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ABSTRACT
Brown mussel (Mytilopsis adamsi) is a potential alternative feed for lobster and crustacean aquaculture in Indonesia, with a balanced nutritional content of 13.29% protein and 80.30% water content, and does not compete with human food needs. This study was conducted because brown mussels are not consumed by humans, so they can be concentrated as lobster feed without competing food sources. By cultivating brown mussels, it is expected to increase lobster productivity in Indonesia and provide consistent fresh feed for cultured lobsters. The development of brown mussels as lobster feed is also encouraged by the Ministry of Marine Affairs and Fisheries (KKP) to overcome the problem of inconsistent feed supply and improve feed quality for lobsters. This study aimed to assess the effect of four types of substrates (80% paranet, PE rope, white net and paris cloth) on the attachment of juvenile brown mussels for 30 days at BPBL West Lombok, using a completely randomized design with 6 replicates. The results showed that PE rope had the highest attachment density in the water column (1.62 fish/cm2) and at the bottom of the container (6.91 fish/cm2). The absolute growth rate was recorded in white netting (860 µm for AP length and 1630.17 µm for DV), while the highest specific growth rate was found in paris cloth for AP (0.154%/day) and PE rope for DV (0.186%/day). It can be concluded that the study showed that PE rope was the best substrate in terms of density. Waring excelled in the absolute growth of brown mussel juveniles. Fabric stood out for AP length-specific growth rate, while rope performed best for DV-specific growth rate. The substrate at the bottom of the container consistently gave better results than that in the water column. Further research is recommended to assess the effect of varying attachment density on other substrate types, as well as longer rearing duration.
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1. INTRODUCTION
Brown mussels (Mytilopsis adamsi) are an ideal choice as fresh feed for lobster farming and other crustaceans such as crabs. The brown mussel, a seawater clam originally described from the Gulf of Panama, invaded the indo-pacific oceans in the 19th century. It has been reported from Fiji, India, Malaysia, Singapore, Taiwan, Australia and China but mostly identified as Mytilopsis sallei It contains balanced essential nutrients to support optimal growth and development of lobsters (Wangkulangkul, 2018).
 The nutritional content contained in mussels is actually almost the same as other marine life. Brown mussels, which have been tested at BPBL Lombok's integrated research and testing laboratory, show an interesting and useful nutritional profile. Laboratory analysis results showed a moisture content of 80.30%, reflecting the high moisture content of these mussels. In addition, the ash content of 5.12% indicates the amount of minerals contained. Brown mussels also contain a total fat of 1.28% as well as a fairly high protein of 13.29%, making them a good source of protein. The carbohydrate content is relatively low at 1.99%, indicating that these mussels are richer in protein compared to carbohydrates. With this nutritional composition, brown mussels have the potential to be a high-quality feed option for lobster farming.
The protein content in marine animals ranges from 6-24% which is crude protein content and the amount depends on the species, nutritional conditions and muscle type. The habit of bivalves is also thought to be the cause of differences in protein content in bivalves, in addition to the low water binding ability of clam meat affects the low protein content (Bhara et al., 2018).
A suitable substrate allows clams to adhere firmly, prevents drift, and favors successful seed attachment (Hidayat, 2017). Clam larvae have substrate preferences, tending to select clam shells or areas previously inhabited by adult clams (Wagiu et al., 2022). Several studies have been conducted related to the attachment substrate of various types of clams. (Kotta, 2018) found that the density of substrate media affects the attachment of pearl oyster larvae Pinctada maxima. Meanwhile, (Setybudiandi et al., 2017) observed variations in the attachment strength of green mussel Perna viridis byssus on various media. While these studies have provided valuable insights, there are still gaps in knowledge regarding specific substrate preferences for brown mussels.
Therefore, further research should be conducted to identify and characterize substrates that are most suitable for the settlement and growth of brown mussel juveniles. Such research will enrich our understanding of the specific needs of brown mussels, but may also provide valuable insights for the development of more efficient and environmentally friendly aquaculture practices.

