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ABSTRACT 

 

In this study, the water quality of four coastal areas in Puerto Princesa Bay, with and 

without informal settlers, were compared in terms of the phytoplankton composition and density, 

fecal coliform and physicochemical parameters during a 12-month sampling period. Microscopic 

examination and identification using phytoplankton monographs showed five harmful algal 

blooms (HABs) genera (Alexandrium, Dinophysis, Nitzschia, Pseudo-nitzschia, and Pyrodinium) 

with Dinophysis spp. as the most abundant in coastal areas with informal settlers and Pseudo-

nitzschia spp. in areas without informal settlers. Eight phytoplankton genera (Coscinodiscus, 

Proboscia, Rhizosolenia, Skeletonema, Ceratium, Prorocentrum, Protoperidinium, and 

Oscillatoria) reported to have caused algal blooms were also observed with Coscinodiscus spp. 

as the most abundant in both groups of coastal areas. Multiple-tube fermentation technique 

showed fecal coliform count ranging from 4 to >1600 most probable number (MPN)/100 ml in 

the coastal areas with informal settlers and from <1.8 to 295 MPN/100 ml in areas without 

informal settlers. Multiprobe measurements showed that both groups of coastal areas have similar 

physicochemical characteristics with only the dissolved oxygen failing to meet the Philippine 

standards for class SB waters. There was a significant difference (P < 0.05) in water quality 

between the coastal areas with and without informal settlers in terms of fecal coliform and the 

density of four phytoplankton genera (Pseudo-nitzschia, Skeletonema, Alexandrium and 

Ceratium). However, there is no significant difference in terms of the physicochemical parameters. 

Regression analysis indicates that the presence of informal settlers could affect water quality in 

terms of fecal coliform and the five phytoplankton genera (Coscinodiscus, Pseudo-nitzschia, 

Skeletonema, Alexandrium and Ceratium).  

 

Keywords: blue-green algae, diatoms, dinoflagellates, fecal coliform, physicochemical properties, 

phytoplankton 

 

INTRODUCTION 

 

Puerto Princesa Bay, situated in the capital 

city of Palawan, is one of the major fishing grounds in 

the province. Because of its strategic location, the bay 

was subjected to influx of migrants who built their 

homes in the coastal areas (Gonzales 2004). The study 

of Cuebillas et al. (2016) stated that 4,680 households 

in Puerto Princesa City (9.8% of its total household 

population) are informal settlers, with 3,260 

households living along the coastal areas of the city. 

The largest contributor of these informal settlers is 

Barangay Bagong Silang with 729 households (73.2% 

of its total household population), followed by 

Barangay San Pedro with 491 households (13.3% of 

its total household population). In addition, Barangay 

Bagong Silang has the highest number of households 

(60.8%) without access to sanitary toilet facility, while 

Barangay San Pedro comes fourth (7.5% of its total 

household).  

Coastal communities with no sanitary toilets, 

directly discharge their wastes into the surface or 

coastal waters (DENR EMB-XI 2022). This discharge 

of untreated sewage wastewater may lead to water 

pollution problems such as eutrophication, algal 

growth, decrease in recreational uses of water, 

pathogen-causing diseases, excessive loss of dissolved 

oxygen, and undesirable changes in the population of 

aquatic resources (Owili 2003; Akpor and Munchie 

2011).   

Changes in water quality in the coastal areas 

can negatively affect the biotic components of the 

surrounding environment in various ways. First, many 

phytoplankton, including diatoms, dinoflagellates, and 

cyanobacteria can produce toxins or grow excessively 

resulting in harmful algal blooms (HABs). These 
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blooms may harm humans, causing illness or death 

from eating contaminated shellfish or fish, and may 

also cause massive mortalities of fish, seabirds and 

other marine mammals (Borja et al. 2019). Secondly, 

pathogenic bacteria from anthropogenic sources, can 

affect the quality of both wild fish and aquaculture 

resources, and consequently the health of the 

consumers (Raña et al. 2017). Lastly, the physical 

properties of water can influence the distribution of 

aquatic organisms while its chemical properties can 

affect the type of organisms’ present (Shilpa et al. 

2012).  

