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Abstract. Rodil MSP, Banaag C, Velasco EJT, Elazegui EP. 2024. Water quality and phytoplankton structure and functional 
classification in Tadlac Lake, Philippines. Biodiversitas 25: 2769-2782. Following the ban on aquaculture enforced from December 

1999 to February 2000, the local government of Tadlac Lake, Los Baños, Laguna, Philippines, is currently developing ecotourism 
projects in the lake. This necessitates the assessment of water quality and phytoplankton to ensure the sustainability of the lake, 
supporting both ecological preservation and visitor satisfaction. This present study unveils the current ecological condition of Tadlac 
Lake, while advancing knowledge of phytoplankton's responses to different environmental conditions and adaptation mechanisms 
through their functional classifications. Our study revealed that except for phosphate during the dry period, water quality parameters 
adhered to the standards for class C waters. Phytoplankton species are grouped into Phaeophyta, Cyanobacteria, and Chlorophyta. 
Bacillariophyceae was the most dominant class with 15 species. The persistent presence of Stephanodiscus hantzschii, Synedra affinis, 
Synedra tabulata, Achnanthes lanceolata, Navicula placentula, Neidium affine, Synechocystis aquatilis, Oscillatoria limosa, and 
Chlorococcum humicola indicate that the lake's recovery from past deterioration remains incomplete. Shannon-Weiner and Pielou 

evenness index suggested that the lake exhibits a state of light pollution. The Wilcoxon signed rank test reveals significant seasonal 
variations in environmental factors, including temperature, total dissolved solids, salinity, electrical conductivity, pH, dissolved oxygen, 
phosphates, and total coliform counts, which directly impact the structure and functional classification of phytoplankton communities. 
Spearman correlation coefficients and canonical correspondence analysis further establish significant correlations between individual 
phytoplankton species and these environmental parameters, providing additional evidence. The results emphasize the need for seasonally 
tailored environmental management strategies. 

Keywords: Ecological health, phytoplankton community structure, phytoplankton functional classification, seasonal variability, water 
quality indicators 

Abbreviations: BOD: Biological oxygen demand; CCA: Canonical correspondence analysis; EC: Electrical conductivity; DO: 
Dissolved oxygen; DS: Dominant status; E: Eudominant, Max: Maximum; Min: Minimum; J’: Pielou’s Evenness Index; R: Recedent, 
RA: Relative abundance; H’: Shannon-Wiener index; D: Simpson index; Std Dev: Standard deviation, SD: Subdominant, SR: 
Subrecedent; TDS: Total dissolved solids; Temp: Temperature  

INTRODUCTION 

Freshwater lakes occupy a pivotal role within ecosystems, 

primarily acting as centers of fish production. Nevertheless, 

the threats of water pollution and poor management methods 

lead to a series of physiological changes that have an 

impact on the development and even survival of aquatic 
organisms. This phenomenon appears in Tadlac Lake, one 

of the 79 lakes in the Philippines. Tadlac Lake is among the 

eight small lakes of the Laguna de Bay Region and is 

recognized for its potential in ecotourism and blueprint for 

the development of small water bodies in the Philippines. 

Tadlac Lake is classified as Class C, a water designated for 

the nurturing of fish and other aquatic resources.  

Tilapia fish cage culture began in Tadlac Lake in 1986, 

with an initially approved area of 30,000 m² or 12% of the 

total surface area of the lake. However, this allocation was 

exceeded, leading to nearly full occupation of the lake by 

fish cages. Due to limited oversight and a focus on the 
larger nearby Laguna de Bay, regulations were insufficiently 

enforced until 1992, when the Laguna Lake Development 

Authority (LLDA) attempted to reduce the fish cage area. 

This effort was not fully realized due to the fisher folks' 

appeal for a reasonable period to recover their investment. 

The rapid growth of aquaculture negatively affected water 

quality and jeopardized sustainability through fecal matter, 

unconsumed feed, and organic materials in the lake 
environment (Brillo 2017). In 1999, a massive fish kill 

occurred during the lake’s annual overturn, resulting in the 

loss of all fish stocks and serving as a catalyst for halting 

aquaculture activities in the lake. The Barangay Council, 

led by the Barangay Chairman and supported by the 

Fisheries and Aquatic Resources Management Council 

(FARMC), engaged in discussions with the fish cage 

operators. They made a formal appeal for the operators to 

allow the lake a period of respite, to enable it to recover 

and restore its ecological balance. Despite this intervention, 

not many assessments of the lake's trophic status and water 

quality, which are essential for assessing its recovery, have 
been carried out. In a study by Villaruel and Camacho 

(2022), it was revealed that as of 2018, the lake remains 

eutrophic and exhibits signs of moderate pollution.  



 BIODIVERSITAS  25 (8): 2769-2782, August 2024 

 

2770 

In 2023, the local government of Tadlac plans to promote 

ecotourism in the area following the ban on aquaculture, 

thus there is a need to ensure the ecological health and 

sustainability of the lake. In biodiversity hotspots, 

ecotourism is growing in popularity because of its ability to 

improve rural livelihoods while still protecting the 

environment. It can help reduce poverty, which is deeply 

ingrained in many facets of society (Makindi 2016). 

However, ecotourism cannot exist if the environment is 

neglected; as a result, before any tourism development can 
take place, an efficient conservation strategy must be put in 

place (Rivera et al. 2022). This strategy respects and 

preserves the environment while protecting biodiversity, 

supporting visitor satisfaction and fostering economic 

possibilities for nearby populations. By combining the 

results of a thorough study on water quality into conservation 

and management strategies, the local government can 

support responsible ecotourism development while reducing 

the ecological issues facing the lake. 

The summation of the physical, chemical, biological, 

and aesthetic characteristics that together influence the 
potential usefulness of water is known as water quality 

(Dickens and O’Brien 2021). Water quality, which is 

controlled by various anthropogenic pressures and stressors, 

as well as by climatic conditions, dictates the functioning 

and balance of aquatic ecosystem (Akhtar et al. 2021). For 

example, water quality is the primary driver of the 

successional processes that control phytoplankton diversity 

and distribution (Djumanto et al. 2017; Sharma et al. 2018; 

Song et al. 2022) and water quality degradation brought on 

by land use changes can have a broad impact on 

phytoplankton community composition (Kakouei et al. 
2021; Peng et al. 2021; Yang et al. 2022). In response to 

changes in their habitats, both biological and physical, their 

densities, biomasses, and compositions alter quickly (Guo 

et al. 2019; Shoener et al. 2019; Graco-Roza et al. 2021). 

Because plankton species react swiftly to disturbances and 

are highly sensitive to changes in their environment, they 

are utilized as indicators of water quality (Zhang et al. 

2021); they exemplify susceptibility to water contamination. 

