Effects of Varying Salinity on Growth Performance, Osmoregulation, Stress Physiology and Histopathological Responses of Juvenile Silver Pompano (Trachinotus blochii) Cultured in a Periphyton-Based System
Abstract
The present study evaluated the effects of different salinity levels on the growth performance, osmoregulatory responses, stress physiology, and histopathological alterations of juvenile silver pompano (Trachinotus blochii) cultured in a periphyton-based system. A 60-day experiment was conducted using four salinity treatments (35, 25, 15, and 5 ppt), each maintained in triplicate under identical periphyton-based culture conditions. Fish growth, plasma cortisol, plasma glucose, haematocrit, antioxidant enzyme activities (CAT, SOD, and GPx), and histological changes in the gill and liver tissues were assessed. Although minor numerical differences were observed in initial body weight among the treatments, one-way ANOVA indicated that these differences were not statistically significant (P > 0.05), confirming the comparability of the treatment groups at stocking. At the end of the experimental period, fish reared at 15 ppt exhibited significantly greater weight gain (13.12 ± 0.53ᵃ g), weight gain percentage (615.77 ± 104.56ᵃ%), and specific growth rate (11.66 ± 0.23ᵃ) than fish maintained at the other salinity levels (P < 0.05). Physiological stress increased progressively as salinity decreased, as evidenced by significantly elevated plasma cortisol, plasma glucose, and antioxidant enzyme activities in fish reared at 5 ppt. Histopathological examination further revealed severe hepatic degeneration, cytoplasmic vacuolation, focal necrosis, haemorrhage, epithelial hyperplasia, and lamellar alterations in fish exposed to 5 ppt, whereas fish maintained at 15 ppt showed only mild tissue alterations and well-preserved organ architecture. The findings indicate that rearing juvenile silver pompano at 15 ppt provides favourable conditions for growth while minimising physiological stress and tissue damage.
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Introduction
Silver pompano (Trachinotus blochii Lacepède, 1801) is a commercially important marine finfish belonging to the family Carangidae. The species has gained considerable attention in aquaculture because of its rapid growth, excellent flesh quality, high consumer demand, and adaptability to a wide range of environmental conditions. Its euryhaline nature enables it to tolerate different salinity levels following gradual acclimatisation, making it a suitable candidate for coastal and inland brackish-water aquaculture. However, identifying the optimum culture salinity is essential for maximising growth performance, maintaining physiological homeostasis, and improving production efficiency. The experiment was conducted for 60 days at the Mariculture Research Farm Facility (MRFF), Fisheries College and Research Institute, Thoothukudi, Tamil Nadu, India, to evaluate the effects of different salinity levels on the growth performance, osmoregulatory responses, stress physiology, and histopathological alterations of juvenile silver pompano (Trachinotus blochii) cultured in a periphyton-based system. A total of 1,000 juvenile silver pompano, with an initial mean body weight of 0.382 ± 0.213 g, were procured from the Rajiv Gandhi Centre for Sustainable Aquaculture (RGCA), Poozhiyur, Kerala, India. The fish were transported in oxygenated, double-layered polyethylene bags and acclimatised for two weeks in a 500-L circular tank under continuous aeration before the experiment. During acclimatisation, the fish were maintained at ambient seawater salinity (35 ppt) and fed a commercial floating-pellet diet containing 45% crude protein, 10% crude lipid, 4% crude fibre, and 12% ash.
The experiment followed a completely randomised design (CRD) comprising four salinity treatments: 35 ppt (control, C1), 25 ppt (T1), 15 ppt (T2), and 5 ppt (T3), each maintained in triplicate using 250-L FRP tanks. Twenty-one juveniles were randomly stocked in each experimental tank, corresponding to approximately 75 juveniles m⁻². Before random allocation, the experimental fish had an overall mean body weight of 1.75 ± 0.16 g and a mean total length of 4.46 ± 0.08 cm. Following randomisation, treatment-wise initial body weights showed only minor numerical variation and did not differ significantly among treatments (P > 0.05). Therefore, all treatment groups were considered statistically comparable before the salinity treatments were initiated.
