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ABSTRACT

	Aims: The study aimed to identify the species and distribution of aquatic macrophytes found in the selected sampling sites along Sawaga River, as well as their conservation status and the corresponding implications it has on the environmental status of the river.
Study design: The study employed a descriptive research design.
Place and Duration of Study: Sawaga River, Malaybalay City, Bukidnon (Casisang Site, Impalambong Site, Kalasungay Site) and Central Mindanao University Museum, Maramag, Bukidnon; January 2024 to December 2024
Methodology: The transect walk method was utilized to collect the aquatic macrophyte species in the sampling sites. Subsequently, the Shannon-Wiener Diversity Index and Margalef’s Species Richness Index were employed to determine species diversity and richness in the area. Additionally, the collected specimens underwent preservation through the use of denatured alcohol.
Results: Of all the three (3) sampling sites, only three distinct aquatic macrophyte species were recorded across all sites: Cyperus alternifolius (emergent), Hydrocotyle sp. (creeping), and Pistia stratiotes (floating). The computed Shannon-Wiener Diversity Index (H’ = 1.0114) and Margalef’s Species Richness Index (D = 1.1162) across all sampling sites indicate generally low species richness. All species were classified as Least Concern (LC) by the IUCN.
Conclusion: There is a limited presence of aquatic macrophytes in Sawaga River, attributed to environmental stressors such as seasonal climate variation and anthropogenic pollution. It is recommended that succeeding studies expand the number of sampling sites and consider other seasonal periods to gain a more comprehensive understanding of the ecological status of the river.
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1. INTRODUCTION

Aquatic macrophytes, or widely called aquatic plants, are a series of plant species that consider the aquatic environment as their natural habitat and can mostly survive with just it being surrounded by bodies of water. Macrophytes are aquatic photosynthetic organisms that grow permanently or from time to time as submerged, floating, or on the water surface of inland freshwater or brackish waterbodies (Chambers et. al., 2008; Murphy et. al., 2019; Alahuhta et. al., 2021). They are taxonomically diverse, visible to the naked eye, and examples of these include vascular aquatic plants, bryophytes, green macroalgae, and charophytes (Lesiv et. al., 2020). Aquatic plants are easily found in lakes, streams, and rivers, most particularly in the shallowest areas of these bodies of water. The said shallow areas are called the littoral zones, and the plants that grow on them are divided into three groups. [5]. Aquatic plants also play a part in regulating water temperature and quality, the amount of nutrients in a body of water, and fluctuations in water levels (Dar et. al., 2014).

The province of Bukidnon has numerous rivers, lakes, and streams that are considered significant natural resources (Galan et. al., 2015). Sawaga River, a river dominantly situated in Malaybalay City, serves as one of the major sources of water in the city for drinking, irrigation, and industrial uses (Opiso et. al., 2014). However, the aquatic flora of the river is poorly documented and studied, prompting efforts to assess the composition of species in Sawaga River to serve as baseline information among nearby residents and the general public.

The researchers found significance in conducting this study, considering the many functions of macrophytes in the aquatic environment and to increase the amount of knowledge in the community regarding it. Macrophytes are considered as an essential component in the food web of the aquatic environment and the hosts of ecological functions in the habitat (Chambers et. al., 2008). The abundance of macrophytes in a lake resulted in high nutrient concentrations and high vegetation (Swe et. al., 2021). Their purposes are inclined toward nutrient cycling and habitat provisions, and they also participate in water cycling and gas production in their environment (Thomaz et. al., 2021). The presence of macrophytes and their activity enhance water purification and disease control, which are important regulatory services. They are used to refine water quality as green technology, which is effective, costs less energy, and is environment-friendly (Patel et. al., 2020). Aside from regulating water quality, macrophytes are considered sources of natural resources for the industrial production of paper pulp, biofuel, and natural therapeutics (Haroon et. al., 2022). Even in a man-made aquatic area, they also have the ability to decrease water pollution by removing metals, pharmaceutical products, pesticides, cyanotoxins, and nanoparticles (Kochi et. al., 2020).

Assessment and diversity studies of aquatic macrophytes were conducted across the Philippines. In specific sites in the Lumbocan River of Butuan City, a total of 6 species from 6 families and 3 divisions were identified (Saro et. al., 2022). 63 different macrophyte species were found in the Verde Island Passage of Batangas in a specific period of time, in the summer, southwest, and northeast monsoons (Najeen et. al. 2021). Marine benthic macrophytes are types of macrophytes situated in coastal ecosystems, and 37 submerged species belonging to 15 families were found in coastal areas near mines in Claver, Surigao del Norte (Orboc et. al., 2022). Meanwhile, in Balili River, La Trinidad, Benguet, 38 species of macrophytes under 37 genera and 19 families were identified (Napaldet et. al., 2019).

