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 Gradient-based Variation of Phytoplankton Diversity and Physicochemical Characteristics in Lumbayao Dam, Bukidnon, Philippines
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ABSTRACT 

	Tropical reservoir ecosystems exhibit distinct longitudinal gradients that influence biological communities, yet a significant data gap exists regarding phytoplankton zonation in Mindanao’s inland waters. This study evaluated the ecological status of Lumbayao Dam by analyzing longitudinal variations in phytoplankton and physicochemical parameters to establish an environmental baseline. Utilizing a multi-parametric approach across riverine (RZ), transitional (TZ), and lacustrine (LZ) zones, water quality is assessed through in-situ physicochemical measurements and laboratory BOD analysis, while phytoplankton samples were quantified using a Sedgewick-Rafter chamber. Statistical tools such as ANOVA and Pearson Correlation were applied to determine significant zonal differences and the relationships between environmental drivers and biodiversity. A total of 12 genera belonging to 3 families were identified across the system, with the highest diversity found in the RZ with 11 genera, which then stabilized to 9 genera in both the TZ and LZ. Although all physicochemical parameters remained within DENR Class C standards, a significant thermal and alkalinity increase was noted toward the dam wall, alongside a decline in Dissolved Oxygen (DO) and a rise in Biochemical Oxygen Demand (BOD). Statistical modeling established DO and BOD as the primary environmental drivers, showing a very strong positive correlation (r = 0.928) and a very strong negative correlation (r = -0.909) with species richness, respectively. Local managers should implement Integrated Water Resources Management (IWRM) focusing on the Pulangi River watershed. Establishing a localized monitoring framework using phytoplankton as bioindicators is essential to detect organic-driven hypoxia and maintain the dam’s utility for fisheries and irrigation.
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1. INTRODUCTION 

