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Abstract. Sahibuddin MQ, Effendi I, Diatin I, Budiardi T, Setiawati M. 2025. Growth and survival rate of post-puerulus spiny lobster 

Panulirus homarus at different rearing systems. Biodiversitas 26: 6285-6304. Mariculture of lobsters utilizes Floating Net Cages (FNC), 

Submersible Net Cages (SNC), and Bottom Net Cages (BNC). This study analyzed the growth and Survival Rate (SR) of post-puerulus 

Panulirus homarus in these three rearing systems. Post-puerulus individuals (0.86±0.06 cm carapace length; 0.28±0.04 g body weight) 

were reared in net cages (height 0.8 m; diameter 1 m) at a stocking density of 100 individuals cage-1, with three replicates. The lobsters 

were fed a moist diet once daily (4:00-5:00 PM). The different rearing system significantly influenced specific growth rate (SGR), 

Absolute Growth Rate (AGR), total molting, Feed Conversion Ratio (FCR), Intermoult Period (IMP), and SR. The FNC and BNC 

treatments demonstrated the highest SGR (p: 0.012), at 2.80±0.022% day-1 and 2.76±0.078% day-1, respectively. These treatments also 

produced the highest AGR (p: 0.013), at 0.07±0.004 g day-1 and 0.06±0.006 g day-1, respectively. The highest total molting (p: 0.025) 

occurred in the FNC (45.33±9.074 times cage-1) and BNC (43.67±5.033 times cage-1) treatments. The BNC treatment achieved the 

lowest FCR (7.34±0.372), which was not significantly different from FNC but was significantly lower than SNC (p: 0.032). The FNC 

treatment resulted in the shortest IMP (14.37±0.38 days, p: 0.000), while the highest SR was observed in the BNC treatment 

(71.00±2.00%, p: 0.000). Additionally, the lowest glucose (14.14±1.58 mg dL-1, p: 0.031) and total hemocyte count (1.81±0.29x107 

cells mL-1, p: 0.000) were recorded in the BNC treatment. These findings indicate that the BNC treatment provided the highest SR and 

the lowest stress response for post-puerulus P. homarus. 
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INTRODUCTION 

Panulirus homarus (Linnaeus, 1758) is a valuable 

fishery resource in the Indo-West Pacific region. This 

species typically lives in coral reefs and rough waters with 

strong currents, at depths from 1 to 90 meters (FAO 2025). 

Due to its high-quality meat and nutritional value, P. 

homarus is highly prized for human consumption 

(Radhakrishnan 2015; Arumugam et al. 2020), with market 

prices ranging from USD 30-40 kg-1 (FAO 2024b). From 

2010 to 2023, a 2.99% annual increase in demand has 

driven the global market value to USD 4.45 billion (UN 

Comtrade 2024). However, most of the 3,124,458 tonnes 

produced between 2013 and 2022 come from capture 

fisheries (99.26%), with aquaculture making up only 0.74% 

(FAO 2024a). This high demand has put unsustainable 

pressure on wild populations, leading to stock depletion 

(Radhakrishnan 2015; Yeap et al. 2022). 

Mariculture could be a solution to lessen pressure on 

wild stocks and possibly boost future production (Filippi et 

al. 2024). The success of lobster mariculture depends 

heavily on producing high-quality seed stock (Jones et al. 

2019). The rearing phase is especially important for 

producing strong juveniles for grow-out (Effendi et al. 

2021). Nonetheless, challenges like low adaptability, post-

transport mortality, cannibalism, size variability, and 

unsuitable rearing systems continue to limit productivity 

(Radhakrishnan 2015; Sætran 2023; Filippi et al. 2024). 

Vietnam has successfully developed rearing methods that 

support its domestic industry (Yeap et al. 2022), which has 

sparked interest in neighboring countries like Indonesia 

(Jones et al. 2019), but a lack of detailed information on 

optimal rearing systems remains a major obstacle to 

producing quality juveniles. 

Current lobster mariculture mostly uses floating, 

submerged, or bottom cage systems (Anissah et al. 2015; 

Jones et al. 2019; Liu et al. 2019; Aonullah and Ahmadi 

2021). In Indonesia, Floating Net Cages (FNC) are the 

most common (Sievers et al. 2021). However, FNC 

systems are vulnerable to extreme weather, disease, and 

environmental changes (Anissah et al. 2015; Sievers et al. 

2021). These surface conditions can negatively impact 

stress responses, metabolism, growth, feed efficiency, 

immunity, and survival rates (Verghese et al. 2007; 

Radhakrishnan and Kizhakudan 2019; Ross and Behringer 

2019; Joo and Kim 2024), especially since they are often 

not ideal for bottom-dwelling species like lobsters (Anissah 

et al. 2015; Sievers et al. 2021).  
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In contrast, Submerged Net Cages (SNC) and Bottom 

Net Cages (BNC), at depths of around 5-10 meters, are 

thought to provide more stable environmental conditions 

(Liu et al. 2019; Aonullah and Ahmadi 2021; Sievers et al. 

2021). This approach makes sense considering lobsters' 

biological preference for certain depths during different life 

stages (Butler et al. 2006). As lobsters move from 

planktonic larvae to benthic post-puerulus, they settle on 

the substrate (Lellis and Russell 1990; Kulmiye and Mavuti 

2005). Settlement depths vary by species: P. argus post-

larvae settle at 5 meters or less (Goldstein and Butler 

2009), while P. ornatus and P. homarus puerulus are 

usually found between 3 and 21 meters deep (Dennis et al. 

1997; Priyambodo et al. 2015). 

Different cultivation systems create unique 

microhabitats shaped by water quality, ecosystem 

interactions, hydro-oceanography, and pressure. Since 

hydrostatic pressure influences physiology in crustaceans 

and correlates with depth (Campenot 1975), and because 

lobsters adapt differently at each stage, it is essential to 

evaluate rearing performance across various systems. This 

study aims to compare how FNC, SNC, and BNC systems 

affect the growth and survival of P. homarus post-puerulus. 

By examining environmental factors and their effects on 

lobster performance, the research seeks to determine the 

best system for reducing stress and increasing survival. 

Ultimately, these results will help develop sustainable 

methods for consistently producing high-quality lobster 

seed.  

MATERIALS AND METHODS 

Research location and materials  

The study was conducted from August to December 

2023 at the Sea Farming Field Station, Center for Coastal 

and Marine Resources Studies (CCMRS), Institut Pertanian 

Bogor, in Semak Daun Lagoon, north of Panggang Island 

in the Seribu Islands, Indonesia (Figure 1). The location is 

protected waters, depths between 5-10 m, an average 

current speed of 12.9 cm s-1, and a sandy and coral 

substrate. A total of 1,200 P. homarus puerulus (~1.95 cm, 

~0.21 g) were collected from Ujung Genteng, Sukabumi 

District (Figure 2.A), quarantined for 32 hours in a 

recirculating aquaculture system (temperature: 22°C, 

dissolved oxygen: 5-6 mg L-1, pH: 8.22, salinity: 31 g L-¹), 

and subsequently transported to the research site. After 17 

days of rearing, post-puerulus were produced (total length 

2.14±0.04 cm, carapace 0.86±0.06 cm, body weight 

0.28±0.04 g) (Figure 2.B). 

Experimental design 

The experimental design was completely randomized, 

with three rearing system treatments (FNC, SNC, BNC) 

(Table 1) and three replications (Figure 3). Treatment 

placement followed previous studies (Dennis et al. 1997; 

Goldstein and Butler 2009; Priyambodo et al. 2015) and 

was conducted during the highest tide.  
 

 

 

Table 1. Average weight, total length, and post-puerulus carapace 

size of Panulirus homarus at the start of stocking in each rearing 

system (FNC, SNC, and BNC) 

 

Item Units 
Rearing systems 

FNC SNC BNC 

Weight g 0.29±0.04 0.28±0.03 0.28±0.04 

Total length cm 2.13±0.08 2.14±0.07 2.15±0.09 

Carapace length cm 0.88±0.08 0.85±0.05 0.86±0.05 

 

 

 
 

Figure 1. Map of the research location (5°43'12.8" S and 106°35'32.2" E) at the Sea Farming Field Station of the Center for Coastal and 

Marine Resources Studies (CCMRS), Institut Pertanian Bogor (Bogor), Semak Daun Lagoon, Panggang Island Village, North Seribu 

Islands District, Seribu Islands Administrative District, Jakarta Province, Indonesia 
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Post-puerulus were randomly distributed into net cages 

(n: 100 individuals cage-1) for each treatment and 

replication, totaling 300 individuals treatment-1 and 

replication. Cylindrical rearing cages (height: 0.8 m, 

diameter: 1 m) were constructed with iron frames (diameter 

10 mm). Each treatment and replication received 10 net 

shelters (fan-shaped, 20 cm × 40 cm). The FNC system was 

positioned at the water surface (1.5 m), SNC in the water 

column (3.5 m), and BNC at the bottom (5.5 m). 

 
 

Figure 2. A. Puerulus Panulirus homarus, B. Post-puerulus 

Panulirus homarus 

 

 

 

 
 

Figure 3. Research and cage-rearing design. A. Research design of post-puerulus Panulirus homarus at different rearing systems (FNC, 

SNC, and BNC): FNC system (1.5A, 1.5B, 1.5C), SNC system (3.5A, 3.5B, 3.5C), BNC system (5.5A, 5.5B, 5.5C). B. The cage-rearing 

design at FNC system consists of: four units of rope connector (A), monitoring pit connector (0.8 m) (B1), iron frame 10 mm and ⌀ 1 m 

(B2 and B5), monitoring pit ⌀ 0.4 m (B3), iron frame 10 mm, high 0.8 m (B4, B6, and B7), protector net (outside size 5 mm and inside 

size 1 mm) (C), rope monitoring pit protector (D). C. The cage-rearing design at SNC system consists of: four units of rope connector 

(A), monitoring pit connector (0.8 m) (B1), iron frame 10 mm and ⌀ 1 m (B2 and B5), monitoring pit ⌀ 0.4 m (B3), iron frame 10 mm, 

high 0.8 m (B4, B6, and B7), protector net (outside size 5 mm and inside size 1 mm) (C), rope monitoring pit protector (D). D. The 

cage-rearing design at BNC system consists of: units of rope connector (A) four, monitoring pit connector (0.8 m) (B1), iron frame 10 

mm and ⌀ 1 m (B2 and B5), monitoring pit ⌀ 0.4 m (B3), iron frame 10 mm, high 0.8 m (B4, B6, and B7), protector net (outside size 5 

mm and inside size 1 mm) (C), rope monitoring pit protector (D), eight units of iron stake connector (E), eight units of iron stake (20 

cm) (F) 

D B 

A 

C 

B A 
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Rearing of post-puerulus Panulirus homarus 

Post-puerulus were fed moist feed (diameter 9 mm, 

thickness 7 mm) formulated according to Priyambodo 

(2020) with modifications (Table 2). All ingredients were 

ground; green mussel meat and shell were processed 

separately. The mixture was combined with vanname 

shrimp feed (1:1) and 10% carboxymethyl cellulose. 

