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ABSTRACT

	The current production of abalone shells (Haliotis asinina) is mostly from natural catches, which may lead to overexploitation. Adequate seed supply, skilled labor and long maintenance time are the constraints of abalone aquaculture in Indonesia. The compartment system, which utilizes the bundled area of floating net cage suspended at different depths, can increase the production capacity of abalone without increasing the horizontal area of the culture area, so this method is effectively used in abalone culture. This study aims to determine the best depth for the growth and maturation of abalone gonads. This research was conducted from October to December 2024 in Ekas Bay, Ekas Village, Jerowaru District, East Lombok Regency, West Nusa Tenggara Province. West Nusa Tenggara. The method used is an experimental method with a complete randomized design (CRD) consisting of 4 depth treatments, namely 0 m, 2 m, 4 m, and 6 m, each repeated 4 times. The results showed that the depth treatment gave a significantly different effect (p<0.05) on absolute weight growth and specific growth rate, where the treatment depth of 4 m (P3) was significantly different or higher than the other treatments. Depth treatment did not significantly differ (p<0.05) on absolute length growth and survival rate of abalone shells. The level of gonad maturity of abalone shells reaching level II at each depth was different. Water quality during the study was: temperature 30-320C, pH 7-8, salinity 35-37 ppt, disloved oxygen 8-9 mg/l, and brightness 4-7 m. These values are still within the optimum range of abalone life.	Comment by EKO SETIO WIBOWO: what is the reason for choosing this level of depth



1. INTRODUCTION 
One of the marine commodities that has high prospects and market value is abalone shells (Haliotis asinina) with high market demand and high nutritional content (Zain et al., 2023). The nutritional content of abalone shells includes protein content of 71.99%, moisture content of 0.60%, fat 3.20%, fiber 5.60%, ash 11.11% (Novia et al., 2010). These advantages make abalone shells have a high selling price in the market such as H. supertextra or H. squamata can reach a price of Rp 600,000/kg. Meanwhile, H. asinina in Lombok, Makassar, Kendari, Maluku is sold dry at Rp 150,000-300,000/kg (Farliani et al., 2020). Abalone shells (Haliotis asinina) or commonly referred to as seven-eyed shells belong to the large Gastropod class (Sari et al., 2020). Most abalone shells (Haliotis asinina) can be found in waters with a depth of 3-10 m which are overgrown with seaweed as their natural food up to a depth of 90 m in deep sea waters. Types of seaweed that are mostly eaten by abalone shells (Haliotis asinina) such as Glacilaria sp. and Ulva sp. (Mau’ud et al., 2024). The natural habitat of abalone shells (Haliotis asinina) is in rocky or craggy waters and has a habit of hiding in coral crevices and holes in rocks (Ishak et al., 2020).
The availability of abalone shells stock for market needs has been supported by the availability of abalone in nature. The increasing market demand with high prices has increased the capture and exploitation in nature (Maharani et al., 2021). The development of abalone shells cultivation technology in Indonesia is still relatively slow due to several factors such as environmental factors, seed availability, and limited experts in the field. Abalone shells have a slow growth period, making it difficult to meet the availability in large quantities, where the abalone mother experiences gonadal maturity in approximately 2 years of maintenance with a shell length of about 45-50 mm in male abalone and 50-55 mm in female mothers (Nur, 2020). Abalone shells have 3 phases of Gonad Maturity Level, namely GM (Gonad Maturity) I classified as premature characterized by gonads covering a small part of the hepatopancreas, GM II gonads covering 25% of the hepatopancreas, and mature gonads in GM III with gonads covering 50% of the hepatopancreas (Eko et al., 2016).  Male abalone shells have characteristics of testicular gonads changing color to cream or light orange and female abalone shells have greenish ovaries and usually immature gonads are gray and cannot be distinguished by sex (Sari, 2024). In addition to visual observations of the level of maturity of the gonads can be done histologically by observing the structure of the gonads microscopically (Purwaningsih et al., 2013).
The cultivation of abalone shells (Haliotis asinina) can be influenced by many factors so that it is necessary to carry out the cultivation process in a controlled and efficient manner to meet high market demand. The abalone shells cultivation method (Haliotis asinina) using a compartment system that utilizes the bund area in the floating net cage which is suspended at different depths can be a solution to abalone cultivation that takes a long time. This compartment system can increase the production capacity of abalone shells without increasing the horizontal area of the cultivation area so that this method is effectively used in the cultivation of abalone shells for a long time (Deni et al., 2018). Therefore, this study aims to determine the effect of depth on the growth and maturity of abalone shells gonads with a compartment system.	Comment by EKO SETIO WIBOWO: What are the environmental factors that affect abalone growth? Previous research related to existing environmental factors can be a reason for choosing this treatment.