Puerto Princesa Bay has been categorized as 

class SB by the DENR-EMB (2022) which indicates 

that its waters are suitable for commercial propagation 

of shellfish, as spawning grounds for milkfish and 

similar species, for ecotourism, and for primary 

contact recreation (DENR 2016).  These intended uses 

of the bay were compromised when the Bureau of 

Fisheries and Aquatic Resources (BFAR) declared 

Puerto Princesa Bay to be positive for red tide toxin in 

30 January 2017. This was the first recorded incidence 

of toxic red tide in the bay which lasted for five weeks.  

In the same year, the second incidence was reported in 

03 July 2017, which lasted for twenty weeks. The red 

tide in Puerto Princesa Bay continued to recur in the 

following years, with the latest occurring from July 

2019 until early February 2020 (BFAR 2017, 2018, 

2019, 2020). The reported causative organism was 

Pyrodinium bahamense (Palawan News 2018). 

          This study was conducted to determine the 

water quality on the coastal areas of Puerto Princesa 

Bay, with the presence and absence of informal settlers, 

in terms of phytoplankton density and composition, 

fecal coliform, and physicochemical parameters. This 

study also determined if there is a significant 

difference between the water quality in the coastal 

areas with the presence and absence  of informal 

settlers and whether the presence of informal settlers 

in the coastal areas could affect the water quality in 

Puerto Princesa Bay.  

 

 

METHODS 

 

Research Areas 

 

This study was conducted at four coastal 

areas in Puerto Princesa Bay (Figure 1). Two areas, 

Purok Abanico (Brgy. San Pedro) and Quito (Brgy. 

Bagong Silang) are inhabited by informal settlers with 

houses built on stilts in the coastal waters. The other 

two areas, Caña Island (Brgy. Tiniguiban) and Brgy. 

Mangingisda, have no informal settlers living in its 

coastal waters. Caña Island is known for its abundant 

shells while Brgy. Mangingisda has a fish port and 

many fish pens.  

 

Water Sampling 

 

Water sampling was conducted once a month 

for 12 months from April 2018 to March 2019.  The 

water samples were collected at 100 to 200 m from the 

shoreline between 08:00 to 12:00. 

 Phytoplankton composition and density 

determination. Three water samples were collected 

by towing horizontally below the water surface a 20 

µm mesh size plankton net securely tied in a motorboat 

moving at low speed for 5 min. A flow meter (General 

Oceanic Inc., USA) was tightly bound to the plankton 

net. Water samples were placed in clean bottles, fixed 

with 3 to 5 ml of 10% formalin, and stored in a cooler.  

The phytoplankton was quantified using a 

Sedwick-Rafter counting chamber with the aid of an 

inverted microscope (Cole-Parmer, USA) and 

photographed using android phone camera. 

Photographs of phytoplankton presented in this paper 

such as the identified and considered as harmful based 

on the following taxonomic monographs for diatoms, 

dinoflagellates, and blue-green algae (Al-Kandari et al. 

2009; Okolodkov 2010; Kim et al. 2013) were taken 

using android phone camera and an LB-243 Biological 

Trinocular Microscope (USA) with digital camera 

from different water samples obtained throughout the 

12-month sampling period. The harmful species were 

verified using the IOC-UNESCO Taxonomic 

Reference List of Harmful Micro Algae (Lundholm et 

al. 2009 onwards).  

 

Phytoplankton density was calculated using 

the equation below: 

 
 

where  N = total number of phytoplankton cells L-1 of 

water filtered; n = number of phytoplankton cells in 1 

ml sample; v = volume of phytoplankton concentration 

(ml); V = volume of water (L) filtered thru plankton 

(obtained from flow meter reading). 

 

Fecal coliform analysis. A 350 ml water 

sample was collected by direct scooping in duplicate. 

The water samples were collected one foot below the 

water surface, placed in sterilized bottles, stored in a 

cooler, and delivered to the Department of Science in 

Technology–Mindoro Marinduque Romblon Palawan 

Regional Standards and Testing Laboratory (DOST-

MIMAROPA RSTL) in Puerto Princesa City, with 4 

to 7 h holding time. The Multiple-Tube Fermentation 

Technique was used to estimate the fecal coliform 

density which was expressed in most probable number 

(MPN)/100 ml. 