While analyzing water quality solely can occasionally fall 

short, using phytoplankton as bioindicator appears as a 

tactical advantage, strengthening monitoring efforts. The 

phytoplankton composition not only depicts current 
conditions but also its historical conditions (Banoo et al. 

2022). 

The main objective of this study was to assess the water 

quality and phytoplankton structure and functional 

classification of Tadlac Lake in Los Baños, Laguna, 

Philippines, taking into account both the wet and dry 

sampling seasons. Additionally, it aimed to provide a 

description of the environmental preferences of different 

phytoplankton species which can guide environmental 

management and policy decisions, helping to maintain 

water quality and support sustainable practices in local 
lakes. By incorporating the findings of this water quality 

study into conservation and management initiatives, the 

local government can effectively address and mitigate the 

ecological concerns that threaten the health of Tadlac Lake 

while promoting sustainable tourism development.  

MATERIALS AND METHODS  

Study area 

Tadlac Lake, also known as Alligator Lake, is a 

volcanic crater lake located in Brgy. Tadlac, Los Baños, 

Laguna, Philippines, just 50 m from the broad coastlines of 

Laguna de Bay. The lake has a surface area of 248,000 m2 

and an average depth of 27 m. Tadlac Lake flourished as 

one of the oligotrophic lakes dotting the Laguna terrain 

before the presence of aquaculture. The lake's distinct 

character is further defined by yearly Lake Overturns or 
Limnic eruptions, a rare type of natural catastrophe, which 

takes place during the cold months of the year specifically 

from December to February. Figure 1 shows the location of 

Tadlac Lake and indicates three sampling sites, each 

predicated upon the level of anthropogenic influences. The 

first location, located at 14°10'50"N 121°12'16"E, is close 

to a busy resort abounding with recreational opportunities. 

The second is situated at 14°10'55"N 121°12'31"E and has 

a fishing-related domain. Last is a place isolated from 

human-environment interactions. It is located at 

14°11'04"N 121°12'19"E. Each sampling site is further 
segmented into three sampling points. 

Data collection procedures 

Samples were taken at each sampling site in October 

2021 and March 2022, representing the wet and dry 

periods, respectively.Temperature, pH, total dissolved 

solids (TDS), electrical conductivity (EC), and salinity 

were measured in situ using 5 in 1 Water Quality Tester 

while dissolved oxygen (DO) was determined using JPB-

70A DO Meter. Three trials at each sampling point for the 

three sampling sites were performed. 

For ex situ analysis including Biological Oxygen 
Demand (BOD), total coliform count, phosphate and nitrate 

analysis, water samples were collected using composite 

sampling from the three sampling points. The samples were 

held in an ice chest at 20°C and were transported 

immediately to a chemical laboratory for analysis. BOD 

was analyzed using the 5-Day BOD Test. The phosphate 

and nitrate concentrations were measured using UV-VIS 

Hitachi Spectrometer via stannous chloride method at a 

wavelength of 650 nm and screening method in the 

ultraviolet range at wavelengths of 220 nm and 275 nm, 

respectively. The total coliform count was determined 

using Multiple Tube Fermentation Technique. 
The phytoplankton species were collected via two 

methods: vertical and horizontal. In vertical method, the 

phytoplankton was collected by submerging the plankton 

net with a mesh size of 20 μm 5 m below the water surface. 

The net was lifted at a speed of 0.3 ms-1. On the other hand, 

in horizontal method, the plankton net was put just below 

the water surface and was dragged horizontally 100 m 

away from the sampling site for 6 min. The collected water 

samples were placed in the plankton bottles with a 10% 

formalin solution. The samples were decanted and treated 

with Rose Bengal for staining. It was transferred to 
Sedgewick Rafter Counting Chamber then counted using 

binocular microscope. Taxonomic identification of the 

phytoplankton species was performed using international 
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resources such as AlgaeBase (Guiry 2021) and reference 

texts like Bellinger and Sigee (2015). 

Data analysis 

Environmental data are given as the mean, standard 

deviation (Std Dev), minimum (Min) and maximum (Max) 

after performing the descriptive analysis (IBM SPSS 

version 26.0). Mean values were compared with the water 

quality standards for class C waters based on the Department 

of Environment and Natural Resources Administrative 

Order No. 2016-08, to investigate the suitability of the 
water for fish and aquatic life. A Wilcoxon Signed Rank 

Test was performed to evaluate the differences in water 

quality between the wet and dry periods. Additionally, a 

Kruskal-Wallis one-way ANOVA was employed to 

compare water quality across the three selected sites. 

Relative abundance and dominance of each phytoplankton 

species were determined based on Engelmann’s scale 

(Engelmann 1978). The functional classification of the 

phytoplankton species was based on the Standard Methods 

for the Examination of Water and Wastewater (Baird and 

Bridgewater 2023). Phytoplankton species were classified 
as filter- and screen-clogging algae, clean water algae, 

water pollution algae, taste and odor algae, surface water 

algae, and algae growing on surfaces. Spearman’s rho 

correlation was used to analyze the relationship between 

the abundance of each phytoplankton and various water 

quality parameters, with significance levels set at 0.01 and 

0.05. Canonical Correspondence Analysis (CCA) was 

conducted to further explore the phytoplankton-environment 

relationships. 

Shannon-Wiener Index (H’), Pielou’s Evenness Index 

(J’) and Simpson index (D) were used to evaluate the 

phytoplankton structure. The formulas are as follows: 

 

Shannon-Wiener Index (H’) = -Σpi×ln(pi) 

 

Where: i means the proportion of the species i 

phytoplankton in total individuals. 

The result of diversity index was used to determine 

pollution status with range H′ values of 0-1; 1-2; 2-3 and 
>3 correspond to heavy, moderate, light and no pollution 

(Zhu et al. 2021). 

 

Pielou’s Evenness Index (J') =H'/Hmax    

Hmax = lnS  

 

Where: 

H' : Shannon-Wiener Index; 

Hmax : maximum value of Shannon-Wiener Index;  

S : total number of phytoplankton species 

J values of 0-0.3; 0.3-0.5 and >0.5 correspond to heavy, 
moderate and light or no pollution (Zhu et al. 2021). 

 

Simpson index of diversity (D) =1- (Σ(ni × (ni - 1)) / (N 

* (N - 1))) 

 

Where: 

n : the total number of individuals of a particular species; 

N: the total number of individuals of all species 

D values of 0.00; 0.01-0.4; 0.41-0.6; 0.61-0.8; 0.81-0.9; 

and 1.00 correspond to absence, low, moderate, moderately 

high, high and absolute diversity (Batugedara and Senanayake 
2022). 