Feeding occurred once daily (04:00-05:00 PM). The 

Feeding Rate (FR) was 15% from the start until day 60, 

increasing to 20% from day 61 onward (Mustafa 2013). 

Feed was administered by snorkeling (FNC) or diving 

(SNC, BNC). Then, for proximate analysis results of the P. 

homarus post-puerulus artificial feed can be seen in Table 3 

Procedures for growth performance measurement and 

hemolymph glucose sampling 

Every 14 days, 30 post-puerulus were randomly 

sampled from each treatment and replication to measure 

weight, total length, and carapace. Glucose and Total 

Hemocyte Count (THC) were used as physiological 

indicators of crustacean stress responses (Verghese et al. 

2007; Adiyana et al. 2014; Arifin et al. 2014; Effendi 2016; 

Pratiwi et al. 2016; Harrington et al. 2019; Minjoyo et al. 

2024). Hemolymph samples were collected on days 0, 63, 

and 126. To minimize stress, the storage container 

temperature was gradually reduced over 15 minutes to 

22°C. For glucose and THC analyses, three post-puerulus 

were randomly sampled from each treatment and 

replication. 

Hemolymph (0.2 nL) was extracted from the 5th 

pereiopod using a 0.5 mL disposable syringe (30Gx1/2 

needle). Glucose samples were placed in 1.5 mL 

microcentrifuge tubes, while 0.6 nL trisodium citrate-2-

hydrate anticoagulant and formalin (1:4) were added to 

THC samples. In total, 27 glucose and THC samples were 

collected and stored in a cool box with dry ice at 1-4°C. 

Hemolymph sampling duration was 25-30 seconds 

individual-1. Glucose analysis followed Wedemeyer and 

Yasutake (1977), and THC analysis followed Blaxhall and 

Daishley (1973). 

Ethics statement and animal welfare protocols 

This research was conducted at the Sea Farming Field 

Station facility of CCMRS Institut Pertanian Bogor (IPB 

University). This facility, which supports educational and 

laboratory activities, operates under Marine Space 

Conformity Confirmation License No. B.575/MEN-

KP/XI/2021, in accordance with applicable laws and 

regulations in Indonesia. The procedures for rearing and 

sampling test animals in this study also ensure ethical 

treatment and animal welfare protocols based on the 

Decree of the Research Ethics Clearance for Animal Care 

and Use-Ethics Commission for Animal Care and Use-

Indonesian National Research and Innovation Agency (In 

Indonesian, namely Badan Riset dan Inovasi Nasional) No. 

156/KE.02/SK/07/2023.  

Measurement of water quality and hydro-

oceanographic parameters 

Water physicochemical parameters were measured 

daily for each treatment and replication. Light intensity and 

hydrostatic pressure were measured on days 0, 63, and 126 

(8:00 am, 12:00 pm, 4:00 pm) using a Secchi Disk Digital 

(SSD) logger with lux and pressure sensors (Table 4). 

Phyto-zooplankton samples were collected using a van 

Dorn water sampler and plankton net on days 0, 63, and 

126. Wave data were obtained from Copernicus Marine 

Environment Monitoring Service (CMEMS) in 2023. 

Research parameters 

Data were analyzed to calculate Specific Growth Rate 

(SGR), Absolute Growth Rate (AGR), Total Length, Final 

Carapace Length (Final CL), Absolute Carapace Length 

(Absolute CL), final weight, total molting, Intermoult 

Period (IMP), Feed Conversion Ratio (FCR), Survival Rate 

(SR), hemolymph glucose, and THC. Water quality data 

were used as supplementary information. The observed 

parameters were based on previous studies: (i) SGR is the 

difference in post-puerulus weight over the experiment 

duration, SGR (% days-1) = (ln Wt-ln Wo/t) x 100 (Solanki 

et al. 2012); (ii) AGR is the difference between the average 

lobster weight at the end and the beginning of the 

experiment, related to the length of the experiment, to 

determine the rate of change in day-1. AGR (g days-1) = 

x̄Wt-x̄Wo/t (Goddard 1996); (iii) Total length is the 

difference between final and initial lengths, Total length 

(cm) = Lt-Lo (Solanki et al. 2012); (iv) Final CL is the 

difference between final and initial carapace lengths, 

Absolute CL (cm) = CLt-CLo (Syafrizal et al. 2018); (v) 

Final weight is the difference between final and initial 

weights, Final weight = WGt-WGo (Syafrizal et al. 2018); 

(vi) FCR is the feed required to produce 1 kg of meat, FCR 

= Weight of total feed consumption/(Final weight of 

biomass-weight of dead biomass)-Initial weight of biomass 

(Goddard 1996); (vii) Total molting was recorded daily in 

each treatment and replication; (viii) IMP is the number of 

days between two molts, with the average used if more 

than two molts occurred (Kemp and Britz 2008); (ix) SR is 

the ratio of live lobsters at the end and beginning, SR (%) = 

(Nt/No) x 100 (Solanki et al. 2012); (x) Hemolymph 

glucose analysis followed Wedemeyer and Yasutake 

(1977), measured by GD = (AbsSp/AbsSt) x GSt; (xi) THC 

analysis followed Blaxhall and Daishley (1973), measured 

by THC = Number of counted cells x 1/Volume of large 

box x FP x 1000. 
  

Table 2. Ingredients and composition of post-puerulus Panulirus 

homarus feed during 126 days of experiment in FNC, SNC, and 

BNC rearing systems 
 

Feed ingredient Form 
Percentage 

(%) 

Weight 

(g) 

Trash fish meat Fine 11 110 

Mollusca (green mussel meat 

and shell) 

Fine/powder 33 330 

Crustacea (marine Litopenaeus 

vannamei meat)* 

Fine 56 560 

Total  100 1000 
*Litopenaeus vannamei from marine cultivation using floating net 

cages 
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Table 4. Measurement of water quality and hydro-oceanographic parameters, methodology, and testing frequency 

 

Treatment Parameter Abbreviation Units 

Sample 

treatment and 

processing 

Analytical method 
Frequency of 

measurement 

FNC, 

SNC, 

BNC 

Temperature Temp °C Direct/on-

location 

Water quality meter 5 in 1  

AZ instrument AZ86031 

aEvery day (08.00 am, 

12.00 pm, 04.00 pm) 

Salinity  g L⁻¹  Direct/on-

location 

Atago refractometer 

Dissolved 

oxygen 

DO mg L-1 Direct/on-

location 

Water quality meter 5 in 1  

AZ instrument AZ86031 

pH pH pH units Direct/on-

location 

Water quality meter 5 in 1  

AZ instrument AZ86031 

FNC, 

SNC, 

BNC 

Intensity of 

light 

 Lux Direct/on-

location 

Secchi disk digital (SSD) 

loggerc)  

bDay 0, 63, 126 (08.00 am, 

12.00 pm, 04.00 pm) 

Hydrostatic 

pressure 

 atm 

FNC, 

SNC, 

BNC 

Phytoplankton  Cell m3 -1 Lab Calculations using Ln 

Enumeration (Census-SRC) 

APHA, 24th Edition, 

10200F, 2022 

+: Accredited Parameters 

aDay 0, 63, 126 

Zooplankton  Ind m3 -1 Lab Calculations using Ln 

Enumeration (Census-SRC) 

APHA, 24th Edition, 

10200G, 2022 

+: Accredited Parameters 

 Wave  m Data filter Statistical description Every day with a temporal 

of every 3 hours 

Note: a: Government Regulation No. 22 of 2021 on the Implementation of Environmental Protection and Management, b: Ennis (1973) 

and Bermudes et al. (2008), c: The Secchi Disk Digital (SSD) logger used is equipped with a lux sensor model TSL2591/VEML7700 

(0.001-100,000 lux, auto gain) and a pressure sensor MS5837-30BA (0-30 atm, 0.01 m resolution) 

  

 

Table 3. The proximate analysis results of the Panulirus homarus 

post-puerulus artificial feed (per 100 g feed) 

 

Component Proximate content of feed (%) 

Moisture content 22.95 

Ash content 20.67 

Fat 2.47 

Protein 35.39 

Crude fiber 14.96 

Nitrogen-Free Extract (NFE) 3.56 

Note: Source: Fish Nutrition Laboratory, Department of Aquaculture, 

Faculty of Fisheries and Marine Science, Institut Pertanian Bogor 

(2023) 

 

Statistical and data analysis 

Data processing and statistical analysis were performed 

using Microsoft Excel (Microsoft Office, USA) and IBM 

SPSS Statistics 26. Data are presented as mean±SD. The 

average final weight, total length, CL, SGR, AGR, 

Absolute CL, total molting, IMP, FCR, SR, glucose, THC, 

light intensity, hydrostatic pressure, and wave were 

analyzed using one-way ANOVA (significance level 0.05) 

to determine differences among treatments. If significant 

differences were found, Tukey’s Honestly Significant 

Difference (HSD) test was applied (p<0.05). Water quality 

was analyzed descriptively using tables.  

RESULTS AND DISCUSSION 

Growth and survival rate 

Different rearing system treatments resulted in average 

final weights of 8.24±2.17 g (FNC), 5.67±2.39 g (SNC), 

and 7.68±2.17 g (BNC) (Figure 5). The average total 

lengths were 6.50±0.62 cm (FNC), 5.65±0.79 cm (SNC), 

and 6.42±0.63 cm (BNC). Average CL were 2.90±0.32 cm 

(FNC), 2.48±0.40 cm (SNC), and 2.88±0.32 cm (BNC). SR 

were 41.67±2.08% (FNC), 43.67±3.06% (SNC), and 

71.00±2.00% (BNC). During the initial and middle phases 

of the experiment, post-puerulus growth in the FNC 

treatment exceeded that of the other treatments. By the end 

of the experiment, no significant difference was observed 

between BNC and FNC treatments (P>0.05; Figure 4). 