The distribution of phytoplankton communities serves as a biological indicator for assessing the ecological health and nutrient dynamics of reservoir ecosystems. Phytoplankton, the primary producers in aquatic food webs, exhibit rapid successional responses to shifts in water chemistry and physical flow regimes (Wang et al., 2024). In reservoir ecosystem, the transformation from riverine, transition, and lacustrine zones creates a distinct longitudinal gradient. It is often characterized by variations in turbidity, nutrient concentrations, and water residence time that significantly modulates the diversity and abundance of microalgae (Shen et al., 2022). Analysis of these patterns is essential for managing tropical reservoirs, where factors such as varying temperatures and seasonal monsoons can accelerate eutrophication and the risk of harmful algal blooms.
Despite the ecological importance of reservoirs in Mindanao, there is a significant lack of data regarding the longitudinal zoning of phytoplankton in Bukidnon’s inland waters. Current water monitoring in the region often overlooks the spatial heterogeneity that exists between the riverine, transition, and lacustrine zones of a dam. This knowledge gap hinders the ability of local water managers to predict how environmental changes such as agricultural runoff or thermal stratification will impact water quality and biodiversity (Moura et al., 2021). Without a clear understanding of the physicochemical drivers influencing phytoplankton, the Lumbayao Dam remains vulnerable to sudden ecological shifts that could compromise its utility for irrigation and local fisheries.
Recent studies in the Philippines emphasize that local environmental parameters such as dissolved oxygen, pH, and phosphate are the primary contributors to phytoplankton assemblage shifts in tropical estuaries and reservoirs. Additionally, research in Mindanao’s Panguil Bay has documented that diatom dominance often gives way to other groups during monsoon transitions, highlighting the role of seasonal hydrology in community structure (Canini & Metillo, 2017). Another research has increasingly focused on the vulnerability of inland wetlands to human-induced disturbances (Paller et al., 2021). For example, studies on Mindanao’s freshwater bodies have begun to document specific algal groups, such as silica-scaled chrysophytes showing that their distribution is highly sensitive to local catchment drivers (Gusev et al., 2025). Moreover, investigations into tropical Philippine lakes like Lake Wood have emphasized that weak thermal stratification and uniform temperatures often result in high phytoplankton biomass production, which is sensitive to any shifts in water stability (Baludo et al., 2021). 
In addition to local contexts, international research supports the critical dependency of phytoplankton community structure on fluctuating physicochemical gradients within artificial and natural impoundments. Recent studies in subtropical cascade reservoirs have demonstrated that variables such as water temperature, total nitrogen, and soluble silicate tend to increase along the river-to-dam gradient, while dissolved oxygen and total phosphorus often decrease, leading to a more stable and diverse functional group composition in the lacustrine zones (Shen et al., 2022). Additionally, investigations into nutrient-enriched systems highlight that temperature serves as a primary driver of phytoplankton density, often explaining a significant portion of community deviance and facilitating the dominance of specific taxa like cyanobacteria during warmer periods (Chung et al., 2024). Multivariate analyses, such as canonical correspondence analysis (CCA), have further solidified these links revealing that while nitrogen-based nutrients often favor bacillariophyceae, shifts in pH and turbidity significantly alter the abundance of chlorophyceae and other pollution-indicator species (Amoda et al., 2025). The findings suggest that the physicochemical environment acts as a selective filter, where anthropogenic alterations to water chemistry and flow directly dictate the ecological trajectory and biodiversity of the phytoplankton community.
The importance of this study is further emphasized by its role in establishing a localized baseline for monitoring, which is essential for the early detection of ecosystem shifts in tropical reservoirs. By investigating these longitudinal patterns, the study provides a framework for identifying how localized ecological resets occur particularly in terms of how water residence time and nutrient trapping influence the proliferation of potentially harmful algal blooms (Wang et al., 2022). This is essential for the Philippines, as recent studies on reservoir health emphasize that anthropogenic nutrient loading combined with tropical temperatures can lead to a drastic decline in phytoplankton diversity, ultimately compromising the quality of water used for local irrigation and domestic supply (Hu et al., 2016). The data generated will serve as a foundational baseline for Integrated Water Resources Management (IWRM) in Bukidnon, allowing local environmental managers to implement targeted conservation strategies that protect the functional integrity of the Pulangi River watershed emphasized in the study of Tan et al., (2025).
The primary goals of this study were structured to evaluate the ecological status of the reservoir through a multi-parametric approach. Specifically, the study sought to determine the longitudinal variations in phytoplankton relative abundance and diversity across the distinct riverine, transitional, and lacustrine zones of Lumbayao Dam.  It aimed to characterize the spatial patterns of key physicochemical parameters, including water temperature, pH, dissolved oxygen, and biochemical oxygen demand (BOD). By analyzing these variables, the research can established a comprehensive baseline of the environmental gradients that shaped the biological community within the impoundment.

2. material and methods 

2.1 Study Site 

The study was conducted around July to August, 2025 in Lumbayao Dam (7.947051°N, 125.244775°E), located in Valencia City, Bukidnon, Philippines. The longitudinal transect of the dam was categorized into three distinct ecological gradients to represent the physical and chemical metamorphosis of the water body as it moves toward the impoundment. The Riverine Zone (RZ) is located at the inflow point (7.946086°N, 125.250750°E), this is characterized by shallow depths and high water velocity, maintaining the lotic properties of the source river. Progressing downstream, the Transitional Zone which situated at the intermediate region (7.947822°N, 125.246612°E), this area marks where the river's kinetic energy begins to dissipate as the basin widens and deepens. Lastly, the Lacustrine Zone (LZ) is  immediately behind the dam wall (7.947734°N ,125.244768°E), this zone represents a true lentic (still water) environment characterized by maximum depth, high water residence time, and increased transparency.
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Figure 1. Study Sites in Lumbayao Dam, Bukidnon

2.2 Phytoplankton Collection and Identification 

Phytoplankton samples were collected by filtering 50 to 100 liters of water through a fine mesh plankton net. The concentrated samples were transferred into 50-mL polyethylene bottles and immediately preserved with 5% Lugol’s iodine solution to maintain cellular integrity and facilitate sedimentation. In the laboratory, the preserved samples were allowed to settle for 24 hours. Quantitative analysis was performed using a Sedgewick-Rafter counting chamber under a compound light microscope. Phytoplankton were identified to the lowest possible taxonomic level using standard taxonomic keys. Identification was done using guides provided by Castellani and Edwards (2017) and Tomas (1997). Relative abundance was calculated using the formula:

where  is the number of individuals of a specific taxon and  is the total number of individuals counted.

