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ABSTRACT 

	Aims: The aim of this study was to analyze the effect of exposure to polystyrene (PS) microplastics on the growth and survival of Rotifera (Brachionus sp.).
Study design:  Quantitative Experimental.
[bookmark: _Hlk197720580]Place and Duration of Study: This research lasted for 20 days of Rotifera (Brachionus sp.) maintenance, which started on January 3-23, 2025, which took place at the Fish Production and Reproduction Laboratory, Aquaculture Study Program, Department of Fisheries and Marine Sciences, Faculty of Agriculture, University of Mataram.
Methodology: This study used a completely randomized design (CRD) consisting of 4 treatments and 3 replications, so that 12 experimental units were obtained. The doses of microplastics used in this study were P1 (0 mg/L), P2 (0.5 mg/L), P3 (1 mg/L) and P4 (1.5 mg/L). While rotifers with an initial density of 10-15 ind/ml. This study was conducted for 20 days.
Results: The results showed that exposure to polystyrene microplastics with different concentrations had an effect on the density of rotifer populations, but had no significant effect on the growth rate of body length. The higher the concentration of microplastics given, the faster the decrease in rotifer population density occurred after reaching the stationary phase. This shows that microplastics can gradually disrupt the survival of rotifers, especially in the final phase of their life cycle.
Conclusion: Based on the results of the study, it can be concluded that the higher the concentration of microplastics and the longer the exposure time can inhibit the growth of rotifers. As evidenced by a significant decrease in population density and the growth rate of rotifer length. While the abundance of microplastics in rotifers actually increases along with increasing concentration, this is caused by particles that are swallowed and accumulated into the body of the rotifer. There is no significant difference in the specific growth rate (SGR) and water quality during rotifer maintenance activities.
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1. INTRODUCTION

Microplastics are defined as plastic particles that have a diameter of <5 mm. The small size of microplastics makes it easy for biota to digest them, either directly or indirectly. Microplastics have the potential to absorb persistent organic compounds in the environment, and are toxic if Microplastics are ingested by biota. In addition, Microplastics have the potential to cause internal bleeding and blockage of the digestive tract. 

Microplastics that enter water areas through household wastewater generally include polyvinyl chloride (PVC), polystyrene (PS), polypropylene (PP) and polyethylene terephthalate (PET). The most common plastics found in the environment, especially in aquatic environments. Polystyrene (PS) is a plastic that has a melting point of 95°C. When exposed to heat, PS can release styrene which can interfere with the nervous system and brain, and can have an impact on genetics, lungs, liver and immunity. PS is difficult to recycle so it requires a very long and long recycling process. The small size of microplastics and tends to float in the water column makes it easy to enter and accumulate in marine organisms so that in the end it can be consumed by animals and other marine biota and then enter the food chain. One example of an organism that can eat microplastics is zooplankton. The type of zooplankton that is very important and to this day its role has not been replaced is rotifers.

Brachionus sp. is widely used as natural feed for fish larvae in mass cultivation. The quality of Brachionus sp. as natural feed has the ability to grow and reproduce at high densities and is also able to produce stable bioactive compounds. In general, zooplankton can eat microplastics that have a diameter of 1.4-30.6 μm with varying capacities depending on the 
species and size of the microplastic.

Microplastics eaten by zooplankton cause a decrease in their eating speed. This is because the microplastics that enter will interfere with the digestive system so that the biota will feel falsely full. Other impacts that arise are reducing growth rates, inhibiting enzyme production, reducing steroid hormone levels, affecting reproduction, and can cause greater exposure to toxic plastic additives.

Based on the description above, the author conducted a study using different treatments on different doses of Polystyrene (PS) microplastic types in rotifer (Brachionus sp.) cultures. This study was conducted to determine the effect of exposure to Polystyrene (PS) microplastics with different doses on the growth and survival of rotifers.

2. material and methods

2.1 Research Procedure

The main materials used in this study include test organisms, namely rotifers (Brachionus sp.) which are cultured using a container in the form of a jar with a size of 5 L as many as 12 pieces. Rotifer maintenance lasts for 20 days with an initial density of 10-15 ind / ml. Rotifers are fed Nannochloropsis sp. with a density of 1-2 million cells / ml which are cultured separately and given every day to maintain nutritional stability during observation. The microplastics used are polystyrene with concentrations of P1 (0 mg / l), P2 (0.5 mg / l), P3 (1 mg / l) and P4 (1.5 mg / l), exposure is carried out on the 7th day.

