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ABSTRACT
In Catarman, Northern Samar, approximately 15 typhoons enter the region annually, intensifying the importance of resilient coastal vegetation. Nypa fruticans supports biodiversity by providing habitat for various species and plays a crucial role in stabilizing coastlines. This study assessed the ecological function and resilience of Nypa fruticans in relation to the physicochemical properties of its environment. It involved the evaluation of nipa population distribution, water quality parameters (DO, pH, salinity, temperature, TDS, TSS, turbidity), soil characteristics (moisture, pH, porosity, temperature, and soil type), the presence of macrofauna, and anthropogenic activities in the area. QGIS-based spatial analysis identified a dense Nipa population in Map A, covering 7,275 ft² with 354 groups per acre across all three sampling sites. These findings indicate a robust habitat that supports active species propagation and dispersal. Most water quality indicators complied with the DENR 2016 standards, except for DO and TSS, which exceeded the allowable limits. Soil moisture, pH, porosity, and temperature remained within acceptable ranges, and the dominant soil types were classified as dark brown and silt clay loam. However, low nitrogen, moderate phosphorus, and low potassium levels were observed, potentially limiting nipa growth and affecting leaf, root, and overall plant resilience. Macrofauna species exhibited tolerance to environmental fluctuations but showed sensitivity to pollution, which may lead to increased mortality and reduced biodiversity. Additionally, anthropogenic disturbances such as pollution and habitat destruction pose further threats to the local ecosystem. This study underscores the intricate balance between Nypa fruticans’ ecological contributions, environmental quality, and human activity, highlighting the need for informed conservation and management strategies.
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1. INTRODUCTION
Nypa fruticans (Nipa) palm is a kind of estuarine plant distributed from Africa, South Asia, and Indonesia, to the West Pacific. It grows up to 10 meters tall depending on the habitat fertility. It produces many propagules that are dispersed by ocean currents. In the Niger Delta, it invades deforested and exposed mudflats and forms dense monospecific stands which outcompete native mangrove species.

Numerous areas in Northern Samar are occupied by Nipa palm (Lim et al., 2020). These species are more at risk of erosion, destabilizing foreshores, and increased water turbidity. The lack of pneumatophores in the Nipa may also affect sedimentation processes. In the study area, Nipa palm serves as the first line of defense against the impacts of tsunamis, and cyclones that reduce the damages in the coastal zones, especially since the study site, barangay Bangkerohan, Catarman Northern Samar for has about 15 typhoons enter the region in aeach year. Large numbers of coastal ecosystems globally are subjected to concurrent hypoxic and acidified conditions that will likely intensify and expand with continued climate change (Tomasetti et al., 2018). Nipa palm has also been used as a food packaging material (Cu et al., 2024) and a precursor for the biosynthesis of zinc oxide nanoparticles (Lim et al., 2020). 	Comment by Reviewer: Only one species mentioned, should this say “These regions…” or “These environments…”?

A high water quality with sufficient nutrient availability and salinity enables the species to maintain continuous growth and a healthy population. However, there has been a significant increase in the natural levels of heavy metals in the aquatic ecosystems because of industrial activities and urban development. At certain levels, any chemical elements in water can be dangerous to hydrophyte plants like Nypa fruticans. Therefore, a study on water properties is needed to detect the levels of heavy metals, major metals, trace elements, and nutrients in water, and determine their effects, since this species is constantly inundated. 
In the selected areas of Mindanao, the Philippines, Mantiquilla et al. (2020) underscored that Nipa is a potential source of biofuel, which requires an understanding of the palm’s nutrition to increase sap yield. Initial baseline data on the nutrient levels of nipa were determined from its natural habitats in Mindanao using foliar analysis. Results revealed that nipa palms thrived in various soils from clayey, loamy, to sandy clay loam types. Newly developed shoots are to be used as a vermicide. Ash from the Nipa palm is an analgesic against tooth pain and headache. Dry leaves, petiole, stem wood, fruit residues, etc., are used as fuel. In fishing, rhizomes of Nipa palm are extensively used, facilitating the fishing net to float over the water surface. Farmers also report that the Nipa palm in the river or sea attracts deep-water fish (Hossain, 2015). Elemental variations were observed across sampling sites owing to their locations in the estuaries, human activities, and soil pH. Nutrient levels of nipa palm were observed in selected sites of Mindanao. Initially, nutrient analysis was conducted using leaf rank 2 supplemented with the physicochemical properties from topsoil and subsoil, grown on nipa palms. Generally, nipa palms are found to be growing in clay to sandy clay loam soils in Mindanao. Particularly, the Talomo stands in Davao City occurred in sandy clay loam to clay loam soils characterized by pH 4.9 to 6.1 with high organic matter content and cation exchange capacity. Soil chemical analysis revealed that sodium and chlorine concentrations were high both in topsoil and subsoil, ascribed to the regular flooding of brackish water in the estuary.	Comment by Reviewer: Be consistent with whether Nipa is capital or lower-case.