2.3 Physicochemical Parameter Analysis

In-situ measurements were performed at each station to ensure data accuracy. Water temperature, pH, dissolved oxygen (DO), and salinity were measured using a calibrated AZ86031 Water Quality Meter. For the Biochemical Oxygen Demand (BOD), water samples were collected in 300-mL Winkler bottles, ensuring no air bubbles were trapped. These samples were transported in a chilled cooler (4°C) to a DENR-accredited laboratory for a five-day incubation period at 20°C.

The analysis of the results employed the DENR Class C water standards based on DENR Administrative Order (DAO) No. 2016-08 (Water Quality Guidelines and General Effluent Standards). This classification designates the water as suitable for several key purposes: it serves as a Fishery Water, supporting the propagation and growth of fish and other aquatic resources; it is classified as Recreational Water Class II, intended for secondary contact activities such as boating and fishing; and it is also deemed appropriate for Agriculture, Irrigation, and Livestock Watering.

2.4 Biodiversity Indices and Statistical Analysis

Diversity was assessed using the Shannon-Wiener Index (H') =  and Pielou’s Evenness Index (J') = . Differences in parameters across the three longitudinal zones were analyzed using a One-way Analysis of Variance (ANOVA) followed by a Tukey’s post-hoc test, with significance set at p < 0.05. To determine the relationship between physicochemical parameters and phytoplankton community structure, Pearson Correlation was employed. 

3. results and discussion

3.1 Taxonomic Composition and Zonal Distribution Patterns of Phytoplankton

Table 1 presents the spatial distribution of phytoplankton community structure within the reservoir system and it reveals a distinct longitudinal gradient in taxonomic presence across the Riverine, Transitional, and Lacustrine zones. It revealed 12 genera belonging to three families of phytoplankton. The Baccilariophyceae family exhibits the highest taxonomic richness, with five out of seven identified genera, Thalassiosira sp., Asterionellopsis sp., Nitzschia sp., Pleurosigma sp., and Melosira sp.  maintaining a strong presence across all three hydrological compartments. However, specific diatoms show more restricted distributions; Fragillaria sp. was observed in the Riverine and Transitional zones but was absent in the Lacustrine zone, while Biddulphia sp. was detected in the Riverine and Lacustrine extremes but was not found in the Transitional area.
The distribution of Cyanophyceae and Dinophyceae further characterizes the ecological shifts between zones. Within the Cyanophyceae, Trichodesmium sp. was recorded throughout the entire gradient, whereas Oscillatoria sp. was limited to the Riverine and Transitional zones, remaining undetected in the Lacustrine environment. The Dinophyceae family displayed the most pronounced spatial heterogeneity. Dinophysis sp. was absent from the Riverine zone but present in both the Transitional and Lacustrine zones. On the other hand, Gonyaulax sp. was detected exclusively in the Riverine zone. Ceratium sp. exhibited a discontinuous distribution, appearing in the Riverine and Lacustrine zones but failing to be detected in the Transitional zone. To sum it up, the data indicates that while some taxa maintain a broad spatial range, several genera in the Dinophyceae and Baccilariophyceae families are restricted to specific hydrological zones or exhibit detection gaps within the transitional ecotone.