 

 

 
 

Figure 1. Map of study location in Tadlac Lake, Los Baños, Laguna, Philippines indicating three sampling sites 
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RESULTS AND DISCUSSION 

Water quality of Tadlac Lake 

Table 1 displays the physico-chemical characteristics of 

water in Tadlac Lake across different periods, while Tables 

2 and 3 provide statistical analyses that evaluate variations 

in these parameters across different seasons and sampling 

sites. Most of the water quality metrics showed higher  

values during the dry month compared to the wet month. In 

terms of temperature, the mean temperature spanned from 

29.90°C to 32.20°C during wet period and it ranged from 

28.20°C to 30.60°C during dry period. Seasonal changes in 

air temperatures and the influence of cool, dry North-East 

winds contributed to the recorded temperature variations, 

as indicated by the significant difference in temperature of 

water collected during wet and dry period (p<0.05).  
 

 

 

Table 1. Water quality of Tadlac Lake, Los Baños, Laguna, Philippines during wet and dry months 

 

Water parameter 
DENR 

standard 
Site 

Wet sampling month Dry sampling month 

Mean Std Dev Min Max Mean Std Dev Min Max 

Temperature (℃) 3 (max. 
rise in ℃) 

1 29.90 0.17 29.70 30.20 28.20 0.58 27.90 29.60 
2 30.90 0.59 30.00 31.70 29.20 0.37 28.70 30.00 
3 32.20 0.39 31.80 33.10 30.60 1.84 28.50 33.60 

TDS (mg L-1) 1 468.72 3.09 466.05 473.85 483.17 3.63 475.15 487.50 
 2 462.87 2.95 458.90 466.70 480.78 2.43 477.10 484.90 
 3 462.87 3.12 457.60 466.05 484.12 2.61 480.35 486.85 
Salinity (mg L-1) 1 360.56 2.50 358.50 364.50 371.67 3.53 363.00 375.00 

2 356.05 2.40 353.00 359.00 369.83 3.31 363.00 373.00 
 3 356.06 2.20 352.00 358.50 368.41 2.34 369.50 374.50 

EC (µS cm-1)  1 721.11 4.76 717.00 729.00 743.00 5.59 731.00 750.00 
 2 712.11 4.54 706.00 718.00 739.67 3.74 734.00 746.00 
 3 712.11 4.81 704.00 717.00 744.83 4.02 739.00 749.00 

pH 6.50-9.00 1 7.51 0.03 7.44 7.55 6.88 0.02 6.85 6.90 
 2 7.40 0.02 7.38 7.43 6.92 0.02 6.91 6.94 
 3 7.42 0.02 7.38 7.45 6.92 0.05 6.80 6.95 

DO (mg L-1) >5.00 1 6.30 0.13 6.10 6.50 7.32 0.25 7.00 7.70 

  2 8.34 0.53 7.60 9.40 6.86 0.22 6.50 7.10 
  3 7.17 0.28 6.80 7.60 7.03 0.51 6.30 7.70 
BOD (mg L-1) <7.00 1 3.00 1.00 2.00 4.00 2.00 1.00 1.00 3.00 
  2 2.00 1.00 1.00 3.00 <2.00 1.00 1.00 3.00 
  3 <2.00 1.00 1.00 3.00 <2.00 1.00 1.00 3.00 
Nitrates (mg L-1) <7.00 1 1.63 0.83 1.13 2.59 1.91 0.09 1.80 1.97 

 2 3.08 0.68 2.33 3.70 1.92 0.09 1.83 2.01 
 3 0.71 0.05 0.65 0.74 0.78 0.05 0.74 0.84 

Phosphates (mg L-1) 0.50 1 0.29 0.08 0.24 0.39 0.61 0.09 0.52 0.69 
2 0.08 0.01 0.07 0.09 0.76 0.03 0.73 0.79 
3 0.04 0.04 0.01 0.09 0.78 0.05 0.74 0.84 

Total coliform 
(MPN per 100 mL) 

 1 2400.00 400.00 2000.00 2800.00 130.00 10.00 120.00 140.00 
2 2400.00 100.00 2300.00 2500.00 240.00 10.00 230.00 250.00 
3 1600.00 100.00 1500.00 1700.00 540.00 20.00 520.00 560.00 

 

 

 
Table 2. Result of Wilcoxon Signed Test analysis to compare the quality of water collected in the two periods (per site) 
 

Water parameter 
Site 1 Site 2 Site 3 

p-value Remarks p-value Remarks p-value Remarks 

Temperature  0.01 Significant 0.01 Significant 0.05 Significant 

TDS 0.01 Significant 0.01 Significant 0.02 Significant 
Salinity  0.01 Significant 0.01 Significant 0.01 Significant 
EC 0.01 Significant 0.01 Significant 0.02 Significant 
pH 0.01 Significant 0.01 Significant 0.01 Significant 
DO 0.01 Significant 0.01 Significant 0.40 Not Significant 
BOD 0.11 Not Significant 0.11 Not Significant 0.11 Not Significant 
Nitrates 0.29 Not Significant 0.11 Not Significant 0.11 Not Significant 
Phosphates 0.01 Significant 0.01 Significant 0.01 Significant 

Total coliform 0.01 Significant 0.01 Significant 0.01 Significant 
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Table 3. Results of Kruskal Wallis analysis to compare the quality of water collected in the three sites (per period) 
 

Water parameter 
Wet period Dry period 

p-value Remarks p-value Remarks 

Temperature  0.04 Significant 0.25 Not Significant 
TDS 0.31 Not Significant 0.97 Not Significant 
Salinity  0.19 Not Significant 0.90 Not Significant 
EC 0.30 Not Significant 0.84 Not Significant 

pH 0.79 Not Significant 0.27 Not Significant 
DO 0.03 Significant 0.83 Not Significant 
BOD 1.00 Not Significant 1.00 Not Significant 
Nitrates 0.04 Significant 0.19 Not Significant 
Phosphates 0.06 Not Significant 0.06 Not Significant 
Total coliform 0.07 Not Significant 0.03 Significant 

 

 

In Tadlac Lake, the concentration of TDS averaged 
between 462.87-468.78 mg L-1 during the wet month and 

480.78-484.12 mg L-1 during the dry month, falling within 

the typical range of TDS concentrations found in natural 

freshwater, which generally ranges from about 20 to 1000 

mg L-1 (Boyd 2020). Likewise, freshwater contains minimal 

salts, generally less than 1000 mg L-1 (Li et al. 2020). 

Salinity levels of Tadlac Lake were within this range, with 

average readings of 356.05-360.56 mg L-1 during the wet 

month and 368.41-371.67 mg L-1 during the dry month at 

various sampling sites. These consistent TDS and salinity 

measurements indicate that Tadlac Lake maintains a 

relatively low salinity level typical of freshwater bodies. 
The slight variations observed between wet and dry months 

suggest seasonal influences on water quality parameters. 

