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ABSTRACT  
Introduction: Water conditions that greatly affect the density of seagrass species are the substrate fraction and 
nutrient content of the base substrate where the seagrass grows. This is important because seagrass utilizes 
dissolved nutrients in the waters and nutrients on the substrate for the production process. This study aims to 
determine the relationship between nitrate and phosphate nutrients on the substrate with seagrass density in 
Pajenekang Island, Liukang Tuppabiring District, Pangkep Regency, South Sulawesi. Methods: Data sampling of 
seagrass was carried out at north and west station using the line transect method where the data taken included 
seagrass frequency, cover, and density. Meanwhile, data collection of nitrate and phosphate nutrients on the 
substrate used a random sampling method and analysis with macro nutrien determination Morgan-Wolf extract. 
Findings: The results of study indicated that the seagrass density values in Pajenekang Island have various 
values, with the average seagrass density at the west station are 275 stands/m² and 356 stands/m² at the north 
station. The nutrient content on substrate in Pajenekang Island is low range when compared the result of other 
studies. Nitrate (0.36 ppm) and phosphate (0.49 ppm) at west station was significantly lower (P<0.05) 
compared to nitrate (0.49 ppm) and phosphate (0.64 ppm) at north station. The results of the Pearson 
correlation analysis among nitrate content and seagrass density on Pajenekang Island showed a negative 
relation with moderate correlation (-0.496). Meanwhile, Pearson correlation analysis of phosphate content 
showed a negative relation by showing no relation (-0.166). This can be explained that there are other factors 
that effect on seagrass density in research location. Conclusion: It can be concluded that the seagrass density at 
Pajenekang Island varies. The average seagrass density at the western station is 275 individuals/m², while at 
the northern station, it is 356 individuals/m². Novelty/Originality of this article: The novelty of this research 
lies in analyzing the relationship between nitrate and phosphate nutrient content in the substrate and seagrass 
density on Pajenekang Island, which has not been widely studied in this region.  
 

KEYWORDS: seagrass density; nitrate; phosphate; substrate; Pajenekang Island. 
 

 

1. Introduction  
 

Seagrass is a type of higher plant (Anthophyta) that lives and grows submerged in 
shallow marine environments, up to a depth of 40 meters. Seagrass has characteristics such 
as rhizomes, vascular tissue, roots, and reproduces both generatively (through seeds) and 
vegetatively. The rhizomes are jointed stems that grow submerged and spread out in 
substrates like sand, mud, and coral fragments (Sjafrie et al., 2018). 
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In Indonesian waters, there are 15 species of seagrass, which belong to 2 families and 
7 genera. The common seagrass species found are 12 in total, including Enhalus acoroides, 
Thalassia hemprichii, Cymodocea rotundata, Cymodocea serrulata, Halodule pinifolia, 
Halodule uninervis, Halophila decipiens, Halophila ovalis, Halophila minor, Halophila 
spinulosa, Syringodium isoetifolium, Thalassodendron ciliatum, Halophila sulawesii, 
Halophila becarii, and Ruppia maritima (Sjafrie et al., 2018). 

The conditions of the water that most influence the density of seagrass species are the 
substrate fraction and the nutrient or nutrient content of the substrate in which the seagrass 
grows. This is important because seagrasses utilize dissolved nutrients in the water and 
nutrients present in the substrate that are essential for their production processes 
(Riniatsih, 2016). Nutrient concentrations in the substrate vary significantly. The nutrients 
that are commonly studied in research concerning the effects of nutrients in water are 
nitrate and phosphate content. Nitrate and phosphate are macronutrients needed in large 
quantities by organisms, including seagrass. These nutrients are absorbed by seagrasses 
through their leaves and root systems, which have well-developed functions (Handayani et 
al., 2016). 

The levels of nitrate and phosphate in the water are strongly influenced by inorganic 
and organic material sources, either from outside the water (allochthonous) or from within 
the water itself (autochthonous). Nitrate and phosphate nutrients play an essential role in 
the growth and metabolism of plants and are indicators used to determine the quality and 
fertility of a water body (Nabilla et al., 2019). Pajenekang Island has a diversity of seagrass 
species with varying coverage and density conditions, which are influenced by both natural 
and anthropogenic factors.  

Natural influences may include climate change, changes in current patterns that bring 
sediment deposits, and sources of nitrate and phosphate from decomposition by 
decomposer organisms. Meanwhile, anthropogenic influences include development on the 
island, fishing boat activities, visitor activities, and land-based sources of nitrate and 
phosphate, which are suspected to have a significant impact on the presence and diversity 
of seagrasses in the waters. Based on this, the aim of this study is to understand the 
relationship between nitrate and phosphate nutrients in the substrate and seagrass density 
in Pajenekang Island, Pangkep Regency. The objective of this research is to determine the 
relationship between nitrate and phosphate nutrients in the substrate and seagrass density 
on Pajenekang Island, Liukang Tuppabiring District, Pangkep Regency, South Sulawesi. The 
usefulness of this research is to serve as a reference and source of information regarding 
the relationship between nitrate and phosphate nutrients in the substrate and seagrass 
density on Pajenekang Island, Liukang Tuppabiring District, Pangkep Regency, South 
Sulawesi. 
 
1.1 Seagrass bed ecosystem  
 

Seagrass meadows are widely distributed throughout temperate tropical and 
subtropical waters (Hossain et al., 2015). In the world, seagrasses are geographically 
centered in two regions, namely in the Indo-West Pacific and the Caribbean and there are 
about 55 types of seagrasses, seagrass meadows in Indonesia are estimated to be 12 types 
of seagrasses and have an area of about 30,000 km2 which is quite widespread such as in 
the waters of Java, Sumatra, Bali, Kalimantan, Sulawesi, Maluku and Irian Jaya (Dahuri, 
2001). Seagrass ecosystems are ecosystems that have relatively high primary productivity 
in waters close to the coast so that they have biodiversity, the existence of this ecosystem is 
very important to maintain the survival of marine biota because it has an ecological function 
as a nursery ground, as a feeding ground, spawning ground and shelter for various types of 
marine biota from the threat of natural predators for small biota (McHenry et al., 2023). 

Seagrass ecosystems also have physical and economic functions. Physically, seagrasses 
act as wave and current absorbers so as to prevent coastal abrasion, sediment traps, 
stabilize substrates and nutrient recyclers. The economic function of seagrass meadows can 
be used as a basis for meeting food needs, household and industrial needs (Tomascik et al., 
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1997). These various functions make seagrass meadows very important to continue to 
maintain the stability of the ecosystem. 

Seagrass ecosystems function as energy suppliers, both in the benthic and pelagic 
zones. Detritus of old seagrass leaves will be decomposed by a group of benthic bodies (such 
as sea cucumbers, clams, crabs, and bacteria), so that the process produces organic matter 
both suspended and dissolved in the form of nutrients. The nutrients will later be utilized 
by seagrass plants, the nutrients are not only beneficial for seagrasses but will also be 
utilized by phytoplankton, zooplankton and juvenile fish/shrimp (Dahuri, 2003). Seagrass 
is a plant that is fully adapted to live in the marine environment. Seagrass ecosystems play 
an important role in coastal areas because they are important habitats for various types of 
marine animals such as fish, molluscs, crustaceans and echinoderms. Seagrasses thrive 
mainly in open tidal areas and coastal waters with mud, sand, gravel, and dead coral 
fractures up to 4 meters deep. Seagrass beds are formed on the seabed where there is still 
enough sunlight for their growth (Dahuri, 2003). 
 
