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ABSTRACT 

	The scalloped spiny lobster (Panulirus homarus) is one of the high-value fishery commodities with great potential for development in Indonesia. This study aimed to analyze the effect of compartment depth on the growth and survival of scalloped spiny lobster (Panulirus homarus) during the nursery phase using a compartment-based culture system. The research was conducted from June to August 2025 in Ekas Bay, Ekas Buana Village, Jerowaru District, East Lombok Regency, West Nusa Tenggara. The experimental method used in this research was a Completely Randomized Design (CRD) consisting of five treatments with three replications: lobster rearing at a depth of 0.5 m (A), 1.5 m (B), 2.5 m (C), 3.5 m (D), and 4.5 m (E). The lobster juveniles were reared in 15-liter compartments suspended on a floating net cage frame at a depth of 2 m, with a stocking density of 10 individuals, and cultured for 54 days. The observed parameters included weight and length growth, specific growth rate, and survival rate. The results showed that the depth of 1.5 meters had a significant effect (P<0.05) on absolute growth, absolute length growth, and the specific growth rate of scalloped spiny lobster juveniles. The 1.5-meter depth treatment produced the best results, with an absolute weight gain of 1.59 g, absolute length growth of 1.2 g, a specific growth rate of 0.77 g, and a survival rate of 88.9%.
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1. INTRODUCTION 
The scalloped spiny lobster (Panulirus homarus) is one of the high-value fishery commodities with great potential for development in Indonesia. According to FAO (2023), Indonesia ranks eighth among the world's major lobster-producing countries, with a production volume reaching 7.0 thousand tons. The development of lobster aquaculture continues to increase, particularly in the nursery phase. The nursery phase, also known as the juvenile stage, is the period in which lobster seeds are reared to achieve a specific size.
In the lobster farming process, several challenges are commonly encountered, including slow growth and low survival rates, especially during the juvenile phase (Aonullah & Ahmadi, 2021). Low survival rates may be caused by the high level of cannibalistic behavior among lobsters (Prariska et al., 2020). One effective solution to address this issue is the application of a compartment system within floating net cages at specific depths (Mayarto, 2022). The depth of the compartment plays an important role in creating an optimal environment for lobsters, as deeper compartments can provide a wider space for movement and reduce aggressive interactions between individuals. Consequently, the risk of cannibalism can be minimized, thereby improving lobster survival. In addition, the more stable environment in deeper compartments can support optimal growth by providing sufficient space for body development and reducing stress caused by competition and external environmental factors (Pratiwi et al., 2016).

The growth rate of lobsters can be influenced by various environmental factors, one of which is depth. Studies by (Kusuma et al., 2012), (Paramita, 2021), and (Wandira et al., 2020) report that juvenile scalloped spiny lobsters are commonly found at depths of less than 5 meters. This species predominantly inhabits rocky seabeds and coral reef areas. Research by Efrizal et al. (2025) indicates that lobsters cultured at depths of 4–12 meters with an initial average weight of 120 grams demonstrated improved performance, with an absolute weight gain of 50.33 grams, a specific growth rate (SGR) of 5.11%/day, and a survival rate of 75%. Furthermore, the rearing of scalloped spiny lobsters at a depth of 5 meters using compartment systems produced better growth compared to a depth of 3 meters, indicating that cage depth plays an important role in creating optimal environmental conditions for lobster growth. Depth influences the formation of optimal environmental conditions such as temperature, dissolved oxygen, and natural food availability which directly affect the growth rate and survival of scalloped spiny lobsters.	Comment by Admin: Wrong style, check and change

Thus, the use of butterfly pea leaf extract as a natural therapy offers a safe and effective alternative for wound treatment in betta fish, supporting sustainability and efficiency in ornamental fish farming. Therefore, this research aims to determine the effectiveness of the bioactive compounds present in butterfly pea leaves in accelerating the wound-healing process of betta fish (Betta splendens).

