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Marine primary productivity underpins aquatic food webs and determines 

nutrient availability for fish populations. Light spectrum and depth 

significantly influence phytoplankton photosynthesis, yet their interactive 

effects in tropical marine environments remain insufficiently quantified. 

This study evaluated the effects of Underwater Fish Lamp Plus (UFL+) with 

green and orange light spectra on chlorophyll-a concentration, plankton 

community structure, and environmental parameters in Tondonggeu coastal 

waters, Kendari, Indonesia. Experiments were conducted at depths of 5, 10, 

and 15m. Chlorophyll-a was measured spectrophotometrically; plankton 

were identified microscopically, and ecological indices of diversity (H′) and 

evenness (E) were calculated. Real-time data on light intensity, temperature, 

salinity, dissolved oxygen, and turbidity were recorded by integrated 

sensors. Green UFL+ illumination significantly increased chlorophyll-a 

concentration (1.11mg m⁻³), plankton abundance (1.47 × 10⁴ cells L⁻¹), 

diversity (H′ = 1.81), and evenness (E = 0.83) compared with orange light 

(0.950 mg m⁻³; 1.20 × 10⁴ cells L⁻¹; H′ = 1.60; E = 0.78). Green light 

penetrated deeper (2,100 lux at 15m) than orange light (1,000 lux), with 

optimal productivity observed at 10m depth where temperature (27–29 °C), 

salinity (30–31 ppt), and dissolved oxygen (6.7–6.9 mg L⁻¹) remained 

stable. UFL+ with green light enhances marine primary productivity and 

plankton community stability through improved light penetration. The 
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INTRODUCTION 

 

Marine primary productivity serves as a critical foundation for aquatic ecosystems, 

influencing food webs and biomass availability across multiple trophic levels, with 

phytoplankton being the primary producers in this dynamic. The interplay between light 

levels, water depth, and oceanographic conditions profoundly affects marine primary 

productivity, which in turn determines the availability of resources for plankton, fish, and 

higher predators (Domingues & Barbosa, 2023). The reliance of phytoplankton on 

photosynthesis, a process intricately linked to these environmental factors, highlights the 

importance of understanding the variability in light and nutrient conditions that can drive 

fluctuations in ecosystem stability and overall productivity (Isroni et al., 2023; Masithah 

& Islamy, 2023). 

Light penetration in aquatic systems is uneven, with specific wavelengths 

impacting photosynthetic efficiency differently (Luimstra et al., 2020). Studies illustrate 

that green light penetrates the water column more effectively than orange light, 

potentially enhancing photosynthesis in deeper waters where phytoplankton reside (Ye et 

al., 2021). Nonetheless, empirical data linking water depth, specific light wavelengths, 

and phytoplankton productivity is still scarce, especially in tropical marine contexts 

(Luimstra et al., 2020; Domingues & Barbosa, 2023). 

The innovation of Underwater Fish Lamp Plus (UFL+) technology, originally 

developed for attracting fish, has furthered research capabilities by integrating real-time 

oceanographic sensors to monitor multiple environmental variables critical to assessing 

marine productivity (Baumgartner et al., 2020; Fajriah & Isamu, 2025; Fajriah et al., 

2025a, c). This system facilitates the exploration of how different light spectra affect 

chlorophyll-a concentrations and phytoplankton dynamics under varying conditions. 

Initial studies suggest that integrating this technology provides an avenue for quantifying 

primary productivity and understanding phytoplankton response to light conditions, 

which remains a relatively underexplored area of marine research (Booge et al., 2018; 

Masithah & Islamy, 2023). 