2.2 Research Methods

This study lasted for 20 days of Rotifera (Brachionus sp.) maintenance, which started on January 3-23, 2025 which took place at the Fish Production and Reproduction Laboratory, Aquaculture Study Program, Department of Fisheries and Marine Sciences, Faculty of Agriculture, University of Mataram. This study used a completely randomized design (CRD) consisting of 4 treatments and 3 replications, so that 12 experimental units were obtained. The parameters observed were rotifer density, relative growth rate, identification of microplastic abundance in rotifers, and absolute length growth. The data obtained from the research results were then tested using Analysis of variance (ANOVA) at a 95% confidence level using the SPSS 16 program. This Analysis of variance test aims to determine the effect of each treatment given. If the final results are significantly different, then further testing will be carried out with the Duncan test. Meanwhile, water quality data is presented in table form and explained descriptively.

2.2.1 Rotifera density

The location configuration of the rotifera population was carried out using a sedgewick rafter under a microscope using the formula according to Padang et al, (2017), namely:
N = 
Description:
N : Total density of rotifers (ind/ml)
n : Number of individuals observed
Ja : Total number of boxes on the Sedgwick Rafter (1,000)
Jb : Number of sample boxes on the Sedgwick Rafter observed
Vs : Sample volume in the Sedgwick Rafter (1 ml)

2.2.2 Rotifer Growth Rate (SGR)

After obtaining Rotifer density data, the next analysis of the growth rate of Brachionus plicatilis was calculated using the formula according to (Nurlinda et al., 2020), namely:
K = 
Description:
K : Growth rate (%/day)
Nt: Number of individuals on day t
N0: Number of individuals on day 0

2.2.3 Identification of Microplastic Abundance

According to Sandra & Radityaningrum (2021), microplastic abundance can be calculated using the following equation:
Kelimpahan = 

2.2.4 Rotifer length growth rate

The rotifer length growth rate can be done using the formula according to Permatasari et al. (2023), namely:
Lpp = Lt – L0
Description:
Lpp : Growth rate in length (μm)
Lt : Average length of individuals at the end of the study (μm)
Lo : Average length of individuals at the beginning of the study (μm)

2.2.5 Water Quality Parameters

Water quality parameters are supporting parameters in this study, which include measuring physical and chemical water quality parameters in rotifer maintenance media. The water quality includes temperature, salinity, acidity (pH) and dissolved oxygen (DO). Water quality measurements are carried out once a week in the morning at 08.00 WITA and in the afternoon at 16.00 WITA.

3. results and discussion

3.1 Rotifer Population Density

Based on the results of the study, the average results of the population density of rotifers maintained during the study had values ​​ranging from 1625.0-2449.7 ind/ml. The highest average results of the rotifer population density were in treatment P1 (0 mg/l) of 2449.7 ind/ml, then followed by P2 (0.5 mg/l) with an average value of 2126.7 ind/ml, then P3 (1 mg/l) of 1947.3 ind/ml and the lowest value was in P4 (1.5 mg/l) with an average value of 1625.0 ind/ml. 

Based on the results of the Analysis of Variance (ANOVA) test with a 95% confidence level, it shows that exposure to polystyrene microplastics with different doses gives significantly different results (<0.05) on the density of rotifers. So that Duncan's further test was carried out, the results of the Duncan test where the treatment of P1 (0 mg/l) was significantly different from the treatments of P2 (0.5 mg/l), P3 (1 mg/l), and P4 (1.5 mg/l).



Fig 1. Effect of Microplastics at Various Concentrations P1 (0 mg/l), P2 (0.5 mg/l), P3 (1 mg/l) and P4 (1.5 mg/l) on Rotifera Population Density
Exposure to polystyrene microplastics at different concentrations on rotifer population density gave significantly different results, P<0.05

Polystyrene contains additives such as styrene monomer and other organic compounds that are toxic. When these microplastics degrade or are exposed for a certain period of time, these chemicals can dissolve into the micro-environment of water and accumulate in the body of rotifers. The accumulation of these toxic compounds can trigger oxidative stress, cell damage, and even cellular death. In the P4 treatment (1.5 mg/L) there was the most significant decrease, namely 1625.0 ind/ml. This shows that microplastics ingested by rotifers can cause decreased appetite and a hampered digestive system so that the nutrients entering the rotifer's body are insufficient and can reduce energy for growth and even cause death. According to Botterell et al., (2019) stated that exposure to various concentrations of polystyrene microplastics can significantly reduce fecundity in two generations of copepods Tigriopus japonicus and Calanus helgolandicus. In addition, many egg sacs were found to have failed to develop normally and these eggs tended to be smaller in size, thus having a much lower hatching ability.

