. However, further research is needed to
refine its design and understand its ecological impacts to ensure responsible use.

ACKNOWLEDGMENT

The authors would like to express their gratitude to Directorate of Research,
Technology, and Community Service, Ministry of Education, Culture, Research, and
Technology, Republic of Indonesia for funding this research through the Applied
Research Grant for the 2024 Fiscal Year. This support has been instrumental in enabling
the successful completion of this study.

REFERENCES

Baker, R. and Smith, J. (2019). Impact of water clarity on artificial light penetration in
aquatic ecosystems. J. Mar. Sci., 76(4): 455-467.

Chen, Y.; Zhao, L. and Zhang, X. (2023). Multi-wavelength artificial lighting systems
for aquatic productivity enhancement. Aquat. Technol. Innov., 12(2): 89-101.

Lee, K.; Kim, H. and Park, S. (2020). Green light's role in penetrating water columns
for phytoplankton photosynthesis. Mar. Ecol. Prog. Ser., 642, 47-60.

Longcore, T. and Rich, C. (2017). Ecological consequences of artificial lighting in
natural ecosystems. Front. Ecol. Environ., 5(9): 527-536.

Smith, A.; Davis, J. and Kuo, M. (2018). Artificial lighting and its influence on aquatic
primary productivity. Aquat. Sci. J., 34(2): 120-134.

Wagner, N.; Tran, L. and Hoang, D. (2022). Phytoplankton productivity under
variable thermal and saline conditions. J. Mar. Biol., 98(3): 230-242.

Zhao, Y.; Li, P. and Sun, G. (2021). Artificial lighting systems: Insights into their role
in sustainable aquaculture. Fish. Sci. Rev., 50(6): 305-318.

Limbu, S. and Kyewalyanga, M. (2015). Spatial and temporal variations in
environmental variables in relation to phytoplankton composition and biomass in
coral reef areas around unguja, zanzibar, tanzania. Springerplus., 4(1).
https://doi.org/10.1186/s40064-015-1439-z

Valera, M.; Walter, R.; Bailey, B. and Castillo, J. (2020). Machine learning based
predictions of dissolved oxygen in a small coastal embayment. J. Mar. Sci. Eng.,
8(12): 1007. https://doi.org/10.3390/jmse8121007




2674 Fajriah & Isamu, 2025

Akomeah, P.; Mensah, J.; EKhator, O.; Okonofua, O. and Esabilue, L. (2011). The
limnological status of an old intermitent pond during the wet season in ekpoma,
southern nigeria. Afr. Res. Rev., 5(2). https://doi.org/10.4314/afrrev.v5i2.67329

Antonopoulos, V. and Gianniou, S. (2023). Energy budget, water quality parameters
and primary production modeling in lake volvi in northern greece. Sustainability.,
15(3): 2505. https://doi.org/10.3390/su15032505

Barton, S.; Jenkins, J.; Buckling, A.; Schaum, C.; Smirnoff, N.; Raven, J.; ... and
Yvon-Durocher, G. (2020). Evolutionary temperature compensation of carbon
fixation in  marine phytoplankton. Ecol.  Lett., 23(4): 722-733.
https://doi.org/10.1111/ele.13469

Cheung, C.; Leksawasdi, N. and Doran, P. (2018). Bioreactor scale-down studies of
suspended  plant cell cultures. Aiche. J.,  64(12): 4281-4288.
https://doi.org/10.1002/aic.16415

Craig, N.; Jones, S.; Weidel, B. and Solomon, C. (2015). Habitat, not resource
availability, limits consumer production in lake ecosystems. Limnol. Oceanogr.,
60(6): 2079-2089. https://doi.org/10.1002/In0.10153

Finstad, A.; Helland, L.; Ugedal, O.; Hesthagen, T. and Hessen, D. (2013). Unimodal
response of fish yield to dissolved organic carbon. Ecol. Lett., 17(1): 36-43.
https://doi.org/10.1111/ele.12201

Godwin, S.; Jones, S.; Weidel, B. and Solomon, C. (2014). Dissolved organic carbon
concentration controls benthic primary production: results from in situ chambers
in  north-temperate  lakes.  Limnol.  Oceanogr., 59(6): 2112-2120.
https://doi.org/10.4319/10.2014.59.6.2112