2. METHODOLOGY
This research was conducted for 30 days, starting from September to October 2024 at the West Sekotong Marine Aquaculture Center (BPBL), which is located in Sekotong sub-district, West Lombok Regency, West Nusa Tenggara. This research is an experimental study using a completely randomized design (CRD) consisting of 4 treatments and 6 replicates. Treatment 1 80% paranet (control), treatment 2 PE (polyethylene) rope, treatment 3 white netting, treatment 4 black paris cloth. The construction of the research layout design can be seen in Figure 1 & Figure 2.
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Figure 1. layout of substrates suspended in the water column of each experimental unit.
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Figure 2. layout of the substrate at the bottom of the container for each experimental unit.
2.1 Research Procedure
The preparatory stage in the cultivation of brown mussels begins with preparing the rearing container, which is a 70 cm x 50 cm x 45 cm container with a volume of 100 liters filled with sea air and equipped with an aeration system to maintain air quality and oxygen. A total of 18,866 14-day-old brown mussel spawn were transferred into the tanks, which were the result of spawning of the parents in the laboratory. For the attachment media, materials such as 0.9 mm diameter PE rope and netting were cut to the required size, then weighted to prevent them from floating in the air.
At the implementation stage, natural food such as Pavlova lutheri, Isochrysis galbana, and Chaetoceros sp. was given once a day at 3:00 pm using a 2 liter plastic container. Air circulation is done daily to remove feed residue and maintain optimal air quality. Larval control is conducted regularly to ensure growth and spat attachment to the substrate, while growth surveys include monitoring environmental factors such as air quality, temperature, salinity, and pH that may affect the survival and growth rate of brown mussel spat.
The position of the Dorsal-Ventral (DV), Anterior Posterior (AP) section of the clam can be seen in Figure 3.
[image: ]

Figure 3. Morphometric measurements of brown mussel juveniles (A: Anterior; B: Posterior; C: Dorsal; D: Ventral)
The morphometric growth of the mussels was measured while attached to the substrate using a microscope with a magnification between 40 and 200. To ensure measurement accuracy, the microscope is equipped with a scale that helps in measuring the exact size of the clam shell. 

[bookmark: _bookmark22]2.2 Research Parameters
Parameters measured in this study include, Absolute Length Growth, Specific Growth Rate (SGR), density and spat attachment rate of brown mussels, and measuring water quality.
Absolute Length Growth
Calculating the difference between the final length and the initial length of the spat in a certain period (Mukhlis et al., 2021).

Keterangan : 
β 	= Absolute growth (mm) 
L0	= Clam length at the beginning of the experiment (mm) 
Lt	= Clam length at time (mm)

Specific Growth Rate Expressed in percentage, measured by comparing the weight of mussels at the beginning and end of rearing and the number of individuals in each treatment (Luruk et al., 2023).

Keterangan : 
SGR 	= 	Specific growth rate (%/day)
Wt      = 	Average weight at the end of observation (gr)
Wo   	=	Average weight at the beginning of observation (gr)
 t       	=	Maintenance time (days)

Attachment rate
attachment rate indicates the success of juvenile colonization, (Sulvina et al., 2015):

Keterangan :
P 	= Shell attachment 
Po	= Length of Sticking Area 
Pt 	= Total Length of PE Rope

[bookmark: _bookmark23]2.3 Data analysis
The study used a completely randomized design (CRD) and the resulting data were analyzed (ANOVA) with the help of the SPSS version 16 application. The purpose of this analysis is to determine the effect of treatment (independent variable), namely the type of substrate on the parameters measured, namely the level of attachment density of brown mussel juveniles, besides that the data analyzed also includes absolute growth and specific growth rate. If the results of the F test showed a significant difference (sig value <0.05) then a further test was carried out using the Duncan test at the 95% confidence level to identify which treatments had significantly different values. 

