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An eight-week experiment was conducted to evaluate the effects of eight light intensities (0, 0.83, 1.61, 8.17, 15.89, 31.38, 63.69, and 124.31 μmol m-2 s-1) on the survival, growth, antioxidant, molting-related and apoptosis-related gene expression of juvenile swimming crab Portunus trituberculatus. The results showed that the survival rate of crabs was the highest under the light intensities of 8.17 and 15.89 μmol m-2 s-1. Under this light intensity, the crabs had the lowest hemolymph glucose (GLU) but the highest triglyceride (TG) content. The crabs in these treatments also had the highest total antioxidant capacity (T-AOC), superoxide dismutase (SOD), catalase (CAT) activities, and the lowest malondialdehyde (MDA) content. The growth performance (including weight gain and specific growth rate) and molting frequency of crabs increased with increasing light intensity. The improved growth performance and molting of 8.17 and 15.89 μmol m-2 s-1 groups were also accompanied by up-regulated of the retinoid-X receptor (rxr), ecdysone receptor (ecr), nuclear receptor E75 (e75) gene expression, and down-regulated molt-inhibiting hormone (mih) gene expression. In addition, suboptimal light intensity (0, 0.83, 63.69, and 124.31 μmol m-2 s-1) significantly up-regulated the expression of apoptosis-related genes including c-Jun N-terminal kinase (jnk), tumor suppressor p53 (p53), and B-cell lymphoma-2 (bcl-2). Taken together, the suitable light intensity for the juvenile P. trituberculatus was estimated to be 9.96 μmol m-2 s-1.
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Introduction

The swimming crab Portunus trituberculatus is an essential economic species naturally distributed from Southeast Asia to the Indian Ocean (Dai et al., 1986). In 2019, the global captured P. trituberculatus reached 460,580 tons, making it the highest fishing yield of crustaceans in the world (FAO, 2021). China contributes more than 95% of the capture yield of P. trituberculatus (Liu et al., 2013), and this proportion is increasing year by year. However, with the decline of fishery resources and strict supervision of the government departments, the captured output of P. trituberculatus has dropped from 542,337 tons in 2015 to 424,630 tons in 2020 (Fisheries Bureau of Agriculture Ministry of China, 2016-2021). However, the decline in capture did not promote the aquaculture production of P. trituberculatus for the seed of swimming crab is mainly produced in earth-pond (Wang et al., 2019), of which the yield is low because of the uncontrollable environment, creating a gap between seed supplies and farmer’s demand. As a result, indoor seedling production has been tried in recent years.

Researchers have shown that indoor nurseries could improve the survival, growth, and reproduction of the crabs by manipulating various environmental factors, including light (Li et al., 2020a; Li et al., 2020b; Chen et al., 2021; Dou et al., 2021), tank color (Shi et al., 2019; Wang et al., 2019), tank bottom area (Yu et al., 2022), water temperature (Yuan et al., 2017; Syafaat et al., 2020), and salinity (Nurdiani and Zeng, 2007; Shentu et al., 2015). Light is a compound environmental factor including three characteristics: light spectrum, light intensity, and photoperiod (Boeuf and Le Bail, 1999). As an important abiotic factor, the light intensity has been reported to affect crustacean survival (Coyle et al., 2011; Dou et al., 2021), molting (Chen et al., 2021), growth (Moss et al., 1999; Hoang et al., 2003; Li et al., 2011; Li et al., 2020a), behavior (Gardner and Maguire, 1998; Haché et al., 2015) and reproduction (Hoang et al., 2002a; Hoang et al., 2002b). Aquatic animals are sensitive to changes in light intensity, and the optimal light intensity varies significantly among species and developmental stages (Villamizar et al., 2011; Ruchin, 2021). In fish, a recent review by Ruchin (2021) summarized the effect of light intensities from 0 - 27300 lx on fish development, growth, physiological and biochemical processes. There are only a few studies regarding the impact of light intensities on crabs (Li et al., 2011; Li et al., 2020a; Li et al., 2020b; Li et al., 2020c; Chen et al., 2021; Dou et al., 2021; Li et al., 2021). For the mud crab Scylla paramamosain, the suitable light intensity for juvenile crabs ranged from 11.36-18.27 W m-2 (ca. 60.55-97.38 μmol m-2 s-1) (The conversion method is based on Villamizar et al., 2011) (Chen et al., 2021). For adults, it was only 1.43 μmol m-2 s-1 (Li et al., 2020a). As to larval P. trituberculatus, the suitable light intensity was 124.31 - 195.31 μmol m-2 s-1 (Dou et al., 2021), but the light requirement for juvenile swimming crabs is still unknown.