2. methodology 
This research will be conducted over a period of 60 days, from June 14 to August 24, 2025, at the Floating Net Cage (FNC) facility in Ekas Buana Village, Jerowaru District, East Lombok Regency, West Nusa Tenggara Province. The method used in this study was an experimental method employing a Completely Randomized Design (CRD), consisting of five treatments with three replications, resulting in a total of 15 experimental units. The treatments were as follows: A : depth of 0.5 m, B : depth of 1.5 m, C : depth of 2.5 m, D : depth of 3.5 m, and E : depth of 4.5 m.

2.1 Research Procedure
The research began with the extraction of butterfly pea leaves (Clitoria ternatea), followed by a phytochemical test to identify the bioactive compounds contained in the extract. Preparation of tools and materials was then carried out to ensure that all experimental requirements were met. Afterward, artificial wounds were induced on the betta fish (Betta splendens) to serve as the experimental model. The fish were then maintained under controlled conditions throughout the research period to monitor the healing process and other experimental parameters systematically (Figure 1).
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Figure 1. Layout of research containers and research containers

2.2 Research Parameters
The parameters measured during the research included wound healing, blood profile, survival rate, growth, and water quality. Wound healing parameters observed were wound width, healing percentage, and daily healing rate. Blood profile parameters measured included erythrocytes, leukocytes, and hematocrit. Growth parameters were represented by absolute weight and absolute length. Water quality parameters observed included temperature, pH, and dissolved oxygen (DO).
The rearing containers used in this study consisted of 15-liter plastic buckets, totaling 15 units. The containers were first cleaned using soap, rinsed with clean water, and then dried. After drying, holes were made in the buckets using a nail. The buckets were then tied and suspended along the edge of the Floating Net Cage (FNC). Before being hung, each bucket was attached to a stone to serve as a weight. Once all containers were prepared, they were labeled according to the predetermined experimental design.

A total of 150 scalloped spiny lobster (Panulirus homarus) juveniles were used as test animals, obtained from local farmers, with an initial length of 2–3 cm (Nursery Stage 1). The selected lobsters were healthy, free from parasites and diseases, and had complete body parts. Prior to stocking them into the rearing containers, the lobsters were measured for length and weighed.

The scalloped spiny lobsters used as test animals were reared for 54 days and fed with trash fish. The lobsters were initially sorted and their initial weights were recorded. Afterward, they were acclimated for 15 minutes before being stocked at a density of 10 individuals per container. Once prepared for treatment, the lobsters were fed once daily at 17:00 WITA at a feeding rate of 3% of the total biomass. The feed used was chopped trash fish, cut into small pieces using scissors or a knife. Feeding was carried out by placing the feed directly into the containers to ensure it could be consumed by all individuals.

During the experiment, water quality measurements were taken every seven days, including temperature, dissolved oxygen (DO), salinity, and pH. Throughout the rearing period, sampling was conducted every 14 days, resulting in a total of five sampling events within the 60-day research period.

Absolute weight gain was calculated using the formula described by Okta et al. (2023) : W = Wt – W0 : Absolute weight growth of fish (g) Wt: Final weight at week t (g) W0: Initial weight (g)
Growth was analyzed by measuring the increase in lobster length. Absolute length growth was calculated using the formula described by Okta et al. (2023): L = Lt – L0 L : Absolute length growth of lobster (cm) Lt: Final length at week t (cm) L0: Initial length (cm).
The calculation of the specific growth rate (SGR) based on lobster body weight was carried out using the formula described by Cokrowati et al. (2012) as follows: SGR = lnFBW – lnIBW / D x 100% lnFBW : Natural log of final weight lnIBW : Natural log of initial weight D :growth period
The survival rate of the lobsters was calculated every ten days. The percentage of SR was determined by dividing the final number of surviving individuals by the initial number and multiplying by 100%. According to Cokrowati et al. (2012), the survival rate can also be measured using the following formula: Survival rate = Nt/N0 x 100% Nt​ = Number of lobster at the end of the experiment N0​ = Number of lobster at the beginning of the experiment
Water quality is one of the key determinants of successful aquaculture. Good water quality provides positive impacts, whereas poor water quality can negatively affect the lobsters. In this study, the observed water quality parameters included temperature, dissolved oxygen (DO), salinity, pH, brightness/turbidity, ammonia, and current velocity. Water quality measurements were conducted once a week in the morning.