Long-term exposure to microplastics causes the accumulation of biological effects from microplastics. The results of this study are in line with the research of Miracle et al., (2014) which showed that Brachionus plicatilis rotifers consumed polystyrene microplastics significantly, especially at high concentrations (up to 5 mg/L). Microplastic consumption increased with concentration and exposure time, peaking at 24 hours. This supports the finding that increasing microplastic concentrations can cause particle accumulation in the rotifer's body, potentially disrupting physiological functions and causing population declines. In addition, research from Isinibilir et al., (2022) also explained that Daphnia magna exposed to 6 μm polystyrene microplastics experienced a significant decrease in survival, growth, and reproduction for 21 days.

3.2 Specific Growth Rate (SGR)

Based on the results of the Analysis of Variance (ANOVA) test with a 95% confidence level, it shows that exposure to polystyrene microplastics with different doses gives results that are not significantly different (>0.05) on the Specific Grow Rate (SGR). The implementation of P1 (0 mg/l) was not significantly different from the treatments P2 (0.5 mg/l), P3 (1 mg/l) and P4 (1.5 mg/l). The results of the specific growth rate (SGR) analysis obtained an average value ranging from 11.5% - 47.1%. The highest SGR value was found in P3 (1 mg/l) at 47.1%, P4 (1.5 mg/l) had an average SGR value of 29.3%, P1 (0 mg/l) had an average value of 18.4%, and P2 (0.5 mg/l) with an average SGR value of 11.5%.



Fig 2. Effect of Microplastics at Various Concentrations P1 (0 mg/l), P2 (0.5 mg/l), P3 (1 mg/l) and P4 (1.5 mg/l) on Specific Growth Rate (SGR)
Exposure to polystyrene microplastics at different concentrations on the specific growth rate (SGR) in rotifers gave results that were not significantly different, P>0.05

The relationship between polystyrene microplastic concentration and rotifer SGR shows a non-linear pattern, where increasing microplastic concentration does not always result in low SGR values, but can actually stimulate positive biological responses, such as increased reproduction or metabolism. According to Difinubun et al., (2020), several zooplankton species can usually inhibit the growth and survival of other organisms, but in extreme conditions they can survive and continue to reproduce. This ability is closely related to physiological, reproductive, and molecular adaptation mechanisms.

Rotifers are a group of microscopic zooplankton known to have high rotifer reproductive abilities and asexual reproductive strategies (parthenogenesis) where rotifers reproduce rapidly in a short time, even in challenging environmental conditions. This ability causes an increase in population growth rates at the beginning of exposure, before the accumulation of toxic effects from microplastics reaches a critical threshold. The results of this study are supported by research by Shore et al., (2021) which showed that Tripneustes gratilla sea urchin larvae exposed to polyethylene microplastics (25-32 μm) for 5 days did not show a significant effect on their survival. In addition, research by Seong et al., (2024) also supports the results of this study. In this study, no effect was found on the survival of rotifers when exposed to polystyrene microplastics (0, 20 and 200 particles/ml) for 14 days. Research from Yu et al., (2020) also stated that exposure to polystyrene microplastics (0.5 and 6 μm, 1-10 mg/l) for 96 hours to a long period (14 days) had no lethal effect and resulted in more than 80% survival in Tigriopus japonicus larvae.

3.3 Abundance of Microplastics in Rotifers

Based on the results of the Analysis of Variance (ANOVA) test, it showed that exposure to polystyrene microplastics with different doses gave significantly different results (<0.05) on the abundance of microplastics in rotifers. So that a further Duncan test was carried out, the results of the Duncan test where the P1 treatment (0 mg/l) was not significantly different from the P2 (0.5 mg/l) and P3 (1 mg/l) treatments but were significantly different from P4 (1.5 mg/l). The highest abundance of microplastics in rotifers was in the P4 treatment, namely P4 (1.5 mg/l) with an average value of 0.33 particles/ind and the lowest in P1 (0 mg/l) there were microplastics with an average value of 0.01 particles/ind.