1.2 Water nutrients  
 

Nutrients are important nutrients in supporting the process of growth and 
development of potential marine ecosystem resources, nutrient dynamics are one of the 
indicators determining growth in seagrass ecosystems and other ecosystems, the 
availability of nutrients is a limiting factor for the growth, abundance and morphology of 
seagrass in waters (Nabilla et al., 2019). Nutrient availability in seagrass meadow waters 
can be a limiting factor for seagrass growth, nutrient absorption in seagrasses is carried out 
through two body tissues, namely through roots and leaves, in the water column nutrient 
absorption is carried out by leaves while in sediments it is carried out by roots. The uptake 
of nutrients from the water column by the leaves can be considered less important than the 
uptake of nutrients by the roots from the sediment, the transport of nutrients from the roots 
will then be distributed to the leaves (Erftemeijer et al., 1993). 

The nutrient content of the substrate depends on the exact form and amount, and 
determines whether or not marine life is viable. As is known, nutrient content this is because 
seagrass functions as a nutrient trap and seagrass litter can be utilized (decomposed) by 
decomposing microorganisms to become a source of organic matter (Tampubolon et al, 
2020). If nutrient needs are not met properly, then growth will experience disturbances 
such as differences in the distribution and density of seagrass itself. 

Nutrient concentrations in the substrate vary widely, nutrients that are often studied 
in research on the influence of nutrients in waters are nitrate and phosphate content. 
Nitrate and phosphate are macro nutrients that are required in large quantities by an 
organism. The main source of nitrate and phosphate can come from the process of 
decomposition, weathering, decomposition of plants, residual dead organisms and supplies 
from land (erosion, waste, agricultural fertilizers) which are decomposed by bacteria into 
nutrients (Handayani et al., 2016). Nitrate and phosphate levels in waters are strongly 
influenced by sources of organic matter originating from outside or land (allochthonous) or 
from within the waters themselves (autocthonous). The content of nitrate and phosphate 
nutrients is a nutrient that plays an important role in plant growth and metabolism and is 
an indicator to determine the quality and fertility of a water body (Nabilla et al, 2019). 

Nutrients nitrate and phosphate are essential elements for seagrass growth. Nitrate has 
a function in the formation of chlorophyll, protoplasm, proteins and nucleic acids that play 
an important role in growth and development, while phosphate is useful for seagrasses to 
prepare compounds in energy transfer, genetic information systems, and phosphoproteins 
(Fahmi et al., 2010). According to Handayani et al. (2016) nutrients for seagrass growth are 
obtained more from sediment pore water. The content of nutrients (phosphate, ammonium, 
nitrate and nitrite) in the pore water (sediment pore water) in seagrass meadow waters is 
higher than the levels in the water column due to the activity of aerobic bacteria around 
seagrass roots that can dissolve them in the complex form of these nutrients into the 
sediment (Zulkifli, 2003). Sediment nutrients are in three forms, namely dissolved in 
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sediment pore water, adsorbed on the sediment surface, and contained in the lattice 
structure of sediment grains. The availability of nutrients in seagrass meadow waters can 
act as a limiting factor for their growth so that the efficiency of nutrient cycling in the system 
will be very important to maintain the primary productivity of seagrass meadows 
(Patriquin, 1992). 
 
1.2.1. Nitrate 
 

The role of nitrate contained in the sediment in seagrass areas is as an important 
element for the growth and survival of organisms in it. This is in accordance with the 
statement of Jones & Lee (2005), that nitrate is a parameter that is very influential on the 
life of marine biota very influential on the life of marine biota. Nitrate content is quite high 
in sediment pore water due to the speed of use by denitrifying bacteria and anaerobic 
bacteria. Nitrate (NO3-) as a nitrogen derivative, comes from a long oxidation process. For 
nitrate, it comes from the oxidation of N-ammonia (NH3). This NH3 compound is the most 
common compound found in waste water. To form nitrate (NO3

-), this NH3 compound is 
oxidized biologically in the presence of oxygen. The oxidation process for nitrate formation 
is assisted by nitrifying bacteria, namely Nitrosomonas and Nitrobacter (Farges et al., 2012). 

Nitrate is the main form of nitrogen in natural waters and is the main nutrient useful 
for plant and algae growth. Nitrate is highly soluble in water and is stable. It results from 
the complete oxidation of nitrogen compounds in water. Nitrification is the oxidation of 
ammonia to nitrite and nitrate by organisms. This process is important in the nitrogen cycle. 
The function of nitrogen is to build and repair body tissues and provide energy. Plants and 
animals need nitrogen for protein synthesis. 
 
1.2.2 Phosphate & substrate 
 

Phosphorus in waters and sediments is in the form of dissolved phosphate compounds 
and particulate phosphate. Dissolved phosphate consists of organic phosphate (sugar 
phosphate, nucleoprotein, phosphoprotein) and inorganic phosphate (orthophosphate and 
polyphosphate) (McKelvie, 1999). The presence of phosphate in the water will break down 
into ionic compounds in the form of H2PO4-, HPO42-, and PO43-, which will then be absorbed 
by phytoplankton and enter the food chain. 

Phosphorus elements in nature are found in the form of phosphate ions in both organic 
and inorganic forms. The presence of this element in the soil layer is unstable because it is 
in the form of minerals that are very reactive to water flowing on its surface (Pescod, 1978). 
This element will be easily lost by the process of erosion, weathering and dilution due to 
water runoff. During the process, phosphate minerals will break down into phosphate ions 
which are necessary nutrients and play an important role in the growth and metabolic 
processes of marine organisms in addition to other elements (Tian et al., 2021). 

The existence and condition of seagrass is very dependent on the environmental 
conditions in its habitat, one of the environmental factors that can affect the existence and 
condition of seagrass is the substrate. The substrate is a place to grow for seagrasses where 
the roots and rhizomes stick so that they can survive the scouring of waves and waves 
(Rappe, 2010). In addition, the substrate contains organic and inorganic minerals, the pores 
of the substrate contain water (interstitial water) which contains nutrients. The substrate 
has an important role for the growth and survival of seagrasses as a living medium and as a 
supplier of nutrients (Yunitha et al., 2014). 

In the tropics, the concentration of nutrients in the substrate is higher than the 
concentration of soluble nutrients in the water (Erftemeijer et al., 1993). The amount of 
nutrient content in the substrate does not mean that it will always be in the same 
concentration in the characteristics of the bottom substrate and water depth. If there is a 
difference, this can affect the difference in density and distribution conditions for each type 
of seagrass that grows in the water. It is known that the substrate contains several nutrients 
including nutrients that affect the growth and development of seagrasses (Handayani et al., 
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2016). Seagrasses can be found on a variety of substrates, such as muddy, sandy, clay 
substrates and substrates with coral fractures and in rock crevices, so seagrasses can still 
be found in coral and mangrove ecosystems (Kusumaningtyas, 2023). Based on size, 
substrates are grouped into gravel (>2 mm), sand (0.05-2 mm), silt (0.002- 0.05 mm) and 
clay (<0.002 mm). The substrate on which seagrasses live is mud, sand, dead coral (rubble), 
a mixture of the two types of substrate or a mixture of the three (Kiswara, 2004). 
 