Despite the advancements in technological tools like the UFL+, there is still a 

substantial gap in the understanding of how these environmental variables interact with 

phytoplankton community structure and productivity (Ye et al., 2021). This lag in 

knowledge presents an opportunity for future studies. The proposed research objectives, 

which aim to assess chlorophyll-a concentrations under varied light and depth conditions, 

analyze phytoplankton community structures, and apply ecological indices, are critical 

for advancing our understanding of marine ecosystems and supporting sustainable 

fisheries management (Baumgartner et al., 2020; Domingues & Barbosa, 2023). 

integration of UFL+ and real-time sensors offers a novel approach for 

monitoring ecosystem dynamics and supporting sustainable, ecosystem-

based fisheries management. 
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The interaction of light quality, water depth, and other oceanographic conditions 

creates a complex network influencing marine primary productivity. Technological 

advancements in monitoring these interactions not only foster deeper ecological insights 

but also pave the way for informed fisheries management strategies that consider the 

nuanced behaviors of marine ecosystems. The present study aimed to: (1) quantify 

chlorophyll-a concentrations under green and orange UFL+ lighting, (2) analyze 

phytoplankton composition and abundance, (3) calculate ecological indices of diversity 

(H′) and evenness (E), and (4) evaluate the influence of depth (5, 10, and 15m) and 

oceanographic conditions on primary productivity. By integrating UFL+ with real-time 

environmental monitoring, this research provides novel insights into marine primary 

productivity and its implications for fish nutrition and sustainable fisheries management. 

 

MATERIALS AND METHODS  

 

Study area and sampling design 

The study was conducted in the coastal waters of Tondonggeu, Kendari City, which 

is adjacent to the waters of South Konawe Regency, Southeast Sulawesi, Indonesia. The 

area is characterized by relatively good water transparency, making it suitable for light 

penetration studies. Sampling was carried out at three depths (5, 10, and 15m) under two 

light treatments using the Underwater Fish Lamp Plus (UFL+): green and orange. Each 

treatment was replicated to ensure data reliability. 

 

Chlorophyll-a analysis 

Water samples were collected from each depth using a Van Dorn water sampler and 

preserved with 90% Lugol’s solution. Chlorophyll-a was extracted following standard 

spectrophotometric methods, and concentrations were expressed in milligrams per cubic 

meter (mg/m³). Absorbance values were measured using a calibrated UV-Vis 

spectrophotometer. 

 

Plankton identification and abundance 

Plankton samples were obtained by filtering seawater through a 25µm plankton net. 

Samples were preserved with Lugol’s solution and analyzed under a compound 

microscope. Identification was based on established taxonomic references (Masithah & 

Islamy, 2023). Abundance was quantified in cells per liter (cell/L) using a Sedgewick-

Rafter counting chamber. 

 

Ecological indices 

The Shannon–Wiener diversity index (H′) and Pielou’s evenness index (E) were 

calculated to assess plankton community structure and stability (Islamy et al., 2024). 
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These indices provided insights into species richness and distribution patterns under 

different light treatments. 

 

Oceanographic sensor measurements 

The UFL+ device was equipped with an integrated real-time oceanographic sensor 

system. Parameters measured included light intensity (lux), water temperature (°C), 

salinity (ppt), dissolved oxygen (mg/L), and turbidity/clarity (NTU) Data were 

continuously recorded during the experimental period to capture environmental 

variability (Islamy et al., 2024). 

 

 

 

Statistical analysis 

Data were analyzed using descriptive and inferential statistics. Analysis of variance 

(ANOVA) was employed to test differences in chlorophyll-a concentration, plankton 

abundance, and ecological indices between treatments (light spectrum and depth). Post-

hoc Tukey tests were applied where significant differences were detected. Statistical 

significance was set at P< 0.05. 

 

RESULTS  

 

Chlorophyll-a concentration 

Chlorophyll-a concentration varied significantly between treatments. The green 

UFL+ light produced higher concentrations (1.11mg/ m³) compared to the orange light 

(0.950mg/ m³), indicating enhanced phytoplankton photosynthetic activity under green 

illumination (Fig. 1 & Table 1). 
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Fig. 1. Comparison of chlorophyll-a concentrations under green and orange UFL+ light 

treatments 

 

Table 1. Summary of laboratory measurements under green and orange UFL+ light 

treatments 

Parameter Green Light (UFL+) Orange Light (UFL+) 