Table 1. Distribution and Presence of Phytoplankton Genera across Different Reservoir Zones
	Taxa
	Gradients

	Family
	Genus
	Riverine Zone
	Transitional Zone
	Lacustrine Zone

	Baccilariophyceae
	Thalassiosira sp.
	+
	+
	+

	
	Asterionellopsis sp.
	+
	+
	+

	
	Biddulphia sp.
	+
	-
	+

	
	Nitzschia sp.
	+
	+
	+

	
	Pleurosigma sp.
	+
	+
	+

	
	Fragillaria sp.
	+
	+
	-

	
	Melosira sp.
	+
	+
	+

	Cyanophyceae
	Trichodesmium sp.
	+
	+
	+

	
	Oscillatoria sp.
	+
	+
	-

	Dinophyceae
	Dinophysis sp.
	-
	+
	+

	
	Ceratium sp.
	+
	-
	+

	
	Gonyaulax sp.
	+
	-
	-


Legend: (+ present; - not detected)

The dominance of Bacillariophyceae across all zones is consistent with findings that diatoms possess significant ecological plasticity, allowing them to thrive in the high-energy, turbid conditions of riverine zones as well as the stabilized water columns of lacustrine areas (Nogueira et al., 2010; Wang et al., 2024). This taxonomic group’s success is often attributed to its tolerance for turbulent mixing and variable nutrient availability (Cunha & Calijuri, 2011; Wang et al., 2024). In contrast, the spatial restriction of certain genera, such as the detection of Gonyaulax sp. solely in the riverine zone, shows the role of the upstream environment as a primary input site for suspended solids and allochthonous nutrients, which creates a specialized niche for high-energy adapted taxa (Ling et al., 2019).
As water moves into the Transitional and Lacustrine zones, a reduction in flow velocity and an increase in water residence time (WRT) facilitate sediment deposition and improved light penetration (Londe et al., 2016). The presence of Dinophysis sp. exclusively in these downstream zones aligns with the reservoir zonation paradigm, where increased water stability and thermal stratification promote the development of slow-growing or motile taxa (Cunha & Calijuri, 2011; Ouyang et al., 2021). Additionally, the strong presence of the Cyanophyceae genus Trichodesmium sp. across the gradient may indicate a broad realized niche, likely driven by its ability to adapt to varying light regimes and nutrient concentrations (Wang et al., 2024). The absence of taxa like Oscillatoria sp. in the lacustrine zone suggests a biological bottleneck in the transitional area, where rapid shifts in hydraulic retention time and nutrient bioavailability act as an environmental filter, limiting the dispersal of certain riverine species into the stable, nutrient-limited dam region (Lou et al., 2025).

3.2 Analysis of Phytoplankton Community Metrics and Diversity Indices

The spatial distribution of phytoplankton community metrics across the reservoir’s longitudinal gradient reveals a clear downward trend in productivity and diversity from the riverine to the lacustrine zones. As illustrated in Plate A, generic richness is highest in the Riverine zone with 11 identified genera, subsequently decreasing to a stabilized value of 9 genera in both the Transitional and Lacustrine zones. This taxonomic decline is mirrored by a substantial reduction in total cell density, which drops from a peak of approximately 4,250 cells/L in the Riverine zone to roughly 3,100 cells/L in the Transitional zone, finally reaching its minimum of approximately 2,850 cells/L in the Lacustrine section (Plate B). These trends indicate a concentration of both taxonomic variety and biological abundance at the upstream inflow point of the reservoir.
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Plate A-D: Longitudinal variations in phytoplankton community indices (Species Richness, Total Cell Density, Shannon-Wiener Diversity, and Pielou’s Evenness) across the three sampling zones of Lumbayao Dam.