Many studies have found that suboptimal light intensity adversely affects crustaceans, from larval development to broodstock reproduction. For the larvae and juveniles, suboptimal light intensity resulted in high mortality, poor growth, and delayed development (Gardner and Maguire, 1998; Li et al., 2011; Dou et al., 2021; Chen et al., 2021). In adults, the suboptimal light intensity could lead to premature maturation, reducing spawning and fecundity (Hoang et al., 2002a; Li et al., 2011; Li et al., 2020b). Some scholars attribute the adverse effects partly to the stress caused by suboptimal light intensity (Chen et al., 2021; Dou et al., 2021; Ruchin, 2021). Under stressful conditions, organisms will produce large amounts of reactive oxygen species (ROS), such as superoxide radical (O2•-), hydroxyl radical (•OH), and hydrogen(H2O2) (Suzuki and Mittler, 2006; Paital and Chainy, 2012). Excessive accumulation of ROS could cause oxidative damage to cells and tissues of crabs (Lin et al., 2017; Zhang et al., 2019). In response to ROS, crabs developed an efficient antioxidant system, including antioxidant enzymes represented by superoxide dismutase (SOD) and catalase (CAT) to remove excess ROS (Dong et al., 2009; Chen et al., 2021). In addition, when cells are damaged by oxidative stress, the organism will clear the damaged cells by apoptosis to maintain homeostasis (Xian et al., 2013; Chen et al., 2021). Apoptosis is a complex process regulated by multiple signals, and the process remains obscure in arthropods (including crustaceans) (Menze et al., 2010). However, some apoptosis-related proteins such as c-Jun N-terminal kinase (JNK), B-cell lymphoma-2 (Bcl-2), and tumor suppressor p53 (p53) were found to regulate apoptosis in crustaceans (Menze et al., 2010; Chen et al., 2021).

In the present study, the Light Emitting Diodes (LED) were used to create eight different light intensities to investigate the effects of light intensities on growth, molting, antioxidant capacity, and apoptosis-related gene expression in the swimming crab P. trituberculatus. This work aims to identify optimal light conditions for P. trituberculatus produced in land-based hatcheries and nurseries to boost juvenile outputs.



Material And Method


Experimental Crabs

The P. trituberculatus were purchased from commercial nurseries (Ningbo, China). First, the megalopa was accommodated in several tanks lined with woolen mesh (as a shelter to reduce cannibalism). The tanks were continuously oxygenated, and the water was changed by 50% daily. Megalopa was fed with Artemia tibetiana until they metamorphosed to 1 st crablet instar (Crablet 1, C1). The Crablets were immediately taken out and kept in a transparent square tank (17 cm × 11.5 cm × 6.8 cm) until they developed into C2. The healthy and lively juvenile crabs (initial body weight of 11.20 mg) were randomly selected for the experiment.



Experimental Design and Management

This experiment was conducted in June and July 2020 at the Intelligent Aquaculture Laboratory, School of Marine Sciences, Ningbo University (Ningbo, China). Full-spectrum LED lights (Shenzhen Yamingjie intelligent technology Co. Ltd., Shenzhen, China) were used as the light source. According to Dou et al. (2021) and Chen et al. (2021), eight light intensities, i.e., 0, 0.83, 1.61, 8.17, 15.89, 31.38, 63.69, and 124.31 μmol m-2 s-1 were used for the experiment. Light intensities were achieved by adjusting the dimmer and the distance between the LEDs and the water surface. Each light intensity treatment had four replicates, with ten crablets cultured for each replicate. Every crablet was kept individually in a transparent square tank as described in 2.1. The photoperiod during the experiment was 12L:12D (light on at 6:00 am). All the tanks were placed on the shelf with shading cloth to avoid external light pollution.

Crablets were fed with Artemia tibetiana at 8:00 am and 5:00 pm daily, with an extra meal [fed a commercial diet (Ningbo Tech-Bank Feed Co. Ltd., Ningbo, China, Crude protein ≥ 40.0, Crude lipid ≥ 6.0)] at 12:00 pm. During the experiment, the molting and dead crabs were counted every day, and the water quality parameters were: the temperature at 26 ± 1°C, salinity at 24 ± 1 psu, pH at 8.5, dissolved oxygen > 6.0 mg L-1, NH3-N < 0.06 mg L-1, NO2-N < 0.1 mg L-1. The experimental protocol of the present study was reviewed and approved by the Animal Care and Use Committee of Ningbo University.