Furthermore, the study aimed to identify the species and taxonomy of aquatic macrophytes in Sawaga River and their physiological characteristics. The study provided an overview of the species found in the river to the nearby residents, keeping track of their conservation status and considering the significance they contribute to the aquatic ecosystem in the areas since it regulates water quality and are indicators of environmental health. The study aimed to provide additional knowledge and data on aquatic macrophyte species found in the river and in the province of Bukidnon.



2. materialS and methods 

2.1. Research Design

This study used a descriptive research design to identify the aquatic plants in Sawaga River, Malaybalay City, Bukidnon, as well as their diversity and richness in the river. The main goal was to understand the different types of aquatic plants, their distribution in the area, and their implications. The researchers observed the study site and recorded the plants they found, focusing on their classification and environmental implications to provide a basis for future research and to monitor changes over time.  

2.2. Entry Protocol

Necessary permits, including to those from institutions, agencies, and authorities were obtained prior to conducting the study to ensure an ethical, consented and professional approach.
2.3. Locale of the Study

[image: ][image: ]The researchers conducted an assessment of macrophyte species in Sawaga River, located in Malaybalay City, Bukidnon. In particular, sampling sites were selected, namely the Casisang Site, Impalambong Site, and the Kalasungay Site. Following sample collection, specimens were brought to the University Museum of Central Mindanao University, Maramag, Bukidnon, for their taxonomical identification.

Fig. 1. Map of sampling sites

2.4. Collection of Samples

The researchers used the transect walk method, also utilized in the study of Asido et. al. (2024), in evaluating and collecting samples in the area. Starting and finishing points were determined where researchers count and identify macrophytes. It started at the Impalambong area, walking 240 meters from the starting point 20 meters away from the roadside. The collection of samples followed at the Kalasungay area, starting at a point 210 meters away from the roadside and walking up to 373 meters. The collection of samples concluded at the Casisang area, starting 20 meters away from the roadside and ending 367 meters away. The data collected from the area covered were used to make assumptions about the entire habitat. After collection, specimens were soaked in denatured alcohol and let dry for preservation, following the principles and observations in the study of Johnson et. al. (2023). 

2.5. Identification of Aquatic Macrophytes

The collected samples underwent preliminary identification using online research resources. Following this, the specimens were sent to Central Mindanao University Museum in Maramag, Bukidnon, for final identification. This is to ensure the accuracy of the identified species.

2.6. Diversity and Richness Indices

After identification of species, the diversity and richness of aquatic macrophytes were determined using the Shannon-Wiener Diversity Index, basing on species abundancxe and evenness, and the Margalef’s Species Richness Index, correlating the number of species to their occurences during collection.

2.7. Documentation

The identified species of aquatic macrophytes were photographed in their natural habitat, captured in their untouched state without any human intervention. The research area's photo samples were collected for the purpose of documentation, allowing for a visual record of the macrophytes within their natural habitat.


3. RESULTS AND DISCUSSION
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Fig. 2. From left to right: Pistia stratiotes, Cyperus alternifolius, Hydrocotyle sp.

Table 1.	List of collected aquatic macrophyte species

	Family
	Genera
	Species

	Araceae
	Pistia
	Pistia stratiotes L.

	Araliaceae
	Hydrocotyle
	Hydrocotyle sp.

	Cyperaceae
	Cyperus
	Cyperus alternifolius



Table 1 shows the three (3) aquatic macrophytes identified from the selected sampling sites: Pistia stratiotes (floating), Hydrocotyle sp. (creeping), and Cyperus alternifolius (emergent). The species belonged to the families Araceae, Araliaceae, and Cyperaceae. The population of macrophytes in the sites are significantly low, attributed to factors such as the variability of precipitation induced by change in climate, urban runoff, and the prevalence of urban settlements along the area (Lind et. al., 2022; Grzybowski et. al., 2022).

In the study of Rafael et. al. (2016), urbanization is a major factor contributing to the species composition of an aquatic area. They are the main cause of high pollution levels and frequent disturbance of habitats. In turn, it translates to a low number of species turnout. Also in the study, aquatic macrophytes were much more present in non-urban settlements than those in the urban setting due to the water bodies being classified as hypereutrophic.

It was also stated in the study of Sculthorpe (1967) that light penetration was also an important factor of macrophyte growth, assisted by the transparency of water which influences the depth of which these plants can perform photosynthesis. Furthermore, the chemical composition of water bodies such as pH, nutrient concentrations, and dissolved oxygen levels are determinants of macrophyte growth.

Sawaga River, according to the study of Bertomen et. al. (2017), is a polluted body of water, with nitrite and ammonia levels being significantly elevated, despite the water quality assessments meeting the standards of the Department of Environment and Natural Resources (DENR). The said findings were stemmed from human activities such as disposal of waste and agricultural runoff. Additionally, in the study of Violon et. al. (2024), the river has become a hotspot for water-borne diseases, also attributed by poor waste management and industrial activity, therefore bringing the river to a disturbed state.