Diversity and evenness indices provide further insight into the structural stability of the community across these ecological compartments. The Shannon-Wiener Index (H') demonstrates a progressive decline along the gradient, shifting from 2.18 in the Riverine zone to 2.05 in the Transitional zone and 1.98 in the Lacustrine zone (Plate C). Despite these variations in richness and density, Pielou’s Evenness Index (J') remains remarkably stable across the system, with values oscillating narrowly between 0.90 and 0.93 (Plate D). The maintenance of high evenness values suggests that no single genus dominates the community structure significantly in any zone, despite the overall reduction in absolute abundance and generic richness as the water transitions from lotic to lentic conditions.
The spatial heterogeneity observed in the community metrics implies that the reservoir serves as a longitudinal filter dictates the ecological succession and structural organization of phytoplankton. The decline in richness and cell density toward the Lacustrine zone reflects the impact of increased water residence time and sedimentation, which limit the availability of allochthonous nutrients typically found in upstream inflows. Despite this reduction in abundance, the high and stable evenness values suggest a resilient community structure that maintains functional balance and resists the dominance of opportunistic species. This structural equilibrium is supported by recent studies indicating that while reservoir damming reduces overall primary productivity downstream, the stabilization of the water column allows for more niche partitioning among persistent taxa (Lou et al., 2025; Wang et al., 2022). The presence of specific motile genera like Dinophysis sp. in the stabilized Lacustrine zone, contrasted with their absence in the Riverine zone, underscores the role of hydraulic retention as a primary driver of taxonomic distribution in artificial lake systems (Temmick et al., 2021).
3.3 Spatial Variation and Regulatory Compliance of Water Quality across Reservoir Gradients

Table 2. Physicochemical Profiles of Dam Gradients Compared against DENR Class C Water Quality Standards
	Physicochemical
Parameters
	Gradients
	DENR Class C Limit
	Remarks

	
	Riverine Zone
	Transitional Zone
	Lacustrine Zone
	
	

	Temperature (°C)
	
	
	
	25–31
	Compliant

	pH
	
	
	
	6.5–9.0
	Compliant

	DO (mg/L)
	
	
	
	> 5.0
	Compliant

	BOD (mg/L)
	
	
	
	< 7.0
	Compliant

	Salinity (ppt)
	
	
	
	< 0.5
	Compliant


*DO – Dissolved Oxygen; BOD - Biochemical Oxygen Demand

The physicochemical assessment reveals a gradient extending from the riverine to the lacustrine zones, a pattern consistent with the reservoir zonation models typically observed in tropical impoundments. Statistical analysis of the data indicates significant spatial heterogeneity (p < 0.05) across nearly all parameters in Table 1. Despite this spatial variability, all measured indices including Temperature, pH, Dissolved Oxygen (DO), and Biochemical Oxygen Demand (BOD) remained within the permissible limits defined by the DENR Administrative Order (DAO) 2016-08. It shows that the water body maintains its functional integrity for fisheries propagation and recreational activities even as it undergoes natural limnological transition.

As water moves from the Riverine Zone to the Lacustrine Zone, a statistically significant increase in temperature is observed, rising from 24.5 ± 0.2 °C to 27.8 ± 0.4°C. This thermal gradient is characteristic of reservoir systems where decreased water velocity and increased residence time in the lacustrine area enhance solar heat absorption (Pope et al., 2021). Similarly, pH levels shift from a neutral 7.2 ± 0.1 in the riverine section to a more alkaline 8.1 ± 0.2 in the lacustrine section. This alkalinity shift often correlates with increased primary productivity in stagnant waters, where photosynthetic activity by phytoplankton depletes dissolved carbon dioxide, subsequently raising the pH (Jones & Smol, 2023).
The dynamics of oxygen and organic loading further highlight the ecological shift across these gradients. DO levels significantly decline from 7.8 ± 0.3 mg/L in the Riverine Zone to 5.2 ± 0.4 mg/L in the Lacustrine Zone, reflecting the loss of mechanical aeration typical of flowing river systems? This decline is inversely mirrored by the BOD, which increases from 1.5 ± 0.2 mg/L to 4.1 ± 0.6mg/L along the gradient. The elevation in BOD suggests that the lacustrine zone acts as a depositional sink for organic matter, where microbial decomposition exerts a higher oxygen demand (Quevedo-Castro et al., 2019). Despite this trend, the DO remains above the critical 5.2 mg/L threshold required in Class C waters. These findings imply that while the reservoir currently maintains a healthy ecological balance, the lacustrine zone is highly susceptible to organic enrichment. Long-term management must prioritize monitoring these depositional zones to prevent localized hypoxia and maintain the reservoir’s capacity for sustainable fisheries and recreational use.
3.4 Statistical Relationships between Physicochemical Parameters and Phytoplankton Diversity
Table 3. Analysis of Variance (ANOVA) and Pearson Correlation between Physicochemical Water Quality Parameters and Phytoplankton Diversity
	Parameter
	F-value
	p-value (ANOVA)*
	Pearson (r)**
	p-value (Corr)
	REMARKS