1.3 Environmental parameters 
 
1.3.1 Temperature, salinity, pH 
 

In general, organisms like to live in places where the temperature is between 0o-40oC 
because at temperatures above 40oC most proteins will decompose and break down. The 
factors that affect temperature are the length of irradiation, the position of the sun against 
the earth, and the weather. Salinity is the dissolved salt content in water. The unit of salinity 
is per mile (‰), which is the total weight (gr) of solid material such as NaCl contained in 
1000 grams of seawater (Wibisono, 2005). Salinity is one of the environmental parameters 
that affect physical and chemical processes and will directly affect the life of organisms, 
among others, affecting the rate of growth, the amount of food consumed, the value of food 
conversion, and survival (Nontji, 2002). 

The degree of acidity (pH) is a measure of the magnitude of the concentration of 
hydrogen ions that indicate whether seawater is acidic or basic in its reactions, the normal 
limit on pH is at nilal 7. Changes in pH values can affect the quality of waters which in turn 
have an impact on the life of biota in it seawater pH generally ranges from 7.6-8.3 pH values 
are usually influenced by the rate of photosynthesis, industrial discharges and household 
waste. The pH range in natural waters is strongly influenced by the concentration of carbon 
dioxide which is an acidic substance.  

Phytoplankton and other aquatic vegetation absorb carbon dioxide from the water 
during the photosynthesis process so that the pH tends to increase during the day and 
decrease at night but the decrease in pH by carbon dioxide is not more than 4-5 (Lai et al., 
2024). The pH value is influenced by several factors including biological activity such as 
photosynthesis, respiration of organisms, temperature and the presence of ions or mineral 
content of waters. Waters with pH 5.5-6.5 include unproductive waters, waters with pH 6.5-
7.5 include productive waters and waters with pH 7.5-8.5 have very high productivity. 
 
1.3.2 Current velocity and Brightness 
 

Upwelling itself is a process where the mass of water is pushed up from a depth of about 
100 to 200 meters and can occur along the west coast of some continents. In general, what 
is meant by ocean currents is the horizontal movement of sea water masses on a large scale. 
Currents in the sea are influenced by many factors that affect the onset of currents such as 
seasonal winds. In Indonesia, such as the existence of two seasons, namely the west season 
and the east season where the cycle of changes in each season is characterized by changes 
in air pressure so as to cause different wind direction (Wibisono, 2005). 

Water brightness is a measure of the clarity of a body of water, the higher the brightness 
of the water the deeper the light penetrates into the water. Water brightness determines 
the thickness of the productive layer, reduced water brightness will reduce the ability of 
photosynthesis of aquatic plants, but it can also affect the physiological activities of aquatic 
biota (Risandi et al., 2023). By knowing the brightness of a body of water we can find out to 
what extent there is still the possibility of assimilation processes in water, which layers are 
not turbid and the most turbid. Waters that have a low brightness value at normal weather 
times can provide a clue or indication of the number of particles suspended in the waters, 
in this case the materials that enter into a body of water, especially in the form of suspension 
can reduce the brightness of the water. The brightness value is expressed in meters, this 
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value is strongly influenced by weather conditions, measurement time, suspended solids 
and turbidity (Hamuna, 2018).  
 
2. Methods 
 

This research was conducted from January 2021 to October 2021, which included 
literature studies, site surveys, research proposal preparation, field data collection, sample 
analysis, data processing, and the preparation of research reports. Field data collection was 
carried out in the waters of Pajenekang Island, Pangkajene and Kepulauan District, South 
Sulawesi. Sediment sample processing for particle size analysis was done at the 
Oceanography and Physical Geomorphology Laboratory of the Department of Marine 
Science, Faculty of Marine Science and Fisheries, Hasanuddin University. Meanwhile, the 
analysis of nitrate and phosphate content in the sediment was conducted at the Chemistry 
and Soil Fertility Laboratory, Department of Soil Science, Faculty of Agriculture, Hasanuddin 
University. The data analysis in this study included the calculation of current velocity, 
turbidity, seagrass density, seagrass cover percentage, substrate, and the determination of 
nutrient content in the sediment. 

The relationship between nutrient content in the substrate and water quality with 
seagrass density at the research site was analyzed using Pearson Correlation analysis to 
determine the presence or absence of a relationship between variables. Pearson Correlation 
analysis was used as an assessment tool to understand the effect of the relationship between 
substrate nutrients and seagrass density. The decision criteria for the Pearson correlation 
analysis results are as follows in decision-making based on correlation analysis, the 
significance value plays a crucial role (Siregar, 2014). If the significance value is less than 
0.05, it indicates the presence of a correlation between the variables. Conversely, if the 
significance value exceeds 0.05, it suggests there is no significant correlation. The Pearson 
correlation coefficient helps determine the nature and strength of the relationship between 
two variables. A negative (-) correlation means that as one variable (x) increases, the other 
variable (y) decreases. On the other hand, a positive (+) correlation indicates that as x 
increases, y also increases. The Pearson correlation coefficient measures the strength and 
direction of the relationship between two variables. A value between 0.00 and 0.20 indicates 
no or very weak correlation. A value from 0.21 to 0.40 reflects a weak correlation, while 
0.41 to 0.60 suggests a moderate correlation. Values between 0.61 and 0.80 indicate a 
strong correlation, and values from 0.81 to 1.00 represent a very strong or perfect 
correlation.These guidelines help interpret the strength and direction of relationships 
between variables, aiding in data-driven decision-making processes. 

 
3. Results and Discussion 
 

Pajenekang Island is located in Mattiro Deceng Village, Liukang Tuppabiring District, 
Pangkep Regency, South Sulawesi Province, geographically situated between 45°8'07.3" S 
and 119°19'39.3" E. Pajenekang Island has a land area of 29.50 hectares with a population 
of approximately 1,130 people, consisting of 252 households (Central Statistics Agency, 
2019). Most of the island's residents work as fishermen, while others provide transportation 
services between Makassar and Pajenekang Island.  

Pajenekang Island can be accessed by boat in about 45-60 minutes. The large 
population and the island's geographic location, surrounded by the ocean, result in 
relatively high anthropogenic pressure on the waters around Pajenekang Island. One visible 
direct impact is the waste generated by the island's residents, which is disposed of directly 
into the sea due to the lack of proper waste disposal and management facilities. This 
situation can affect the marine life and ecosystem in the surrounding waters. The presence 
of seagrass is influenced by both physical and chemical water conditions (Hemminga & 
Duarte, 2000). The results of environmental parameter measurements such as salinity, 
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temperature, current velocity, pH, and turbidity at the research stations are presented in 
Table 1. 

 
Table 1. Average data of environmental parameter measurements in the waters  
Station Repetition Salinity 

(‰) 
Temperature Flow speed 

(m/s) 
Ph 

Land 
Brightness 

(%) 
West  Early 35 31 0.007 7.6 100 
 Middle 35 31 0.006 7.5 100 
 End 35 31 0.005 7.5 100 
 Average 35 31 0.006 7.6 100 
North Early 34 30 0.023 7.6 100 
 Middle 35 30 0.019 7.6 100 
 End 36 30 0.021 7.6 100 
 Average 35 30 0.021 7.6 100 

 
3.1 Substrate 
 

The collection and analysis of substrate texture data from the waters of Pajenekang 
Island were conducted with the aim of identifying the type of sediment. It was serves as the 
habitat for the seagrass ecosystem and its influence on the presence of organic matter at the 
research site. Based on the sediment sample measurements, the percentage of different 
particle sizes was obtained according to the Wentworth Scale classification (Figure 1). 