Physicochemical analyses. Measurement on 

subsurface water were done in triplicate. The 

physicochemical parameters measured in situ were pH, 
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temperature, dissolved oxygen, and salinity. The pH 

was determined by dipping a pH meter (Lutron PH-

223, Taiwan) on subsurface water while the 

temperature, dissolved oxygen and salinity were 

measured using a YSI Professional Plus 

Multiparameter Meter (USA).  The total dissolved 

solid was measured ex situ at the Palawan State 

University–Marine Science laboratory (PSU-MSL) 

using HORIBA LACQUAact PC110 (Japan). 

 

 

 

Figure 1. A map showing Puerto Princesa Bay and the four coastal areas as sampling sites. 

Statistical Analysis 

 

Kruskal Wallis was used to determine the 

significant difference between the water quality on the 

coastal areas with and without informal settlers.  

Logistic regression was employed to determine if the 

presence or absence of informal settlement in the 

coastal areas could affect the water quality. Both 

statistical methods were tested in terms of 

phytoplankton composition and density, fecal 

coliform, and physicochemical parameters. 

 

RESULTS 

 

Phytoplankton Composition and Density 

 

The phytoplankton found in four coastal 

barangays fall under 13 genera. Of which, six were 

diatoms, six were dinoflagellates, and one was a blue-

green alga (Table 1). The diatoms Coscinosdicus spp., 

Nitzschia spp., Proboscia spp., Pseudonitzschia spp., 

Rhizosolenia spp., and Skeletonema spp., and the blue-
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green alga Oscillatoria spp. were observed in both 

coastal areas with the presence and absence of 

informal settlers. Four dinoflagellate genera were also 

present in both sites which include Ceratium spp., 

Dinophysis spp., Prorocentrum sp., and 

Protoperidinium spp. However, Pyrodinium sp. along 

with Alexandrium spp. were found only in coastal 

areas with informal settlers. 

In the first coastal area inhabited by informal 

settlers, Purok Abanico (Table 2), Coscinodiscus spp. 

had the highest total density among the 11 species 

observed while Proboscia spp. and Nitzchia spp. had 

the lowest. In addition, Coscinodiscus spp. and 

Ceratium spp. were consistently present for 10 months 

(June 2018 to March 2019.) The highest 

phytoplankton density (23,086 cells L-1) in Purok 

Abanico occurred in June 2018 while the next highest 

density was observed in January 2019. Four HABs 

genera were observed which were present from 

August to December 2018, with Alexandrium spp. as 

the most abundant (Table 2). 

In the second coastal area with informal 

settlers, Quito (Table 3), Rhizosolenia spp. had the 

highest total density among the 12 species seen while 

Pyrodinium sp. had the lowest. Ceratium spp. was 

seen throughout the 12-month sampling period, while 

Coscinodiscus spp. and Rhizosolenia spp. appeared for 

a period of ten months. Similar with Purok Abanico, 

four HABs genera were observed in Quito which were 

present for six months, with Dinophysis spp. as the 

most abundant (Table 3). 

In the first coastal area with the absence of 

informal settlers, Caña Island (Table 4), 

Coscinodiscus spp.  had the highest total density 

among the 10 species found while Proboscia spp. had 

the lowest. Coscinodiscus spp. and Ceratium spp. 

appeared all throughout the 12-month sampling period. 

Two HABs genera were observed, with Pseudo-

nitzschia spp. as the more abundant and was present 

for eight months (Table 4). 

In the second coastal area without informal 

settlers, Brgy. Mangingisda (Table 5), Coscinodiscus 

spp.  had the highest total density among the 11 species 

identified while Oscillatoria spp. had the lowest. 

Coscinodiscus spp. was seen throughout the 12-month 

sampling period while Ceratium spp. appeared in the 

water samples for a period of eleven months. June 

2018 exhibited the densest phytoplankton species 

(23,479 cells L-1) for this site followed by 3,768 cells 

L-1 in July 2018. Similar with Caña Island, the same 

two HABs genera were observed, with Dinophysis spp. 

as the more abundant but was only present for two 

months (Table 5). 

 Comparing the harmful phytoplankton 

species, three HABs genera (Nitzschia, Pseudo-

nitzschia, Dinophysis) were present in both groups of 

coastal areas with Dinophysis spp. as the most 

abundant in the coastal areas with informal settlers and 

Pseudo-nitzschia spp. in the coastal areas without 

informal settlers. Two other HABs genera 

(Alexandrium and Pyrodinium) were observed only in 

the coastal areas with informal settlers with 

Alexandrium sp. as the more abundant.  