This work assesses the ecological function and resilience of Nypa fruticans in response to physicochemical variabilities in Barangay Bangkerohan, Catarman, Northern Samar. QGIS mapping was used for the interpretation of the Nipa population distribution by determining the total area of the study site and the number of Nipa trees by spacing distance per square meter area. Physicochemical properties of water include (DO, pH, salinity, temperature, TDS, turbidity, TSS, and turbidity) soil parameters include (color, macronutrients, moisture content, pH, soil porosity, temperature, and type of soil), the macrofauna present in the area, and anthropogenic activities in the study area.

2. METHODOLOGY
2.1 Assessment of the Nipa population distribution
In assessing the Nipa population distribution, QGIS mapping was used for the interpretation of the Nipa populationits distribution by determining the total area of the study site and the number of Nipa trees by spacing distance per square meter area.
 
2.2 Estimated number of trees per square meter 

The total area through QGIS mapping / [ (spacing of trees in meters for direction 1) x (spacing of trees in meters for direction 2) ]

2.3 Determination of the physicochemical properties of water samples

pH
An on-site digital pH meter was placed in the water sample after the collection. After 1 minute, the registered pH was recorded. This is done in three (3) trials. 


Temperature	Comment by Reviewer: Since presumably temperature can change through out the day, if multiple readings were not taken, then when was this reading taken?
The temperature of the water sample was determined using a digital thermometer. The thermometer was submerged immediately below the water surface for (5) minutes. 

Salinity
The salinity of the water sample was also tested on-site after the collection of the water sample. A drop of the water sample was placed on the glass side of the refractometer. 




Dissolved Oxygen (DO)
The Dissolved dissolved oxygen of water was determined by the use of a Dissolved Oxygen (DO) meter. A 400 mL of water sample was poured into the beaker and the DO meter was placed in the beaker with the water sample.

Total Dissolved Solid (TDS)
The Total Dissolved Solids of water was determined by the use of a TDS meter. 	Comment by Reviewer: Information about this meter should also be provided, such as the make or model. This should be done for any meters mentioned.

Total Suspended Solids (TSS)
Place the filter paper in the filter flask. Mix the water sample well and pour it into a graduated cylinder to the selected volume. Then apply suction to the filter flask and seat the filter with a small amount of distilled water. Pour the selected volume into the filtration apparatus, then draw the sample through the filter into the filter flask. Rinse the graduated cylinder into the filtration apparatus with three successive 10 mL portions of distilled water, allowing complete drainage between each rinsing. Then, continue suction for three minutes after the filtration of the final rinse is completed. Finally, dry the filter in an oven at 80° for at least 1 hour, then weigh it in the analytical balance for the final weight of the filter paper.

TSS=
where:
A = weight of filter + dried residue, (g), and
B = weight of filter, (g).


Turbidity
The turbidity was measured using a turbidity meter to determine the vertical transparency of the river water.

Soil Sample Preparation And Analysis
The soil samples were air-dried in a ventilated room. The samples were then ground using a ceramic mortar and passed through a 2 mm sieve. Portions of the samples were oven-dried at 105° C for the moisture correction factors. 


Soil Collection for Moisture Content Determination
The gravimetric method was used to determine moisture content. Here, an empty metal tin of weight will beis driven into the soil. 

Classifying the Type of soil
In determining the type of soil, through we used ocular, direct inspection on the study site, and soil texture and during laboratory experiments in determining soil properties.

Determination of Soil Temperature 
Soil temperature was determined by selecting an appropriate site, a pilot hole is made to a depth of 5 cm, and the temperature probe is inserted and read after 2–-3 minutes. 
 
Determination Of The Color Of The Soil 
Determination of the color of the soil was through the Munsell soil color chart. 