 
 

 
Fig. 1. Distribution of sediment grain types 

 

The sediment sample measurements showed varying percentages of sediment particle 
weights. At the western station, the substrate was dominated by grains with a diameter of 2 
mm (very coarse sand), while at the northern station, the substrate was dominated by grains 
with a diameter of 0.25 mm (fine sand). The analysis of sediment type percentages, 
performed using Gradistat Software, revealed two types of sediment: coarse sand and 
medium sand. The sediment types based on the Gradistat Software results are presented in 
Table 2. 
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Table 2. Results of sediment type measurements using Gradistat Software in the waters  

Size of sediment grain 
Station Transect Median (mm) Type of sediment 
West 1 0.6994 Coarse sand 
 2 0.6991 Coarse sand 
 3 0.5872 Coarse sand 
 4 0.8975 Coarse sand 
 5 0.6816 Coarse sand 
 6 0.7313 Coarse sand 
 7 0.7196 Coarse sand 
 8 0.8756 Coarse sand 
 9 0.8829 Coarse sand 
North  1 0.4907 Medium sand 
 2 0.3916 Medium sand 
 3 0.4874 Medium sand 
 4 0.4883 Medium sand 
 5 0.4851 Medium sand 
 6 0.6996 Coarse sand 

 7 0.5649 Coarse sand 
 8 0.4705 Medium sand 
 9 0.5183 Coarse sand 

 
3.2  Nutrient content in the substrate of the waters 
 

The measurements show that the nitrate content at the western station (0.36 ppm). It 
is significantly lower compared to the northern station (0.49 ppm) in the waters of 
Pajenekang Island, Pangkep (Figure 2a). The measurements also indicate that the phosphate 
content at the western station (0.49 ppm) is significantly lower compared to the northern 
station (0.64 ppm) in the waters of Pajenekang Island, Pangkep (Figure 2b). 

 
 

  
a) Nitrate                                                                b) Phospate 

Fig. 2. Content in the substrate at each station: a) Nitrate; b) Phospaate 
 

The frequency of seagrass occurrence shows varied conditions at the research site 
(Table 3). The abbreviations represent different species of seagrass commonly found in 
marine ecosystems. Cr stands for Cymodocea rotundata, Hu for Halodule uninervis, Cs for 
Cymodocea serrulata, and Si for Syringodium isotifolium. Additionally, Ea refers to Enhalus 
acoroides, Th to Thalassia hemprichii, and Ho to Halophila ovalis. The symbols (+) and (-) 
indicate the presence and absence of these species, respectively, within a specific study area 
or sampling site. This classification helps in documenting seagrass distribution and 
assessing ecosystem health. 
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Table 3. Frequency of occurrence at each research station in the waters of Pajenekang Island, Pangkep 

Station Transect Frequency of seagrass occurance 
Cr Cs Ea Ho Hu Si Th 

West 1 + - + + - - + 
 2 - - + - - - + 
 3 + - + - - - + 
North 1 + - - + - - + 
 2 + - + + - + + 
 3 + + + + + + + 

Notes:  
+: There are seagrasses 
-: There are no seagrasses 
Cr: Cymodocea rotundata 
Cs: Cymodocea serrulata 
Ea: Enhalus acoroides 
Ho: Halophila ovalis 
Hu: Halodule uninervis 
Si: Syringodium isotifolium 
Th: Thalassia hemprichii 
 

The highest seagrass occurrence frequency in the waters of Pajenekang Island, 
Pangkep, was found for Thalassia hemprichii with an occurrence frequency of 100%, 
followed by Cymodocea rotundata and Enhalus acoroides with an occurrence frequency of 
83%. Halophila ovalis had an occurrence frequency of 66%, Syringodium isoetifolium had 
33%, and the lowest occurrence frequencies were recorded for Halodule uninervis and 
Cymodocea serrulata with an occurrence frequency of 16%.  

Seagrass cover indicates how much area is covered by seagrass, usually expressed as a 
percentage. The average seagrass cover shows varied conditions at each research station 
(Figure 3a). Based on the seagrass cover (Figure 3a), the highest average seagrass cover was 
found at the western station with 60.8%, while the lowest average seagrass cover was at the 
northern station with 30.8%. The average seagrass density at the research site shows 
different conditions at each station (Figure 3b). 

 
 

  
a) Seagrass cover   b) Average seagrass density 

Fig. 3.  Reach research station in the waters of Pajenekang Island, Pangkep 

 
The average seagrass density at the western station is 275 shoots/m², while at the 

northern station, the average seagrass density is 356 shoots/m² (Figure 4). Additionally, the 
research site also shows varying densities of seagrass species. The measurements of 
seagrass species density ranged from 6 to 158 shoots/m², with the highest density found for 
Cymodocea rotundata at the northern station and the lowest density found for Halophila 
ovalis at the western station.  
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Fig 4. Seagrass density at each research station in the waters of Pajenekang Island, Pangkep 

Regency 
 

3.2.1 Oceanographic parameters 
 

The presence and growth of seagrass are greatly influenced by oceanographic 
conditions, both physical and chemical. The results of oceanographic parameter 
measurements such as salinity, temperature, current velocity, pH, and turbidity in the 
waters around Pajenekang Island, Pangkep, show varied results. Salinity is one of the factors 
that can influence seagrass growth, as it affects the physiological processes of seagrasses 
related to osmotic pressure in their environment. If the osmotic balance of the water is 
disturbed by either high or low salinity, it can affect seagrass growth and lead to a decrease 
in seagrass density (Handayani et al., 2016).  

The salinity measured during the study had an average value of 35 ‰ at both stations, 
which is within the optimal range for seagrass growth. This is in accordance with the 
statement by Dahuri et al. (2001) that seagrass species have different tolerance levels to 
salinity within the range of 10–40 ‰, with the optimum tolerance for seawater salinity for 
seagrass growth being 35 ‰. According to Tuapattinaya (2014), seawater salinity is 
influenced by various factors such as water circulation patterns, evaporation, and rainfall. 

 
3.2.2 Temperature and current velocity 

 
Temperature is an important factor in regulating metabolism and the distribution of 

organisms (Nontji, 2002). Temperature data were collected during the daytime when the 
tide was low, which likely influenced the average values obtained, namely 31°C at the 
western station and 30°C at the northern station, both of which are still within the optimal 
range for seagrass growth. Erftemeijer (1993) explains that seagrass can live within a 
temperature range of 26.5–32.5°C and can even tolerate temperatures up to 38°C during the 
daytime when the tide is low. Temperature can influence photosynthesis and reproduction, 
thus enhancing seagrass growth. 

The current velocity measurements showed higher values at the northern station 
compared to the western station. This is likely due to the fact that the northern station is 
relatively more exposed, while the western station is more sheltered by a breakwater 
structure. Additionally, the dominant seagrass species at the northern station have 
narrower leaf blades compared to those at the western station, which is dominated by 
species with broader leaves. Dense and wide seagrass leaves slow down currents and waves, 
creating calmer waters (Sjafrie et al., 2018). Overall, the current velocity at the study site is 
very slow. Current speeds in the range of 0-0.25 m/s are classified as very slow. 
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3.2.3 Sediment pH and turbidity 
 

The sediment pH obtained from the measurements (7.6) is still within normal 
conditions and has not exceeded the standard threshold for seagrass growth. This is in line 
with the Decree of the Minister of Environment No. 51 of 2004, which sets the pH standard 
for seagrass growth between 7 and 8.5. The obtained pH value is likely influenced by 
weather conditions, as the observations were made during clear, dry weather, which helped 
maintain a normal pH level in the water. Sediment pH can affect the transport and 
availability of nutrients needed by plants. pH determines how easily nutrients can be 
absorbed by plants. Generally, nutrients are more readily absorbed by plants at near-neutral 
pH, as most nutrients dissolve easily in water at this pH level (Murdiyanto, 2004). 