Fig 3. Microplastic Abundance in Rotifers at Various Concentrations P1 (0 mg/l), P2 (0.5 mg/l), P3 (1 mg/l) and P4 (1.5 mg/l)
Exposure to polystyrene microplastics at different concentrations on the abundance of microplastics in rotifers gave significantly different results, P<0.05

The highest abundance of polystyrene microplastics was found in the P4 treatment (1.5 mg/l) of 0.33 particles/ind. This shows that rotifers are able to consume microplastics according to the increasing concentration in the environment. In accordance with its nature as a filter-feeder organism that actively filters particles from water to obtain food. that Brachionus plicatilis is able to accumulate polystyrene (PS) microplastics in increasing amounts along with increasing concentrations of microplastics in the environment. They found that exposure to PS microplastics causes an increase in the number of particles in the organism's body and has an impact on metabolic activity. In addition, research from Hwang et al., (2020) also supports the results of this study, which shows that Brachionus koreanus rotifers exposed to non-functional PS microplastics with particle sizes of 0.05 µm, 0.5 µm, and 6 µm. They found that rotifers can ingest microplastics and the amount accumulated increases with increasing exposure concentration. This study also states that microplastics can affect physiological processes and reproductive rates.

Zooplankton that eat microplastics can be eaten by shrimp which are organisms from a higher trophic level so that the impact will be the transfer of microplastics in the food chain and cause accumulation in the food web. Small microplastics have the potential to block digestive organs, damage cells, or even release hazardous chemical compounds, such as plastic additives, which are toxic.

3.4 Rotifera Length Growth Rate

Based on the results of the Analysis of Variance (ANOVA) test with a 95% confidence level, it shows that exposure to polystyrene microplastics with different doses gives significantly different results (<0.05) on the growth rate of rotifers. So that a further Duncan test was carried out, the results of the Duncan test where the treatment of P1 (0 mg/l) was significantly different from the treatment of P2 (0.5 mg/l), and P4 (1.5 mg/l) but not significantly different from P3 (1 mg/l). The average length of the lorica rotifer in all treatments ranged from 110.0-166.7 μm. The growth rate of the length of rotifers exposed to polystyrene microplastics showed a decrease with a negative average value, which ranged from (-0.8) - (-2.1) μm. The average value of the growth rate of rotifer length at P1 (0 mg/l) was -0.8 μm, then at P3 (1 mg/l) it was -1.1 μm, then P4 (1.5 mg/l) it was -2.0 μm, and P2 (0.5 mg/l) μm showed a significant decrease with an average value of -2.1 μm.



Fig 4. Effect of Microplastics at Various Concentrations P1 (0 mg/l), P2 (0.5 mg/l), P3 (1 mg/l) and P4 (1.5 mg/l) on Length Growth Rate
Exposure to polystyrene microplastics at different concentrations on the growth rate of rotifer length gave significantly different results, P<0.05

The results of this study indicate a negative correlation between the dose of microplastics and the growth rate of rotifer length, where the higher the dose of microplastics exposed, the greater the shrinkage in body length that occurs. This is in line with the statement of Supit et al., (2022) which states that Brachionus koreanus exposed to microplastics of various sizes (0.05, 0.5 and 6 μm) although not statistically significant, but provides physiological stress that can interfere with metabolic processes, growth, lifespan, reproduction, and body size.

As microscopic organisms, rotifers have very small body growth limits. Changes in body size due to environmental influences may be too small to be detected statistically significantly, even though exposure lasts a long time. This indicates that the morphological response of rotifers to environmental pressures undergoes a polymorphism phenomenon. Polymorphism is generally associated with the emergence of morphological or physiological variations in a population such as adjustments in the size or structure of the lorikeet to reduce the entry of foreign particles into the body as a form of defense due to environmental pressures, such as changes in water quality, food availability, or the presence of predators. This is in line with the statement of Melke et al., (2017) which states that in the Minanga and Watuliney ponds located near the southern coast of the North Sulawesi peninsula facing the Maluku Sea, symptoms of changes in body size were found in rotifers. The two pond locations are only about 7 km apart, but the salinity conditions are very different, the Minanga pond with a salinity of 25-33 ppt, the average length and width of the rotifer lorica range between 122.0-204.8 μm and 97.2-163.4 μm, respectively, while for rotifers originating from the Watuliney pond with a salinity of 0-3 ppt, the average length and width of the lorica range between 97.2-180.0 μm and 86.9-157.2 μm, respectively.