On the other hand, the EC, which is a function of 

temperature and salinity of water, recorded an average 

value of 721.11 µS cm-1, 712.11 µS cm-1, and 712.11 µS 

cm-1 during wet month and 743.00 µS cm-1, 739.67 µS cm-1 

and 744.83 µS cm-1 during dry month for Site 1, Site 2 and 

Site 3, respectively. The TDS, salinity, and electrical 

conductivity exhibited significant changes with seasonal 

variations (p<0.05) based on the results of Wilcoxon 

Signed Rank analysis.  
For Class C waters like Tadlac Lake, the recommended 

pH range is 6.50 to 9.00. The three sites experienced 

seasonal pH variations, as shown in Table 2 (p<0.05). 

During the wet season, pH was slightly alkaline (7.40 to 

7.51), but during the dry month, it shifted slightly towards 

acidity (6.88 to 6.92). This change is linked to the annual 

limnic eruption, typically between December and February, 

which releases carbon dioxide from deeper lake levels. 

This released carbon dioxide forms carbonic acid, lowering 

the pH. Nevertheless, the recorded pH levels consistently 

fell within the recommended limits, ensuring they met 

safety and regulatory standards. 
DO levels consistently met the 5 mg L-1 threshold for 

Class C waters. As shown in Table 2, DO exhibits significant 

seasonal changes in all sites except Site 3 (p=0.40). During 

the dry month, DO values were generally lower due to the 

limnic eruption phenomenon, except for Site 1, which had 

the lowest total coliform levels, contributing to higher DO 

levels. Total coliform levels correlate with BOD, reflecting 

microbial activity from organic matter decomposition. 

Meanwhile, the BOD concentrations in the three sampling 

sites did not exceed the 7 mg L-1 Class C threshold, 

indicating consistently low and comparable levels of organic 
contamination across all sites. No significant seasonal 

fluctuation in BOD concentration was recorded in any of 

the sites (p=0.11). 

Nitrate, an inorganic form of nitrogen in lakes, is 

essential for growth but can degrade water quality via 

eutrophication when present in excess (Singh et al. 2022). 

The Department of Environment and Natural Resources 

sets the standard at 7.00 mg L-1. In Tadlac Lake, nitrate 

levels at Sites 1 to 3 ranged from 0.71 to 3.08 mg L-1 during 

the wet month and 1.78 to 1.92 mg L-1 during the dry 

month. These levels steady met the Class C standard, with 

no significant seasonal variations recorded (p>0.05), as 
indicated in Table 2. Phosphate is also important in aquatic 

ecosystem, however, in excess phosphates in lakes can lead 

to eutrophication by promoting excessive algae growth, 

which reduces water clarity and oxygen levels, posing risks 

to aquatic life and water quality (Akinnawo 2023). Significant 

seasonal variations in phosphate concentration were 

observed in Tadlac Lake (p=0.01), influenced by water 

volume fluctuations during the wet months caused by 

annual flooding. This influx dilutes phosphates, contributing 

to levels consistently below the 0.50 mg L-1 Class C limit. 

Conversely, during the dry period, phosphate levels 
exceeded this limit due to limnic eruptions. Carbon dioxide 

release reduces dissolved oxygen, converting ferric 

phosphate to ferrous phosphate, which is more soluble and 

releases phosphate from sediment. This mixing typically 

occurs during cool, windy weather before sampling. 

Microorganism levels serve as key indicators of water 

quality, with coliforms specifically used to assess fecal 

pollution. During the wet month, counts ranged from 

1600.00 to 2400.00 MPN per 100 mL, while in the dry 

month, they varied from 130.00 to 540.00 MPN per 100 

mL across Sites 1 to 3, indicating lower levels compared to 

the wet season. These counts demonstrate the presence of 
pollution from human or animal feces. Runoff from 

precipitation carries fecal debris but reflects minimal 

human impact. These levels show variation across different 

sampling periods, reflecting dynamic changes in microbial 

presence influenced by seasonal factors (p=0.01).  

Based on the Kruskal-Wallis analysis, which compares 

the quality of samples collected across three distinct sites, 

each selected for their varying levels of anthropogenic 

influence, most water quality parameters did not show 

significant differences during wet period, indicating a 
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general uniformity in water quality despite the different 

levels of human activities. However, notable exceptions 

were observed in temperature, DO, and nitrate levels, all of 

which exhibited significant variation at the 0.05 significance 

level. Specifically, temperature was found to be relatively 

lower in Site 1, while DO and nitrate levels were notably 

higher in Site 2. Conversely, during the dry period, total 

coliform levels exhibited variability among the three sites, 

indicating distinct microbial contamination profiles across 

these locations. Site 1 which is close to a busy resort, 
exhibited the lowest total coliform levels which are likely 

due to a combination of effective waste management, strict 

regulatory compliance, and a strong emphasis on public 

health and safety. 

Composition of phytoplankton community  

Table 4 presents the distribution, relative abundance, 

and dominance status of each phytoplankton across the 

three sites. As shown, twenty-five species of phytoplankton 

were identified during both wet and dry sampling periods. 

These species are categorized into three major divisions: 

Phaeophyta (brown algae), Cyanobacteria (blue-green 
algae), and Chlorophyta (green algae). Phytoplankton species  

were divided into four classes: Bacillariophyceae, 

Cyanophyceae, Chlorophyceae, and Zygnematophyceae, 

comprising a total of 15, 3, 4, and 3 taxa, respectively. 

Figure 2 graphically presents the seasonal distribution of 

phytoplankton species across the three sites, while Figure 3 

depicts the relative density of each class.  

Bacillariophyceae were highly represented in Lake 

Tadlac, followed by Cyanophyceae, Chlorophyceae and 

Zygnematophyceae. Among the 15 taxa within the 

Bacillariophyceae group, six species comprising S. hantzschii, 
S. affinis, S. tabulata, A. lanceolata, N. placentula, and N. 

affine demonstrated their resilience by appearing in both 

wet and dry months. The S. hantzschii, recognized as an 

indicator species, holds a dominant presence in eutrophic 

lakes (Rott and Kofler 2021). Members of Bacillariophyta 

like Navicula and Synedra exhibit a propensity to thrive in 

environments contaminated with organic pollutants 

(Barinova and Mamanazarova 2021; Khalil et al. 2021). 

Cyanophyceae was represented by S. aquatilis, O. limosa, 

and O. formosa. Presence of S. aquatilis is closely linked to 

elevated nutrient levels and is often associated with the 
development of unpleasant odors and water discoloration 

(Tito and Luna 2020).  
 