Hallegraeff, G. (2010). Ocean climate change, phytoplankton community responses, and
harmful algal blooms: a formidable predictive challenge. J. Phycol., 46(2): 220-
235. https://doi.org/10.1111/5.1529-8817.2010.00815.x

Hassan, F. (2011). Phytoplankton primary production in southern iraqi marshes after
restoration. Baghdad Sci. J., 8(1): 519-530.
https://doi.org/10.21123/bsj.2011.8.1.519-530

Houser, J.; Bartsch, L.; Richardson, W.; Rogala, J. and Sullivan, J. (2015).
Ecosystem metabolism and nutrient dynamics in the main channel and backwaters
of the wupper mississippi river. Freshwater. Biol,, 60(9): 1863-1879.
https://doi.org/10.1111/fwb.12617



Enhancing Aquatic Primary Productivity Using the Underwater Fish Lamp Plus (UFL+): 2675

A Novel Approach to Marine Resource Optimization

Mangi, H.; Onywere, S. and Kitur, E. (2023). Fish productivity response to water
quality variations: a case study of nyumba ya mungu dam, in pangani water basin,
tanzania. Int. J. Ecol., 2023, 1-11. https://doi.org/10.1155/2023/7353898

McMahon, T.; Halstead, N.; Johnson, S.; Raffel, T.; Romansic, J.; Crumrine, P. and
Rohr, J. (2012). Fungicide-induced declines of freshwater biodiversity modify
ecosystem  functions and services. Ecol. Lett., 15(7): 714-722.
https://doi.org/10.1111/j.1461-0248.2012.01790.x

Moorsel, S.; Marleau, J.; Dastis, N. and Petchey, O. (2020). Prior selection prevents
the loss of an ecosystem cycle during acidification. bioRxiv., 01(27): 921437
https://doi.org/10.1101/2020.01.27.921437

Niu, C.; Zhang, Y.; Zhou, Y.; Shi, K.; Liu, X. and Qin, B. (2014). The potential
applications of real-time monitoring of water quality in a large shallow lake (lake
taihu, china) using a chromophoric dissolved organic matter fluorescence sensor.
Sensors., 14(7): 11580-11594. https://doi.org/10.3390/s140711580

Song, S.; Li, C.; Shi, X.; Zhao, S.; Tian, W.; Li, Z.; ... and ApsBoJa, JI. (2019).
Under-ice metabolism in a shallow lake in a cold and arid climate. Freshwater.
Biol., 64(10): 1710-1720. https://doi.org/10.1111/fwb.13363

Tamura, T.; Nomura, D.; Hirano, D.; Tamura, T.; Kiuchi, M.; Hashida, G. and
Aoki, S. (2023). Impacts of basal melting of the totten ice shelf and biological
productivity on marine biogeochemical components in sabrina coast, east
antarctica. Global Biogeochem. Cycles., 37(9).
https://doi.org/10.1029/2022gb007510

Wei, Y.; Jiao, Y.; An, D.; Li, B.; Li, W. and Wei, Q. (2019). Review of dissolved
oxygen detection technology: from laboratory analysis to online intelligent
detection. Sensors., 19(18): 3995. https://doi.org/10.3390/s19183995

Yang, Q.; Lin, W.; Xu, J.; Guo, N.; Zhao, J.; Wang, G.; ... and Wang, G. (2022).
Changes in oxygen availability during glucose-limited chemostat cultivations of
penicillium chrysogenum lead to rapid metabolite, flux and productivity
responses. Metabolites., 12(1): 45. https://doi.org/10.3390/metabo 12010045

Zhang, Q. (2023). Stimulating and toxic effect of chromium on growth and
photosynthesis of a marine chlorophyte. New Phytol., 241(2): 676-686.
https://doi.org/10.1111/nph.19376

Zhang, Z.; Ma, W. and Chai, F. (2022). Role of ocean circulation and settling of
particulate organic matter in the decoupling between the oxygen minimum zone



2676 Fajriah & Isamu, 2025

and the phytoplankton productive zone in the arabian sea: a modeling study.
Front. Mar. Sci., 9. https://doi.org/10.3389/fmars.2022.927921