The reported macrophytes are known to demonstrate responses to environmental stressors. For instance, the study of Heneidy et. al. (2019) stated that the genus Hydrocotyle upholds the characteristic of being sensitive to environmental change facing the risk of reducing their suitable habitats in native ranges while expanding. Meanwhile generally, aquatic macrophytes are greatly influenced by human activities and anthropogenic processes and pressures were known to play a key role in their taxonomical structure (Florescu et. al., 2024).



3.1. Diversity and Richness of Aquatic Macrophytes

The diversity of macrophyte species can also be determined through responses in environmental conditions such as nutrient levels and other hydromorphological conditions. Given that, it has become an element of assessing the ecological status of a body of water (Tarkowska-Kukuryk and Grzywna, 2022). Consequently, the diversity and richness of the aquatic macrophyte species found in the site were calculated below using the Shannon-Wiener Diversity Index and Margalef’s Species Richness Index (Table 2).


Table 2. Species diversity and richness in each sampling site

	Selected Sampling Site
	Shannon-Wiener Index
	Margalef’s Richness Index

	Casisang
	0.6931
	1.4427

	Impalambong
	0.0000
	0.0000

	Kalasungay
	1.0986
	1.8205

	Sawaga River
	1.0114
	1.1162



Among all the sites, the Kalasungay area was the only site where all three (3) identified species were present, recording a diversity and species richness index of 1.0986 and 1.8205 respectively, followed by the Casisang site with the species P. stratiotes and C. alternifolius. present and recording a diversity and richness index of 0.6931 and 1.4427 respectively. However, the Impalambong site translated no value, since only the species C. alternifolius was identified. Generally, the diversity and richness of species across all the sites in the river is low.

Aquatic macrophyte communities are influenced by hydrological conditions such as the movement and velocity of water. It also affects the nutrient flow in the aquatic ecosystem (Dong et. al., 2014). Lotic ecosystems constantly experience such water movement that hinder the growth of macrophyte flora. Compared to lentic systems such as lakes, rivers tend to have lower richness of macrophytes unless slow-flowing or uphold stretches rich in sediments, similarly observed in the study of Moura-Junior et. al. (2021).

Meanwhile, the distribution of macrophytes are not linear to that of latitude. Though their diversity may peak in subtropical regions, the tropical regions are also known as hotspots of macrophyte diversity and richness. Macrophyte diversity tended to be higher subtropical to low tropical latitudes, and neotropic regions showed the highest levels of macrophyte endemism. (Murphy et. al., 2019; Chambers et. al., 2008).

3.3. Conservation Status of Aquatic Macrophytes

Macrophytes, like the entire ecosystem, are interconnected. Their composition helps promote a higher biodiversity in an area, thus being vital in their respective conservations (Cabral et. al., 2025). The conservation status of the identified aquatic macrophytes in Sawaga River are listed below (Table 3).

Table 3.	List of collected aquatic macrophyte species and their respective conservation status

	Family
	Species
	Conservation Status (IUCN)

	Araceae
	Pistia stratiotes L.
	Least Concern

	Araliaceae
	Hydrocotyle sp.
	Least Concern

	Cyperaceae
	Cyperus alternifolius
	Least Concern



The identified aquatic macrophytes across all the sampling sites in Sawaga River, namely P. stratiotes L., Hydrocotyle sp., and C. alternifolius. were all classified as Least Concern (LC) by the IUCN Red List (Lansdown, 2017; Bárrios and Copeland, 2021; IUCN, 2013. In general, the wide distribution of the identified macrophytes globally can be attributed to factors such as their reproductive ability, their level of competitiveness, disposal mechanisms, among others. Furthermore, no specie were classified as exotic.

In the case study by Du et. al. (2022), the level of competitiveness of the invasive species Phragmites australis and the endemic species Triarrhena lutarioriparia were compared. The study concluded that they outcompete each other in various environmental instances. This indicates that widespread macrophyte species, especially those invasive, tend to exhibit a high level of competitiveness in the ecosystem, allowing them to coexist or even dominate over endemic species.

Each identified species possesses mechanisms that contribute to their wide distribution. The species P. stratiotes, according to the study of Coelho et. al. (2025), is capable of thriving in highly dense environments through investing more in both sexual and asexual reproduction, suggesting that the species upholds more energy and more resources, and thrives especially with their long leaves and stolons. The study of Djeddour (2022) also concluded the the species Hydrocotyle ranunculoides can be invasive due to forming dense mats and interconnected ramets that dominate its surrpounding aquatic ecosystem, similarly observed by Hydrocotyle sp. in this study. Meanwhile, C. alternifolius. is known to withstand environmental stressors, especially in high nutrient concentration and the presence of contaminants according to Pincam et. al. (2019).

4. Conclusion

The study identified three (3) distinct species from three (3) families and three (3) genera, namely P. stratiotes  from Araceae, Hydrocotyle sp. from Araliaceae, and C. alternifolius. from Cyperaceae. Subsequently, the total species diversity and richness index across all sampling sites in Sawaga River were recorded at 1.0114 and 1.1162, respectively, indicating a generally low diversity and richness of macrophytes in the river, attributed to factors such as pollution and industrial use, among others.
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