One-way ANOVA indicated that rearing system 

differences significantly affected final weight, final length, 

CL, SR, SGR, AGR, absolute CL, total molting, IMP, and 

FCR (Table 5).  

Post-hoc Tukey's HSD tests showed that FNC had the 

highest final weight (8.24±0.51 g), significantly greater 

than SNC (5.67±0.94 g), but not different from BNC 

(7.68±0.72 g, p: 0.013). Final length in FNC (6.49±0.18 

cm) was also highest, significantly greater than SNC 

(5.65±0.31 cm), but not different from BNC (6.42±0.20 

cm, p: 0.008). CL in FNC and BNC (2.90±0.10 cm and 

2.88±0.10 cm) was not significantly different, but both 

were higher than SNC (2.48±0.15 cm, p: 0.008). 
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Figure 4. Growth graph and survival rate of post-puerulus Panulirus homarus in different rearing systems during 126 days of the 

experiment. A. Survival Rate (SR) and weight growth, B. Total Length (TL) and Carapace Length (CL) growth. Post-puerulus (n: 30 

individuals) in each treatment (FNC, SNC, and BNC) and replication (1, 2, and 3) were measured and weighed every 14 days 

 

 

 
 

Figure 5. Graph of post-puerulus Panulirus homarus growth in different rearing systems during 126 days of the experiment (mean±SE). 

A. Final weight (FNC: 8.24±0.511a, SNC: 5.67±0.939b, BNC: 7.68±0.72a), B. Final length (FNC: 6.49±0.175a, SNC: 5.65±0.305b, 

BNC: 6.42±0.199a), C. Final CL (FNC: 2.90±0.096a, SNC: 2.48±0.149b, BNC: 2.88±0.100a). Different superscript letters indicate 

statistically significant differences between treatments (P<0.05), and bars represent standard errors of the means 

 

 

 

Table 5. The one-way ANOVA results of final weight, final 

length, CL, SR, SGR, AGR, Absolute CL, total molting, IMP, and 

FCR in post-puerulus Panulirus homarus rearing using different 

rearing systems (FNC, SNC, and BNC) for 126 days of experiment 

 

Parameters df MS F p 

Final weight (g) 8 0.552938 9.849 0.013 

Final length (cm) 8 0.054387 12.089 0.008 

Final carapace length (cm) 8 0.013875 12.042 0.008 

Survival rate (%) 8 5.888889 136.830 0.000 

Specific growth rate (% days-1) 8 0.007495 10.274 0.012 

Absolute growth rate (g days-1) 8 0.000038 9.937 0.012 

Absolute carapace length (cm) 8 0.013026 11.567 0.009 

Total molting (times cage-1) 8 44.333333 7.221 0.025 

Intermolt period (days) 8 0.388344 89.916 0.000 

Feed conversion ratio 8 9.210246 6.430 0.032 

 

 

 

FNC produced the highest SGR (2.80±0.02% days-1) 

compared to SNC (2.50±0.13% days-1), but was not 

different from BNC (2.76±0.08% days-1, p: 0.012) (Figure 

6). Similarly, AGR was highest in FNC (0.07±0.004 g 

days-1) compared to SNC (0.04±0.008 g days-1), but not 

different from BNC (0.06±0.006 g days-1, p: 0.012). 

Absolute CL was highest in FNC and BNC (2.02±0.06 and 

2.02±0.11 cm), and lowest in SNC (1.63±0.15 cm, p: 

0.009) 

FNC had the highest total molting (45.33±9.07 times 

cage-1) compared to SNC (26.67±5.03 times cage-1), but 

was not different from BNC (43.67±5.03 times cage-1, p: 

0.025) (Figure 7). The fastest IMP was observed in FNC 

(14.37±0.38 days), while SNC had the slowest (21.12±0.92 

days, p: 0.000). BNC had the lowest FCR (7.34±0.37) 

compared to SNC (16.23±5.12), while FCR in FNC 

(11.75±1.11) was not different from SNC and BNC (p: 

0.032). BNC produced the highest SR (71.00±2.00%, p: 

0.000). The correlation between feed and AGR yielded an 

R2 value of 0.8949, indicating a strong effect of feed on 

AGR in post-puerulus P. homarus (Figure 8). 

Hemolymph glucose and total hemocyte count 

One-way ANOVA showed that rearing system 

differences affected glucose concentrations on days 63 and 

126 (Table 6). At the beginning, post-hoc Tukey's HSD test 

glucose levels did not differ significantly among 

treatments, ranging from 31.03±1.24 to 38.13±10.26 mg 

dL-1 (p: 0.381), likely due to handling stress (Figure 9). On 

day 63, BNC had the lowest glucose concentration 

B A 

B A C 
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(18.72±1.96 mg dL-1) compared to FNC and SNC (p: 

0.001). On day 126, BNC again had the lowest glucose 

(14.14±1.58 mg dL-1, p: 0.031). One-way ANOVA (Table 

7) indicated that rearing system differences affected THC 

on days 63 and 126. Initial THC did not differ significantly 

(p: 0.695), ranging from 1.54±0.07 to 1.80±0.29x107 cells 

mL-1 (Figure 10). On day 63, THC in BNC was lowest 

(2.11±0.19x107 cells mL-1) compared to FNC and SNC (p: 

0.000), and this trend persisted at day 126 (1.81±0.29x107 

cells mL-1; p: 0.000).  

Water physicochemical parameters 

Water physicochemical parameters during the 126-day 

experiment were generally within optimal ranges. Table 8 

presents minimum, maximum, and average values for each 

treatment. Average DO levels were 6.8 mg L-1, 5.43 mg L-1, 

and 4.99 mg L-1, all within optimal ranges (SNI 2015; Amin 

et al. 2022c; KKP 2020). DO decreased with depth but 

remained suitable for post-puerulus requirements. Daily 

fluctuations in water physicochemical parameters were 

observed (Figure 11). On day 56, DO decreased in FNC 

(54%) and SNC (45%) from morning to afternoon. 

Similarly, pH decreased by 14% and 13% in FNC and 

SNC, respectively. On day 57, the highest daily mortality 

was 34 individuals: 16 in SNC, 10 in FNC, and 8 in BNC 

(Figure 12). 
 

 

 

Table 6. The one-way ANOVA results of glucose (mg dL-1) post-

puerulus Panulirus homarus in different rearing systems (FNC, 

SNC, and BNC) at the experimental period of days 0, 63, and 126 

 

Experimental period (days) df MS F p 

0 8 38.815 1.139 0.381 

63 8 3.362 24.747 0.001 

126 8 70.234 6.561 0.031 

 

 

 

Table 7. The one-way ANOVA results of total hemocyte count (x 

107 cells mL-1) of post-puerulus Panulirus homarus in different 

rearing systems (FNC, SNC, and BNC) at the experimental period 

of days 0, 63, and 126 

 

Experimental period (days) df MS F p 

0 8 0.130 0.386 0.695 

63 8 0.091 60.616 0.000 

126 8 0.239 51.714 0.000 

 

 

 

 
 

Figure 6. Graph of post-puerulus Panulirus homarus growth in different rearing systems during 126 days of the experiment (mean±SE). 

A. SGR (FNC: 2.80±0.022a, SNC: 2.50±0.126b, BNC: 2.76±0.078a), B. AGR (FNC: 0.07±0.004a, SNC: 0.04±0.008b, BNC: 

0.06±0.006a), C. Absolute CL (FNC: 2.02±0.058a, SNC: 1.63±0.154b, BNC: 2.02±0.109a). Different superscript letters indicate 

statistically significant differences between treatments (P<0.05), and bars represent standard errors of the means 

 

 

 
 

Figure 7. Graph of post-puerulus Panulirus homarus growth in different rearing systems during 126 days of experiment (mean±SE). A. 

total molting (FNC: 45.33±9.074a, SNC: 26.67±5.033b, BNC: 43.67±5.033a), B. IMP (FNC: 14.37±0.38a, SNC: 21.12±0.92c, BNC: 

16.86±0.42b), C. FCR (FNC: 11.75±1.114ab, SNC: 16.23±5.124b, BNC: 7.34±0.372a), D. SR (FNC: 41.67±2.082b, SNC: 43.67±3.055b, 

BNC: 71.00±2.00a). Different superscript letters indicate statistically significant differences between treatments (P<0.05), and bars 

represent standard errors of the means 

B A C 

B A C D 
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Figure 8. The correlation between feed and AGR of post-

puerulus Panulirus homarus rearing in different systems during 

126 days of experiment (p: 0.000)  

 

 

 
  
Figure 9. Graph of glucose concentration (mg dL-1, mean±SE) of 

post-puerulus Panulirus homarus in different rearing systems at 

the experimental period day 0 (FNC: 32.06±3.11a, SNC: 

38.13±10.26a, BNC: 31.03±1.24a), day 63 (FNC: 26.11±2.04b, SNC: 

28.91±1.45b, BNC: 18.72±1.96a), and day 126 (FNC: 35.48±11.44b, 

SNC: 35.73±8.80b, BNC: 14.14±1.58a). Different superscript 

letters indicate statistically significant differences between treatments 

(P<0.05), and bars represent standard errors of the means 

 

 

 
 

Figure 10. Graph THC (x107 cells mL-1, mean±SE) of post-

puerulus Panulirus homarus in different rearing systems at the 

experimental period of day 0 (FNC: 1.80±0.29a, SNC: 1.64±0.54a, 

BNC: 1.54±0.07a), day 63 (FNC: 3.28±0.12b, SNC: 4.81±0.473c, 

BNC: 2.11±0.19a), and day 126 (FNC: 5.31±0.25b, SNC: 

5.33±0.75b, BNC: 1.81±0.29a). Different superscript letters 

indicate statistically significant differences between treatments 

(P<0.05), and bars represent standard errors of the means 

One-way ANOVA showed that rearing system 

influenced average temperature in October, November, and 

December (Table 9). Post-hoc Tukey's HSD test (Figure 

13) indicated no significant temperature differences in 

September (28.69±0.4 to 29.07±0.7°C). In October, BNC 

had the lowest temperature (28.62±0.2°C) compared to 

FNC and SNC (29.89±0.5 and 29.76±0.4°C, p: 0.015). This 

trend continued in November and December, with BNC 

maintaining the lowest temperatures (28.62±0.1°C, p: 

0.000 and 28.74±0.3°C, p: 0.000). 

Monthly temperatures in FNC and SNC increased over 

time (Figure 14), likely due to temperature anomalies from 

September to December 2023 (BMKG 2023). Sea surface 

temperature (SST) at the study site also increased until 

February 2024 (BMKG 2023), while BNC temperatures 

remained stable until December. 