Soil Nutrients (macronutrients)
A soil sample testing tool kit was used for the identification of soil macronutrients from the Bureau of Soil and Water Management office in Manila, Quezon City. Analysis by the SOIL TEST KIT (SKT) is a quick method of evaluating the fertility status of soil. This involves chemical analyses that measure the amount of nutrients in the soil that are available to the plant. Results are interpreted and used as a basis for making a recommendation on what kind of nutrients the soil needs.

Moisture Content
Weigh both of the aluminum dishes. Aliquot approximately 50 g of moist soil into each aluminum dish and reweigh the dishes. Hence, the moist weight of the soil sample is now known. Dry the soil overnight at 105 °C in the oven for 24 hours. Remove the dishes from the oven and allow them to cool. Reweigh the dishes plus the oven-dry soil. Now the weight of the dry soil is known.

Calculate the soil moisture content for each of the replicate samples using the following equation.

 
Porosity

To measure porosity, a commonly employed laboratory method involves determining the volume of void space within a sample of soil and rock using the Water Displacement Method. 




where:
V void – pore space volume
V total – total volume.






Identification of Macrofauna Species Present In The Study Site
Identification of Macro-fauna was done through direct observation, collecting of the macro-fauna, and photo documentation in the study site during the morning and survey during the afternoon.

Identify the Anthropogenic Activities That Affect The Area
Identification of anthropogenic activities in the study area was done through direct observation and photo documentation at the study site.


3. RESULTS
Study's findingsWe find, among the three Map locations, Map A, with a total area of 7275 feet, has the most highest Nipa population, followed by Map B, at 562 feet, and Map C, at 2754 feet. The Nipa population with the biggest population (Map A) had the largest contribution to Nipa’s population distribution and dispersal.	Comment by Reviewer: This sentence should be rewritten so population is used so many times, which can lead to confusion and repetition.

Table 1. Approximate number of groups of Nipa per acre based upon the distance in feet in a square grid pattern.


	AREA
	TOTAL AREA
	SPACING (FEET)
	NUMBER OF TREES/ACRE

	MAP A
	7275 ft.
	5×4
	364

	MAP B
	562 ft.
	5×4
	28

	MAP C
	2754 ft.
	5×4
	138
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	Comment by Reviewer: The smaller callouts at the top of this figure need to be labeled. Presumably they are Region A, Region B, Region C (left to right), but that must be explicitly shown or labeled. Additionally, the smaller things labeled in these images are unfocused and unclear. They may be individual sampling sites, but it is unclear from the figure caption and they are not clear in the images regardless.Figure 1.  Summary of the Total Number of Groups of Nipa per acre Based Upon the Distance in Feet in a Square Grid Pattern in Barangay Bangkerohan.





Table 2. Summary of the Environmental Parameters of Water in the Study Site, Barangay, Bangkerohan, Catarman, Northern Samar.






	Physicochemical Properties of Water
	Average
	DENR Standard of 2016
	Interpretation

	DO
	12.54 mg/L
	5–-8 mg/L
	Above the permissible limit of DENR Standard 2016

	pH
	7.7 pH
	6.0–-9.0 pH
	Within the permissible limit of DENR Standard 2016

	Salinity
	26.573 ppt
	1ppt-33pt
	Within the permissible limit of DENR Standard 2016

	Temperature
	30.2° C
	20°C–-35° C
	Within the permissible limit of DENR Standard 2016

	Total Dissolved Solids
(TDS) 
	8602 ppm
	1,000– 10,000 mg/L
	Within the permissible limit of DENR Standard 2016

	Total Suspended Solids (TSS)
	327.7 mg/L
	110 mg/L
	Above the permissible limit of DENR Standard 2016

	Turbidity
	1.9 NTU
	2.5 NTU
	Within the permissible limit of DENR Standard 2016



Table 3. Summary of the Environmental Parameters of Soil in the Study Site, Barangay, Bangkerohan, Catarman, Northern Samar.