Sample Collection

After eight weeks, all surviving crabs were starved for 24 hours, then anesthetized with ice and weighed. The hemolymph was collected from the heart with a disposable needle, and the eyestalk and hepatopancreas were separated. All samples were frozen in liquid nitrogen and stored at -80°C until analysis.



Hemolymph Index Analysis

The hemolymph glucose (Glu, A154-2-1) was determined by the hexokinase method (Deeg et al., 1980), triglyceride (TG, A110-1-1), and total cholesterol (TCHO, A111-1-1) were determined by the GPO-PAP method (Henkel and Stoltz, 1982). All the hemolymph indexes were determined by commercial kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China).



Antioxidant Index Analysis

Antioxidative capacity in the hepatopancreas was also measured using commercial kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China). Briefly, the hepatopancreas was homogenized in pre-cooled normal saline (0.9% NaCl, 4°C) at a ratio of 1:9 (W: V), then centrifuged at 2500 rpm for 10 minutes at 4°C, and the supernatant was taken for antioxidant capacity determination. Total protein concentration (TP, A045-2) of the supernatant was determined by the Coomassie Brilliant Blue method (Bradford, 1976), the total antioxidant capacity (T-AOC, A015-3-1) was determined by the FRAP method (Benzie and Strain, 1996), the concentration of malondialdehyde (MDA, A003-2-2) was measured by thiobarbituric acid reaction (Ohkawa et al., 1979), the activity of superoxide dismutase (SOD, A001-1-2) was measured by the xanthine oxidase method (Peskin and Winterbourn, 2000), catalase (CAT, A007-1-1) was tested using the hydrogen peroxide decomposition method (Góth, 1991).



Gene Expression Analysis

Total RNA in hepatopancreas and eyestalk was extracted using a commercial kit (R401-01, Vazyme, Nanjing, China) by the TRIzol method. RNA quality was checked by ultramicro-spectrophotometer (A260:A280 nm) and 1% gel electrophoresis. Then, RNA was reverse transcribed to cDNA using a commercial kit (CW2569M, CWBIO, Beijing, China).

The qPCR system (LightCycler480, Roche, USA) was used to analyze the relative expression level of target genes. A total 20 μl reaction system (2 × MagicSYBR Mixture,10 μl; cDNA,1 μl; each primer (10 μM), 0.4 μl; ddH2O, 8.2 μl) was prepared using a commercial kit (CW3008H, CWBIO, Beijing, China). The specific primers used in this study are shown in Table 1. The reaction program was set as follows: 95°C for 30 s; 40 cycles at 95°C for 5 s, 60°C for 30 s; and 95°C for 15 s. The relative expression level of the target gene was normalized by β-actin and calculated by the equation of 2 -△△CT (Livak and Schmittgen, 2001).


Table 1 | The specific primers used for qPCR in this study.





Calculations

The calculation formula used in this study is as follows:

Survival (%) =100 × (final number of crabs)/(initial number of crabs),

Weight gain (WG, %) = 100 × (final body weight-initial body weight)/initial body weight,

Special growth rate (SGR, % day-1) = 100 × (ln final weight – ln initial weight)/56 days,

Molting frequency (MF)= Σ ((the stage of crab - 1) × the number of molting stages)/the total number of survival crabs.



Statistical Analysis

First, the survival rate data was converted into a continuous probability distribution (arcsine square-root transformation). Then, all data were checked for homogeneity (Levene’s test) and normality (Kolmogorov-Smirnov test). If the data was homogeneous and normally distributed, One-way ANOVA was used to test for significant treatment effects followed by Duncan’s multiple comparison post hoc test; otherwise, a nonparametric test (Kruskal-Wallis tests) was applied. P < 0.05 was considered statistically different between treatments. All statistical processing was performed in SPSS 26.0.




Result


Survival and Growth

The survival of juvenile P. trituberculatus was significantly affected by light intensity (Figure 1). As the light intensity increased from 0 to 15.89 μmol m-2 s-1, the survival rate of crabs increased from 52.50% to 75.00%; then as the light intensity further increased to 124.31 μmol m-2 s-1, the survival rate decreased to 57.50%.