 
Table 4. Distribution, relative abundance and dominance status (Engelmann’s scale 1978) of phytoplankton species at the three 

sampling sites in Tadlac Lake, Los Baños, Laguna, Philippines 

 

Phytoplankton species 

Site 1 Site 2 Site 3 

Wet Dry Wet Dry Wet Dry 

RA DS RA DA RA DS RA DS RA DS RA DS 

Bacillariophyceae             
Stephanodiscus hantzschii Grunow 12.61 D 6.06 SD 15.52 D 6.84 SD 13.62 D 3.31 SD 
Nitzschia subrostrata Hust. -  4.04 SD -  2.87 R -  2.89 R 
Melosira granulata (Ehr.) Ralfs -  6.46 SD -  5.96 SD -  6.19 SD 
Melosira islandica (Cleve) Euler -  5.45 SD -  6.84 SD -  6.19 SD 
Synedra affinis Kütz. 10.43 D 4.04 SD 9.48 SD 4.86 SD 11.06 D 4.96 D 
Synedra tabulata Kütz. 7.83 SD 4.04 SD 6.90 SD 3.11 R 8.94 SD 2.89 R 
Synedra ulna Nitzsch -  4.64 SD -  5.74 SD -  2.48 R 

Achnanthes lanceolata Bory 10.00 SD 3.23 SD 9.05 SD 3.75 SD 10.21 D 4.96 SD 
Navicula placentula (Ehr.) Kütz. 10.00 SD 4.44 SD 10.35 D 4.42 SD 9.79 SD 7.02 SD 
Neidium affine Ehr. 13.91 D 5.86 SD 12.50 D 4.42 SD 10.21 D 2.48 R 
Stauroneis anceps Ehr. -  4.64 SD -  5.96 SD -  5.78 SD 
Cymbella ventricosa Agardh -  4.04 SD -  2.65 R -  3.31 SD 
Surirella elegans Ehr. -  3.84 SD -  3.09 R -  5.37 SD 
Surirella robusta Ehr. -  2.83 R -  2.65 R -  1.65 R 
Surirella elegans var. acuminata Skvortzov & Noda -  3.43 SD -  3.09 R -  2.89 R 

Cyanophyceae             

Synechocystis aquatilis Sauv. 10.87 D 4.65 SD 10.78 D 5.08 SD 14.04 D 6.20 SD 
Oscillatoria limosa Agardh ex Gomont 8.26 SD 3.23 SD 9.91 SD 2.65 R 9.36 SD 2.48 R 
Oscillatoria formosa Bory ex Gomont -  4.04 SD -  3.31 SD -  2.89 R 

Chlorophyceae             
Chlorella variegata Beig. -  4.44 SD -  5.52 SD -  6.20 SD 
Chlorococcum humicola (Nag.) Rabenh. 16.09 D -  15.51 D -  12.77 D -  
Scenedesmus dimorphus (Turpin) Kütz. -  4.24 SD -  3.31 SD -  2.07 R 
Lyngbya birgei Smith -  3.43 SD -  2.87 R -  2.48 R 

Zygnematophyceae             
Spirogyra ionia Wade -  3.23 SD -  2.87 R -  7.02 SD 
Closterium moniliforme Bory -  2.83 R -  4.19 SD -  5.37 SD 
Closterium calosporum Wittrock -  2.83 R -  2.65 R -  1.65 R 

Note: RA: Relative abundance; DS: Dominant status; SR: Subrecedent; R: Recedent; SD: Subdominant; D: Dominant; Eudominant; RA 
1%: Subrecedent; 1.1-3.1%: Recedent; 3.2-10%: Subdominant; 10.1-31.6%: Dominant and <31.7%: Eudominant; (-): Not recorded; 0: 
Below 1% RA 



RODIL et al. – Water quality and phytoplankton structure 

 

2775 

 
 

Figure 2. Seasonal distribution of phytoplankton species across the three sites in Tadlac Lake, Los Baños, Laguna, Philippines 

 
 

 
 

Figure 3. Relative density of phytoplankton groups at the three sampling sites in Tadlac Lake, Los Baños, Laguna, Philippines 

 

 

Oscillatoria can also thrive in eutrophic conditions, 

causing the growth of other invasive algae and damaging 
the balance of aquatic ecosystems (Masithah and Islamy 

2023), and can be used as marker species or indicator of 

water pollution (Devi and Bhatnagar 2024). The O. limosa 

and O. formosa are species of cyanobacteria which are 

tolerant to organic pollution (Rishi and Awasthi 2015). 

Under Chlorophyceae, C. variegata, S. dimorphus, L. birgei 

and C. humicola, being the most dominant, are recorded. C. 

humicola is pollution-tolerant coccoid green microalga 

known for its resilience in contaminated environments. 
This species can survive and even thrive in conditions with 

high levels of pollutants, making it valuable indicator of 

water quality and potential agent for bioremediation 

(Upadhyay et al. 2021; Morsi et al. 2023). Zygnematophyceae 

was constituted of filter clogging algae such as Spirogyra 

ionia, Closterium moniliforme and C. calosporum.  
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Among the phytoplankton species identified in the lake, 

S. hantzschii, N. affine, S. aquatilis, C. humicola were the 

dominant species in the three sampling sites during wet 

period. The identification of phytoplankton species in the 

three sampling sites during dry period accounted 24 

species. Species N. subrostrata, M. granulata, M. islandica, 

S. ulna, S. anceps, C. ventricosa, S. elegans, S. robusta, S. 

elegans var. acuminate, O. formosa, C. variegata, S. 

dimorphus, L. birgei, S. ionia, C. moniliforme and C. 

calosporum were seen only during this period. Nitzschia, 
Synedra, and Oscillatoria species often signal eutrophication, 

reflecting nutrient-rich conditions typically caused by 

agricultural runoff or sewage discharge. Their presence 

implies that while there is some pollution in the water, it is 

not severe, as evidenced by the co-occurrence of species 

indicative of good water quality. S. anceps and Surirella 

species are reliable bioindicators of clean, high-quality 

water. Surirella species are sensitive to pollution and 

environmental changes, making them excellent indicators of 

unpolluted conditions (Barinova and Mamanazarova 2021). 

The One-way Analysis of Similarities (ANOSIM), 
employing the Bray-Curtis Similarity Index (p=0.87; r=-

0.44), demonstrated no statistically significant differences 

in phytoplankton abundance across the sampling stations. 

This outcome aligns with the water quality analysis results, 

which also indicated that most water quality parameters did 

not differ significantly at the 0.05 level of significance. 

This suggests that the various land use activities along the 

lake's shoreline do not significantly affect the density of 

phytoplankton species in the adjacent waters. In contrast, 

the species composition of phytoplankton in Tadlac Lake 

showed marked variation between the two sampling periods, 

as detailed in Table 4, indicating a dynamic biological 

shift. ANOSIM revealed a significant variation in overall 

phytoplankton abundance between the two sampling periods 

(p<0.05; r=1.00). The Similarity Percentage (SIMPER) 

analysis showed a 57.73% dissimilarity, highlighting the 

considerable change in species composition over time. The 

taxa that contributed most to the observed variation were C. 

humicola (5.58%), M. granulata (3.78%), M. islandica 
(3.74%), S. anceps (3.30%) and C. variegata (3.23%). The 

analysis presented in Table 2 highlights significant changes 

in environmental factors affecting Tadlac Lake, including 

temperature, TDS, salinity, conductivity, pH, DO, phosphates, 

and total coliform counts. These variations emphasize the 

critical role of these environmental parameters in shaping 

the abundance and distribution of phytoplankton species in 

the lake.  