Chlorophyll-a (mg/m³) 1.11 0.950 

Plankton abundance (cell/L) 1.47 × 10⁴ 1.20 × 10⁴ 

Diversity index (H′) 1.81 1.60 

Evenness index (E) 0.82 0.78 

 

Plankton abundance and community structure 

Plankton abundance was greater under green light (1.47 × 10⁴ cell/L) compared to 

orange light (1.20 × 10⁴ cell/L). Diversity (H′) and evenness (E) indices were also higher 

under green light (H′ = 1.81; E = 0.83) relative to orange light (H′ = 1.60; E = 0.78), 

suggesting a more balanced community structure (Figs. 2, 3 & Table 1). 
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Fig. 2. Plankton abundance (cell/L) observed under green and orange UFL+ light 

treatments 

 

 
Fig. 3. Diversity (H′) and evenness (E) indices of plankton communities under green and 

orange UFL+ light treatments 

 

Depth variation in light intensity 

Light penetration differed markedly between treatments. Green light penetrated 

deeper, maintaining 2,100 lux at 15m, compared to only 1,000 lux for orange light at the 

same depth (Islamy et al., 2025). The 10m depth emerged as the optimum photosynthetic 

zone, with the highest chlorophyll-a concentrations and phytoplankton abundance (Table 

2 & Fig. 4). 

 

Table 2. Light intensity (lux) of green and orange UFL+ at different depths 

Depth (m) Green Light (lux) Orange Light (lux) 

5 6,500 5,400 

10 4,600 3,200 

15 2,100 1,000 
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Fig. 4. Light intensity profiles of green and orange UFL+ at different depths in the study 

area 

 

Oceanographic parameters 

Real-time sensor data showed stable environmental conditions across treatments. 

Temperature ranged from 27- 29°C, turbidity from 48–49 NTU, salinity from 30– 31ppt, 

and dissolved oxygen from 6.7– 6.9mg/ L. These parameters supported favorable 

conditions for phytoplankton growth. 

 

DISCUSSION 

 

The results of this study demonstrate that light spectrum significantly influences 

marine primary productivity, with green UFL+ light producing higher chlorophyll-a 

concentrations, plankton abundance, and more balanced community structures compared 

to orange light. This finding aligns with the principle that different wavelengths of light 

penetrate the water column at varying depths, with green light known to penetrate more 

effectively than orange or red wavelengths. Enhanced penetration allows phytoplankton 

to photosynthesize efficiently even at greater depths, which explains the higher 

productivity observed under green illumination. 

Depth also played a key role in shaping productivity patterns. The 10 m layer was 

identified as the optimal photosynthetic zone, characterized by high chlorophyll-a 

concentrations and phytoplankton abundance. At this depth, light intensity was sufficient 

for photosynthesis, while temperature and oxygen remained stable. These findings are 

consistent with studies in other tropical marine ecosystems, which report that moderate 

depths often represent the most favorable zone for phytoplankton growth due to balanced 

light and nutrient availability (Fajriah & Isamu, 2025; Fajriah et al, 2025b). 
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The diversity (H′) and evenness (E) indices were higher under green light, 

indicating that this spectrum created conditions favorable for a wide range of 

phytoplankton species (Masithah & Islamy, 2023). A stable and diverse phytoplankton 

community is essential for maintaining food web resilience and supporting higher trophic 

levels. In contrast, orange light supported lower diversity, likely due to its limited 

penetration, which favored dominance by fewer species. Similar patterns have been 

reported in light-manipulation experiments, where restricted spectral availability reduced 

species richness and increased community imbalance (Fajriah & Isamu, 2025). 

Real-time oceanographic sensor data further emphasized the interaction between 

environmental stability and productivity. Temperature, salinity, dissolved oxygen, and 

turbidity remained within ranges suitable for phytoplankton growth, suggesting that light 

availability was the primary factor driving the observed differences. The integration of 

UFL+ with sensor technology thus represents an important advancement for ecological 

monitoring, enabling researchers to simultaneously manipulate and record environmental 

variables with high precision ( Fajriah & Isamu, 2025; Fajriah et al., 2025a, b) . 