Figure 1 | Effect of different light intensities on the survival and special growth rate (SGR) of juvenile Portunus trituberculatus (mean ± SD, n = 4). Different lowercase and capital letters indicate significant differences (P < 0.05) in survival and SGR, respectively.



The growth performance of juvenile P. trituberculatus was significantly improved by light intensity (Figures 1, 2). With the increase in light intensity, the WG, SGR, and MF of crabs increased significantly. Based on the linear fit of the survival, the suitable light intensity for the juvenile P. trituberculatus was 9.96 μmol m-2 s-1 (Figure 3).




Figure 2 | Effect of different light intensities on the weight gain (WG) and molting frequency (MF) of juvenile Portunus trituberculatus (mean ± SD, n = 4). Different lowercase and capital letters indicate significant differences (P < 0.05) in WG and MF, respectively.






Figure 3 | Relationship between light intensity and survival in juvenile Portunus trituberculatus (mean ± SD, n = 4) based on linear models, where Xopt represents the optimal light intensity for the maximum survival.





Hemolymph Indicators

The GLU levels in the hemolymph of the juvenile P. trituberculatus showed a U shape trend with increasing light intensity. Significantly low levels of GLU were observed at 1.61 μmol m-2 s-1, 8.17 μmol m-2 s-1, and 15.89 μmol m-2 s-1 light intensity groups (Figure 4A).




Figure 4 | Effect of different light intensities on the glucose (GLU) (A), triglyceride (TG) (B), and total cholesterol (TCHO) (C) contents in the hemolymph of juvenile Portunus trituberculatus. Data (n = 4) with different letters significantly differ (P < 0.05) among treatments.



The TG levels in the hemolymph of the juvenile P. trituberculatus was parabolic. Significantly high levels of TG were also observed at 1.61 μmol m-2 s-1, 8.17 μmol m-2 s-1, and 15.89 μmol m-2 s-1 light intensity groups (Figure 4B).

High light intensity significantly increased TCHO levels in the hemolymph of juvenile P. trituberculatus, and significantly high levels of TCHO were observed at 63.69 μmol m-2 s-1 and 124.31 μmol m-2 s-1 light intensity groups (Figure 4C).



Antioxidant Capacity

In this study, the antioxidant capacity of juvenile P. trituberculatus was significantly affected by light intensity (Figure 5). The content of MDA in the hepatopancreas decreased with the increasing light intensity. The lowest value was observed in the 15.89 μmol m-2 s-1 group (Figure 5A). The T-AOC, SOD, and CAT activity in hepatopancreas showed opposite trends compared to MDA content, and high levels of T-AOC and SOD, CAT activities were observed in 8.17 μmol m-2 s-1 and 15.89 μmol m-2 s-1groups (Figures 5B–D).




Figure 5 | Effect of different light intensities on the malondialdehyde (MDA) (A) contents, superoxide dismutase (SOD) (B), catalase (CAT) (C), and total antioxidant capacity (T-AOC) (D) in the hepatopancreas of juvenile Portunus trituberculatus. Data (n=4) with different letters significantly differ (P < 0.05) among treatments.





Gene Expression

Light intensity significantly affected apoptosis-related genes expression (Figure 6). High light intensity (63.69 μmol m-2 s-1 and 124.31 μmol m-2 s-1) significantly up-regulated the expression of the jnk gene (Figure 6A). The expression levels of p53 and bcl-2 genes showed a U shape trend (63.69 μmol m-2 s-1 and 124.31 μmol m-2 s-1) (Figures 6B, C).




Figure 6 | Effect of different light intensities on the c-Jun N-terminal kinase (jnk) (A), tumor suppressor p53 (p53) (B), and B-cell lymphoma-2 (bcl-2) (C) genes in the hepatopancreas of juvenile Portunus trituberculatus. Data (n = 4) with different letters significantly differ (P < 0.05) among treatments.



Molting-related genes were also significantly affected by light intensity (Figure 7). With the increasing light intensity, the gene expression of ecdysone receptor (ecr), retinoid-X receptor (rxr), and nuclear receptor E75 (e75) was significantly up-regulated (Figures 7A–C). On the contrary, the molt-inhibiting hormone (mih) gene decreased with increasing light intensity (except for the 0 μmol m-2 s-1 group) (Figure 7D).