The turbidity measurements at both stations were 100%, indicating that light can still 
penetrate to the bottom of the water at both observation sites. Based on these data, it can be 
concluded that the observation locations around Pajenekang Island are shallow and clear 
waters. Shallow water conditions can influence seagrass growth, as sunlight intensity is a 
key factor supporting seagrass growth and productivity (Syawal et al., 2019). 
 
3.2.4 Substrate 
 

Substrate data analysis was conducted to determine the type of substrate that serves as 
the habitat for the seagrass ecosystem and its influence on the presence of organic material 
in the study area. The substrate samples collected at the research site, based on the analysis 
using Gradistat software, were predominantly classified as coarse sand and medium sand. 
Substrate characteristics greatly influence nutrient availability and the presence of seagrass. 
The most dominant seagrass species at the research site was Thalassia hemprichii, which is 
suspected to be related to the sandy substrate at the study site. According to Anggraini 
(2008), Thalassia hemprichii is commonly found in association with other species and 
generally grows in sandy substrate areas. 

Based on the nitrate and phosphate content at the study site, the concentrations were 
within the low range. This is likely due to the fact that the substrate at each station consists 
of sandy material. According to Tomascik et al. (1997), fine substrates have higher nutrient 
content compared to coarse substrates. In terms of nutrient absorption, sandy substrates 
are less effective than finer, muddier substrates. 
 
3.2.5 Nutrient content in the seafloor substrate 
 

Nutrients Nutrients that affect seagrass growth are nitrate and phosphate (Riniatsih, 
2016). Nitrate and phosphate are nutrients that are needed and have an influence on the 
growth and development of living organisms in waters including seagrasses, nutrient 
content in the form of nitrate and phosphate in the substrate will be absorbed through the 
root system (Riniatsih, 2016). If these two elements increase excessively, it can affect 
seagrass survival and morphology (La Nafie et al., 2012). 

The results of nitrate analysis on the substrate have concentration values ranging from 
0.36 - 0.49 ppm. The nitrate concentration value at the research site is relatively low when 
compared to the results of Nabilla's research (2019) which reported that the value of nitrate 
content on Bengkoang Island, Karimunjawa Islands was 0.85-3.10 ppm. The nitrate content 
of the substrate on Pajenekang Island has a low value when compared to coastal waters in 
Indonesia. The main things that distinguish it are sources, distribution patterns, 
geographical location, oceanographic factors and the level of nutrient utilization by primary 
producers in the food chain. The geographical location of pajenekang island greatly affects 
the distribution and availability of nitrate, pajenekang island is located in the middle of the 
sea far from the source of nitrate enrichment. Many sources of nitrate enrichment come 
from large river estuaries, mangrove forests, agricultural areas, mining areas, industry, 
settlements and coastal area development. 
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The results of the t-test analysis related to the amount of nitrate between the two 
stations showed that there was a significant difference (p<0.05), this was thought to be due 
to differences in sediment particle size. There is a relationship between nutrient content and 
sediment particle size, in fine sediments the percentage of nutrients is higher than in coarse 
sediments. Based on this, the western station has a lower nutrient content due to the coarser 
sediment particle size, while the northern station has a lower nutrient content due to the 
coarser sediment particle size while the north station has a higher nutrient content due to 
the finer sediment particle size. 

 
3.2.6 Phosphate 

 
The results of phosphate analysis in the substrate show concentrations ranging from 

0.49 to 0.64 ppm. The phosphate concentration at the research site is considered low when 
compared to the study by Nabilla (2019), which reported phosphate concentrations ranging 
from 0.24 to 4.07 ppm in Bengkoang Island, Karimunjawa Archipelago. 

The phosphate content in the substrate of Pajenekang Island is relatively low compared 
to coastal waters in Indonesia. The main factors distinguishing this are the source, 
distribution pattern, geographical location, and oceanographic factors. Phosphate primarily 
comes from the decomposition of organic material in the sediment, and also from 
weathering of rocks, industrial, domestic, and agricultural waste (Maurya et al., 2024). The 
phosphate content in the substrate of Pajenekang Island's waters is slightly higher than the 
nitrate content. This is due to the rapid decomposition of nitrate, which causes it to convert 
into nitrogen gas, lowering the nitrate concentration. Decomposition rates are influenced by 
temperature, and when the water temperature reaches the optimal level, denitrification 
occurs, causing the decomposition rate to increase (Seitzinger, 1988). 
 
3.3 Seagrass conditions 
 

According to a study conducted by Ilyas et al. (2020), there are five seagrass species 
distributed around Pajenekang Island. However, during the data collection, seven seagrass 
species were found in the waters of Pajenekang Island, Pangkep: Enhalus acoroides, 
Thalassia hemprichii, Cymodocea rotundata, Cymodocea serrulata, Syringodium isoetifolium, 
Halophila ovalis, and Halodule uninervis. The presence of different seagrass species at each 
station indicates that these species can tolerate the environmental conditions, including 
both substrate and oceanographic conditions (Angellica et al., 2024). 

Observations of the frequency of seagrass occurrence in the waters of Pajenekang 
Island, Pangkep, revealed 7 seagrass species. Thalassia hemprichii was the most dominant 
species in the study area, with 7 occurrences and a frequency of 100%, while the species 
with the lowest frequency of occurrence were Halodule uninervis and Cymodocea serrulata, 
each with 1 occurrence and a frequency of 16%. 

The high frequency of occurrence of Thalassia hemprichii at all observation stations 
indicates that this species can adapt to the habitat characteristics of the waters around 
Pajenekang Island. This is in line with the statement by den Hartog and Kuo (2006) that 
Thalassia species (with long, ribbon-like leaves that are not too broad) can be found in 
various habitats. This species is often encountered in shallow or intertidal areas and grows 
in sandy substrates. Sjafrie et al. (2018) also supported this, stating that Thalassia hemprichii 
is the most commonly found seagrass species in Indonesian waters. 
 
3.4 Seagrass cover 
 

Seagrass bed conditions are categorized in the Ministry of Environment and Forestry 
Decree No. 200 of 2004. According to the decree, seagrass bed conditions are divided into 
three categories: healthy, moderately healthy, and poor. A seagrass bed is considered 
healthy if the seagrass cover is greater than 60%, moderately healthy if it ranges from 30-
59.9%, and poor if it is between 0-29.9%. The seagrass cover observed at both stations 
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showed different conditions. The seagrass cover percentage at the western station was 
classified as healthy, while at the northern station, it was classified as moderately healthy. 

The seagrass cover observed was based on leaf area; the broader and longer the 
seagrass leaves, the greater the coverage of the substrate. This explains why the seagrass 
cover at the western station was higher, as Enhalus acoroides, which has wider leaves 
compared to other species, dominated the station. On the other hand, the seagrass cover at 
the northern station was lower, as Cymodocea rotundata, with narrower leaves, was the 
dominant species. 