Water biology parameters 

At the experiment's start, FNC, SNC, and BNC 

contained 26, 28, and 23 phytoplankton genera, 

respectively, with Trichodesmium sp. dominating (44.16%, 

46.97%, and 53.18%). By day 63, there were 25, 25, and 30 

genera, with Trichodesmium sp. still dominant (90.38%, 

92.18%, and 86.88%). On day 126, there were 20, 29, and 

34 genera, with Navicula sp., Asterionella sp., and 

Nitzschia sp. dominating at 21.05%, 26.64%, and 58.36%, 

respectively.  

Initial zooplankton genera were 7, 7, and 11, with 

Nauplius (stadia) dominant in FNC (32.74%), and 

Globorotalia sp. dominant in SNC and BNC (47.37% and 

54.66%). By day 63, there were 9, 9, and 12 zooplankton 

genera, with Nauplius (stadia) dominant in FNC (28.91%), 

and Globorotalia sp. dominant in SNC and BNC (38.88% 

and 47.92%). At the end, FNC and SNC had 13 and 14 

genera, with Globorotalia sp. dominant in FNC (32.79%), 

Nauplius (stadia) in SNC (28.33%), and Globorotalia sp. 

still dominant in BNC (26.53%). Phyto-zooplankton serve 

as natural food sources for P. homarus and P. ornatus 

during larval, post-larval, puerulus, and juvenile stages 

(Ihsan et al. 2019; Amin et al. 2022a, b). Figure 15 presents 

phyto-zooplankton dominant abundance. 

Hydrostatic pressure, light intensity, and wave 

One-way ANOVA showed that rearing system 

treatments significantly affected hydrostatic pressure 

(P<0.05) (Table 10). Post-hoc Tukey's HSD test (Figure 

16) indicated that BNC had the highest hydrostatic pressure 

at the start (1.591±0.049 atm, p: 0.000), and on days 63 and 

126 (1.628±0.006 atm, p: 0.000 and 1.623±0.056 atm, p: 

0.000). One-way ANOVA showed rearing system also 

significantly affected light intensity (P<0.05) in the 

morning and afternoon.  

Post-hoc Tukey's HSD test showed in the morning, 

BNC had the lowest light intensity (449±230 lux) 

compared to FNC and SNC (1220±232 and 1093±176 lux, 

p: 0.009) (Figure 18). During the day, light intensity did 

not differ among treatments (p: 0.266) (Table 11). In the 

afternoon, BNC again had the lowest light intensity 

(365±180 lux), not different from SNC (954±305 lux), but 

different from FNC (1116±335 lux, p: 0.037). 
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Table 8. The water physicochemical of post-puerulus Panulirus homarus with different rearing systems during 126 days of experiment 

 

Parameters Units 

Rearing Systems 

Standard FNC SNC BNC 

Min Max Average Min Max Average Min Max Average 

Temperature °C 28.4 31.5 29.9 28.3 31.3 29.7 26.2 29.5 28.6 27-31 

Dissolved oxygen mg L-1 3.4 8.5 6.8 3.5 6.8 5.4 4.3 5.9 5.0 4.99-62 

Salinity g L-1 32 35 33.3 32 35 33.6 32 35 33.7 28-353 

pH - 7.5 8.4 8.2 7.6 8.4 8.2 8.1 8.4 8.2 8.1-8.31 

Note: 1: Amin et al. (2022c), 2: SNI (2015), KKP (2020) and Amin et al. (2022c), 3: Drengstig dan Bergheim (2013) 

 

 

 

 
 

Figure 11. Graph of daily fluctuations of water physicochemical in post-puerulus Panulirus homarus rearing with different systems 

(FNC, SNC, and BNC) during 126 days of experiment. A. Daily conditions of temperature, B. Daily conditions of dissolved oxygen, C. 

Daily conditions of salinity, D. Daily conditions of pH 

 

 

 

 
 

Figure 12. On the 56th day of the experiment, there was a decrease in DO (A) and pH (B). The FNC and SNC rearing systems 

experienced a decrease in DO in the morning, afternoon, and evening by 63%; 48%; 58%; 44%, and 42%; 45%, respectively. Likewise, 

the pH in the FNC and SNC rearing systems experienced a decrease in the morning and afternoon by 15%; 14%, and 13%; 12%, 

respectively. One day after the incident (day 57), the highest daily mortality of post-puerulus Panulirus homarus occurred during the 

126 days of the experiment 

 

  

Wave data were sourced from the Copernicus Marine 

Environment Monitoring Service (CMEMS), with global 

coverage, 0.2°x0.2° spatial resolution, and 3-hour intervals 

(August-December 2023). Significant wave heights and 

periods ranged from 0.06 to 0.99 m and 1.66 to 8.29 

seconds, respectively, with averages of 0.346 m and 3.61 

seconds (Table 12). Over the 126-day experiment, 

significant wave heights at the research location showed an 

increasing trend (Table 13). 

B A 

C D 

B A 
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Table 9. The one-way ANOVA results of the average temperature 

(°C) in September, October, November, and December for each 

rearing system treatment (FNC, SNC, and BNC) during the 126-

day experiment 

 

Months df MS F p 

September 8 0.320 0.374 0.703 

October 8 0.157 9.295 0.015 

November 8 0.092 28.541 0.000 

December 8 0.105 28.799 0.000 

 

 

 

 
 

Figure 13. Graph of average temperature (°C, mean±SE) for 

September (FNC: 29.07±0.7a, SNC: 28.99±0.53a, BNC: 

28.69±0.4a), October (FNC: 29.89±0.52b, SNC: 29.76±0.40b, 

BNC: 28.62±0.19a), November (FNC: 30.53±0.51b, SNC: 

30.28±0.38b, BNC: 28.62±0.08a), and December (FNC: 

30.54±0.34b, SNC: 30.40±0.36b, BNC: 28.74±0.25a) in rearing 

post-puerulus Panulirus homarus with different treatments during 

the 126-day experiment. Different superscript letters indicate 

statistically significant differences between treatments (P<0.05), 

and bars represent standard errors of the means 

 

 

 
 

Figure 14. Graph of temperature increase trend in FNC and SNC 

rearing systems entering October, November, and December in 

the maintenance of post-puerulus Panulirus homarus with 

different rearing systems during 126 days of experiment 

 

Discussion 

The Panulirus sp. genus exhibits a life cycle comprising 

adult, egg, phyllosoma, puerulus, post-puerulus, and 

juvenile stages (Pratiwi et al. 2016). Each stage displays 

distinct characteristics, and ontogenic habitat shifts 

facilitate survival, growth, and predator avoidance (Butler 

et al. 2006). Understanding these characteristics informs 

the development of maintenance techniques that replicate 

natural environmental conditions (Minjoyo et al. 2024). 

Implementing alternative rearing systems for P. homarus at 

the post-puerulus stage represents one such approach. 

Variations in rearing system treatments influenced 

growth and post-puerulus SR (Table 5). Crustacean growth 

is indicated by molting, increased body weight, total 

length, and carapace length, suggesting that feed energy is 

effectively utilized for growth (Menu-Courey et al. 2019; 

Wang et al. 2021). Growth data (Figures 5, 6, and 7) 

indicate that the FNC treatment outperformed the SNC 

treatment, though it did not differ significantly from the 

BNC. The FNC treatment achieved the fastest IMP 

(14.37±0.38 days), while the BNC exhibited a lower FCR 

(7.34±0.372 days). The BNC treatment also demonstrated a 

higher SR (71.00±2.00%) compared to FNC and SNC (p: 

0.000). As shown in Figure 4, the FNC treatment 

experienced a greater increase in growth rate by the 70th 

day of the experiment relative to SNC and BNC. However, 

by the end of the experiment, FNC and BNC did not differ 

significantly (P>0.05), while FNC differed from SNC 

(P<0.05). 

Moist feed appeared to enhance growth across 

treatments. Statistical analysis revealed a significant 

positive correlation (p: 0.000) with AGR in all treatments 

(Figure 8). The nutrient composition of the feed likely 

satisfied the post-puerulus energy requirements for growth. 

The ash content was 20.67%, exceeding the 14.15-14.85% 

reported by Lubis et al. (2023). Lobsters primarily obtain 

minerals from seawater, and the precise mineral 

composition of feed remains insufficiently characterized 

(Nelson et al. 2006). Minerals are essential for molting and 

shell hardening. The protein content was 35.39%, within 

the optimal range of 22%-55% (Williams 2007). Similarly, 

Ward et al. (2003) found that Jasus edwarsii exhibited 

optimal growth with feed containing 33-35% protein. The 

fat content was 2.47%, and previous studies reported that 

fat content does not significantly affect the growth of J. 

edwarsii (Ward et al. 2003). Glencross et al. (2001) also 

observed that P. cygnus grows well with low fat content. 

The feed was supplemented with vanname shrimp 

pellets at a 1:1 ratio. Williams (2007) reported that adding 

shrimp pellets resulted in optimal growth for P. cygnus, P. 

ornatus, and J. edwarsii. Post-puerulus larvae in all 

treatments likely consumed phyto-zooplankton. In their 

natural habitat, post-puerulus P. homarus and P. ornatus 

have been reported to prey on phyto-zooplankton (Ihsan et 

al. 2019; Amin et al. 2022a, b). The abundance of natural 

food observed in previous studies was also present in this 

study (Figure 15), including Oithona sp., Tintinopsis sp., 

Acartia sp., Paracalanus sp., Synedra sp., Rhizosolenia sp., 

Grammatophora sp., and Navicula sp. (Ihsan et al. 2019; 

Amin et al. 2022a, b). 
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Figure 15. Phyto-zooplankton dominant abundance in the Semak Daun lagoon of each rearing system treatment (FNC, SNC, and BNC) 

during the 126-day experiment. A: Trichodesmium sp. (dominant phytoplankton day 0 and 63 in the FNC (44.16%, 90.38%), SNC 

(46.97%, 92.18%), and BNC (53.18%, 86,88%) treatment, respectively); B: Navicula sp. (dominant phytoplankton day 126 in the FNC 

(21.05%) treatment); C: Asterionella sp. (dominant phytoplankton day 126 in the SNC (26.64%) treatment); D: Nitzschia sp. (dominant 

phytpplankton day 126 in the BNC (58.36%) treatment); E: Globorotalia sp. (dominant zooplankton day 0 and 63 in the SNC (47.37%, 