Figure 7 | Effect of different light intensities on the ecdysone receptor (ecr) (A), retinoid X receptor (rxr) (B), nuclear receptor E75 (e75) (C), and molt-inhibiting hormone (mih) (D) genes in the eyestalk of juvenile Portunus trituberculatus. Data (n = 4) with different letters significantly differ (P < 0.05) among treatments.






Discussion

Light intensity manipulation is widely used in aquaculture to obtain greater productivity (Villamizar et al., 2011; Ruchin, 2021). In this study, the survival rate of juvenile P. trituberculatus was parabolic with the increasing light intensity. A linear fit based on survival showed that the suitable light intensity for the survival of the juvenile P. trituberculatus was 9.96 μmol m-2 s-1. The value is considerably lower compared with the optimal light intensity for P. trituberculatus larvae, for a previous study suggested that the highest survival rates were detected for Zoea IV larvae and megalopae at 195.31 and 124.31 μmol m−2 s-1 (Dou et al., 2021). The substantial decline in the light requirement of the juvenile P. trituberculatus could be attributed to their adaption to the ecological shift from pelagic to benthic habitats. However, the light intensity did not affect the survival of the juvenile S. paramamosain (Li et al., 2020a; Li et al., 2020b; Chen et al., 2021), probably because S. paramamosain are intertidal benthos (Walton et al., 2006; Yu et al., 2022) and may have broader adaptations to light intensity.

Darkness or low light intensities have been identified as a stressor (Wang et al., 2013). Low light intensities (including darkness) were found to cause oxidative damage in juvenile S. paramamosain (Chen et al., 2021) and gibel carp Carassius auratus gibelio (Wei et al., 2019). Wagner and Congleton (2004) divided blood indicators into four categories: (i) total protein, cholesterol, calcium, and alkaline phosphatase were considered as nutritional indicators; (ii) alanine aminotransferase, aspartate aminotransferase, and creatine kinase were considered as tissue damage indicators; (iii) triacylglycerol lipase and triglycerides were considered as lipid metabolism indicators; (iv) cortisol, glucose, Na+, and Cl- were considered as stress indicators. Blood GLU is widely used as a stress indicator to describe the stress state in aquatic animals (Leclercq et al., 2014; Qi et al., 2016). In this study, significantly higher hemolymph GLU levels were found in the 0 μmol m-2 s-1 and 0.83 μmol m-2 s-1 groups. In addition to GLU, previous studies have found that the blood TG and TCHO levels are also raised in response to increased energy demand due to stressful situations (Montero et al., 1999; Qi et al., 2016). However, high hemolymph TG and TCHO levels were not observed in the dark and low light intensity groups, suggesting lower levels of lipid metabolism in these treatments. Further, the photoperiod (light-dark cycle) acts as a primary environmental cue (zeitgeber) to guide the oscillation of the endogenous biological clock to maintain the normal metabolism and growth of the organism (Ashton et al., 2022). In this study, higher mortality in the dark group may also be attributed to circadian rhythm disruption (Ishibashi et al., 2013; Castejon et al., 2018; Pereira-Davison and Callan, 2018).

On the other hand, as the light intensity increased to 31.38 μmol m-2 s-1, the survival of crabs started to decrease, and significantly lower survival rates were observed in the 63.69 μmol m-2 s-1 and 124.31 μmol m-2 s-1 groups. High light intensity has been reported as a stressor in crabs (Coyle et al., 2011; Chen et al., 2021). Also, in this study, although there was no statistical difference, high hemolymph GLU levels were observed in the high light intensity groups. Moreover, significantly lower TG levels were also observed in the high light intensity group, which may be attributed to the impaired lipid metabolism caused by stress (Roychowdhury et al., 2020). In contrast to the low light intensity group, high light intensity significantly increased hemolymph TCHO levels. Although there is no standard for a normal hemolymph TCHO range of P. trituberculatus, hemolymph TCHO levels < 1 mmol/L were commonly observed in most studies (including different experimental treatments and different growth stages of the crabs) (Han et al., 2015; Wang et al., 2016; Ding et al., 2017; Sun et al., 2017; Han et al., 2018). Thus, the significantly high TCHO levels (> 4 mmol/L) in the 63.69 μmol m-2 s-1 and 124.31 μmol m-2 s-1 groups may suggest a disorder in cholesterol metabolism.