	Physicochemical Properties of Soil
	Average
	DENR Standard of 2016
	Interpretation

	Color
	Dark brown
	-
	Dark brown

	Moisture Content
	53%
	35% –- 65 %	Comment by Reviewer: Stay consistent with using spaces or not. I also recommend using an en dash for ranges, rather than a hyphen, usually used to connect words or terms.
	Within the permissible limit of DENR Standard 2016

	pH
	5.7 pH
	5.0 pH – 7.0 pH
	Within the permissible limit of DENR Standard 2016

	Soil Porosity
	35% - 60 %
	53%
	Within the permissible limit of DENR Standard 2016

	Temperature
	29.8 ° C
	28–-32° C
	Within the permissible limit of DENR Standard 2016

	Type of Soil
	Silt clay loam
	-
	Silt clay loam












Table 4. Summary of the Environmental Parameters of Soil in the Study Site, Barangay, Bangkerohan, Catarman, Northern Samar.




	Macronutrients
	BSWM Standard of 2022
	Result
	Interpretation

	



Nitrogen (N)
	



Very High
(> 4.5)

High
(3.6 to 4.5)

Medium
(3.1 to 3.5)
Low
(0 to 2)





	Low
(0 to 2)

	


Within the permissible limit of BSWM Standard of 2022

	






Phosphorus (P)
	



Moderately Low
(7 to 10 ppm)
Low
(0 to 6ppm)







High (16 to 20ppm)
Moderately High (11 to 15ppm)


Very High (More than 20ppm)

	Moderately High (11 to 15 ppm)

	








Within the permissible limit of BSWM Standard of 2022

	





Potassium (K)
	


Sufficient +

Sufficient
Low





Sufficient +++
Sufficient ++




	Low

	





Within the permissible limit of BSWM Standard of 2022





Table 5. Macrofauna Species In in Barangay, Bangkerohan.
	FAMILY NAME
	SCIENTIFIC NAME
	ENGLISH NAME
	LOCAL NAME

	Family Carangidae

	Caranx Ignobilis
	Giant Trevally
	Talakitok, Mamsa

	Family Gerredae

	Gerres abbreviatus
	Deep-body Silverbelly
	Amorok

	Family Haemulidae

	Plectorhinchus gibosus
	Sweetlips
	Gulyabaw

	Family Leiognathidae

	Leiognathus equulus
	Common Ponyfish
	Sapsap

	Family Leiognathidae

	Gazza dentex
	Ponyfish, Slipmouth

	Sapsap

	Family Lutjanidae

	Lujanus spp.
	white snapper
	mayamaya/agu ot

	Family Mugilidae

	Valamugil buchanani
	Longarm Mullet
	Balanak

	Family Oxudericidae

	Periophthalmus sp.
	Mudskipper
	Tambalo

	Family Sesarmidae
	Armes sp.
	Square-back crab
	Talangka

	Family Siganidae

	Siganus vermiculatus
	Vermiculate
	         Samaral

	Family Sphyraenidae

	Sphyraena jello
	Pickhandle Barracuda
	Rumpi, Torsiyo

	Family Terapontidae
	Terapon jarbua
	Terapon
	Bagaong, Gonggong
































4. DISCUSSION

Table 1 and Figure 1, with the used ofusing QGIS (2024), shows that Map A, with a total area of 7275 feet, has the most highest Nipa population, . According to the study'sour findings, among the three Map locations, Map A, has the most largest Nipa population, followed by Map C, at 2754 feet, and Map B, at 562 feet. The largest Nipa population with the biggest population (Map A) also had the largest contribution to Nipa’s population distribution and dispersal and could supply valuable plant items for food, traditional herbal medicine, and other forest and wood goods. The saltwater and freshwater environments that mangroves cross are both protected by them. The silt and sediment that rivers and tides bring out to sea are collected by nipa roots. The trees prevent erosion by stabilizing shorelines by through retaining dirt in situ. All mangrove species have laterally spreading roots with attached vertical anchor roots that act as the first line of defense in coastal areas (NOAA, 2024). 

The physicochemical properties in the water such as (i.e., pH, salinity, temperature, total dissolved solids, total suspended solids, and turbidity) in the water whileor in the soil such as (i.e., color, moisture content, pH, macronutrients, soil porosity, temperature, and type of soil) that play a vital role in determining the resilience of ecosystems, including those inhabited inhabiting the Nipa area. For the physicochemical properties of water (Table 2), pH, Salinity, Temperature, Total Dissolved Solids, and Turbidity are within permissible limits of the standard, while Dissolved Oxygen and Total Suspended Solids were above the permissible limit. 