Environmental factors influencing phytoplankton 

abundance 

Table 5 reveals the Spearman correlation coefficients 
between each phytoplankton species and water quality 

parameters. The results demonstrate a notable correlation 

between phytoplankton species and temperature, TDS, 

salinity, EC, pH, DO, phosphates, and total coliform 

counts, which further substantiates the influence of these 

environmental factors on phytoplankton dynamics in Tadlac 

Lake. 

 

 
Table 5. Matrix of Spearman’s rho correlation for each phytoplankton and environmental parameters in Tadlac Lake, Los Baños, 

Laguna, Philippines 

 

Phytoplankton species Temp TDS Salinity EC pH DO BOD Nitrate Phosphate 
Total 

coliform 

Stephanodiscus hantzschii Grunow -0.03 -0.60 -0.39 -0.59 0.47 0.32 0.07 0.61 -0.61 0.39 
Nitzschia subrostrata Hust. -0.82* 0.77 0.89* 0.77 -0.92** 0.03 -0.42 0.21 0.70 -0.96** 
Melosira granulata (Ehr.) Ralfs -0.82* 0.77 0.89* 0.77 -0.92** 0.03 -0.42 0.21 0.70 -0.96** 
Melosira islandica (Cleve) Euler -0.76 0.71 0.96** 0.71 -0.83* -0.15 -0.42 0.27 0.76 -0.89* 
Synedra affinis Kütz. 0.46 -0.84* -0.54 -0.84* 0.81 -0.20 0.40 -0.23 -0.81* 0.54 
Synedra tabulata Kütz. 0.14 -0.52 -0.41 -0.52 0.29 0.26 0.13 -0.31 -0.77 0.58 
Synedra ulna Nitzsch -0.76 0.71 0.96* 0.71 -0.83* -0.15 -0.42 0.27 0.76 -0.89* 

Achnanthes lanceolata Bory 0.48 -0.90* -0.80 -0.90* 0.90* 0.00 0.44 0.14 -0.89* 0.78 
Navicula placentula (Ehr.) Kütz. 0.17 -0.80 -0.68 -0.79 0.73 0.32 0.28 0.51 -0.84* 0.68 
Neidium affine Ehr. -0.19 -0.55 -0.40 -0.54 0.56 0.11 0.45 0.55 -0.61 0.52 
Stauroneis anceps Ehr. -0.75 0.88* 0.97** 0.89* -0.94** -0.17 -0.42 -0.01 0.88* -0.93** 
Cymbella ventricosa Agardh -0.83* 0.85* 0.90* 0.86* -0.90* -0.07 -0.40 0.02 0.76 -0.90* 
Surirella elegans Ehr. -0.75 0.94** 0.96** 0.95** -0.98** -0.11 -0.44 -0.10 0.88* -0.95** 
Surirella robusta Ehr. -0.84* 0.83* 0.90* 0.84* -0.89* -0.07 -0.39 0.05 0.75 -0.89* 
Surirella elegans var. acuminata 

Skvortzov & Noda 

-0.82* 0.86* 0.94** 0.87* -0.91* -0.11 -0.41 0.04 0.80 -0.92* 

Synechocystis aquatilis Sauv. 0.44 -0.77 -0.63 -0.76 0.66 0.09 0.09 0.01 -0.80 0.46 
Oscillatoria limosa Agardh ex Gomont 0.36 -0.89* -0.76 -0.88* 0.79 0.38 0.20 0.42 -0.93** 0.73 
Oscillatoria formosa Bory ex Gomont -0.84* 0.83* 0.92* 0.84* -0.89* -0.09 -0.39 0.06 0.77 -0.90* 
Chlorella variegata Beig. -0.74 0.91* 0.98** 0.92* -0.96** -0.17 -0.43 -0.04 0.90* -0.95** 
Chlorococcum humicola (Nag.) Rabenh. 0.59 -0.95** -0.94** -0.95** 0.99** 0.16 0.51 0.25 -0.92** 0.98** 
Scenedesmus dimorphus (Turpin) Kütz. -0.85* 0.78 0.88* 0.79 -0.84* -0.07 -0.37 0.11 0.70 -0.86* 
Lyngbya birgei Smith -0.83* 0.83* 0.92** 0.84* -0.89* -0.09 -0.39 0.06 0.77 -0.90* 

Spirogyra ionia Wade -0.62 0.97** 0.93** 0.98** -0.98* -0.14 -0.44 -0.22 0.94** -0.93** 
Closterium moniliforme Bory -0.67 0.92** 0.97** 0.93** -0.96** -0.19 -0.44 -0.09 0.94** -0.94** 
Closterium calosporum Wittrock -0.77 0.84* 0.95** 0.85* -0.90* -0.16 -0.41 0.04 0.84* -0.91* 

Note: *: Correlation is significant at the 0.05 level; **: Correlation is significant at the 0.01 level 
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Several species showed significant and negative 

correlations with temperature. For example, N. subrostrata, 

M. granulata, S. robusta, S. elegans var. acuminata, S. 

dimorphus, C. ventricosa, O. formosa and L. birgei all have 

negative correlations with temperature at 0.05 level of 

significance. This suggests that these species may thrive in 

cooler water conditions. Their ability to thrive in lower 

temperatures reflects their evolutionary adaptations and 

ecological strategies to optimize growth and survival in 

specific environmental conditions. For example, through 
internal resource allocation changes, phytoplankton may 

adjust to low temperatures. Because of this adaptation, 

which helps them offset some of the metabolic reactions 

that are most sensitive to temperature, they are able to carry 

out vital processes, develop, and reproduce even in areas 

that are colder (Sherman et al. 2016). 

Various phytoplankton species exhibit positive 

correlations with TDS, salinity, and EC (Goswami et al. 

2018) including S. anceps, C. ventricosa, S. elegans, S. 

robusta, S. elegans var. acuminata, O. formosa, C. variegata, 

L. birgei, S. ionia, C. moniliforme, and C. calosporum. 
While these species typically thrive in freshwater 

environments, this indicates that these species exhibit 

notable adaptability to elevated levels than other freshwater 

phytoplankton primarily through osmoregulation, reduced 

competition, optimized nutrient utilization, and avoidance 

of certain predators. More than half of the identified 

phytoplankton species exhibited significant negative 

correlations with pH levels. Jia et al. (2022) similarly found 

that Bacillariophyta, Cyanobacteria, Chlorophyta, and overall 

phytoplankton abundance showed significant negative 

relationships with pH. Phytoplankton have physiological 
mechanisms to cope with varying pH levels. Species that 

show negative correlations with pH likely have adaptations 

that allow them to maintain cellular processes and metabolic 

functions within their optimal pH range, avoiding stress or 

impairment in less favorable pH conditions. 