Salinity was adjusted by mixing filtered seawater with freshwater to obtain the required treatment levels and was maintained within ±1 ppt throughout the experimental period through periodic water exchange. Fish were fed daily at 3% of body weight, divided into two equal meals (09:30 and 14:30 h), and the feeding rate was adjusted after each sampling according to the standing biomass. Recent studies indicate that culture conditions can influence growth, haematological characteristics, and stress indicators in farmed fish (Rahman et al., 2024), while physiological and histopathological responses provide complementary evidence of tissue-level effects under environmental stress (Reshma et al., 2026). Salinity acclimation in teleosts involves coordinated osmoregulatory, metabolic, and cellular adjustments, with the gills playing a central role in ion regulation and stress adaptation (Mkulo et al., 2025; Su et al., 2025). Despite the available information on salinity tolerance in pompano and other euryhaline fish, evidence remains limited regarding the concurrent assessment of growth, osmoregulatory stress indicators, antioxidant responses, and liver and gill histopathology in juvenile silver pompano maintained under uniform periphyton-based culture conditions across a broad salinity gradient.
Objective
The objective of the present study was to evaluate the effects of salinities of 35, 25, 15, and 5 ppt on growth performance, osmoregulatory responses, stress physiology, antioxidant enzyme activity, and liver and gill histopathology in juvenile silver pompano (Trachinotus blochii) cultured in a periphyton-based system.
Materials and Methods
Experimental Setup                                      
The experiment was conducted for 60 days at the Mariculture Research Farm Facility (MRFF), Fisheries College and Research Institute, Thoothukudi, Tamil Nadu, India, to evaluate the effects of different salinity levels on the growth performance, osmoregulatory responses, stress physiology, and histopathological alterations of juvenile silver pompano (Trachinotus blochii) cultured in a periphyton-based system.
A total of 1,000 juvenile silver pompano, with an initial mean body weight of 0.382 ± 0.213 g, were procured from the Rajiv Gandhi Centre for Sustainable Aquaculture (RGCA), Poozhiyur, Kerala, India. The fish were transported in oxygenated, double-layered polyethylene bags and acclimatised for two weeks in a 500-L circular tank under continuous aeration before the experiment. During acclimatisation, the fish were maintained at ambient seawater salinity (35 ppt) and fed a commercial floating-pellet diet containing 45% crude protein, 10% crude lipid, 4% crude fibre, and 12% ash.
The experiment followed a completely randomised design (CRD) comprising four salinity treatments: 35 ppt (control, C1), 25 ppt (T1), 15 ppt (T2), and 5 ppt (T3), each maintained in triplicate using 250-L FRP tanks. Twenty-one juveniles were randomly stocked in each tank. Before random allocation, the experimental fish had an overall mean body weight of 1.75 ± 0.16 g and a mean total length of 4.46 ± 0.08 cm. Following randomisation, treatment-wise initial body weights showed only minor numerical variation and did not differ significantly among treatments (P > 0.05). Therefore, all experimental groups were considered statistically comparable before the salinity treatments were initiated.
Salinity was adjusted by mixing filtered seawater with freshwater to obtain the required treatment levels and was maintained within ±1 ppt throughout the experimental period through periodic water exchange. Fish were fed daily at 3% of body weight, divided into two equal meals (09:30 and 14:30 h), and the feeding rate was adjusted after each sampling according to the standing biomass.
Periphyton Development
To establish a uniform periphyton-based culture environment, eleven split-bamboo substrates (approximately 400 cm² surface area each) were installed vertically in every experimental tank 10 days before fish stocking to facilitate natural periphyton colonisation. All tanks received identical substrate arrangements throughout the experiment. As the objective of the present study was to evaluate the effect of salinity under a common periphyton-based culture system, periphyton was maintained as a constant culture condition and was not considered an independent experimental factor. Consequently, periphyton biomass and community composition were not evaluated as independent response variables.