2.3 Data Analysis
To determine the effect of different depths on the growth and survival of scalloped spiny lobster (Panulirus homarus), the data were analyzed descriptively using Microsoft Excel and statistically tested using a one-way analysis of variance (ANOVA) with a 95% confidence interval in SPSS software. If significant differences were detected (P < 0.05), a Duncan’s multiple range test was performed as a post-hoc analysis. Meanwhile, water quality parameters, namely temperature, pH, salinity and dissolved oxygen (DO), were analyzed descriptively. 

3. results and discussion
3.1 Absolute Weight Growth
The results of the analysis of variance (ANOVA) on the effect of compartment depth on the weight growth of scalloped spiny lobster are presented in Figure 2. The ANOVA results showed that different compartment depths had a significant effect (P < 0.05) on the weight growth of the lobsters. The Duncan test indicated that the 0.5 m depth treatment (A) was not significantly different from the 1.5 m (B), 2.5 m (C), and 3.5 m (D) depth treatments, but was significantly different from the 4.5 m depth treatment (E). Treatment B did not differ significantly from treatment C, but showed significant differences compared to treatments D and E. Treatment C was significantly different from treatments D and E. Treatment D did not differ significantly from treatment E.
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Fig 2. Absolute Weight Growth
In lobster aquaculture, body weight is an important parameter that reflects the growth of individuals during the rearing period. The weight growth of scalloped spiny lobster represents the outcome of physiological processes such as tissue formation, molting, and the efficiency of feed utilization under specific environmental conditions. Weight gain serves as a primary indicator of farming success because it is directly related to productivity and the economic value of the lobster (Mai & Tran, 2022). The variation in weight growth among treatments in this study demonstrates differences in the lobsters’ adaptation and response to the water depths applied during the rearing period.

The results showed that the highest weight growth of scalloped spiny lobster was obtained in treatment B at a depth of 1.5 m, reaching 1.59 grams. This value indicates that environmental conditions at this depth provided the most optimal influence on lobster growth. A depth of 1.5 m is considered moderate, where light intensity is still sufficient to support daily activity and feeding processes, while water temperature remains relatively stable as it is not directly affected by surface fluctuations. These conditions allow the lobsters to adapt well without experiencing stress due to extreme changes in temperature or light. According to Rostika et al. (2023), moderate depths provide a stable environment for lobsters, particularly in terms of dissolved oxygen levels and temperatures that are optimal for metabolism and tissue growth. Furthermore, at this depth, scalloped spiny lobsters are protected from strong surface currents and waves, allowing more of the energy obtained from feed to be allocated to growth rather than maintaining body position or responding to environmental stress.

Conversely, the lowest weight growth was recorded in treatment E at a depth of 4.5 m, with a value of 0.56 grams. Conditions at this depth tend to have lower light intensity, cooler temperatures, and higher water pressure, all of which may inhibit feeding activity and slow down the lobster's metabolism. The deeper the water, the less light penetration occurs, potentially reducing lobster activity in searching for food. In addition, the lower temperatures at 4.5 m can slow metabolic rate and molting processes, ultimately reducing weight growth. This finding aligns with Effendi et al. (2025), who reported that excessive depth can reduce lobster growth rates due to lower feeding efficiency and less supportive micro-environmental conditions. Moreover, feed distribution at a depth of 4.5 m may also be uneven, causing lobsters at the bottom to receive less feed than those maintained at moderate depths.
3.2 Absolute Length Growth
The results of the analysis of variance (ANOVA) regarding the effect of compartment depth on the length growth of scalloped spiny lobster are presented in Figure 3. The ANOVA results indicated that different compartment depths had no significant effect (P > 0.05) on the length growth of the lobsters. The Duncan test showed that the 0.5 m depth treatment (A) was significantly different from the 1.5 m depth treatment (B), but not significantly different from the 2.5 m (C), 3.5 m (D), and 4.5 m (E) depth treatments. Treatment B did not differ significantly from treatment C, but showed significant differences compared to treatments D and E. Treatment C did not differ significantly from treatments D and E. Treatment D did not differ significantly from treatment E.