3. RESULTS AND DISCUSSION
3.1 Absolute Length Growth 
In order to measure absolute growth, data taken during the study were data on the growth of brown mussel shell length including Anterior-Posterior (AP) and Dorsal-Ventral (DV) lengths both on substrates suspended in the water column and on substrates placed at the bottom of the container.
A. [bookmark: _Toc184320958]Absolute Growth in Water Column
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Figure 4. Absolute Growth of Anterior-Posterior (AP) Length in the Water Column
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Figure 5. Absolute Growth of Dorsal-Ventral Length (DV) in the Water Column
   From the graph above, it can be seen that for Anterior-Posterior (AP) length, all treatments give significantly different results with the average value of Anterior-Posterior (AP) length in a row from the lowest is the treatment P2 (Rope), P4 (Paris cloth), P1 (Paranet 80%), P3 (Waring). As for the Dorsal-Ventral (DV) length, it can be seen that P1 (Paranet 80%) is significantly different from P2 (Tali) P3 (Waring), and P4 (Kain), while P2 (Tali) is significantly different from P3 (Waring) but not significantly different from P4 (Kain).

   
B. Absolute Growth at the Container Bottom
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Figure 6. Absolute Anterior-Posterior (AP) Growth at Container Bottom
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Figure 7. Absolute Dorsal-Ventral (DV) Growth at the Bottom of the Container
From the graph above, it can be seen that for Anterior-Posterior (AP) and Dorsal-Ventral (DV), all treatments give significantly different results with the average value of the length of Anterior-Posterior (AP) and Dorsal-Ventral (DV) respectively from the lowest is the treatment P2 (Rope), P4 (Paris cloth), P1 (80% Paranet), P3 (Waring). 
Based on research for 30 days, it shows that the type of substrate has a significant effect on the growth of absolute length of juvenile brown mussels, with a white waring substrate (P3) in the column and bottom waters producing the best growth with an average of 860.50 µm (AP) and 1630.17 µm (DV). Substrate quality is critical to support larval attachment and metamorphosis(Wagiu et al., 2022). The white waring substrate, which has a complex structure and many holes, facilitates the accumulation of microorganisms and nutrients, and allows the movement of mussel larvae. Growth differences between the water column and bottom are influenced by environmental factors. High stocking densities can reduce food availability and inhibit growth due to space constraints, leading to physical contact of individual spat (Rahayu et al., 2024). Spats that are crowded together experience abnormal growth, especially if attached to larger spats. Limiting levels affect the growth rate and growth pattern of individuals (Winanto et al., 2016). Brown mussels prefer to stick to the bottom of the water because of the availability of more abundant food, such as plankton and organic detritus, as well as more stable currents, which make it easier for them to filter food (Langkameng et al., 2021) Space and food availability are major factors in the growth of Pearl mussel spat (Ahmad et al., 2019) Research by (Mazida et al., 2023) also shows that the substrate in the cage system affects the growth of mussels. Factors such as airflow, food availability, and space to move interact with each other in a complex manner.

3.2 Specific Growth Rate
A. Specific Growth in the Water Column 
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Figure 8. Anterior-Posterior (AP) Specific Growth Rate in the Water Column
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Figure 9. Dorsal-Ventral Specific Growth Rate (DV) in the Water Column
From the graph above, it can be seen that for the length of Anterior-Posterior (AP) and Dorsal-Ventral (DV), all treatments give significantly different results with the average value of Anterior-Posterior (AP) length in a row from the lowest is the treatment of P3 (Waring), P1 (Paranet 80%), P2 (Rope), P4 (Paris cloth), while the average value of Dorsal-Ventral (DV) in a row from the lowest is the treatment of P3 (Waring), P1 (Paranet 80%), P4 (Paris cloth), P2 (Rope). 