38.88%), BNC treatment (54.66%, 47.92%), day 126 in the FNC (32.79%) and BNC (26.53%) treatment respectively); F: Nauplius 

(stadia) (dominant zooplankton day 0 and 63 in the FNC (32.74%, 28.91%) treatment, respectively and day 126 in the SNC (28.33%) 

treatment

 

 
Table 10. The one-way ANOVA results of hydrostatic pressure 

(atm) in each post-puerulus Panulirus homarus rearing system 

(FNC, SNC, and BNC) at 08.00 am, 12.00 pm, and 04.00 pm on 

the experimental period of days 0, 63, and 126 

 

Experimental 

period (days) 
Time df MS F p 

0 08.00 am 8 916.000 271.271 0.000 

63 

126 

0 12.00 pm 8 244.444 1144.269 0.000 

63 

126 

0 04.00 pm 8 1586.556 170.758 0.000 

63 

126 

 

Table 11. The one-way ANOVA results of light intensity (lux) in 

each post-puerulus Panulirus homarus rearing system treatment 

(FNC, SNC, and BNC) at 08.00 am, 12.00 pm, and 04.00 pm on 

the experimental period of days 0, 63, and 126 

 

Experimental 

period (days) 
Time df MS F p 

0 08.00 am 8 45781.076 11.190 0.009 

63 

126 

0 12.00 pm 8 991285.236 1.667 0.266 

63 

126 

0 04.00 pm 8 78240.862 6.024 0.037 

63 

126 

  

Lobster prey preference is determined by nutritional 

adequacy, abundance, and size suitability (Ihsan et al. 

2019). When preferred food species are scarce, lobsters 

shift to alternative food sources. The present study 

achieved a higher SGR (2.50±0.126-2.80±0.022% day-1) 

compared to Lubis et al. (2023), who reported only 

0.14±0.005-0.38±0.06% day-1. Similarly, absolute CL was 

greater (1.63±0.154-2.02±0.109 cm) than that reported by 

Lubis et al. (2023) (0.08±0.008-0.46±0.06 cm). These 

findings suggest that the provided feed was preferred by 

lobsters, with phytoplankton serving as an alternative food 

source. 

The superior growth rate observed in the FNC treatment 

corresponded to the fastest IMP (14.37±0.38 days; p: 

0.000). Temperature likely contributed to these results 

(Radhakrishnan and Kizhakudan 2019; Ross and Behringer 

D 

B A C 
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2019). The average daily temperature in the FNC treatment 

was higher, ranging from 28.4°C to 31.5°C. Kemp and 

Britz (2008) reported that lower temperatures prolonged 

IMP in P. h. rubellus. Warmer temperatures accelerate the 

growth of Homarus americanus post-larvae (Harrington et 

al. 2019) by increasing metabolic activity, stimulating 

appetite, and promoting growth (Kemp and Britz 2008; 

Jones 2009; Drengstig and Bergheim 2013; Freitas et al. 

2021). However, cannibalism increases among newly 

molted post-puerulus, and the likelihood of cannibalistic 

behavior was higher in the FNC treatment. Cannibalism 

has been documented in healthy lobsters immediately after 

molting (Jones 2009). The lower SR observed in the FNC 

treatment is likely attributable to cannibalism. Despite this, 

the IMP in the present study was faster (14-16 days) than 

that reported by Kemp and Britz (2008) (60-96 days). 

Similarly, the SGR was higher (2.50-2.80% days-1) 

compared to Kemp and Britz (2008) (0.15-0.26% days-1). 

These results corroborate the findings of Radhakrishnan 

and Kizhakudan (2019a), who reported that post-puerulus 

stage growth exceeds that of adult lobsters. The rearing 

system employed in this study produced higher final 

weight, CL, and SGR compared to the recirculating 

aquaculture system described by Supriyono et al. (2023).  

The slow growth observed in the BNC treatment was 

likely due to low morning temperatures. Exposure to low 

temperatures reduces metabolic rate (Radhakrishnan et al. 

2019b; Freitas et al. 2021), resulting in lower respiration, 

prolonged molting, and delayed IMP (Lellis and Russel 

1990; Kemp and Britz 2008; Harrington et al. 2019). 

Nevertheless, the final growth of the BNC treatment did 

not differ from that of the FNC. The FCR efficiency of the 

BNC treatment was likely superior to that of the FNC. 

Kemp and Britz (2008) reported that FCR efficiency 

increases and approaches optimal levels at lower 

temperatures.  

The aquatic environment significantly affects lobster 

growth quality (Minjoyo et al. 2024). Throughout the 

study, average daily temperatures for all treatments 

remained within the optimal range (Table 8). The BNC 

treatment exhibited relatively stable temperatures (28.6-

28.7°C), whereas temperatures in the FNC and SNC 

treatments increased over time. In September, no 

significant temperature differences were observed among 

treatments (P>0.05, p: 0.703). However, in October, 

November, and December, temperatures in the FNC and 

SNC treatments were significantly higher than in the BNC 

treatment (P<0.05, p: 0.015, 0.001, and 0.001, respectively). 

These increases were likely due to temperature anomalies and 

elevated sea Surface Temperatures (SST). Variations in 

rearing system placement contributed to water temperature 

stratification (Freitas et al. 2021). 

Since 1971, ocean temperatures have increased by 

0.11°C decade-1 as a result of climate change (Karl et al. 

2015). For example, a 2°C rise in average SST in 

Southeastern Australia resulted in the mortality of 

Sagmariasus verreauxi post-larvae (García-Echauri et al. 

2020). Elevated temperatures induce stress responses and 

can lead to lobster mortality. Increased temperatures 

disrupt the moulting cycle of H. americanus, causing 

physiological stress (Antonio et al. 2025). Similarly, H. 

americanus larvae exhibit heightened stress and reduced 

SR under extreme temperatures (Harrington et al. 2019). 

Temperature is likely a key factor contributing to the lower 

SR observed in the FNC and SNC treatments compared to 

BNC. A significant correlation exists between temperature 

and SR (p: 0.000, Figure 17.B), consistent with findings by 

Harrington et al. (2019). 

 

 
 

Figure 16. Graph of hydrostatic pressure (atm, mean±SE) in each 

post-puerulus Panulirus homarus rearing system at 08.00 am 

(FNC: 1.017±0.004c, SNC: 1.332±0.018b, BNC: 1.591±0.049a), 

12.00 pm (FNC: 1.018±0.004c, SNC: 1.341±0.026b, BNC: 

1.628±0.006a), and 04.00 pm (FNC: 1.023±0.012c, SNC: 

1.348±0.038b, BNC: 1.623±0.056a). Different superscript letters 

indicate statistically significant differences between treatments 

(P<0.05), and bars represent standard errors of the means 

 

 
 

Figure 17. The correlation between temperature and THC (A) and survival rate (B) post-puerulus Panulirus homarus rearing in 

different systems during 126 days of experiment (p: 0.000)  

B 
A 
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Environmental changes induce physiological stress 

(Harrington et al. 2019; Supriyono et al. 2023), as indicated 

by glucose fluctuations in post-puerulus lobsters. Elevated 

initial glucose levels (Figure 9) were likely due to handling 

stress (P>0.05, p: 0.381). By day 63, the BNC treatment 

exhibited the lowest glucose levels (P<0.05, p: 0.001), 

decreasing by 24.47% by the end of the experiment 

(P<0.05, p: 0.001). In contrast, glucose levels in the FNC 

and SNC treatments increased by 35.89% and 23.59%, 

respectively, suggesting greater stress in this treatment. 

Heightened stress responses led to behavioral changes, 

such as reduced sheltering and social interaction, and 

increased aimless movement (Ross and Behringer 2019). 

Under stress, lobsters reallocate energy from growth to 

repair (Adiyana et al. 2014; Wang et al. 2017). 

Temperature is a primary stressor for most crustaceans 

(Minjoyo et al. 2024), although thermal preferences vary 

by developmental stage (Lellis and Russell 1990; Kulmiye 

and Mavuti 2005). Climate change may alter these 

preferences, particularly during the first juvenile stage 

(Antonio et al. 2025). 

Increased stress also elevates THC in lobsters 

(Harrington et al. 2019). At the experiment's outset, THC 

levels did not differ among treatments (P>0.05, p: 0.695). 

By day 63, the BNC treatment had the lowest THC 

(P<0.05, p: 0.000), which continued to decrease by the 

experiment's end (P<0.05, p: 0.000). Conversely, THC 

levels in the FNC and SNC treatments increased (Figure 

10). A significant correlation was found between 

temperature and THC (p: 0.000, Figure 17.A), aligning 

with Harrington et al. (2019), who reported increased THC 

in H. americanus post-larvae at 22°C compared to 16°C 

and 18°C. Elevated THC reduced phagocytic ability by 

approximately 60% in adult H. americanus after exposure 

to high temperatures (Dove et al. 2005), indicating 

potential health declines in post-puerulus lobsters in the 

FNC and SNC treatments. Other stressors may also contribute 

to prolonged stress and impaired growth. 

Although water physicochemical parameters did not 

differ between SNC and FNC treatments, the SNC 

treatment exhibited the lowest growth (P<0.05, p: 0.012). 

By day 98, the SNC treatment's growth rate declined 

(Figure 4), consistent with Kemp and Britz (2008), who 

observed reduced growth of P. h. rubellus at 26ºC 

compared to 24ºC. Several SNC post-puerulus displayed 

abnormal development, including asymmetrical eyes, 

incomplete gill carapace closure (day 98), scoliosis, and big 

head syndrome (days 84 and 126). These abnormalities 

suggest suboptimal energy utilization for growth and 

prolonged stress, leading to increased susceptibility to disease, 

growth defects, and mortality (Harrington et al. 2019). 

On day 56, water quality deteriorated (Figure 12), with 

DO dropping to 2.87 mg L-1 (FNC) and 3.30 mg L-1 (SNC), 

and pH falling to 7.10 (FNC) and 7.12 (SNC). Although no 

immediate mortality occurred, 34 post-puerulus died on 

day 57, the highest mortality recorded during the 

experiment: 16 in SNC, 10 in FNC, and 8 in BNC. 

Reduced appetite in FNC and SNC treatments was inferred 

from increased leftover feed. Observed behaviors included 

sluggish movement, trembling, and low antennular flicking 

frequency, suggesting declining health. The causes of 

decreased pH and DO remain undetermined due to the 

absence of water samples. Visual observations noted an 

initial brownish, sawdust-like layer on the water surface 

and column, which later became thicker, greenish, slimy, 

and malodorous following water agitation. 