 The species of diatoms, dinoflagellates, and 

blue-green algae found in four coastal areas of Puerto 

Princesa Bay were presented in Figures 2,3, and 4, 

respectively. 

 
Table 1. Composition of phytoplankton genera of four coastal areas in Puerto Princesa Bay. Harmful species (Lundholm et al. 

2009 onwards) are written in bold. Note: √ (present); - (absent).  

 

 

Phytoplankton Taxa 

Coastal areas with informal settlers Coastal areas without informal settlers 

Abanico Quito Caña Mangingisda 

Diatom 

Coscinodiscus spp. √ √ √ √ 

Nitzschia spp. √ - √ √ 

Proboscia spp. √ √ √ √ 

Pseudonitzschia spp. √ √ √ √ 

Rhizosolenia spp. √ √ √ √ 

Skeletonema spp. √ √ √ √ 

Dinoflagellate 

Alexandrium spp. √ √ - - 

Ceratium spp. √ √ √ √ 

Dinophysis spp. √ √ √ √ 

Prorocentrum sp. - √ - √ 

Protoperidinium spp. √ √ √ √ 

Pyrodinium sp. - √ - - 

Blue-Green Algae 

Oscillatoria spp. √ √ √ √ 
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Figure 2. The diatoms species found in the coastal areas of Puerto Princesa Bay. 
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Figure 3. The dinoflagellate species found in the coastal areas of Puerto Princesa Bay. 

 

Figure 4. The blue-green algae species found in the coastal areas of Puerto Princesa Bay. 
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Fecal Coliform 

 

The highest fecal coliform count (> 1600 

MPN/100 ml) was recorded in September 2018 in the 

coastal areas with the presence of informal settlers 

(Table 6). Moreover, this month gave the highest 

readings for all sampling sites. The lowest fecal 

coliform count (< 1.8 MPN/100 ml) was recorded in 

April 2018 in the two coastal areas without informal 

settlements, and again in Brgy. Mangingisda in 

January 2019.  

 

Physicochemical Characteristics 

 

The water temperatures in Puerto Princesa 

Bay ranged from 25.2 to 32.1ºC (Table 7). The mean 

temperature of water varies closely between the 

coastal areas with the presence and absence of 

informal settlers. The pH values ranged from 7.6 to 9.2.  

The highest observed pH was in Quito (April 2018) 

and the lowest in Brgy. Mangingisda (September 

2018). The dissolved oxygen (DO) in the four coastal 

areas ranged from 3.2 to 6.8 mg L-1.  The mean DO 

values for both sites with the presence and absence of 

informal settlers do not vary much. The salinity ranged 

from 14.2 to 48.9 ppt, with the lowest value observed 

in Caña Island in December 2018 and the highest value 

measured in Quito in April 2018.  The total dissolved 

solids (TDS) ranged from 8.2 to 24.2 ppt in the four 

sampling sites. The lowest TDS value was observed in 

Quito (November 2018) and the highest in Brgy. 

Mangingisda (April 2018). 

 

Water Quality in Relation to the Presence of 

Informal Settlers 

 

Kruskal-Wallis statistical analysis identified 

four phytoplankton genera which are significantly 

different in terms of their density between the coastal 

areas with the presence and absence of informal 

settlers at P < 0.05 (Table 8). These include Pseudo-

nitzschia, Skeletonema, Alexandrium, and Ceratium. 

There is also a significant difference in the fecal 

coliform in the coastal areas with and without informal 

settlers. On the other hand, there is no significant 

difference observed in the physicochemical 

characteristics of the coastal areas with the presence 

and absence of informal settlers.  

 Regression analysis indicates that the 

presence of informal settlements in the coastal areas 

can affect both the fecal coliform and the composition 

and density of five phytoplankton genera - 

Coscinodiscus, Pseudo-nitzschia, Skeletonema, 

Alexandrium, and Ceratium (Table 9).  