2. METHODOLOGY 
This research was conducted from october to December 2024 at ekas bay, ekas village, jerowaru sub-district, east lombok district, west nusa tenggara province. in addition, histological observations were made at the sekotong seawater aquaculture center laboratory. This research is an experimental  study  using  a completely  randomized  design  (CRD) consisting of 4 treatments an 6 replicates with the treatment of placement of cultivation containers at different depths: 0 meters (P1), 2 meters (P2), 4 meters (P3), and 6 meters (P4). The construction of the research design can be seen in Fig. 1.	Comment by EKO SETIO WIBOWO: Why was the research conducted in that month, does it have any effect on the abalone life cycle?
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Fig. 1. construction of the research design
2.1 Research Procedure
This study was conducted by providing tools and materials to be used, namely 16 baskets, sample bottles, knives, drop pipettes, spatulas, rulers, scales and water quality measuring instruments refractometer, DO meter, pH meter, sechi disk, and thermometer. Meanwhile, the materials consist of abalone shells, distilled water, water samples, PE rope, tissue and seaweed. After the tools and materials are ready, the next step is to spread the abalone shellfish seeds into the basket with the density used, namely 100 heads with a size of 2-3 cm which is 2 months old with the size of the maintenance container with a length of 15 cm wide 40 cm which is hung with different depths, namely a depth of 0 meters, 2 meters, 4 meters, and 6 meters. After that, the container is hung on the floating net cage raft. During maintenance, feeding was carried out every 3 days in the form of Ulva sp. seaweed and cleaning the container.	Comment by EKO SETIO WIBOWO: The specifications of the basket used should be explained.	Comment by EKO SETIO WIBOWO: how much feed is given?

2.2 Data Collection
Observations of the level of gonadal maturity are carried out once a week, the determination of the level of gonadal maturity is based on direct eye observation based on (Eko et al., 2016). Length and weight growth data were obtained by sampling each treatment which can be calculated by looking at the initial and final length of the study. Calculation of absolute length and weight growth can be calculated using the formula (Nurfajrie et al., 2014). Calculation of specific growth rate can be calculated using the formula according to (Setyawan & Tasruddin, 2023). Survival rate is the percentage of the number of live abalone shells and the number at the end of the study according to (Ina et al., 2022). Water quality measurements including temperature, brightness, pH, DO, and salinity were conducted every 2 weeks.
2.3 Data Analysis
Data obtained from the results of the study such as absolute length growth, absolute weight, specific growth rate and survival rate of abalone shells (Haliotis asinina) were analyzed statistically using analysis of variance (ANOVA) with a confidence level of 95%. Data that showed a significant effect, conducted further tests with the Duncan method.

3. RESULTS 
3.1 Gonad Maturity Level
Observations of the level of gonad maturity was done by visual observation and histology. The distribution of abalone shells GM based on the depth of maintenance during the study can be seen in Fig. 2. 
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Fig. 2. Distribution of abalone shells gonad maturity level by depth during the study
Visual observation of the level of gonadal maturity performed by the naked eye resulted in a similar pattern of gonad maturnity (GM) distribution in all treatments, where the longer the rearing period, the more gonadal maturity of abalone shells was seen by showing a higher GM (Fig. 2). The beginning of rearing showed that abalone shells were not gonadally mature (GM 0) with the highest number reaching 92.5%. While on the 28th day of maintenance up to 56 days showed that the abalone gonads were increasingly mature and developed marked by the highest GM I reached 65% and GM II reached 42.5%. The results of histological tests of the level of gonadal maturity in abalone shells show the results of GM II which is characterized by gonads covering part or about 25% of the hepatopancreas (digestive gland) and oocytes and spermatozoa begin to fill the ovaries and testes. While GM I is characterized by gonads only covering a little or < 25% of the hepatopancreas and only visible early female gametes (oogonia) (Fig. 3).
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Fig. 3. Histology test results of abalone shells GM: GM II (A, B and D) and GM I (C)
3.2 Growth and Survival Rate
Weight and length gain of abalone shells during rearing can be seen in Fig. 4 & Fig. 5.
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Fig. 4. Weight growth of abalone shells by depth during the study
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Fig. 5. Abalone shell length growth by depth during the study
Weight and length gain of abalone shells during 56 days of rearing showed that the 4 m depth treatment had a tendency of higher weight growth than other treatments with weight and length of 10.13±1.3 g and 3.79±0.3 cm respectively (Fig. 4). While the lowest weight and length gain in the 0 m depth treatment with weight and length respectively 8.1 ± 0.4 and 3.48 ± 0.1 cm. Based on the growth analysis of absolute weight and length of abalone shells showed that the 4 m treatment (P3) gave the highest average absolute weight and length of 73.25 g and 6.35 cm, respectively. 6.35 cm. While the lowest absolute weight in the 0 m treatment (P1) amounted to 49.75 g and 4.28 cm, respectively (Fig. 6 & Fig. 7).
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Fig. 6. Absolute weight growth of abalone shells at different depths during the study
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Fig. 7. Absolute length growth of abalone shells at different depths during the study
The results of the ANOVA test showed that the depth treatment gave a significantly different effect (p < 0.05) on absolute weight growth, where the treatment of 4 m depth (P3) was significantly different or higher than the other treatments. The treatment of 0 m depth (P1) was not significantly different (p < 0.05) with the treatment of 2 m depth (P2) and 6 m depth (P4). The depth treatment gave an effect that was not significantly different (p < 0.05) on the absolute length growth of abalone shells.
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Fig. 8. Specific growth rate of abalone shells at different depths during the study
The ANOVA test results showed that the depth gave a significantly different effect (p < 0.05) on the specific growth rate, where the treatment of 4 m depth (P3) was significantly different or higher than the other treatments. The treatment of 0 m depth (P1) was not significantly different (p < 0.05) with the treatment of 2 m depth (P2) and 6 m depth (P4) (Fig. 8).
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Fig. 9. Survival rate of abalone at different depths during the study period
The results of the ANOVA test showed that the depth treatment gave no significantly different effect (p>0.05) on the survival rate of abalone shells during maintenance. The highest survival rate was 77% in the 4 m depth treatment (P3) and the lowest was 70.5% in the 6 meter depth treatment (P4) (Fig. 9).
3.3 Water Quality
The results of water quality observations during the 56-day abalone shells rearing showed that all water quality parameters during the abalone shells rearing period were still in the optimal range and suitable to support the growth and survival needs of abalone shells  (Table 1).
Table 1.  Water Quality During the Study
	Parameters
	Result
	Ideal 
	Literatur