In this study, the growth performance of P. trituberculatus was also significantly affected by light intensity. In general, the growth of aquatic animals will decrease under stress (Wei et al., 2019; Yu et al., 2022). Unexpectedly, in this study, the growth of crabs significantly increased with the increase of light intensity. A possible reason is that stress elevates hemolymph cortisol levels, increases food intake and energy metabolism, and produces anabolic effects that ultimately promote growth (Mommsen et al., 1999; Elverson and Wilson, 2005; Kang and Kim, 2013; Chen et al., 2021). Similarly, Gardner and Maguire (1998) attributed the shortened intermolt duration of Australian giant crab Pseudocarcinus gigas at brighter light (500 lx vs. 2 lx) to increased feeding. However, in Chinese mitten crabs Eriocheir sinensis, different light intensities did not affect digestive enzyme activity under overfeeding conditions (Li et al., 2011). Therefore, future study is needed to determine whether high light intensity promotes growth performance by increasing feeding. In addition, our previous study found that suitable light intensity significantly increased the survival of the larval P. trituberculatus but did not affect development (Dou et al., 2021), implying that the effect of light intensity on crabs’ survival and growth varies according to the growth stage.

Crustacean weight gain is phased and closely related to molting (Devaraj and Natarajan, 2006; Chang et al., 2012). Previous studies observed a positive correlation between crab body weight and MF (Chen et al., 2021; Liu et al., 2021), and the same phenomenon was also observed in this study. The molting behavior of crabs is regulated by a pair of antagonistic hormones, ecdysteroids (Mykles, 2011) and molt-inhibiting hormone (MIH) (Huang et al., 2015). The ecdysteroid binds to EcR and RXR to form a heterodimer, activates the expression of the downstream gene e75, and finally regulates the molting process (Mykles, 2011; Song et al., 2017). On the other hand, MIH inhibits crustaceans’ molting by inhibiting the synthesis of ecdysteroids (Chang and Mykles, 2011). In the present study, the expression of ecr, rxr, and e75 genes was up-regulated with increasing light intensity. In contrast, mih gene expression levels were significantly down-regulated (except for the dark group), matching the MF. In addition, some researchers attributed the high MF under high light intensity to the activation of molt-stimulating hormone (MSH) and crustacean hyperglycemic hormones (CHH) synthesis (Hoang et al., 2003; Li et al., 2011).

The adverse stimulation would induce the excessive production and accumulation of ROS in crustaceans (Paital and Chainy, 2012; Duan et al., 2016). In the present study, SOD and CAT activities and T-AOC in the hepatopancreas of P. trituberculatus were parabolic with increasing light intensity. However, the level of MDA, an indicator of oxidative damage (Draper and Hadley, 1990; Rio et al., 2005), showed an opposite trend, indicating P. trituberculatus has a robust antioxidant capacity under the light intensity range of 8.17-15.89 μmol m-2 s-1.

To maintain homeostasis, organisms clear the damaged cells through programmed cell death, a process known as apoptosis (Xian et al., 2013; Chen et al., 2021). This process is regulated by a series of signals and genes in crustaceans (Menze et al., 2010). JNK, Bcl-2, and p53 are essential protein and transcription factors in the apoptosis signaling pathway that regulates the process of apoptosis (Cadet et al., 2000; Fridman and Lowe, 2003; Liu and Lin, 2005; Menze et al., 2010). In this study, suboptimal light intensity significantly increased the expression levels of these genes, suggesting cellular damage (Cheng et al., 2020; Fei et al., 2020). Similarly, suboptimal light intensity also up-regulated p53 gene expression in S. paramamosain (Chen et al., 2021).



Conclusion

The present study explored the effect of light intensity on the survival, growth, antioxidant, molting-related and apoptosis-related gene expression of juvenile swimming crab P. trituberculatus. Results revealed that low and high light intensities might act as stressors, reflected by the lower survival rate, higher GLU and MDA levels, and upregulation of apoptotic genes expression (jnk, p53, and bcl-2). On the other hand, high light intensity stimulated the expression of molting-related genes (ecr, rxr, e75) while suppressing mih gene expression, consequently boosting molting and growth performance. However, compared with growth, survival could be a more significant economic indicator for the young crabs in aquaculture. Therefore, the optimal light intensity for juvenile P. trituberculatus was estimated to be 9.96 μmol m-2 s-1 in terms of survival rate.
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jnk, c-Jun N-terminal kinase; p53, tumor suppressor p53; bcl-2, B-cell lymphoma-2; ecr, ecdysone receptor; rxr, retinoid X receptor; €75, nuclear receptor E75; mih, molt-inhibiting

hormone.