Fig 3. Absolute Length Growth
Growth in length is one of the main parameters used to assess the growth performance of spiny lobsters during cultivation. Biologically, length growth reflects the increase in body size resulting from the formation of new tissue and the molting process. Growth in length is strongly influenced by environmental conditions such as temperature, feed availability, dissolved oxygen, and the depth of the rearing medium. Optimal increment in body length indicates that the lobsters are kept in an environment suitable for metabolism and feeding activity, whereas low length increment may indicate suboptimal or stressful environmental conditions that inhibit physiological processes (Amali & Sari, 2020).

In this research, the length growth of lobsters ranged from 0.34 to 1.20 cm. Treatment B showed that environmental conditions at a depth of 1.5 m exerted a positive effect on the morphometric growth of the lobsters. This depth allows for stable water temperature, sufficient light intensity for daily activities, and relatively high dissolved oxygen levels. These conditions are crucial for lobsters, which require highly oxygenated environments to support metabolic processes and molting. According to Sudewi et al. (2024), the length growth of lobsters increases significantly when environmental temperature is within the optimal range (27–30 °C) and dissolved oxygen levels exceed 5 mg/L. In addition, at moderate depths (around 1.5 m), water current tends to be less intense, meaning lobsters expend less energy maintaining their position, allowing more energy to be allocated toward length and body mass growth.

Meanwhile, the length growth observed in Treatment E indicates that environmental conditions at this depth were less supportive of morphometric development. At deeper depths, light intensity decreases significantly, affecting the feeding behavior of the lobsters. Their feeding activity tends to decline, resulting in lower energy intake, which ultimately slows down length growth. Furthermore, the lower water temperature at a depth of 4.5 m reduces metabolic rate. These findings are consistent with (Amali & Sari, 2020), who reported that low temperature and limited light penetration at greater depths can inhibit length growth due to reduced physiological activity and slower molting processes.
3.3 Spesific Growth Rate
The results of the analysis of variance (ANOVA) on the effect of compartment depth on the specific growth of sand lobsters are presented in Figure 4. The ANOVA results indicate that different compartment depths have a significant effect (P<0.05) on the specific growth of sand lobsters. The Duncan’s multiple range test shows that the 0.5 m depth treatment (A) is not significantly different from the 1.5 m (B), 2.5 m (C), and 3.5 m (D) depth treatments, but is significantly different from the 4.5 m depth treatment (E). Treatment B is not significantly different from treatments C and D, but is significantly different from treatment E. Treatment C is not significantly different from treatments D and E. Likewise, treatment D is not significantly different from treatment E.
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Fig 4. Spesific Growth Rate
Specific growth rate (SGR) is an important parameter for assessing the growth performance of aquaculture organisms such as lobsters. This parameter reflects the percentage increase in body weight per unit of time, typically calculated based on the logarithmic change between the initial and final weights during the culture period. According to Utama et al. (2023), the value of SGR is influenced by various environmental factors such as temperature, dissolved oxygen availability, light intensity, feed, and the depth of the rearing environment. Therefore, variations in SGR values among treatments indicate the extent to which environmental conditions support the metabolic activity and growth of lobsters.

The results of this study showed that the highest specific growth rate was obtained in treatment B, at 0.77%, while the lowest value was recorded in treatment E, at 0.30%. The highest value in treatment B indicates that the conditions at a depth of 1.5 m provided the most optimal environment for lobster growth. This depth is classified as moderate, which generally offers relatively stable water temperature, high dissolved oxygen, and sufficient light to support feeding activity and other physiological processes. Supriyono et al. (2017) stated that moderate depths can create a balance between physical and chemical water parameters, allowing lobster metabolism to function efficiently. Under such conditions, lobsters tend to be more active in searching for food, and the energy obtained can be optimally allocated to growth rather than dealing with environmental stressors such as extreme temperatures or strong surface currents.