	Temperature (0C)
	30 - 32
	24-32
	(Tanto & Riswanto, 2022)

	pH 
	7 - 8
	7,5-8,7
	(Pebriani & Dewi, 2016)

	Dissloved oxygen (mg/L)
	8 - 9
	> 5
	(Hayati et al., 2017)

	Salinity (ppt)
	35 - 37
	30–37
	(Pebriani & Dewi, 2016)

	Brightness (m)
	4 - 7
	> 5
	(Patty et al., 2020)




4. DISCUSSION
4.1 Gonad Maturity Level
The level of gonad maturity in abalone shells is the process of reproductive and sexual development that occurs when reaching adulthood before and after abalone shells spawn Astutie (2012). Based on Fig 3, the highest level of gonad maturity in the 0 m, 2 m, and 6 m depth treatments is level II and the lowest level of gonad maturity is level I in the 4 m depth treatment. The low level of gonad maturity at the end of the study was due to the relatively short rearing period of abalone shells while abalone shellls reach adulthood and mature gonads after about 1-1.5 years of rearing. This is in line with the statement Hadijah (2017) which states that Haliotis asinina can grow to a marketable size and mature gonads in less than two years or 12-18 months. According to Meusel et al., (2022) states in captivity, 50% of male and female abalone reach sexual maturity at 18 and 24 months of age respectively and take about 4 years from hatching to reach marketable weight.
Gonad development can be influenced by two factors, namely genetic and environmental factors such as temperature and feed nutrition. The treatment of 4 m depth (P3) shows the lowest level of gonad maturity compared to other treatments, this is because the nutrients from the Ulva sp. Feed given are used for the growth needs of abalone shells so that P3 is the treatment with the highest weight growth. In addition, the type of feed given can also affect the level of gonad maturity because the type and quality of good feed will provide appropriate nutrition so as to accelerate gonad maturity in abalone shells. This is in line with the statement of Eko et al., (2016) which states that the feed consumed by abalone is utilized for growth activities and reproductive activities including gonad development. The quality and quantity of good macroalgae feed can increase the maturity of abalone gonads, it is known that adult abalone prefer feed from red algae species such as Gracilaria sp. according to Giri et al., (2014) states that the energy obtained by abalone shells 37.4%-45.8% is used for growth and metabolic.	Comment by EKO SETIO WIBOWO: All treatments were given the same feed Ulva sp. Why did treatment 3 (4 m) produce the lowest level of gonad maturity?
4.2 Growth and Survival Rate
The growth of abalone shells in the cultivation process is one of the important factors to determine the success of the cultivation itself. Growth in fishery biota includes length and weight at a time during the maintenance period Mahdaliana et al., (2022). Growth parameters in this study include absolute weight and length growth, specific growth rate, and survival rate.
Data on absolute weight growth and specific growth rate of abalone shells reared at different depths during the study period showed significantly different results (p<0.05) in each treatment with the highest absolute growth at a depth of 4 m (P3) and the lowest at a depth of 0 m (P1) (Fig. 6). One of the important factors affecting the growth and survival of abalone shells is depth. Depth affects salinity, temperature, pH, and brightness. Water quality conditions can be influenced by natural conditions and water depth so that it can change at each depth. The 4 m depth treatment is the treatment with the highest absolute weight and specific growth rate this is because at a depth of 4 meters is an ideal depth where the water temperature is not too high or warm as at the surface or depth of 0 meters and 2 meters. This is in line with the statement Setyawan & Tasruddin (2023) which states that the depth of water has a significant influence on the biota in it where the surface will tend to be warmer than the layer below. According to Hadijah (2017) abalone reared at 200C showed better growth than abalone reared at 250C. According to Vilchis et al., (2005), the concentration of nutrients in seawater is inversely correlated with temperature, therefore warm seawater such as at the surface causes a lack of nutrients in the water causing consumer groups to lack food of much lower quality during the warm water phase. In addition, abalone shells have different growth from each other even though they are in the same place and at P4 which is a depth with higher osmotic pressure so that the energy obtained from food is used to adapt to their environment which causes their growth to be inhibited. This is in line with the statement Masyahoro et al., (2024) that the growth rate of abalone by giving seaweed looks quite slow and differs from one species to another (heterogeneous). 