 

DISCUSSION  

 

Phytoplankton Composition and Density 

 

The five phytoplankton genera – Nitzschia, 

Pseudo-nitzschia, Dinophysis, Alexandrium, and 

Pyrodinium – present in the coastal areas with 

informal settlers are included in the IOC-UNESCO 

Taxonomic Reference List of Harmful Micro Algae 

(Lundholm et al. 2009 onwards). Incidentally, the first 

three genera were also observed in coastal areas 

without informal settlers. Both the diatom genera 

Nitzschia and Pseudo-nitzschia are capable of 

producing the neurotoxin domoic acid (DA), the 

causative agent of amnesic shellfish poisoning (ASP) 

(Sahraoui et al. 2011; Su et al. 2017). The toxin 

accumulates in shellfish and consumption of such 

results in intoxication including memory loss, 

disorientation, gastrointestinal and respiratory distress, 

and ataxia, which may lead to death via respiratory 

paralysis (Kadiri and Isagba 2018).  

The remaining three HABs genera - 

Dinophysis, Alexandrium, and Pyrodinium - are 

dinoflagellates. Many Dinophysis species are capable 

of producing diarrhoetic toxins and pectenotoxins, the 

causative agents of diarrhetic shellfish poisoning 

(DSP). Gastrointestinal illness may occur immediately 

after consumption of contaminated shellfish, even at 

low cell densities (Reguera et al. 2014). On the other 

hand, several species of the genus Alexandrium and a 

single species of Pyrodinium (P. bahamense) can 

cause paralytic shellfish poisoning through the 

production of saxitoxin which accumulates in shellfish. 

Eating contaminated mollusks such as clams, oysters, 

and mussels can lead to various gastrointestinal and 

neurologic symptoms, which in extreme cases, is fatal 

(Band-Schmidt et al. 2019). Both Alexandrium, and 

Pyrodinium were only observed in coastal areas 

inhabited by informal communities. 

Both the coastal areas with the presence and 

absence of informal settlers were found to have high 

densities of two diatom genera (Coscinodiscus and 

Rhizosolenia) and a dinoflagellate genus (Ceratium). 

Although these phytoplankton are not included the 

IOC-UNESCO Taxonomic Reference List of Harmful 

Micro Algae (Lundholm et al. 2009 onwards), reports 

were found that these genera caused fish and shellfish 

mortalities.  In Omani waters, blooms of 

Coscinodiscus species caused a massive fish kill 

(13,000 t0 27,000 kg of fish) in 2000 while Ceratium 

species triggered a mass mortality of marine organism 

in 1998 (Gheilani et al. 2011). In 1987, a bloom 

Rhizosolenia chunii in Port Phillip Bay, southeastern 

Australia, caused the mussels, scallops and flat oysters 

to develop an unpleasant and persistent bitter taste 

which eventually led to high shellfish mortality 3 to 8 

months after the bloom had ended (Parry et al. 1989).  
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Table 8. Significant difference between the water quality of 

four coastal areas in Puerto Princesa Bay with and without 

informal settlers. Note: ** significant at P < 0.01; * 

significant at P < 0.05. 

 

Parameter Kruskal-Wallis 

Computed 

Value 

Significant 

Value 

Phytoplankton 

Diatoms 

Coscinodiscus spp. 1.616 0.204 

Nitzschia spp. 2.185 0.139 

Proboscia spp. 0.859 0.354 

Pseudo-nitzschia 

spp. 
7.694 0.006 ** 

Rhizosolenia spp. 0.006 0.940 

Skeletonema spp. 6.912 0.009 ** 

Dinoflagellates 

Alexandrium spp. 4.265 0.039 * 

Ceratium spp. 7.985 0.005 ** 

Dinophysis spp. 0.153 0.696 

Prorocentrum sp. 0.001 0.976 

Protoperidinium 

spp. 
2.201 0.138 

Pyrodinium sp. 0.000 1.000 

Blue-Green Algae 

Oscillatoria spp. 0.207 0.649 

Fecal Coliform 12.075 0.001 ** 

Physicochemical  

Temperature (ºC) 1.407 0.236 

pH 0.254 0.614 

DO (mg L-1) 1.358 0.244 

Salinity (ppt) 0.011 0.918 

TDS (g L-1) 0.310 0.578 

 

 

Table 9. Water quality in relation to the presence of informal 

settlers in four coastal areas of Puerto Princesa Bay. Note: 

** significant at P < 0.01; * significant at P < 0.05. 

 