B. Specific Growth on Container Bottom 
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Figure 10. Anterior-Posterior (AP) specific growth rate at the bottom of the container 
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Figure 11. Dorsal-Ventral (DV) specific growth rate at the bottom of the container
From the graph above, it can be seen that for the length of Anterior-Posterior (AP) and Dorsal-Ventral (DV), all treatments give significantly different results with the average value of Anterior-Posterior (AP) length in a row from the lowest is the treatment of P3 (Waring), P1 (Paranet 80%), P2 (Rope), P4 (Paris cloth), while the average value of Dorsal-Ventral (DV) length in a row from the lowest is the treatment of P3 (Waring), P1 (Paranet 80%), P4 (Paris cloth), P2 (Rope). 
Based on the available data, the specific Dorsal-Ventral (DV) growth rate of the water column showed different patterns, where substrate P2 (PE rope) recorded the highest value of 0.187 (%/day). Proper substrate selection, taking into account the ability to support nutrient exchange, is key to the success of brown mussel aquaculture. These factors collectively influence the productivity and long-term desirability of brown mussel farming. The paris cloth also shows advantages with its fine texture and small pores that create an optimal microhabitat for nutrient and oxygen exchange. (Rizal & Jailani, 2022) added that mussels obtain their food by filtering the air using their gills to capture small plankton. Although the white waring substrate protects mussels from predators, it is less flexible than PE rope and paris cloth in adjusting the position of air currents. 
(Mukhlis et al., 2021) stresses the importance of the quality of the attachment site and the availability of food for the growth of young clams. Research by (Sagita et al., 2017) explains that the number of clams and the type of substrate affect their growth rate due to reduced competition. (Wagiu et al., 2022) explained that clam larvae will grow into young clams, while (Winanto et al., 2016) warned that too many clams in one place can inhibit the growth of their shells. Proper substrate selection is crucial in brown mussel aquaculture, considering the malleability of the material, the ability to support nutrient exchange, and create a good microenvironment for growth. All these factors together determine the long-term success and desirability of brown mussel farming.



3.3 Water Column Density
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Figure 12: Graph of Density in the Water Column
From the data above, it can be seen that the P2 (Tali) treatment shows higher density results compared to the other treatments. The P2 (Rope) treatment was significantly different from P1 (Paranet 80%), P3 (Waring) and P4 (Paris cloth) (notation). The second density was shown in P4 (Paris cloth) with results that were not significantly different from P3 (Waring) but significantly different from P1 (Paranet 80%). The lowest density was observed in P1 (80% shade cloth). 
Mussel density showed significant differences between the column and bottom of the container. In the water column, PE rope achieved the highest density (1.62 individuals/cm2) because its filamentous and rough texture strongly favors larval attachment through the byssus organ. This is reinforced by (Ayu et al., 2024) who explained that rough surfaces are preferred by Pearl clam spat because they provide protection from currents and predators. (Sulvina et al., 2015) found the texture of PE rope to be ideal for P.viridis byssus binding compared to other susbtrates. Paris cloth and white waring were less effective because their surfaces were too smooth, making it difficult for larvae to get a firm grip. (Rosanawita et al., 2017) explained that when spat metamorphose into spat, clams will look for a suitable environment by crawling and attaching to hard objects such as mangroves, wood, or branches. (Kotta, 2018) added that at an optimal density with a suitable substrate, spat can develop well, while a tenuous substrate makes it difficult for the larval attachment process.

3.4 Container Bottom Density
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Figure 13: Density at the bottom of the container
From the data above, it can be seen that the P2 treatment (Rope) shows higher density results compared to the other treatments. P2 treatment is significantly different from P1 (80% Paranet), P3 (Waring) and P4 (Paris cloth) (notation). The second density was shown in P3 (Waring) with results that were not significantly different from P4 (Paris cloth) and P1 (Paranet 80%). The lowest density was aimed at P1 (80% paranet).
At the bottom of the container, the density of spat on the pe rope reached a fairly high number of 6.91 individuals/cm2, far exceeding the density in the water column. (Inoue et al., 2021) showed that the byssus is very important as a tool for attachment, so that clams can adapt to changes in the aquatic environment, while (Natsir & Allifah AF, 2019) in the Bivalve group that lives attached, there is a significant anatomical modification they developed a special organ called byssus, a complex protein thread structure allows them to adhere strongly to hard surfaces such as rocks or man-made structures. The high density at the bottom is supported by the abundance of organic material and detritus as a nutrient source, coupled with currents that carry more food particles. (Wagiu et al., 2022) revealed that the substrate plays an important role in encouraging larvae to go down to the bottom of the water and attach to preferred substrates. (Toding bua, 2017) added that Bivalves are generally distributed in coastal waters with muddy bottoms mixed with sand, although some species can live on shell substrates such as clay and wood. (Alburhana et al., 2023) highlighted the ability of Bivalves to live for long periods in bottom substrates, making them good bioindicators of water quality. Despite high densities, (Hakim et al., 2024) asserted that as long as nutrient availability is full, this does not inhibit mussel growth. The significant density difference between the water column and bottom reflects the natural preference of mussels for more stable and nutrient-rich conditions at the bottom, where they can grow optimally and form sustainable populations. 