From an applied perspective, these findings have important implications for 

ecosystem-based fisheries management. Primary productivity directly determines the 

availability of food for zooplankton and fish larvae, which in turn sustains populations of 

pelagic fish species with high economic value. By improving our understanding of how 

artificial light spectra affect phytoplankton dynamics, UFL+ technology could be used 

not only for fish attraction but also for ecological monitoring and optimization of marine 

resource use (Isamu et al., 2024, 2025). 

Nevertheless, this study has limitations. The experimental design focused on short-

term measurements of chlorophyll-a and plankton communities; longer-term monitoring 

would be required to assess seasonal or interannual variability. Additionally, future 

research should examine how light spectrum interacts with nutrient dynamics, as nutrient 

limitation often co-determines phytoplankton productivity in coastal ecosystems. 

In addition to the ecological implications of light spectrum on primary productivity, 

the present findings resonate with broader studies on aquatic ecosystems in Indonesia. 

For instance, published study highlighted the importance of nutrient composition, 

particularly amino acids and fatty acids, in determining the nutritional value of fish 

species from peatland waters, underscoring how primary productivity directly contributes 

to fish quality (Islamy & Senas, 2025). Environmental stressors such as microplastic 

contamination and associated genotoxic effects in freshwater or marine snails (Islamy & 

Hasan, 2020; Isroni et al., 2023) and in fish populations (Islamy et al., 2025a, c) further 

illustrate the vulnerability of aquatic organisms to changes in water quality, reinforcing 

the significance of continuous monitoring systems such as UFL+. Likewise, ecosystem 

disruptions caused by invasive species, including Xiphophorus helleri and Amphilophus 

citrinellus recently recorded in Indonesian waters (Islamy et al., 2025e, f), highlight the 

need for comprehensive ecological assessments where primary productivity serves as an 
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early indicator of ecosystem balance. Parallel to these ecological concerns, research on 

agricultural weeds as natural bioactive compounds from aquatic plants and animals 

(Islamy, 2019; Islamy et al., 2024c, 2025d) and sustainable feed sources (Islamy et al., 

2024b; Mulyadi et al., 2025) emphasizes the intertwined role of primary producers in 

supporting both aquaculture and conservation goals. Furthermore, studies on 

eutrophication processes, such as water hyacinth blooms in major Indonesian rivers 

(Islamy et al., 2024a), demonstrate how excessive productivity can destabilize 

ecosystems, contrasting with the controlled enhancement of productivity achieved in this 

study through UFL+ technology. Collectively, these perspectives position UFL+ as not 

only an innovative fish-attracting device but also as a promising tool for integrating 

ecological monitoring, fisheries management, and aquatic conservation. 

 

CONCLUSION 

 

This study confirmed that adopting Underwater Fish Lamp Plus (UFL+) technology 

in boat lift net fisheries enhances both catch performance and economic returns when 

compared with conventional lighting systems. The integration of operational data into the 

SIDIA digital agribusiness platform enabled a structured and efficient feasibility analysis, 

producing positive indicators such as an NPV of IDR 8.54 million, IRR of 11.14%, Net 

B/C of 1.28, and a Payback Period of 4.93 years. However, sensitivity analysis revealed 

that the investment’s viability is highly vulnerable to fluctuations in fish prices and fuel 

costs, underscoring the need for supportive interventions. 

Beyond these baseline results, the study highlights the broader implication that 

combining technological innovation (UFL+) with digital financial analytics (SIDIA) can 

serve as a replicable model for improving decision-making and investment planning in 

small-scale fisheries across Indonesia and other coastal regions globally. Such integration 

not only strengthens fisher livelihoods but also contributes to the achievement of 

Sustainable Development Goals, particularly SDG 1 (No Poverty), SDG 8 (Decent Work 

and Economic Growth), and SDG 14 (Life Below Water). Future research should expand 

this model by incorporating real-time data streams and assessing ecological as well as 

socio-economic outcomes, ensuring that the framework can be adapted to diverse 

fisheries contexts and contribute to long-term sustainability within the blue economy. 
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