Decreasing pH and ocean acidification disrupt 

chemosensory neurons, alter the molting cycle, and impair 

cuticle development, thereby increasing susceptibility to 

disease and injury (Kim et al. 2016; Ross and Behringer 

2019; Antonio et al. 2025). Reduced DO induces hypoxia 

in lobsters, weakens immune function, and can ultimately 

result in mortality (Young-Lai et al. 1991; Sébert et al. 

1995). 
 

 

 
 

Figure 18. Graph of light intensity (lux; mean±SE) in each post-

puerulus Panulirus homarus rearing system treatment at 08.00 am 

(FNC: 1,220±231.7b, SNC: 1,093±175.9b, BNC: 449±229.6a), 

12.00 pm (FNC: 3,670±1213.5b, SNC: 3,112±858.5b, BNC: 

2,200±874.2b), and 04.00 pm (FNC: 1,116±335.1b, SNC: 

954±305.2ab, BNC: 365±180.5a). Different superscript letters 

indicate statistically significant differences between treatments 

(P<0.05), and bars represent standard errors of the means 

 

 

Table 12. Significant wave height and period (average, min, and max) at the research location in the period of August, September, 

October, November, and December 2023 

 

Month 
Wave Heights (m) Wave Periods (seconds) 

Mean Min Max Mean Min Max 

August 0.0867 0.0763 0.1013 2.59 2.16 3.13 

September 0.1266 0.0688 0.1950 2.97 2.3125 4.8288 

October 0.2772 0.1338 0.4713 0.2772 2.5525 4.9538 

November 0.4399 0.2225 0.6488 0.4399 3.0563 4.6138 

December 0.6471 0.4150 0.8463 0.6471 3.3025 4.7650 



 

 

 

Table 13. Significant wave height and period at 3-hour intervals at the research site during 126 days of the experiment (August, September, October, November, December) 

 

Location : Semak Daun Waters - Seribu Islands Regency Administration  

Coordinates : 5°43'12.8"S 106°35'32.3"E  

Source : Marine Environment Monitoring Service   

Date 

Wave Heights (m) Wave Periods (seconds) 

12:00 

am  

3:00 

am  

6:00 

am  

9:00 

am  

12:00 

pm  

3:00 

pm  

6:00 

pm  

9:00 

pm  

12:00 

am  

3:00 

am  

6:00 

am  

9:00 

am  

12:00 

pm  

3:00 

pm  

6:00 

pm  

9:00 

pm  

23-Aug-23 0.07 0.07 0.07 0.08 0.08 0.08 0.08 0.08 4.54 4.66 4.77 4.55 4.11 4.11 3.98 3.96 

24-Aug-23 0.09 0.08 0.08 0.08 0.07 0.08 0.08 0.08 4.16 4.29 3.96 3.7 3.76 4.01 4.07 3.92 

25-Aug-23 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 4.09 4.44 4.51 4.44 4.31 4.82 4.46 4.48 

26-Aug-23 0.09 0.09 0.08 0.09 0.09 0.09 0.09 0.1 4.54 4.58 4.57 4.16 3.67 3.64 3.75 3.9 

27-Aug-23 0.11 0.11 0.1 0.1 0.09 0.09 0.09 0.09 4.06 4.2 4.18 4.04 3.99 4.07 4.38 4.59 

28-Aug-23 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 4.45 4.67 4.48 4.42 4.49 4.63 4.71 4.59 

29-Aug-23 0.09 0.09 0.08 0.09 0.09 0.09 0.09 0.1 3.88 3.61 3.6 3.52 3.7 4.01 4.26 4.4 

30-Aug-23 0.06 0.07 0.07 0.08 0.09 0.1 0.1 0.11 4.55 4.61 4.64 4.21 3.79 3.93 4.15 4.31 

31-Aug-23 0.1 0.1 0.09 0.1 0.1 0.11 0.1 0.11 4.47 4.63 4.75 4.81 4.85 4.87 4.87 4.87 

01-Sep-23 0.08 0.09 0.09 0.1 0.11 0.11 0.12 0.14 4.85 4.77 4.59 4.47 4.43 4.42 4.42 4.43 

02-Sep-23 0.07 0.07 0.07 0.08 0.08 0.08 0.08 0.08 4.44 4.52 4.62 5.09 4.81 4.39 4.38 4.53 

03-Sep-23 0.07 0.07 0.06 0.07 0.07 0.07 0.07 0.07 4.19 3.78 3.61 3.58 3.75 4 4.06 3.95 

04-Sep-23 0.08 0.08 0.09 0.09 0.11 0.08 0.07 0.06 3.89 3.98 3.83 3.58 3.5 3.68 3.77 3.57 

05-Sep-23 0.1 0.1 0.09 0.1 0.1 0.11 0.1 0.11 3.99 4.23 4.17 3.73 3.78 4.04 4.31 4.47 

06-Sep-23 0.06 0.07 0.07 0.08 0.09 0.1 0.1 0.11 4.55 4.62 4.67 4.61 4.2 4.24 4.41 4.48 

07-Sep-23 0.21 0.23 0.11 0.08 0.11 0.15 0.23 0.33 4.46 4.47 4.31 3.82 3.78 3.87 4.02 4.02 

08-Sep-23 0.39 0.38 0.25 0.13 0.09 0.09 0.09 0.1 3.49 3.28 3.01 2.97 3.12 3.34 3.54 3.67 

09-Sep-23 0.12 0.13 0.14 0.15 0.16 0.17 0.2 0.21 3.69 3.73 3.87 4 4.09 4.17 4.26 4.32 

10-Sep-23 0.08 0.09 0.09 0.1 0.11 0.11 0.12 0.14 4.36 4.61 4.34 4.18 4.11 4.12 4.29 4.49 

11-Sep-23 0.15 0.15 0.15 0.14 0.12 0.12 0.12 0.13 4.64 4.64 4.53 4.5 4.6 4.62 4.41 4.19 

12-Sep-23 0.14 0.13 0.13 0.14 0.18 0.21 0.14 0.14 4.47 4.52 4.55 4.23 3.67 3.72 3.78 3.84 

13-Sep-23 0.11 0.11 0.13 0.16 0.19 0.21 0.14 0.1 3.95 4.08 4.18 4.15 4.17 4.24 4.27 4.31 

14-Sep-23 0.09 0.09 0.09 0.09 0.1 0.1 0.11 0.11 4.42 4.41 4.4 4.39 4.39 4.23 3.78 3.6 

15-Sep-23 0.12 0.12 0.11 0.11 0.1 0.12 0.13 0.14 3.9 4.3 4.53 4.16 3.96 4.02 4.18 4.07 

16-Sep-23 0.16 0.15 0.09 0.07 0.07 0.07 0.06 0.06 4.1 4.15 3.85 3.66 4.13 4.53 4.61 4.35 

17-Sep-23 0.12 0.14 0.15 0.17 0.19 0.22 0.24 0.25 4.22 4.19 4.23 4.33 4.48 4.45 4.54 4.47 

18-Sep-23 0.09 0.09 0.1 0.11 0.13 0.16 0.19 0.24 4.57 4.48 4.47 4.34 4.22 4.34 4.49 4.66 

19-Sep-23 0.18 0.15 0.11 0.08 0.08 0.08 0.07 0.07 4.86 4.74 4.35 3.68 3.43 3.42 3.47 3.57 

20-Sep-23 0.08 0.08 0.08 0.09 0.1 0.12 0.14 0.17 3.66 3.71 3.71 3.3 3.02 3.11 3.31 3.51 

21-Sep-23 0.19 0.18 0.18 0.17 0.16 0.16 0.11 0.12 3.7 3.88 3.94 3.91 3.95 4.06 4.22 4.37 

22-Sep-23 0.09 0.1 0.12 0.14 0.09 0.1 0.11 0.13 4.49 4.58 4.64 3.48 3.24 3.44 3.55 3.65 

23-Sep-23 0.15 0.17 0.19 0.13 0.1 0.1 0.12 0.13 3.48 3.12 3.08 3.24 3.37 3.52 3.74 3.95 

24-Sep-23 0.15 0.16 0.16 0.14 0.12 0.13 0.15 0.18 4.2 4.32 4.14 3.96 4.47 4.36 4.2 4.09 

25-Sep-23 0.22 0.27 0.3 0.29 0.16 0.11 0.11 0.1 4.22 4.14 4.06 4.34 4.32 4.73 4.26 4.1 

26-Sep-23 0.1 0.11 0.11 0.12 0.13 0.14 0.15 0.16 4.11 4.21 4.39 4.39 4.43 4.52 4.48 4.39 

27-Sep-23 0.16 0.15 0.14 0.14 0.13 0.13 0.13 0.12 4.34 4.4 5.41 4.1 3.55 3.66 3.9 4.12 



 

 

28-Sep-23 0.12 0.11 0.11 0.11 0.11 0.11 0.11 0.12 4.39 4.65 4.76 4.11 3.53 3.61 3.85 4.12 

29-Sep-23 0.13 0.13 0.13 0.13 0.12 0.12 0.12 0.12 4.37 4.55 4.72 4.45 4.46 4.73 4.8 4.83 

30-Sep-23 0.11 0.11 0.11 0.12 0.12 0.13 0.13 0.14 4.84 4.79 4.68 4.36 4.29 4.41 3.99 4.13 

01-Oct-23 0.14 0.17 0.49 0.14 0.14 0.14 0.14 0.15 4.28 4.4 4.41 4.39 4.41 4.53 4.75 4.8 

02-Oct-23 0.19 0.13 0.12 0.11 0.12 0.13 0.15 0.16 4.57 4.53 4.46 4.29 3.97 3.71 3.81 3.92 

03-Oct-23 0.18 0.21 0.23 0.24 0.22 0.19 0.2 0.21 4.03 4.14 4.15 3.97 3.67 4 4.7 4.46 

04-Oct-23 0.2 0.21 0.18 0.09 0.09 0.1 0.1 0.1 4.31 4.01 3.73 3.64 3.74 3.97 4.12 4.17 

05-Oct-23 0.16 0.17 0.17 0.17 0.17 0.17 0.17 0.18 3.91 3.43 3.12 2.88 3.16 3.41 3.62 3.75 

06-Oct-23 0.23 0.27 0.31 0.37 0.38 0.24 0.24 0.3 3.84 3.94 3.99 4.04 4.1 4.12 4.13 4.17 