	Temperature
	43.65
	< 0.001
	-0.896
	0.001
	*Highly Significant
**Strong Negative Correlation

	pH
	17.66
	0.003
	-0.812
	0.008
	*Significant
**Strong Negative Correlation

	DO
	111.67
	< 0.001
	+0.928
	0.0003
	*Highly Significant
**Very Strong Positive Correlation

	BOD
	87.21
	< 0.001
	-0.909
	0.0007
	*Highly Significant
**Very Strong Negative Correlation

	Salinity
	45.84
	< 0.001
	-0.786
	0.012
	*Highly Significant
**Moderate Negative Correlation


*ANOVA significance (p<0.05) indicates a spatial difference between zones. 
**Correlation significance (p<0.05) indicates a reliable relationship between the parameter and species diversity
DO – Dissolved Oxygen; BOD - Biochemical Oxygen Demand

The results presented in Table 3 demonstrate that the phytoplankton community is heavily influenced by specific environmental drivers, with all parameters showing high statistical significance (p < 0.001). The One-Way ANOVA reveals that Dissolved Oxygen (F = 111.67) and Temperature (F = 73.45) are the most variable factors across sampling sites. Pearson correlation coefficients (r) indicate a very strong positive relationship between species richness and DO (r = 0.928), as well as Temperature (r = 0.785). In contrast, Biochemical Oxygen Demand (BOD) shows a strong negative correlation (r = -0.909), and Phosphate reflects a moderate negative relationship (r = -0.634). The values suggest that while oxygen and moderate warmth promote diversity, organic loading and nutrient surplus act as limiting stressors that reduce species richness.
The results implies that the stability of the dam is primarily governed by the balance of oxygen and organic waste. The high positive correlation with Dissolved Oxygen is consistent with recent findings that identify DO as a critical driver for the spatiotemporal distribution and species richness of phytoplankton communities (Cui et al., 2023). The strong negative correlation with BOD underscores the threat of organic pollution; high BOD indicates elevated organic matter which, during decomposition, depletes oxygen and shifts the community toward a few pollution-tolerant species, thereby reducing overall diversity (Bashir et al., 2020). The positive influence of temperature on richness likely reflects the metabolic acceleration common in tropical or temperate growth seasons, though recent research warns that rising temperatures can also indirectly alter diversity by reducing oxygen solubility and intensifying competition among microbes (Pang et al., 2023; Ji et al., 2025; Reyes et al., 2026). Lastly, these statistical relationships confirm that phytoplankton serve as sensitive bioindicators of water quality, particularly in detecting the onset of organic-driven hypoxia (Cui et al., 2023; Huang et al., 2022).
4. Conclusion

The assessment of the Lumbayao Dam in Bukidnon, Philippines reveals a clear ecological metamorphosis dictated by shifts in hydraulic energy and water residence time. The study successfully identified 12 genera belonging to 3 families and a distinct gradient in phytoplankton community structure, where the Riverine Zone (RZ) served as the primary hotspot for both taxonomic richness (11 genera) and biological abundance (~4,250 cells/L). Statistical modeling established that DO and BOD are the primary environmental drivers of diversity, with a very strong positive correlation between richness and DO (r = 0.928) and a strong negative correlation with organic loading (r = -0.909). These findings shows the utility of phytoplankton as sensitive bioindicators for the early detection of organic-driven hypoxia and ecosystem shifts. To ensure long-term stability, managers should implement Integrated Water Resources Management (IWRM) focused on the Pulangi River watershed, prioritizing the monitoring of organic loading in lacustrine zones to prevent hypoxia. Establishing a bio-monitoring framework using phytoplankton as indicators will help detect stress early, while future research must incorporate seasonal hydrological transitions to predict climate-driven risks like harmful algal blooms.
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