 

Parameter 

Logistic Regression 

(df=1) 

Statistical 

Value 

Significant 

Value 

Phytoplankton 

Diatoms 

Coscinodiscus spp. 4.092 0.043* 

Nitzschia spp. 2.860 0.091 

Proboscia spp. 0.690 0.406 

Pseudo-nitzschia 

spp. 
8.145 0.004 ** 

Rhizosolenia spp. 0.000 1.000 

Skeletonema spp. 8.043 0.005 ** 

Dinoflagellates 

Alexandrium spp. 4.181 0.041* 

Ceratium spp. 6.063 0.014 * 

Dinophysis spp. 0.222 0.637 

Prorocentrum sp. 0.080 0.777 

Protoperidinium 

spp. 
2.037 0.154 

Pyrodinium sp. - - 

Blue-Green Algae 

 

Parameter 

Logistic Regression 

(df=1) 

Statistical 

Value 

Significant 

Value 

Oscillatoria spp. 0.315 0.575 

Fecal Coliform 5.199 0.023 * 

Physicochemical  

Temperature (ºC) 2.111 0.146 

pH 0.006 0.940 

DO (mg L-1) 1.003 0.317 

Salinity (ppt) 0.193 0.660 

TDS (g L-1) 0.094 0.760 

 

The less abundant phytoplankton genera 

found in Puerto Princesa Bay include Proboscia, 

Skeletonema, Prorocentrum, Protoperidinium, and 

Oscillatoria. There were also reports that these genera 

produced either toxic or nontoxic blooms.  One study 

showed that a bloom of the diatom Proboscia alata 

occurred in 2009 in the coastal sea off Bekal, India 

resulting in pale brown discoloration of water 

(Thomas et al. 2014). Another study showed that a 

dense bloom of diatoms Skeletonema costatum and 

Thalassiosira species in British Columbia, Canada 

resulted in gill lesions and mortality in Atlantic salmon 

reared in the area. This was the first report of fish kill 

caused by these diatoms (Kent et al. 1995). Moreover, 

studies showed that Prorocentrum minimum and P. 

cordatum cause mass aquaculture fish kills in Japan, 

Philippines and Singapore while P. rhathymum can 

cause DSP, similar with Dinophysis species (Yñiguez 

et al. 2021). In 2019, a brownish-red dense bloom of 

Protoperidinium steinii was observed in the tropical 

Indian waters, but did not cause mortality in marine 

organisms (Sathishkumar et al. 2021). Lastly, 

Oscillatoria acutissima was reported to have caused 

massive fish mortality in the Alexandrian waters in 

Egypt (Ismael 2012). 

The months that exhibited the highest density 

of toxic and potentially toxic phytoplankton in Puerto 

Princesa Bay were June 2018 and January 2019.  The 

next highest density of these phytoplankton was 

observed in July 2018, January 2019, and March 2019.  

Interestingly, the recorded incidences of red tide in 

Puerto Princesa Bay for the last three years occurred 

during these months (BFAR 2017, 2018, 2019, 2020; 

Puerto Princesa 2017) or close to these periods. 

 

Fecal Coliform 

 

 The coastal areas with the absence of  

informal settlers passed the Philippine standard for 

Class SB waters in terms of fecal coliform, which is 

100 MPN/100 ml (DENR 2016), throughout the 

sampling period with the exception of Caña Island in 

the month of September (295 MPN/100 ml) and Brgy. 

Mangingisda in the month of March (110.9 MPN/100 

ml).  
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On the other hand, coastal areas with the 

presence of informal communities exceeded the limit 

of Philippine standard for Class SB waters for fecal 

coliform for most months, with the highest count at > 

1600 MPN/100 ml. Only in the months of March, 

April, and November did these areas have fecal 

coliform counts within the limit set by DENR (2016). 

As previously stated, these sites have many houses 

built on stilt with residents that directly discharge 

human wastes on coastal areas.  

The fecal coliform count was found to be 

highest (> 1600 MPN/100 ml) in September, during 

the rainy season and lowest (< 1.8 MPN/100 ml) in 

April, a dry season. These findings are parallel with 

Latha and Mohan (2013) that explained that the 

presence of fecal coliform bacteria in water indicates 

water pollution. These pathogenic microorganisms 

from human and animal wastes can contaminate fish 

and other marine organisms which in turn can pose 

serious health threat to human consumers, particularly 

in cases of extreme fecal contamination in seawater. 