07-Oct-23 0.36 0.45 0.58 0.61 0.45 0.26 0.24 0.27 4.24 4.52 4.48 4.14 4.36 4.26 4.26 4.2 

08-Oct-23 0.37 0.56 0.76 0.68 0.51 0.31 0.27 0.31 4.16 3.81 3.88 3.28 3.41 3.81 4.08 4.4 

09-Oct-23 0.33 0.38 0.46 0.48 0.34 0.27 0.25 0.29 4.46 4.33 3.64 3.34 3.31 3.47 3.48 3.46 

10-Oct-23 0.35 0.4 0.45 0.39 0.3 0.26 0.3 0.37 3.61 3.67 3.35 3.2 3.31 3.45 3.55 3.66 

11-Oct-23 0.41 0.46 0.47 0.41 0.28 0.24 0.3 0.35 3.69 3.64 3.34 2.64 2.64 2.88 3.04 3.16 

12-Oct-23 0.37 0.43 0.39 0.24 0.13 0.16 0.21 0.28 3.21 2.75 2.52 2.56 2.94 3.22 3.5 3.75 

13-Oct-23 0.36 0.46 0.52 0.45 0.25 0.26 0.36 0.33 3.95 4.08 4.1 3.97 3.93 4.81 4.32 4.21 

14-Oct-23 0.43 0.49 0.47 0.38 0.23 0.24 0.29 0.35 4.22 4.27 4.28 4.31 4.37 4.62 5.04 5.09 

15-Oct-23 0.26 0.26 0.26 0.26 0.24 0.22 0.22 0.23 4.9 4.8 4.74 4.42 3.75 3.62 3.73 3.86 

16-Oct-23 0.24 0.26 0.28 0.29 0.31 0.32 0.34 0.33 3.96 4.05 4.1 3.84 3.67 4.03 4.33 4.33 

17-Oct-23 0.32 0.31 0.31 0.33 0.35 0.38 0.41 0.43 4.26 4.22 4.25 3.88 4.08 4.23 4.15 4.15 

18-Oct-23 0.4 0.34 0.22 0.21 0.17 0.11 0.1 0.11 4.24 4.35 4.4 4.01 3.97 4.11 3.94 3.48 

19-Oct-23 0.2 0.24 0.28 0.33 0.35 0.28 0.24 0.21 3.51 3.37 3.32 3.19 3.14 3.21 3.3 3.35 

20-Oct-23 0.17 0.18 0.19 0.21 0.21 0.21 0.22 0.23 3.34 3.42 3.36 3.4 3.55 3.68 3.83 4 

21-Oct-23 0.24 0.27 0.3 0.33 0.34 0.31 0.28 0.3 4.16 4.05 3.35 2.65 2.99 3.4 3.7 3.84 

22-Oct-23 0.36 0.35 0.27 0.26 0.25 0.24 0.23 0.21 3.94 4.09 4.12 4.21 4.48 4.68 4.73 4.71 

23-Oct-23 0.19 0.18 0.18 0.19 0.21 0.23 0.26 0.29 4.66 4.62 4.11 4.17 4.36 8.29 4.85 4.57 

24-Oct-23 0.25 0.25 0.27 0.33 0.22 0.22 0.21 0.22 4.54 4.53 3.97 4.1 4.29 4.27 3.79 3.81 

25-Oct-23 0.22 0.22 0.22 0.21 0.21 0.21 0.21 0.22 3.99 4.18 3.86 3.86 3.8 3.64 3.53 3.52 

26-Oct-23 0.22 0.24 0.25 0.29 0.3 0.28 0.29 0.32 3.57 3.64 3.37 3.42 3.46 3.58 3.72 3.71 

27-Oct-23 0.33 0.29 0.26 0.27 0.26 0.26 0.26 0.26 3.85 3.96 3.74 3.72 3.74 3.64 3.54 3.54 

28-Oct-23 0.27 0.28 0.29 0.31 0.31 0.31 0.31 0.31 3.5 3.59 3.52 3.18 2.68 3.23 3.88 4.12 

29-Oct-23 0.31 0.3 0.26 0.22 0.19 0.18 0.17 0.17 4.31 4.49 4.52 4.39 4.15 4.25 4.27 4.25 

30-Oct-23 0.2 0.21 0.23 0.26 0.3 0.28 0.3 0.32 4.29 4.35 4.36 4.36 4.42 4.58 4.94 5.28 

31-Oct-23 0.3 0.29 0.31 0.33 0.36 0.39 0.42 0.46 5.16 4.95 4.29 2.51 2.84 3.33 3.64 3.83 

01-Nov-23 0.39 0.38 0.36 0.33 0.3 0.27 0.28 0.3 3.94 4.04 4.02 3.97 3.76 3.84 3.94 4.02 

02-Nov-23 0.34 0.28 0.28 0.28 0.29 0.3 0.31 0.31 4.1 4.21 4.19 4.41 5.55 5.11 4.97 5.04 

03-Nov-23 0.31 0.32 0.33 0.33 0.31 0.27 0.28 0.29 5.34 4.87 4.61 4.52 4.52 4.4 4.32 4.54 

04-Nov-23 0.29 0.28 0.29 0.32 0.34 0.37 0.39 0.42 4.85 5.03 4.87 4.4 3.61 3.57 3.79 3.87 

05-Nov-23 0.42 0.4 0.34 0.32 0.33 0.35 0.37 0.4 3.7 3.16 2.56 2.77 2.99 3.13 3.23 3.38 

06-Nov-23 0.42 0.42 0.41 0.4 0.35 0.25 0.18 0.16 3.6 3.79 3.89 3.99 4.11 4.16 4.18 4.25 

07-Nov-23 0.17 0.18 0.19 0.22 0.24 0.25 0.25 0.28 4.3 4.34 4 3.85 3.86 3.92 3.91 3.91 

08-Nov-23 0.46 0.49 0.39 0.4 0.34 0.33 0.34 0.31 3.91 3.93 3.35 3.26 3.4 3.61 3.34 3.31 

09-Nov-23 0.56 0.55 0.53 0.51 0.45 0.39 0.37 0.38 3.12 3.14 3.13 2.15 2.2 2.44 2.4 2.5 

10-Nov-23 0.4 0.43 0.41 0.42 0.42 0.43 0.45 0.48 2.59 2.71 2.82 2.83 2.66 2.73 2.69 2.73 

11-Nov-23 0.51 0.53 0.52 0.48 0.45 0.43 0.4 0.41 2.79 2.85 2.83 2.88 1.97 2.12 2.4 2.58 

12-Nov-23 0.44 0.45 0.47 0.48 0.5 0.53 0.56 0.59 2.72 2.82 2.81 2.84 3.85 3.37 3.25 3.17 



 

 

13-Nov-23 0.31 0.35 0.4 0.45 0.49 0.5 0.51 0.53 3.87 2.88 1.92 2.13 2.33 2.51 2.63 2.74 

14-Nov-23 0.59 0.67 0.72 0.7 0.66 0.64 0.63 0.58 2.56 2.35 2.62 3.04 3.06 3.02 3.01 2.99 

15-Nov-23 0.48 0.44 0.43 0.45 0.46 0.49 0.55 0.47 2.98 3.01 2.94 3.02 3.06 3.2 3.26 3.37 

16-Nov-23 0.51 0.55 0.6 0.47 0.42 0.39 0.34 0.34 3.46 3.55 3.04 2.99 2.96 2.72 2.85 3.06 

17-Nov-23 0.36 0.39 0.4 0.41 0.42 0.43 0.44 0.46 3.23 3.33 3.06 2.99 3.21 3.48 3.7 3.85 

18-Nov-23 0.49 0.51 0.53 0.52 0.44 0.41 0.39 0.39 3.95 4.02 3.04 3.06 2.78 3.09 2.82 3.07 

19-Nov-23 0.45 0.5 0.63 0.44 0.43 0.41 0.41 0.42 3.27 3.06 2.71 2.64 2.54 2.27 2.4 2.25 

20-Nov-23 0.33 0.38 0.44 0.36 0.41 0.48 0.49 0.49 2.14 2.31 2.37 2.42 2.5 2.62 2.78 2.89 

21-Nov-23 0.52 0.54 0.57 0.59 0.55 0.46 0.42 0.45 2.93 2.96 2.97 2.98 2.93 2.8 2.8 2.84 

22-Nov-23 0.47 0.5 0.51 0.44 0.4 0.4 0.41 0.4 2.83 2.94 2.85 2.38 2.19 2.74 4.11 4.57 

23-Nov-23 0.45 0.48 0.49 0.5 0.52 0.57 0.61 0.59 4.79 4.78 4.7 4.66 4.7 4.82 4.99 5.19 

24-Nov-23 0.57 0.54 0.51 0.53 0.56 0.61 0.68 0.69 5.39 5.46 5.23 4.69 3.83 4.03 4.27 4.39 

25-Nov-23 0.56 0.48 0.46 0.47 0.5 0.54 0.58 0.56 4.44 4.36 4.06 4.1 4.02 4.03 4.15 4.24 

26-Nov-23 0.55 0.52 0.49 0.48 0.47 0.47 0.48 0.47 4.33 4.35 4.24 4.05 3.89 3.69 3.54 3.46 

27-Nov-23 0.46 0.47 0.48 0.49 0.52 0.54 0.55 0.48 3.45 3.06 2.68 2.41 2.72 2.76 3.1 3.43 

28-Nov-23 0.49 0.5 0.44 0.44 0.45 0.48 0.5 0.5 3.71 3.87 3.12 3.12 2.91 2.13 2.12 2.38 

29-Nov-23 0.48 0.46 0.45 0.45 0.45 0.48 0.45 0.46 2.51 2.62 2.69 2.63 2.25 2.32 2.47 2.58 

30-Nov-23 0.48 0.49 0.5 0.5 0.49 0.46 0.47 0.5 2.67 2.75 2.81 2.74 2.83 2.79 2.84 2.76 

01-Dec-23 0.48 0.44 0.43 0.41 0.39 0.38 0.39 0.4 2.58 2.06 2.2 2.45 2.51 2.55 2.74 2.34 

02-Dec-23 0.42 0.44 0.46 0.47 0.48 0.5 0.53 0.58 2.2 2.4 3.03 3.13 2.82 2.26 2.28 2.67 

03-Dec-23 0.5 0.48 0.55 0.58 0.46 0.43 0.41 0.41 2.76 2.82 2.79 2.79 2.86 2.93 2.99 3.03 