Data collection was conducted during low tide, which could affect seagrass cover. 
Seagrass cover can be influenced by tidal conditions; during high tide, the seagrass leaves 
will be upright due to being submerged, thus reducing the cover, while during low tide, the 
leaves will droop, resulting in greater cover. The seagrass cover at the western station was 
higher compared to the northern station, which contrasts with the seagrass density, where 
the northern station had a higher density. This discrepancy is because seagrass cover refers 
to the area covered by seagrass in the water, while seagrass density refers to the number of 
individual plants in a given area, so cover does not always correlate linearly with density 
(Navarro-Mayoral et al., 2023). 
 
3.5 Seagrass density 
 

Seagrass density in the waters of Pajenekang Island, Pangkep, was relatively diverse. 
The average seagrass density at both stations ranged from 275 to 356 shoots/m², while the 
density of individual species ranged from 6 to 158 shoots/m². The seagrass density at the 
research site was lower compared to a study by Supriadi et al. (2012), which reported 
seagrass densities ranging from 2 to 343 shoots/m² on Barrang Lompo Island in the 
Spermonde Archipelago. The difference in seagrass density is likely due to the more open 
water conditions at Barrang Lompo Island, which results in stronger currents, and the 
higher population density, which may influence nutrient enrichment (nitrate and 
phosphate) in the area. 

The density of seagrass at the northern station was higher compared to the western 
station due to the greater variety of seagrass species found at the northern station. 
Additionally, pioneer seagrass species (Cymodocea rotundata, Halodule uninervis, 
Syringodium isoetifolium, and Halophila ovalis) were more abundant at the northern station. 
According to Zurba (2018), pioneer seagrass species typically have the ability to grow 
quickly, which can influence their density. The density of Cymodocea rotundata was higher 
compared to other species, which is likely supported by several factors, including 
oceanographic conditions, substrate type, and nutrient content. This is consistent with 
Riniatsih (2016), who stated that Cymodocea rotundata is commonly found in sandy habitats 
rich in organic matter. 

The densities of Enhalus acoroides and Thalassia hemprichii were relatively close to the 
highest density values. Enhalus acoroides was more abundant at the western station, while 
Thalassia hemprichii was more dominant at the northern station. According to Ikhsan et al. 
(2019), Enhalus acoroides is highly adaptable to different substrate types, making it 
widespread, particularly in subtidal areas. In contrast, Anggraini (2008) stated that 
Thalassia hemprichii is often found in association with other species and typically grows in 
sandy substrate areas. 

The densities of Syringodium isoetifolium, Halophila ovalis, Halodule uninervis, and 
Cymodocea serrulata were low, with relatively limited distribution. The lowest density was 
found in Halophila ovalis at the western station, with 6 shoots/m². This low density is likely 
due to the dominance of Enhalus acoroides, whose long and broad leaves block sunlight, 
making it difficult for Halophila ovalis to thrive. Additionally, the western station is more 
sheltered, which results in slower currents. Meanwhile, Syringodium isoetifolium, Halodule 
uninervis, and Cymodocea serrulata were only found at the northern station in a single 
transect line. 
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Seagrass density is influenced by various factors, including temperature, salinity, pH, 
light intensity, current speed, substrate type, and nutrient content. Environmental 
conditions also differ between the two stations. The western station had high amounts of 
inorganic waste due to it being a garbage dumping site and a docking area for fishing boats. 
In contrast, the northern station was more natural with fewer anthropogenic activities. 
Disturbances to seagrass ecosystems can be caused by domestic waste disposal and human 
activities like boat docking. Seagrass density tends to be higher in more natural areas, away 
from anthropogenic activities. 
 
3.6 Relationship between substrate nutrients and seagrass density 
 

Based on research conducted in the waters of Pajenekang Island, nutrient content 
(nitrate and phosphate) contributes low to seagrass growth, the average value of nitrate 
content in the waters of Pajenekang Island ranges from 0.36-0.49 ppm and the average value 
of phosphate content ranges from 0.49-0.64 ppm. The results of pearson correlation analysis 
of nitrate content on seagrass density in Pajenekang Island Waters show a negative 
relationship with a significant value of 0.036 and a pearson correlation number of 0.496 *. 
This means that nitrate and seagrass density are not correlated based on the significance 
value because it is below 0.05 and has a medium pearson correlation value because it is close 
to 0.60. 

The results of the Pearson correlation analysis show that phosphate content to seagrass 
density in the waters of Pajenekang Island has a negative relationship with a significant 
value of 0.511 and a Pearson correlation number of 0.166*. This shows that phosphate and 
seagrass density are correlated based on the significance value because it is above 0.05 and 
has a pearson correlation value that is not related because it is below 0.20. According to 
Siregar (2014) Pearson correlation value is the value that most determines the existence of 
a relationship, the significance value determines the strength of the relationship while the r 
value is the direction of a relationship in Pearson correlation analysis which is expressed by 
a positive value (the relationship is directly proportional) or negative (the relationship is 
inversely proportional). The low content of nitrate and phosphate in the waters of 
Pajenekang Island is thought to have no effect on the value of seagrass density. Temperature, 
salinity, pH, brightness, current speed and substrate are thought to be factors that influence 
the value of seagrass density in Pajenekang Island Waters, Pangkep. 

 

4. Conclusions 
 

Based on the results and discussion, it can be concluded that the seagrass density at 
Pajenekang Island varies. The average seagrass density at the western station is 275 
individuals/m², while at the northern station, it is 356 individuals/m². The nitrate content 
in the substrate ranges from 0.36 to 0.49 ppm, while the phosphate content ranges from 
0.49 to 0.64 ppm. The nutrient content of nitrate and phosphate in the substrate at 
Pajenekang Island is considered low compared to other coastal waters in Indonesia.  

This is believed to be due to the island's geographical location, which affects the 
distribution and availability of nutrients. Pajenekang Island is located in the middle of the 
sea, far from nutrient enrichment sources. The Pearson correlation analysis between nitrate 
content and seagrass density at Pajenekang Island shows a negative relationship with a 
moderate correlation coefficient. Meanwhile, the Pearson correlation analysis of phosphate 
content reveals a negative relationship, indicating no significant correlation between 
phosphate content and seagrass density. 
 

Acknowledgement 
The author gratefully acknowledges the reviewers for their valuable critiques and insightful 
recommendations, which greatly improved this manuscript. Additional thanks are extended 

https://doi.org/10.61511/bioculture.v2i2.2025.1504


Rijal (2025)    87 
 

 
Bioculture. 2025, VOLUME 2, ISSUE 2 https://doi.org/10.61511/bioculture.v2i2.2025.1504                                                                                                     

to colleagues and mentors who provided guidance and support throughout the research 
process. 
 

Author Contribution 
The author contributed to the study's conception, design, data collection, analysis, and 
manuscript preparation. Each author participated in drafting, reviewing, and approving the 
final version of the manuscript for publication.  

 
Funding 
This research received no external funding. 
 
Ethical Review Board Statement 
Not available. 
 
Informed Consent Statement 
Not available. 
 

Data Availability Statement 
Not available.  
 

Conflicts of Interest 
The author declare no conflict of interest. 
 

Open Access 
©2025. The author(s). This article is licensed under a Creative Commons Attribution 4.0 
International License, which permits use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons license, and indicate if changes were 
made. The images or other third-party material in this article are included in the article’s 
Creative Commons license, unless indicated otherwise in a credit line to the material. If 
material is not included in the article’s Creative Commons license and your intended use is 
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain 
permission directly from the copyright holder. To view a copy of this license, visit: 
http://creativecommons.org/licenses/by/4.0/ 
 

References 
Angellica, C., Septiya, C. A., Klarisa, F. T., Mulyaningsih, L., Huzaifi, M., Rasyid, F. M., Razan, H. 