Conversely, the lowest specific growth rate observed in treatment E indicates that the environmental conditions at that depth were less favorable for lobster growth. At greater depths, light intensity decreases significantly, which can reduce feeding activity because lobsters become less active in searching for food. In addition, the lower water temperature at a depth of 4.5 m may slow down the metabolic processes of the lobsters. This is consistent with the findings of Efrizal et al. (2025) who reported that the deeper the rearing position, the slower the growth rate of lobsters due to decreasing temperature and dissolved oxygen levels, both of which negatively affect biological activity. Furthermore, the higher water pressure at greater depths may impose additional physiological stress, causing more energy to be allocated to environmental adaptation rather than growth.
3.4 Survival Rate
The results of this research show that the survival rate of lobsters reared at different compartment depths ranged from 0.34% to 1.2%. The ANOVA results indicated that different compartment depths had no significant effect (P>0.05) on the specific growth rate of Panulirus homarus. The Duncan test further revealed that the treatment at a depth of 0.5 m (A) was not significantly different from the treatments at depths of 1.5 m (B), 2.5 m (C), and 3.5 m (D), but was significantly different from the treatment at 4.5 m (E). Treatment B did not differ significantly from treatment C but showed significant differences when compared with treatments D and E. Treatment C showed significant differences from treatments D and E. Meanwhile, treatment D did not differ significantly from treatment E.

Fig 5. Survival Rate
In lobster aquaculture, the survival rate represents the percentage of individuals that remain alive from the beginning of the treatment until the end of the rearing period. This parameter is crucial because it reflects the success of husbandry management, including feed provision, water quality, stocking density, and environmental conditions. Previous studies on lobsters and related crustaceans have shown that survival rate is strongly influenced by environmental stress, cannibalism, feed quality, and rearing conditions (Onal & Baki, 2021).

Based on the results of this study, the highest survival rate reached 88.9%. This value indicates that the rearing conditions provided an environment that was highly supportive of lobster growth and survival. Factors such as good water quality, optimal temperature, high dissolved oxygen, appropriate salinity, suitable stocking density, high-quality feed, and minimal disturbances (waves, currents, predators, or stress) allowed most lobsters to survive until the end of the maintenance period (Fariedah et al., 2020).

Conversely, the lowest survival rate of approximately 61.1% suggests that several inhibiting factors may have reduced lobster survival. These factors may include a high level of cannibalism (especially when individual sizes vary or shelter availability is limited), fluctuations in water quality (low dissolved oxygen or unstable temperature), environmental stress (strong currents, waves, light variability, or changes in salinity), or rearing at suboptimal depths that affect feed distribution and lobster interactions. The literature notes that during critical phases such as puerulus–juvenile or under suboptimal rearing conditions, mortality can be considerably high (Rivaie et al., 2023).
3.5 Water Quality
The water quality parameters measured during the research were evaluated to determine the optimal range of aquatic conditions suitable for the survival of lobster. The parameters assessed included temperature, pH, salinity and dissolved oxygen (DO).


Table 1. Water quality
	Treatments
	Parameters
	Measurment Results
	References

	1
	Temperature (°C)
	28,2 – 29,5°C
	26 – 30°C (Nurmalasari et al., 2025)

	2
	pH
	7,8 – 8,2
	6,5 – 9 (Okta et al., 2023)