3.5 Water Quality
Research conducted by BPBL Sekotong revealed that water quality parameters greatly influence the environmental conditions in which brown mussels develop.

Table 1. Water quality in rearing containers
	Parameters 
	Value 
	Optimal range
	Source

	Temperature (0C)
	29.5 
	25-30
	Iyen et al., (2021).

	pH
	8.1 
	7.8-8.6
	Junaidi et al., (2019)

	DO (ppm)
	6.3 
	4.19-6.24 
	(Hidayat, 2017)

	Salinity (ppt)
	34 
	0,1 to 34,
	Mumladze et al., (2019)



Water quality has a significant impact on brown mussel growth and survival. brown mussels. A temperature of 28.5°C reflects optimal tropical water conditions. At this temperature, enzyme activity in the mussel body functions optimally, supporting efficient digestion and metabolic processes. For brown mussels, the ideal temperature range is between 26-30°C. The optimal temperature range for pearl mussel growth is 25-30°C, provided that temperature changes in the water do not occur rapidly (Iyen et al., 2021).
The pH value of 8.1 indicates a slightly alkaline water condition but is still ideal for clam life. which is still within the limits of quality standards according to Bali Governor Regulation No.8 of 2007 and Decree of the Minister of Environment No. 51 of 2004, where the standard quality of seawater for marine biota is 7-8.5. This is in line with the opinion of (Rosanawita et al., 2017) that the pH of seawater is generally in the range of 6-8. Dissolved oxygen (DO) levels of 6.6 ppm indicate good oxygenation conditions. 
Dissolved oxygen is a critical parameter for the life of aquatic organisms, including brown mussels. Brown mussels require dissolved oxygen levels between 4.19-6.24 ppm for optimal conditions. Fluctuations in oxygen levels can affect the growth and reproduction of bivalves, therefore monitoring and managing oxygen levels is an important aspect in mussel aquaculture (Hidayat, 2017).
Salinity of 34 ppt is a typical seawater characteristic that is important for the osmotic regulation of brown mussels, which are osmoconformers. Salinity affects the distribution, growth and reproduction of mussels. Drastic changes can cause stress, such as shell shedding and decreased filtration rates. In addition, increased salinity can decrease oxygen solubility, impacting mussel respiration. Some species, such as Mytilopsis leucophaeata, are tolerant of salinity variations and can survive within 0.1 to 34 ppt. Adaptation to salinity fluctuations involves complex osmoregulatory mechanisms (Mumladze et al., 2019).

4. 	CONCLUSIONS
In the suspended substrate, the highest density was found in paris rope (1.62 fish/cm2), followed by cloth (0.33 fish/cm2), net (0.30 fish/cm2) and netting (0.06 fish/cm2). the highest growth was achieved in the white net substrate with 1630.17 µm and 860 µm. The highest specific growth rate for AP was paris cloth 0.154 (%/day) and for DV was pe rope 0.186 (%/day). in the substrate at the bottom of the container, the highest density was also in pe rope (6.91 fish/cm2) followed by nets (2.35 fish/cm2) and cloth (2.30 fish/cm2). the highest absolute growth for AP and DV was in the white nets substrate. The highest specific growth rate for ap was paris cloth 0.155 (%/day) and for dv was pe rope 0.187 (%/day). The best substrate based on density was pe rope, while for absolute growth it was waring. The substrate at the bottom of the container showed better results than the one hung on the column.
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