The absolute length growth parameter showed that rearing abalone shells at different depths did not result in significant changes or not significantly different (p>0.05) to absolute length growth (Fig. 7). The average absolute length growth for 10 abalone shells samples obtained during the study period ranged from 4.28-6.35 cm. So it can be said that each abalone shells only experienced a length growth of 0.42-0.63 cm during the 56-day study period. The value obtained is not much different from the results of previous research Mau'ud et al., (2024) where the depth of 1 m, 2 m, 3 m, 4 m and 5 m did not have a significant effect on the absolute length of abalone shells and the results obtained ranged from 0.5-0.59 cm. According to Bauer et al., (2020) stated that the surface and depth of 5 m did not produce an average increase in shell length that was not significantly different so that depth did not affect the growth of length or survival of abalone shells. Long growth in abalone shells is the growth of their shells where shell growth in abalone shells takes longer and slower than body weight growth. This is in accordance with the statement Hadijah, (2017) which states that in general the growth rate of abalone is relatively slow at 2-3 cm/year.
Different depths did not result in significant changes or not significantly different (p>0.05) to the survival rate of abalone shells. The results obtained were the survival rate of abalone shells in all treatments ranging from 70.5-77%. The survival rate obtained is quite high for the success of abalone shells cultivation where the abalone shells it self has a high mortality rate at the juvenile to adult stage. Most abalone shells (Haliotis asinina) can be found at depths ranging from 3-10 m. So the depth treatment of 0 to 6 meters is still appropriate. So that the treatment of depths of 0 to 6 meters still produces a high survival rate because of the suitability of its habitat. Death in abalone shells can be caused by several factors such as bad weather changes at the time of the study resulting in not optimal quality in the cultivation environment and pests or parasites such as barnacles attached to the cultivation media can cause stress to death in abalone shells. This is in line with the statement Masyahoro et al., (2024) which states that the survival rate of abalone is quite high, namely 70-90% and the causes of mortality are abiotic factors including chemical physical properties of water quality and biotic factors such as parasites, predators, age and human handling and adaptability. In addition, the size of the seeds at the beginning of maintenance is a factor that affects the survival rate, the smaller or younger the seeds used, the more vulnerable and prone to death. This is in line with the statement Minh et al., (2010) which states that abalone has a low initial survival rate in the initial size group of 4-5 mm and higher in abalone with an initial size of 10-11 mm. 
4.3 Water Quality
The results of measuring water quality parameters during the study are in optimal conditions, where the temperature parameter ranges from 30-320C which is classified as optimal Tanto & Riswanto (2022). The pH measurement obtained values ranging from 7-8 which is classified as optimal according to Pebriani & Dewi (2016). Dissolved oxygen parameters obtained ranged from 8-9 mg/L which is considered optimal Hayati et al., (2017). Salinity observations obtained values ranging from 35-37 ppt which is classified as optimal according to Pebriani & Dewi (2016). The brightness parameter obtained ranges from 4-7 meters which is considered optimal according to the statement Patty et al., (2020). Overall, the water quality values obtained during the study were classified as in the optimal range of conditions for the habitat of abalone shells. 
5. CONCLUSION
Based on the results of the research that has been done, it can be concluded that different depth treatments have a significant effect (p < 0.05) on growth (absolute weight and specific growth rate). But not significantly different (p>0.05) on the growth of absolute length and survival rate of abalone shells. The highest growth was at a depth of 4 meters with an absolute weight of 73.25 grams, a specific growth rate of 1.99% per day, absolute length growth of 6.35 cm and a survival rate of 77%. The level of gonad maturity of abalone shells reached level II at different depths.
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