	3
	Dissolved oxygen (mg/L)
	5 – 6 mg/L
	>5 mg/L (Nurmalasari et al., 2025)

	4
	Salinity (ppt)
	30 – 32 ppt
	30 – 34 ppt (Nurmalasari et al., 2025)



Water temperature is one of the most influential water quality parameters affecting the physiology, growth, and survival rate of sand lobsters during the rearing period. The temperature measurements in this study ranged from 28.2 to 29.5 °C, which falls within the optimal range for lobster cultivation, namely 26–30 °C (Nurmalasari et al., 2025). This indicates that the temperature conditions during the study were stable and aligned with the biological requirements of the lobsters. At this temperature range, metabolic activity, feeding processes, movement, and molting can occur normally, thereby supporting optimal growth. 

pH is one of the essential parameters in lobster aquaculture because it is directly related to physiological stability, growth, and the survival of the organism. In this study, the water pH ranged from 7.8 to 8.2, which falls within the optimal range for lobster cultivation, namely 6.5–9. This pH range indicates that the water conditions throughout the rearing period were safe and suitable for the biological needs of the sand lobster (Panulirus homarus). A pH level within the neutral to slightly alkaline category supports physiological processes such as nutrient absorption, enzyme activity, and the molting process (Okta et al., 2023)

Dissolved oxygen (DO) is one of the most crucial water quality parameters in lobster culture because it directly influences respiration, metabolism, growth, and the survival of the organism. In this study, the DO value obtained was around 5 mg/L, which is still considered within the optimal category, as the ideal dissolved oxygen level to support lobster growth is >5 mg/L (Nurmalasari et al., 2025). This condition indicates that the water during the rearing period was able to supply sufficient oxygen for sand lobsters (Panulirus homarus) to carry out normal physiological activities. A DO level of 5 mg/L is at the lower limit of the optimal range; therefore, although it is still considered safe, it must be maintained carefully to prevent further decreases that could negatively affect lobster activity.

Salinity as a water quality parameter plays an important role in the success of lobster culture, especially because this organism is highly sensitive to changes in the salt concentration of its environment. In this study, the salinity values obtained ranged from 30 to 32 ppt, which falls within the optimal range of 30–34 ppt for lobster growth and survival. This indicates that the water conditions during the rearing period were stable and suitable, allowing physiological processes such as osmoregulation, metabolism, and feeding activity to function properly. Salinity within the optimal range also reduces the risk of osmotic stress, which commonly occurs when salt levels are either too low or too high compared to the ideal range. Osmotic stress can lead to reduced appetite, slower growth, and increased susceptibility to disease. With salinity maintained relatively stable at 30–32 ppt, lobsters are able to allocate energy more efficiently toward growth rather than physiological adjustment. Additionally, this salinity stability supports a more conducive environment, particularly for juvenile lobsters, which have a higher sensitivity to environmental fluctuations (Nurmalasari et al., 2025).

4. Conclusion
The conclusions drawn from the research conducted are as follows:
1. Different compartment depths had a significant effect on lobster weight growth and specific growth rate, but did not have a significant effect on length growth or survival rate.	Comment by Admin: Species name, not mentioned, can mentioned about other treatments, in comparison also
2. The best treatment was obtained in P2 (1.5 m depth), which produced a lobster weight growth of 1.59 g and a specific growth rate of 0.77%/day.
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A	B	C	D	E	1.26	1.59	1.1000000000000001	0.98	0.56000000000000005	Treatments

Absolute Weight Growth (g)


Panjang Mutlak	0.4±0.17a
1.2±0.05b
0.8±0.47ab
0.5±0.25a
0.5±0.13a

A	B	C	D	E	0.4	1.2	0.8	0.5	0.5	Treatments

Abolute Length Growth (cm)


0.64±0.08b
0.77±0.11b
0.57±0.18ab
0.53±0.24ab
0.30±0.11a

A	B	C	D	E	0.64217448731407589	0.77086901391988416	0.57213123706122138	0.52956436658993522	0.29897216349498673	Treatments

Spesific Growth Rate (%/day)


SR	75.0±11.8ab
88.9±9.6b
77.8±9.6ab
66.7±16.7a
61.1±9.6a

A	B	C	D	E	72.2	88.9	77.8	66.7	61.1	Treatments

Survival Rate (%)
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