F., Kelana, S. A., & others. (2024). Interspecific association of seagrass Enhalus acoroides 
with macrozoobenthic in seagrass meadow ecosystems in the eastern part of Pramuka 
Island. Jurnal Kelautan, 17(2), 138. https://doi.org/10.21107/jk.v17i2.25096  

Anggraini, K. (2008). Mengenal ekosistem perairan. Grasindo. 
Dahuri, R., Rais, S., Ginting, M., & Sitepu. (2001). Pengelolaan sumber daya wilayah pesisir 

dan lautan secara terpadu. Pradnya Paramita. 
Den Hartog, J. C. (1970). The sea-grasses of the world. North-Holland Publishing Company. 
Erftemeijer, P. L. A., & Middelburg, J. (1993). Sediment-nutrient interaction in tropical 

seagrass beds: A comparison between a terrigenous and a carbonate sedimentary. 
Marine Ecology Progress Series, 102, 187-198. https://doi.org/10.3354/meps102187 

Fahmi, A., Syamsudin, Utami, S., & Radjagukguk, B. (2010). Pengaruh interaksi hara nitrogen 
dan fosfor terhadap pertumbuhan tanaman jagung (Zea mays L.). Berita Biologi, 10(3), 
297-304. http://dx.doi.org/10.14203/beritabiologi.v10i3.744  

Farges, B., Poughon, L., Roriz, D., Creuly, C., Dussap, C. G., & Lasseur, C. (2012). Axenic 
cultures of Nitrosomonas europaea and Nitrobacter winogradskyi in autotrophic 
conditions: a new protocol for kinetic studies. Applied biochemistry and 
biotechnology, 167(5), 1076–1091. https://doi.org/10.1007/s12010-012-9651-6    

https://doi.org/10.61511/bioculture.v2i2.2025.1504
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.21107/jk.v17i2.25096
https://doi.org/10.3354/meps102187
http://dx.doi.org/10.14203/beritabiologi.v10i3.744
https://doi.org/10.1007/s12010-012-9651-6


Rijal (2025)    88 
 

 
Bioculture. 2025, VOLUME 2, ISSUE 2 https://doi.org/10.61511/bioculture.v2i2.2025.1504                                                                                                     

Hamuna, B., Rosye, H. R., Suwito, H. K., & Alianto. (2018). Kajian kualitas air laut dan indeks 
pencemaran berdasarkan parameter fisika-kimia di perairan Distrik Depapre, Jayapura. 
Jurnal Ilmu Lingkungan, 37. https://doi.org/10.14710/jis.%25v.%25i.%25Y.633-644  

Handayani, D. R., Armid, & Emiryati. (2016). Hubungan kandungan nutrien dalam substrat 
terhadap kepadatan lamun di perairan Desa Lalowaru, Kecamatan Moramo Utara. Jurnal 
Sapa Laut, 1(2), 42-53. http://dx.doi.org/10.33772/jsl.v1i2.929  

Hemminga, M., & Duarte, C. M. (2000). Seagrass ecology. Cambridge University Press. 
Hossain, M. S., Bujang, J. S., Zakaria, H. M., & Hashim. (2015). Application of Landsat images 

to seagrass areal cover change analysis for Lawas, Terengganu, and Kelantan of Malaysia. 
Continental Shelf Research, 110, 124-148. https://doi.org/10.1016/j.csr.2015.10.009  

Ikhsan, N., Zamani, N. P., & Soedharma, D. (2019). Struktur komunitas lamun di Pulau Wanci, 
Kabupaten Wakatobi, Sulawesi Tenggara. Jurnal Teknologi Perikanan dan Kelautan, 
10(1), 27-38. https://doi.org/10.24319/jtpk.10.27-38  

Ilyas, T. P., Bisman, N., Hawis, M., & Dony, K. (2020). Pemetaan ekosistem lamun dengan dan 
tanpa koreksi kolom air di perairan Pulau Pajenekang, Sulawesi Selatan. Jurnal Ilmu dan 
Teknologi Kelautan Tropis, 12(1), 9-23. https://doi.org/10.29244/jitkt.v12i1.26598  

Jones, L. A., & Lee, G. F. (2005). Eutrophication (Excessive Fertilization). Water Encyclopedia: 
Surface and Agricultural Water, 107-114. 
https://doi.org/10.1002/047147844X.sw1606  

Kiswara. (2004). Kondisi padang lamun (seagrass) di perairan Teluk Banten 1998-2001. LIPI. 
Kusumaningtyas, A. R., Suryono, & Ambariyanto. (2023). Index of seagrass ecology at 

Prawean Beach, Jepara. Journal of Marine Research, 12(2), 230-239. 
https://doi.org/10.14710/jmr.v12i2.35482  

La Nafie, Y. A., Carmen, B., Fernando, G., Marieke, M., & Tjeerd, J. (2012). Waves and high 
nutrient loads jointly decrease survival and separately affect morphological and 
biomechanical properties in the seagrass Zostera noltii. Limnology and Oceanography, 
57(6), 1664-1672. https://doi.org/10.4319/lo.2012.57.6.1664  

Lai, C., Liu, Z., Yu, Q., Sun, H., Xia, F., He, X., Ma, Z., Han, Y., Liu, X., Hao, P., Bao, Q., Shao, M., & 
He, H. (2024). Control of carbon dioxide exchange fluxes by rainfall and biological carbon 
pump in karst river–lake systems. Science of The Total Environment, 937, 173486. 
https://doi.org/10.1016/j.scitotenv.2024.173486 

Maurya, P., Kumari, R., Ranjan, R. K., & Solanki, J. K. B. (2022). Chemometric analysis and risk 
assessment indices to evaluate water and sediment contamination of a tropical 
mangrove forest. Journal of Trace Elements and Minerals, 2, 100028. 
https://doi.org/10.1016/j.jtemin.2022.100028  

McHenry, J., Rassweiler, A., & Lester, S. E. (2023). Seagrass ecosystem services show 
complex spatial patterns and associations. Ecosystem Services, 63, 101543. 
https://doi.org/10.1016/j.ecoser.2023.101543 

McKelvie, I. D. (1999). Phosphate. In Handbook of Water Analysis, 273-295. 
Murdiyanto, B. (2004). Pengelolaan sumber daya perikanan pantai. COFISH Project. 
Nabilla, S., Hartati, R., & Nuraini, R. A. T. (2019). Hubungan nutrien pada sedimen dan 

penutupan lamun di perairan Jepara. Jurnal Kelautan Tropis, 22(1), 42-48. 
https://doi.org/10.14710/jkt.v22i1.4252  

Navarro-Mayoral, S., Tuya, F., Prado, P., Marco-Méndez, C., Fernandez-Gonzalez, V., 
Fernández-Torquemada, Y., Espino, F., de la Ossa, J. A., Mateu Vilella, D., Machado, M., & 
Martínez-Crego, B. (2023). Drivers of variation in seagrass-associated amphipods across 
biogeographical areas. Marine Environmental Research, 186, 105918. 
https://doi.org/10.1016/j.marenvres.2023.105918 

Nontji, A. (2002). Laut Nusantara. Djambatan. 
Patriquin, D. G. (1992). The origin of nitrogen and phosphorus for growth of the marine 

angiosperm Thalassia testudinium. Marine Biology, 15, 35-46. 
https://doi.org/10.1007/BF00347435  