Surirella elegans, C. variegata, as well as S. ionia 

responded positively and significantly to increased phosphate 

levels, indicating their presence in nutrient-rich habitats. 

Phosphates are substances that are needed and affect the 

process and development phytoplankton (Nindarwi et al. 

2021). In high phosphate habitats, some species are more 

competitive or exhibit faster growth, making them effective 
indicators of nutrient-rich environment. S. hantzschii, O. 

limosa, C. humicola and Navicula species are also 

frequently found in eutrophic environments (Halder 2017; 

Kock et al. 2019; Ray et al. 2020; Rott and Kofler 2021). 

Achnanthes species are found in a wide range of hydrological 

conditions from clean to nutrient-rich substrates, including 

eutrophic waters or water contaminated by organic wastes 

(Barinova and Mamanazarova 2021). Their negative 

associations with phosphate concentration could be the 

result of nutrient imbalances, competition, and other 

environmental factors that inhibit them from growing even 
in the presence of high phosphate concentrations. Numerous 

biotic (such as predation pressure and resource supply) and 

abiotic (such as temperature, light, nutrients, heat wave) 

variables influence the phytoplankton community structure 

in aquatic environments (Filiz et al. 2020; Gjoni et al. 2023). 

The structure of phytoplankton is influenced by both 

internal (nutrients and grazing) and external (wind-driven 

vertical mixing and storm impacts) factors (Stockwell et al. 

2020; Hopkins et al. 2021). Despite the overall preference 

of S. anceps and C. moniliforme for low-nutrient habitats 

(Bellinger and Sigee 2015; Barinova and Mamanazarova 

2021), these species had a positive correlation with 

phosphate which could be attributed to their adaptation to 

shifting conditions, wherein moderate increases in phosphate 

may temporarily enhance their growth. Additionally, these 
species might be outcompeting others under specific 

conditions in the lake, leading to a relative increase in their 

populations even with higher phosphate levels. 

Phytoplankton species such as S. hantzschii, N. 

subrostrata, M. granulata, M. islandica, and others exhibited 

a range of correlations with total coliform. Negative 

correlations, as observed for many species, suggest that as 

phytoplankton abundance or environmental conditions 

favorable to phytoplankton increase (e.g., higher pH, 

dissolved oxygen, or nutrient levels), while total coliform 

bacteria populations decrease. This inverse relationship can 
be attributed to competition for nutrients, alterations in 

water quality parameters, and ecological dynamics within 

the aquatic ecosystem. 

While correlation shows the strength and direction of 

relationships between each environmental parameter and 

phytoplankton species, CCA was done to explore further 

the species-environment relationships, showing how different 

species respond to various environmental factors. Figure 4 

shows the ordination of the phytoplankton assemblages 

from the lake around two main CCA axes. The plot features 

two axes (Axis 1 and Axis 2) that represent the primary 
gradients in the data. Axis 1 accounts for 92.98% of the 

variance, with an eigenvalue of 0.435, while Axis 2 accounts 

for 4.425% of the variance, with an eigenvalue of 0.01988. 

The positions of species and environmental variables along 

these axes indicate their relationships. Each black point 

represents a different species of plankton. The upper left 

quadrant indicates the influence of mineral-rich runoff, 

leading to moderate nutrient enrichment (higher EC and 

TDS, elevated phosphate levels, and low to moderate 

salinity) while experiencing lower organic pollution levels, 

slightly acidic to neutral water conditions and cooler to 

warm temperatures. Many dominant species flourish in this 
environment including S. ulna, S. robusta, O. formosa, N. 

subrostrata, L. birgei, C. calosporum, and C. ventricosa. 

Additionally, species such as M. granulata is located in the 

upper left quadrant, albeit it is nearer the middle. 

According to EC, TDS, and moderate phosphate nutrient 

levels, this species has adapted to conditions that provide a 

balance between nutrition availability and mineral content. 

On the other hand, the lower left quadrant is characterized 

by significantly elevated TDS, EC, and phosphate levels-

levels that are much greater than those seen in the upper 

left quadrant. These regions are also distinguished from 
other quadrants by comparatively lower pH, temperature, 

and dissolved oxygen levels, as well as low to moderate 

salt levels. CCA indicates that some species, including C. 

variegata S. anceps, S. elegans as well as C. moniliforme 

are well-adapted to these conditions. 
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Lower right quadrant indicates alkaline, warmer, highly 

nutrient-rich environment with active decomposition 

processes and high levels of organic contaminants which is 

conducive for species like S. tabulata, N. affine, S. hantzschii 

as well as O. limosa. On the other hand, balanced 

nutrient levels, ideal dissolved oxygen concentration, and 

moderate pH and BOD characterize the upper right 

quadrant. These characteristics point to a healthier aquatic 

habitat but minimal organic pollution favorable for 

phytoplankton species such as A. lanceolata and N. 
placentula. 

Functional classification of phytoplankton  

Understanding the ecological roles and responses of 

phytoplankton to environmental changes depends on the 

classification of these organisms based on their functional 

features. This functional classification is shown in Figure 5. 

The phytoplankton species were methodically divided into 

many groupings, such as the algae that clog filters and 

screens and serve as a substrate for bacteria, fungus, and 

protozoa. Algae that thrive on surfaces, commonly found 

along the shoreline or in lake areas that are connected to 
soil, were also thoroughly identified. These included clean 

water algae, which are responsible for absorbing nitrogen 

and phosphorus, water pollution algae linked to septic 

system leakage and industrial discharges, taste and odor 

algae that produce compounds affecting the taste and smell 

of water, making it unpleasant, and surface water algae that 

exist as free-floating entities on or near the water's surface, 

and algal blooms on surfaces. 

There is a notable increase in the counts of all 

phytoplanktons’ functional classification during the dry 

season across all sites. This may be due to factors like 

reduced water flow and increased nutrient concentration. 

Filter- and Screen-Clogging Algae show the most dramatic 

increase during the dry season, particularly in Site 1 and 

Site 2. Water pollution Algae also show significant 

increases, potentially impacting water quality and usability.  

Figure 6 shows the ordination of the functional 

classification of phytoplankton from the lake around two 

main CCA axes. Axis 1 accounts for 82.55% of the variance, 
with an eigenvalue of 0.0175, while Axis 2 accounts for 

11.63% of the variance, with an eigenvalue of 0.00246. 

Clean water algae in upper right quadrant exhibit a notable 

positive correlation with elevated levels of dissolved solids, 

conductivity, and salinity. Despite being higher than other 

sites in the study, the salinity at this location remains very 

low and is more characteristic of freshwater rather than 

saline water. These conditions indicate mineral-rich or 

slightly saline waters that are favorable for clean water 

algae. Upper left quadrant is characterized by conditions 

commonly associated with polluted water, such as higher 
biochemical oxygen demand, elevated temperatures, and 

increased levels of coliform bacteria. Water pollution algae 

thrive in these conditions, which typically occur in 

environments with organic pollution, warm temperatures, 

and potentially higher microbial activity. Because the organic 

matter supplies nutrients to sustain their growth, algae that 

are growing on surfaces also flourish in these conditions. 