04-Dec-23 0.41 0.42 0.44 0.45 0.46 0.46 0.48 0.5 3.07 3.12 3.17 2.99 3 3.11 3.25 3.39 

05-Dec-23 0.62 0.65 0.65 0.69 0.7 0.72 0.76 0.8 3.35 3.55 3.75 3.4 3.49 3.45 3.35 3.38 

06-Dec-23 0.81 0.79 0.77 0.72 0.74 0.76 0.76 0.76 3.05 3.34 3.66 4.02 2.94 2.77 2.85 2.3 

07-Dec-23 0.73 0.69 0.61 0.62 0.82 0.57 0.57 0.56 2.33 2.47 2.58 2.61 2.36 1.66 2.22 2.27 

08-Dec-23 0.55 0.56 0.57 0.55 0.52 0.48 0.47 0.47 2.38 2.49 2.32 2.17 2.28 2.44 2.56 2.51 

09-Dec-23 0.73 0.71 0.69 0.67 0.69 0.69 0.7 0.72 2.5 2.64 2.7 2.75 2.53 2.22 2.17 1.98 

10-Dec-23 0.78 0.84 0.85 0.77 0.73 0.74 0.82 0.93 2.28 2.47 2.62 2.67 2.62 2.66 2.68 2.76 

11-Dec-23 0.99 0.83 0.83 0.81 0.77 0.75 0.75 0.69 2.86 3.01 3.36 3.41 3.4 3.39 3.49 3.5 

12-Dec-23 0.61 0.58 0.55 0.55 0.58 0.62 0.67 0.71 3.49 3.48 3.46 2.96 2.3 2.56 2.69 2.58 

13-Dec-23 0.75 0.76 0.75 0.72 0.74 0.81 0.88 0.79 2.57 2.58 2.57 2.25 2.31 2.58 2.59 2.66 

14-Dec-23 0.79 0.79 0.77 0.75 0.74 0.76 0.79 0.8 2.67 3.24 3.16 2.28 2.43 2.69 2.68 2.57 

15-Dec-23 0.78 0.77 0.73 0.71 0.68 0.63 0.58 0.54 2.52 2.55 2.62 2.51 2.03 2.51 2.81 2.64 

16-Dec-23 0.5 0.56 0.62 0.66 0.68 0.69 0.7 0.68 2.38 2.52 2.5 2.14 2.37 2.51 2.53 2.48 

17-Dec-23 0.68 0.65 0.66 0.65 0.61 0.56 0.54 0.56 2.4 2.42 2.13 2.17 2.32 2.53 2.46 2.32 

18-Dec-23 0.52 0.55 0.57 0.6 0.63 0.65 0.68 0.7 2.31 2.16 2.12 2.24 2.46 2.58 2.45 2.33 

19-Dec-23 0.71 0.71 0.67 0.63 0.63 0.66 0.7 0.73 2.26 2.41 2.14 2.53 2.86 3.17 2.91 2.65 

20-Dec-23 0.78 0.81 0.78 0.75 0.69 0.67 0.65 0.64 2.32 2.2 2.14 2.41 2.71 2.82 2.64 2.5 

21-Dec-23 0.64 0.61 0.58 0.58 0.61 0.65 0.54 0.52 2.42 2.47 1.97 2.25 2.34 2.23 2.15 2.15 

22-Dec-23 0.54 0.59 0.59 0.57 0.49 0.44 0.43 0.42 2.99 2.93 2.83 2.86 2.98 1.93 2.02 2.29 

23-Dec-23 0.42 0.43 0.46 0.49 0.51 0.54 0.57 0.61 2.41 2.45 2.27 1.8 1.72 2 2.23 2.41 

24-Dec-23 0.63 0.78 0.63 0.66 0.7 0.76 0.76 0.78 2.53 2.62 2.64 2.85 3.19 3.49 3.78 3.96 

25-Dec-23 0.8 0.82 0.8 0.76 0.73 0.77 0.81 0.85 4.09 3.15 1.99 1.8 1.94 2.09 2.37 2.79 

26-Dec-23 0.85 0.8 0.8 0.85 0.88 0.86 0.88 0.85 3.3 3.21 2.42 2 2.41 3.02 3.54 3.83 
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In addition to these direct effects, declining pH and DO 

alter the balance between ammonia (NH3) and ammonium 

(NH4
+) in the water (Young-Lai et al. 1991). Elevated 

hemolymph ammonia, which triggers ammonium toxicity, 

leads to stress and mortality in lobsters (Young-Lai et al. 

1991; Schmitt and Uglow 1997). Post-puerulus individuals 

in the BNC treatment exhibited normal movement and 

responded well to feed, suggesting that the environmental 

conditions of the BNC treatment may facilitate recovery 

(Young-Lai et al. 1991).  

Light is a key variable influencing SR, growth, and 

development in crustaceans (Dou et al. 2021). Significant 

differences in light intensity were observed among 

treatments in the morning and afternoon (P<0.05). The 

BNC treatment had significantly lower morning light 

intensity (P<0.05, p: 0.009), while no significant 

differences were found during the day (P>0.05, p: 0.266). 

In the afternoon, the BNC treatment again exhibited the 

lowest light intensity (P<0.05, p: 0.037), which was not 

significantly different from the SNC treatment. Filippi et al. 

(2024) reported that the SR of P. elephas phyllosoma stage 

VI was highest at medium (359 lux) and high (910 lux) 

light compared to low light (26 lux). In contrast, the present 

study found that exposure to low light in the BNC 

treatment produced the highest SR (71.00±2.00%, p: 

0.000). These findings support the observed decline in 

positive phototaxis as lobsters mature (Berry 1971; 

Radhakrishnan and Kizhakudan 2019). Similarly, the light 

requirements of Portunus trituberculatus decrease as the 

zoea and megalopa stages transition to juveniles (Dou et al. 

2021). The low SR observed in the FNC and SNC 

treatments is likely attributable to increased light and 

temperature. Light and temperature jointly influence the 

type and magnitude of species responses in marine 

environments (Sulkin 1984).  

Lobsters typically inhabit pressurised waters. Figure 16 

demonstrates significant differences in hydrostatic pressure 

among treatments (P<0.05), with the BNC treatment 

exhibiting the highest pressure. Post-puerulus in the FNC 

and SNC treatments displayed hyperactivity during the day 

and frequently left shelter, whereas those in the BNC 

treatment were more sedentary and tended to remain in 

groups within shelters. Lobsters undergo a transformation 

from planktonic to benthic forms, settling on the substrate 

(Goldstein and Butler 2009). The post-larval stage of H. 

gammarus is sensitive to pressure changes, but this 

sensitivity diminishes as the first juvenile stage approaches 

(Ennis 1973). The nervous system of benthic crustaceans 

likely adapts to hydrostatic pressure, although pressure 

changes can induce depression, affect muscle fiber 

contraction, and result in hyperactive behavior (Campenot 

1975). Bottom-dwelling aquatic organisms are likely 

adapted to specific pressure ranges (Macdonald 1997). 

Current research limitations preclude definitive attribution 

of hyperactivity to hydrostatic pressure or other factors 

such as temperature. Temperature has been reported to 

correlate with hydrostatic pressure, inducing stress in 

marine organisms attempting to tolerate adverse conditions 

(Morris et al. 2015). 

The study was conducted in aquaculture sites and 

traditional fishing grounds, where boat traffic is 

unavoidable. Boat engine noise has been reported to affect 

crustacean immune responses (Filiciotto et al. 2014; Celi et 

al. 2015). Palinurus elephas exhibited a 30% decrease in 

haemocytic count following exposure to boat noise 

(Filiciotto et al. 2014), and Celi et al. (2015) reported a 

38% decrease in THC in P. elephas under similar 

conditions. This effect likely occurred across all treatments 

in the present study, although further research is required to 

confirm this hypothesis.  

Waves are also suspected to influence the physiology of 

cultured organisms. At the Semak Daun Waters research 

site, wave height ranged from 0.06 to 0.99 m, and wave 

periods from 1.66 to 8.29 seconds, indicating short-period 

waves (Johannesen et al. 2020). Breaking waves generate 

turbulence and can have damaging effects (Dean and 

Dalrymple 1991). Although adult P. homarus are reported 

to prefer wavy areas, they typically shelter in coral reefs 

and rock crevices in their natural habitat. Waves induce 

turbulence, vibration, and increased turbidity (Gabel et al. 

2011; Joo and Kim 2024). In mariculture, shock is strictly 

avoided, as it may cause vibration in rearing containers. 

Vibration has been shown to increase energy consumption 

and stress responses in Austruca lactea crabs (Joo and Kim 

2024). Vibration in the FNC and SNC treatments is likely 

greater than in the BNC treatment, potentially increasing 

stress responses. However, lifting maintenance containers 

to the surface during sampling may introduce vibrations in 

all treatments.  

Waves also increase water turbidity by agitating 

suspended materials such as sediment and organic matter 

(Gabel et al. 2011). High turbidity has been associated with 

a four-fold increase in mortality risk for Penaeus vannamei 

(Kathyayani et al. 2019). Turbidity is a key parameter for 

detecting the distribution of 24 Panulirus species in 

shallow waters up to 100 m depth (Radhakrishnan et al. 

2019a). Excessive turbidity acts as a stressor for lobsters 

when it exceeds normal thresholds (Lin et al. 1992; 

Kathyayani et al. 2019).  

The findings of this study provide valuable insights for 

lobster mariculture, particularly in optimizing rearing 

system selection. Although the FNC treatment resulted in a 

higher SGR and increment in IMP, the BNC treatment 

achieved the highest SR (71.00%) and the lowest stress 

response. Therefore, to reduce mortality risk and improve 

seed quality, the BNC treatment is recommended. The 

BNC treatment effectively mitigates the effects of 

temperature anomalies and other environmental variables, 

resulting in more reliable and higher-quality lobster 

juveniles for grow-out.  

In conclusion, the results indicate that the BNC rearing 

system can buffer environmental changes. Despite slower 

growth, the post-puerulus SR was optimized at 71%, and 

the stress response was significantly reduced. This 

experimental study was limited by the research parameters, 

and environmental influences could not be fully controlled. 

Environmental changes outside the research parameters, 

such as boat noise, increased vibration, and turbidity, may 

have influenced the results. Nevertheless, this study 
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provides valuable information for developing rearing 

protocols to enhance growth performance and post-

puerulus SR of P. homarus. Further research is required to 

examine the effects of photoperiod, turbidity, and vibration 

on stress response, growth, and post-puerulus SR of P. 

homarus under controlled laboratory conditions.  
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