Rappe, R. A. (2010). Struktur komunitas ikan pada padang lamun yang berbeda di Pulau 
Barrang Lompo (Fish community structure in different seagrass beds of Barrang Lompo 

https://doi.org/10.61511/bioculture.v2i2.2025.1504
https://doi.org/10.14710/jis.%25v.%25i.%25Y.633-644
http://dx.doi.org/10.33772/jsl.v1i2.929
https://doi.org/10.1016/j.csr.2015.10.009
https://doi.org/10.24319/jtpk.10.27-38
https://doi.org/10.29244/jitkt.v12i1.26598
https://doi.org/10.1002/047147844X.sw1606
https://doi.org/10.14710/jmr.v12i2.35482
https://doi.org/10.4319/lo.2012.57.6.1664
https://doi.org/10.1016/j.scitotenv.2024.173486
https://doi.org/10.1016/j.jtemin.2022.100028
https://doi.org/10.1016/j.ecoser.2023.101543
https://doi.org/10.14710/jkt.v22i1.4252
https://doi.org/10.1016/j.marenvres.2023.105918
https://doi.org/10.1007/BF00347435


Rijal (2025)    89 
 

 
Bioculture. 2025, VOLUME 2, ISSUE 2 https://doi.org/10.61511/bioculture.v2i2.2025.1504                                                                                                     

Island). Jurnal Ilmu dan Teknologi Kelautan Tropis, 2(2), 62-73. 
http://repository.ipb.ac.id/handle/123456789/53374  

Riniatsih, I. (2016). Distribusi jenis lamun dihubungkan dengan sebaran nutrien perairan di 
padang lamun Teluk Awur Jepara. Jurnal Kelautan Tropis, 19(2), 101-107. 
https://doi.org/10.14710/jkt.v19i2.824  

Risandi, J., Rifai, H., Lukman, K. M., Sondak, C. F. A., Hernawan, U. E., Quevedo, J. M. D., Hidayat, 
R., Ambo-Rappe, R., Lanuru, M., McKenzie, L., Kohsaka, R., & Nadaoka, K. (2023). 
Hydrodynamics across seagrass meadows and its impacts on Indonesian coastal 
ecosystems: A review. Frontiers in Earth Science, 11, 1034827. 
https://doi.org/10.3389/feart.2023.1034827   

Seitzinger, S. P. (1988). Denitrification in freshwater and marine coastal ecosystems: 
Ecological and geochemical significance. Limnology and Oceanography, 33(4, Part 2), 
702-724. https://doi.org/10.4319/lo.1988.33.4part2.0702  

Siregar, S. (2014). Statistik parametrik untuk penelitian kuantitatif: Dilengkapi dengan 
perhitungan manual dan aplikasi SPSS versi 17 (Edisi 1). Bumi Aksara. 

Sjafrie, N. D., Hermawan, U. E., Prayudha, B., Supriyadi, I. H., Iswari, M. Y., Rahmat, Anggraini, 
K., Rahmawati, & Suyarso. (2018). Status padang lamun Indonesia Ver.02. Pusat 
Penelitian Oseanografi, Lembaga Ilmu Pengetahuan Indonesia. 

Supriadi, Kaswaji, R. F., Bengen, D. G., & Hutomo, M. (2012). Komunitas lamun di Pulau 
Barrang Lompo Makassar: Kondisi dan karakteristik habitat. Maspari Journal, 4(2), 148-
158. https://ejournal.unsri.ac.id/index.php/maspari/article/view/1381  

Syawal, A. M., Ira, & Afu, L. O. A. (2019). Laju pertumbuhan dan kelangsungan hidup lamun 
hasil transplantasi di perairan Teluk Kendari. Jurnal Sapa Laut, 4(2), 69-77. 
http://dx.doi.org/10.33772/jsl.v4i2.8325  

Tampubolon, E. W. P., Ria, A. T. N., & Endang, S. (2020). Kandungan Nitrat dan Fosfat dalam 
Air Pori Sedimen dan Kolom Air di Daerah Padang Lamun Perairan Pantai Prawean, 
Bandengan, Jepara. Journal of Marine Research, 9(4), 464-473. 
https://doi.org/10.14710/jmr.v9i4.28261  

Tian, J., Ge, F., Zhang, D., Deng, S., & Liu, X. (2021). Roles of phosphate solubilizing 
microorganisms from managing soil phosphorus deficiency to mediating biogeochemical 
P cycle. Biology (Basel), 10(2), 158. https://doi.org/10.3390/biology10020158   

Tomascik, T., Mah, A. J., Nontji, A., & Moosa, M. K. (1997). The ecology of the Indonesian seas. 
The Ecology of Indonesia Series (Vol. VIII). Periplus Edition (HK) Ltd. 

Tuapattinaya, P. M. (2014). Hubungan faktor fisik kimia lingkungan dengan 
keanekaragaman lamun (seagrass) di perairan pantai Desa Suli. Biosel: Biology Science 
and Education, 3(1), 54-67. https://doi.org/10.33477/bs.v3i1.510  

Wibisono, M. S. (2005). Pengantar ilmu kelautan. PT Grasindo. 
Yunitha, A. Y., Wardianto, & Yulianda. (2014). Diamater substrat dan jenis lamun di pesisir 

Bahoi Minahasa Utara: Sebuah analisis korelasi. Jurnal Ilmu Pertanian Indonesia, 19(3), 
130-135. https://journal.ipb.ac.id/index.php/JIPI/article/view/9146/0  

Zulkifli, E. (2003). Kandungan zat hara dalam air poros dan air permukaan padang lamun 
Bintan Timur. Jurnal Natur Indonesia, 5(2), 139-144. 
https://peneliti.unri.ac.id/publication/detail/49169  

Zurba, N. (2018). Pengenalan padang lamun, suatu ekosistem yang terlupakan. Unimal Press. 
 
 
 
 
 
 
 
 
 
 
 

https://doi.org/10.61511/bioculture.v2i2.2025.1504
http://repository.ipb.ac.id/handle/123456789/53374
https://doi.org/10.14710/jkt.v19i2.824
https://doi.org/10.3389/feart.2023.1034827
https://doi.org/10.4319/lo.1988.33.4part2.0702
https://ejournal.unsri.ac.id/index.php/maspari/article/view/1381
http://dx.doi.org/10.33772/jsl.v4i2.8325
https://doi.org/10.14710/jmr.v9i4.28261
https://doi.org/10.3390/biology10020158
https://doi.org/10.33477/bs.v3i1.510
https://journal.ipb.ac.id/index.php/JIPI/article/view/9146/0
https://peneliti.unri.ac.id/publication/detail/49169


Rijal (2025)    90 
 

 
Bioculture. 2025, VOLUME 2, ISSUE 2 https://doi.org/10.61511/bioculture.v2i2.2025.1504                                                                                                     

 
 

 
 
 

 
Biographies of Author 

  
Andi Afdalul Rijal,  Department of Marine Science, Faculty of Marine and Fisheries 
Sciences, Universitas Hasanuddin, Makassar, South Sulawesi 90245, Indonesia. 

▪ Email: afdalulrijaall@gmail.com  

▪ ORCID: N/A 
▪ Web of Science ResearcherID: N/A 

▪ Scopus Author ID: N/A 
▪ Homepage: N/A 

 

https://doi.org/10.61511/bioculture.v2i2.2025.1504
mailto:afdalulrijaall@gmail.com