Enough substrates, like rocks or submerged structures, 

together with warm temperatures provide the perfect 

conditions for adhesion and colonization. 
 
 
 

 
 

Figure 4. Canonical correspondence analysis based on the abundance of phytoplankton and environmental parameters at the three 

sampling sites in Tadlac Lake, Los Baños, Laguna, Philippines 
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Figure 5. Functional classification of phytoplankton species across the three sites in Tadlac Lake, Los Baños, Laguna, Philippines 

 
 
 

Lower pH values are linked to algae in the lower left 

quadrant, suggesting more acidic settings. In conditions 

where acidity can affect water chemistry and result in 

undesirable tastes and aromas in the water, taste and odor 

algae as well as surface water algae frequently flourish. 

Acid rain, deteriorating organic debris, and industrial 

discharges are a few of the causes of these conditions. 

Moreover, this quadrant is less susceptible to bacterial 

contamination, elevated temperatures, and organic pollutants. 

They may be present in waters where organic waste has not 

had a significant influence. Nitrates and phosphates, two 
common markers of nutrient-rich or eutrophic waters, are 

linked to higher amounts of algae in the lower right 

quadrant. A surplus of filter- and screen-clogging algae 

may grow under these conditions. 

Table 6 presents an overview of the diversity indices for 

the phytoplankton species observed in this study. These 

indices provide valuable insights into the species richness, 

evenness, and overall biodiversity within the sampled 

aquatic ecosystems. 

High H’ suggests a rich diversity and therefore a 

healthier ecosystem (less pollution), whereas a low H′ value 
implies poor diversity and thus a less healthy ecosystem 

(more pollution). Shannon-Wiener diversity index of 2.17 

to 3.15 in this study revealed a light pollution. Pielou 

evenness index is constrained between 0 and 1. The less 

evenness in communities between the species, the lower 

the J is. Pielou evenness index (J’) ranged from 0.97 to 

0.99 and these results suggested high balance or evenness 

of phytoplankton species in the ecosystem. Based on the 

association between the diversity index and the level of 

water pollution, the lake exhibited a state of light pollution. 

Similarly, the value of Simpson index of Diversity (D) 

ranges between 0 (absence of diversity) and 1 (absolute 
diversity). Based on the results, Simpson index of diversity 

(D) of 0.89 to 0.96 indicated that the lake manifests high to 

absolute diversity. These attributes draw attention to the 

lake's remarkable biodiversity, which reflects a diverse and 

well-balanced community of phytoplankton species. This 

abundant diversity highlights the lake's ecological adaptability 

and its capacity to harbor a variety of species, which 

supports the general health of the ecosystem. 

Table 7 shows the variability of water quality in Tadlac 

Lake across multiple years, including periods before the 

aquaculture ban and before the ecotourism initiatives, which 
is the focus of the present study. 
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Figure 6. Canonical correspondence analysis based on the abundance of each phytoplanktons’ functional classification and 

environmental parameters at three sampling sites in Tadlac Lake, Los Baños, Laguna, Philippines 

 

 

Table 6. Diversity indices of phytoplankton at three sampling sites in Tadlac Lake, Los Baños, Laguna, Philippines 

 

Diversity indices 
Site 1 Site 2 Site 3 

Wet Dry Wet Dry Wet Dry 

Total individuals 230 495 232 453 235 242 
Shannon Weiner index (H’) 2.17 3.15 2.17 3.13 2.18 3.09 

Pielou’s evenness (J’) 0.99 0.99 0.99 0.98 0.99 0.97 
Simpson index (D) 0.89 0.96 0.89 0.96 0.89 0.96 

 
 

Table 7. Temporal variability in water quality of Tadlac Lake, Los Baños, Laguna, Philippines across multiple years  

 

Water 

parameter 

Before aquaculture ban 

(Gonzales and 

Flavier 1996) 

2017-2018 

(Villaruel and 

Camacho 2022) 

Before ecotourism 

initiatives 

(Present study) 

DENR Water Quality Guidelines and 

General Effluent Standards of 2016 

Temperature  26.60 29.97 30.16 3 max. rise in °C 
Conductivity 421.16 919.18 728.66  
pH 7.97 8.87 7.18 6.5-9.0 
DO 2.64 6.17 7.17 > 5 mg L-1 
BOD 2.63 2.06 2.17 < 7 mg L-1 
Nitrates  0.14 0.02 1.67 < 7 mg L-1 
Phosphates  0.03 0.03 0.43 0.50 mg L-1 

Pollution index  High Moderate Low  

 
 

Tadlac Lake's water quality has fluctuated according to 

several studies conducted from the date before an 
aquaculture ban until the present. Temperature, conductivity, 

pH, dissolved oxygen, and levels of nutrients are among 

the variables that have changed; dissolved oxygen has 

shown to be particularly improved. Notwithstanding, certain 

obstacles persist, such as phosphates, which suggest 

potential sources of pollution. 

In the present study, after the cessation of aquaculture 

activities on the lake since 1999, massive efforts were 
conducted to ensure the lake recovery. Government agencies 

with the supervision of Laguna Lake Development Authority 

implemented policies including apprehending violators of 

fishery laws. Due to minimal anthropogenic activities on 

the lake and strict implementation of conservation policies, 

the lake exhibited a better water condition.  
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In conclusion, phytoplankton species found in the study 

belonged to three major divisions: Phaeophyta (brown 

algae), Cyanobacteria (blue-green algae), and Chlorophyta 

(green algae), as well as four classes. The rank shows 

characteristics in the order of Phaeophyta> Cyanobacteria> 

Chlorophyta and the dominant species are S. hantzschii, S. 

affinis, S. tabulata, A. lanceolata, N. placentula, and N. 

affine. Fifteen species were categorized as Filter- and 

Screen-Clogging Algae and water pollution algae. The 

existence of these species serves as a reminder that Tadlac 
Lake remains in a state of incomplete recuperation from its 

earlier deterioration, characterized by a significant historical 

burden of organic pollution and eutrophication. The 

biological evaluation results of the phytoplankton diversity 

index show that the water quality exhibits a state of light 

pollution. The physical, chemical and bacteriological analyses 

show good agreement with the results of the phytoplankton 

index evaluation. While some parameters suggest positive 

trends, ongoing monitoring and management are crucial to 

sustain and enhance water quality in Tadlac Lake. Remedial 

actions are essential to support sustainable ecotourism 
emphasizing the need for seasonally tailored environmental 

management strategies. Through the integration of the 

findings from this water quality study into conservation and 

management plans, the local government can encourage 

sustainable tourist growth while mitigating the ecological 

problems that the lake faces. 
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