3.5 Water Quality Parameters

Water quality parameters observed during the study included physical and chemical water quality parameters, namely temperature, DO, pH, and salinity. Frequency of water quality measurements was carried out 3 times during the study, namely the beginning, middle and end. The results obtained during the study from all parameters were optimal. The results of water quality data can be seen in Table 1. 

Table 1. Water quality during maintenance

	Parameters
	Result
	Optimal
	References

	Temprature (ºC)
	28,0 – 29,9
	22 – 30
	(Miracle et al., 2014)

	Salinity (ppt)
	33
	10 – 35
	(Khaeriyah, 2013)

	pH
	7,2
	7,5 – 8,0
	(Indriani et al., 2022)

	DO (mg/l)
	5,4 – 6,8
	>4
	(Widjaja, 2024)



The media temperature ranges from 28.0–29.9°C, which is within the optimum range for the growth of rotifers (Brachionus sp.), which is 22–30°C. According to Miracle et al., (2014) stated that temperature will affect the high mortality of an organism in the early stages of life and can affect the growth or density of an organism. The salinity of the water during maintenance is around 33 ppt, which is within the tolerance range for marine rotifers such as Brachionus plicatilis. This type of rotifer is also eurthaline and can survive in a wide salinity range (5–35 ppt), but drastic changes in salinity can affect osmoregulation and the physiological efficiency of the organism. According to Khaeriyah, (2013) stated that salinity affects osmotic pressure which will directly affect the metabolic process, the respiration process, thus inhibiting the growth of vegetative cells which will then gradually affect the population density.

The pH value during maintenance ranges from 7.2, which is neutral to slightly alkaline. This range is considered ideal because rotifers generally grow and reproduce well at pH 6.5–8.5. According to Indriani et al., (2022) stated that changes in pH that are too low (acidic) can cause physiological stress, damage enzymes, and reduce survival. Conversely, pH that is too high can interfere with enzymatic function and exacerbate the toxic effects of other compounds contained in the media. The dissolved oxygen (DO) content is in the range of 5.4–6.8 mg/L, which is sufficient to support aerobic respiration of rotifers. Oxygen levels in this range cause the metabolic process to take place optimally. According to Widjaja, (2024) stated that DO <4 mg/L can cause hypoxic conditions, which have a negative impact on physiological activity, growth, and survival of rotifers.

4. Conclusion

Based on the results of the study, it can be concluded that the higher the concentration of microplastics and the longer the exposure time can inhibit the growth of rotifers. As evidenced by a significant decrease in population density and the growth rate of rotifer length. While the abundance of microplastics in rotifers actually increases along with increasing concentration, this is caused by particles that are swallowed and accumulated into the body of the rotifer. There is no significant difference in the specific growth rate (SGR) and water quality during rotifer maintenance activities.
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Kepadatan	[VALUE]±80,3a 
[VALUE]±61,3b
[VALUE]±21,9c
[VALUE]±52,2d

P1	P2	P3	P4	2449.6666666666665	2126.6666666666665	1947.3333333333333	1625	Treatment


Population density (ind/ml)



[VALUE]±13,2a
[VALUE]±11,2a
[VALUE]±10,8a
[VALUE]±22,0a

18.41431645712991	11.52985568827153	47.068902274219084	29.336300309597522	Treatment


Spesific Growth Rate (%)



kelimpahan	[VALUE]±0,00a
[VALUE]±0,00a
[VALUE]±0,002a
[VALUE]±0,08b

P1	P2	P3	P4	7.0846900013566685E-3	3.9480994152046783E-2	6.0524302313517998E-2	0.33370664315108761	Treatment


MP abundance (particles/ind)



LPH	[VALUE]±0,7a
[VALUE]±0,7c
[VALUE]±0,5ab
[VALUE]±0,4bc

P1	P2	P3	P4	-0.76157282020683414	-2.1050783386405905	-1.1329044930231775	-1.9857962472690704	Treatment


Length Growth Rate (μm)