Such situation can also affect the environmental 

quality and the over-all economy of the country 

(Echapare et al. 2019). 

  

Physicochemical Characteristics 

 

The average temperature in the four coastal 

areas is within (or close to) the limit set by the 

Philippine standard for Class SB waters, which is 26° 

to 30°C (DENR 2016). In addition, the temperature 

range (25.2 to 32.1 ºC) in the four coastal areas is good 

for phytoplankton growth which requires an optimum 

temperature ranging from 20° to 30ºC (Veronica et al. 

2014).  Similarly, the pH average values for all 

sampling sites (8.29 to 8.44) are within the permissible 

limits of the Philippine standard for Class SB waters, 

which is 7.0 to 8.5 (DENR 2016).  

The average dissolved oxygen (4.9 to 5.4 mg 

L-1) in the four coastal areas is below the permissible 

limits of the Philippine standard for Class SB waters, 

which is 6.0 mg L-1 (DENR 2016). Puerto Princesa 

Bay is a harbor for fishing and commercial boats. The 

water has domestics rubbish and oil spills from boats, 

in addition to untreated sewage and domestic waste 

from coastal communities surrounding the bay (Yap et 

al. 2011). According to Bozorg-Haddad et al. (2021), 

the introduction of organic wastes, such as domestic 

and animal sewage, can greatly reduce the DO in water. 

This is alarming since most aquatic organisms need 

oxygen to survive; in particular, fish cannot survive for 

long in water with DO < 5 mg L-1. Thus, low DO in 

water is a sign of contamination. In addition, Seo et al. 

(2019) explained that DO and pH have a negative 

relationship with fecal coliform. The proliferation of 

coliform bacteria leads to consumption of DO and the 

production of carbon dioxide results in a decrease in 

pH. 

The Philippine standards for water quality 

did not set a limit for both salinity and total dissolved 

solids in coastal waters (DENR 2016). The wide range 

of salinity (14.2 to 48.9 ppt) in the four coastal areas 

may be due to freshwater runoff during rainy season 

resulting in low salinity and high evaporation rate near 

shallow areas during summer leading to high salinity 

(AMSAT 2008).  On the other hand, the total dissolved 

solids in the coastal waters may have come from 

agricultural runoff and leaching of soil contaminants 

(Yap et al. 2011).  

 

Water Quality in Relation to the Presence of 

Informal Settlers 

 

 Two water quality parameters showed 

significant difference at P < 0.05 between the coastal 

areas with and without informal settlers. These include 

fecal coliform and the density of the four 

phytoplankton genera – Pseudo-nitzschia, 

Skeletonema, Alexandrium, and Ceratium. In addition, 

the positive statistical values in Kruskal-Wallis 

indicate that the density of all phytoplankton genera is 

higher in the coastal areas with the presence of 

informal settlers, but the difference is not significant 

in some phytoplankton. Likewise, there is no 

significant difference in the physicochemical 

parameters between the coastal areas with the presence 

and absence of informal settlers. 

In regression analysis, the higher the 

statistical value and the lower the significant value (P 

< 0.05), the higher is the tendency for a particular 

parameter to be affected by the presence of informal 

settlement in the coastal areas.  The parameters that 

could be affected by the presence of informal settlers 

in coastal areas include fecal coliform and the five 

phytoplankton genera (Coscinodiscus, Pseudo-

nitzschia, Skeletonema, Alexandrium and Ceratium) 

which are all significant at P < 0.05. It can be deduced 

from the result of linear regression that these five 

phytoplankton genera will thrive in water 

contaminated with fecal coliform.  

Based on the results of this study and in light 

of the recurring incidence of red tide in Puerto 

Princesa Bay, it is highly recommended that the local 

government should provide policies for the 

management of human-caused sources of pathogenic 

bacteria, to keep the fecal contamination within a 

range considered safe for human health and to prevent 

its contribution to harmful or potentially harmful algal 

blooms. Relocation programs of the local government 

unit may be strengthened and information campaigns 

may be organized to increase the awareness of the 

local residents on the impacts of informal settlements 

on the water quality of Puerto Princesa Bay. 
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