On the other hand, the physicochemical properties of soil, including Moisture Content, pH, Soil Porosity, and Temperature, are all within the permissible limit of the standard, . Thus, excess organic material in lakes and rivers can cause eutrophic conditions, which is an oxygen-deficient situation that can cause a water body to "die”,  (U.S. Geological Survey, 2018). Water quality and soil texture appear to be highly significant factors for the growth of Nypa fruticans, with growth determined by: Ca, Fe, Al, As, chloride, sulphate, and nitrate; salinity in water; and silt and clay fractions in soil (Zakaria et al., 2017). 

In Table 3. Moreover, in Table 4,Tables 3 and 4 show how Mmacronutrients in the soil, such as Nitrogen and Phosphorus, appear to be low percentages, while potassium is moderately high. The type of soil was silt loamy clay in the study area. Understanding these factors in conserving and managing Nipa palm populations for optimal growth, especially in the face of environmental changes and human activities that have a massive impact that affect estuarine and coastal conditions, are vital.

The (12) twelve (12) macro-fauna species (Table 5) that can bewe found in the study area are mostly organisms that can tolerate and thrive within these standards of environmentconditions, within the permissible limit of these physicochemical parameters. The physicochemical properties of water and soil are critically important for these species that can be found in the study area because they directly affect their survival, health, and reproductive success. Macroinvertebrates in the coastal areas are very also important to aquatic ecosystems. They are food for vertebrates, and their biodiversity serves as a testament to the quality of their habitats (Kabata et al., 2019).  Soil temperature varies seasonally and daily, which may result from changes in radiant energy and energy changes taking place through the soil surface. It governs the soil's physicochemical and biological processes and also influences the interspheric processes of gas exchange between the atmosphere and the soil (Onwuka, 2016). Soil conditions were considered to affect nipa height; therefore, principal component analysis (PCA) was conductedhas been used to elucidate the relationships among soil properties. As a result, three factors were extracted (Matsui 2016).  The importance of humans and a variety of coastal organisms has been well documented (Polidoro, 2010).	Comment by Reviewer: What are these three factors? List them.	Comment by Reviewer: Impact?

Regarding the anthropogenic activities (Plates 1 –- 6) in the study area, there arewe included (9) nine human activities that caused harm and disruption in the environment, . this This shows that the study area requires environmental impact assessment, sustainable resource management, public health, and Nipa palm seedlings had a higher survival rate than mangrove propagules. Mangrove propagules in lowly polluted soil showed a higher survival rate than propagules in highly polluted soil, thus, pollution had an effect on seedling growth within species, but also had an effect across species. , safety, regulatory, and compliance measures, and community engagement (Numbere and Camilo, 2016).	Comment by Reviewer: Sentence needs to be checked, as comes across confusing at the moment.

CONCLUSION

QGIS mapping determined Map A as has the largest total area and, therefre, the highest largest approximate population group from all (3) three sites of for Nipa. This confers Map A to contribute most to their propagation and dispersal. These areas Sserve as nurseries for marine life and provide food and shelter for diverse fauna, promoting higher biodiversity. The physicochemical properties of water from the sampling sites are characterized by pH, salinity, temperature, TDS, and turbidity were all within the permissible limit of the (DENR, (2016), which contribute to the growth and diversity of flora and fauna, while DO and TSS were above the permissible limit, affirming that flora and fauna species can tolerate such conditions that lead to stress. The physicochemical properties of soil, including moisture content, pH, soil porosity, and temperature were all within the permissible limit of the DENR standard of the DENR standard of 2016. The soil color was dark brown, affirming the presence of organic matter, the soil type was silt clay loam making the soil more stable, reducing erosion, and providing athe solid base for Nipa’s roots to anchor, . this This specifies that soil parameters contribute to Nypa fruticans and associated fauna in the area of its optimal growth and reproduce efficiently and tolerate environmental changes. Soil macronutrients show low Nitrogen, which affects poor leaf development, moderately high Phosphorus, which affects root development and plant strength, and low Potassium, which weakens plant resilience to reduced plant toleranceother factors. Macrofauna species in the study area can tolerate certain changes in the environment, allowing them to reproduce and take shelter in Nipa, but they are at risk of pollution in coastal environments, contributing to mortality and diminishing the biodiversity of the organisms. Anthropogenic activities in the study area contributeadd to the mortality and diminishing growth of the site's flora and fauna, contributing to habitat destruction, pollution, and climate change.
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