Sampling for Histological Analysis during Salinity-Stress Assessment
Growth performance was monitored at 15-day intervals (Days 15, 30, 45, and 60) by measuring the body weight and total length of fish from each experimental tank. These measurements were primarily used to monitor growth progression and adjust the daily feeding rate according to biomass. Gill and liver tissues were collected at the end of the experiment from fish exposed to salinities of 35 ppt (natural habitat condition), 25 ppt, 15 ppt, and 5 ppt. For histological analysis, the operculum was lifted and the gills were excised by cutting at the base, while liver samples were carefully dissected from the visceral cavity. The collected tissue samples were immediately preserved in 10% neutral-buffered formalin (NBF) at room temperature for 24–48 h (Genten et al., 2009; Biswas et al., 2021). The NBF fixative was prepared by combining 4 g of sodium dihydrogen phosphate, 6.5 g of disodium hydrogen phosphate, 100 mL of formalin, and 900 mL of distilled water. Following fixation, the tissues were dehydrated through a graded series of alcohol solutions, cleared in xylene, and embedded in paraffin blocks using an automated tissue processor. Paraffin blocks were sectioned at a thickness of 3–5 µm using a microtome, placed in a water bath at 40 °C, and air-dried for 1 h. The sections were subsequently stained with haematoxylin and eosin (H&E) and examined under a light microscope at 400× magnification.
Trial at Different Salinities and Sampling
Sampling was conducted fortnightly to monitor and record growth-performance metrics. Fish from the control group and the three salinity treatments were carefully collected using a soft-mesh dip net. Individual body weights (g) were recorded using a high-precision digital balance, and total lengths (cm) were measured using a calibrated linear scale. Throughout sampling, specimens were handled carefully and kept in well-aerated water to minimise handling-induced stress.
Assessment of Osmoregulatory Parameters
Cortisol hormone analysis: Plasma cortisol levels were quantified using a commercially available enzyme-linked immunosorbent assay (ELISA) kit, following the protocol described by Zhang et al. (2022).
Estimation of plasma glucose concentration: Plasma glucose concentration was determined spectrophotometrically using a commercial enzymatic glucose oxidase (GOD–POD) assay kit, following standard diagnostic methods (Wedemeyer & Yasutake, 1977).
Estimation of haematocrit value: The haematocrit (packed-cell-volume) percentage of the experimental fish was determined using a microhaematocrit centrifuge (Micro Spin, Centribio, Shanghai, China). Blood-filled capillary tubes were sealed and centrifuged at 9,000 × g for 5 min, after which the percentage of packed red blood cells was read using a microhaematocrit reader card.
Antioxidant Enzyme Analysis
Superoxide Dismutase (SOD)activity: Superoxide dismutase activity was determined using the nitroblue tetrazolium (NBT) photochemical reduction method described by Kono (1978). One unit of SOD activity was defined as the amount of enzyme required to inhibit the NBT reduction rate by 50%. Specific activity was expressed as units per milligram of protein .
Catalase (CAT) activity: Catalase activity was measured spectrophotometrically by monitoring the decrease in absorbance caused by hydrogen peroxide consumption at 240 nm, following the method of Takahara et al. (1960). One unit of CAT activity was defined as the amount of enzyme required to decompose hydrogen peroxide per minute. Activity was expressed as U mg⁻¹ protein.
GPx activity: Glutathione peroxidase activity was assayed using the method of Paglia and Valentine (1967). One unit of GPx activity was defined as the amount of enzyme required to oxidise  of reduced glutathione (GSH) per minute. Specific activity was expressed as .

Statistical Analysis
All experimental data are expressed as the mean  standard error (SE). Statistical analyses were performed using SPSS software (version 16.0). Normality and homogeneity of variance were verified before statistical analysis. Differences among salinity treatments were analysed using one-way analysis of variance (ANOVA). When significant differences (P < 0.05) were detected, treatment means were separated using Tukey’s honestly significant difference (HSD) test.
Results
Growth Performance under Different Salinity Levels
The growth-performance parameters of juvenile silver pompano (Trachinotus blochii) reared at different salinity levels in a periphyton-based culture system over the 60-day experimental period are presented in Table 1. The treatment groups showed no significant differences in initial body weight (P > 0.05), indicating that the fish were statistically comparable before the experiment began. After 60 days, salinity significantly influenced the growth performance of the experimental fish (P < 0.05). Fish reared at 15 ppt (T2) exhibited the highest final body weight, total weight gain, weight gain percentage, and specific growth rate, whereas fish maintained at 35 ppt (C1) and 5 ppt (T3) showed comparatively lower growth performance. These findings indicate that an intermediate salinity of 15 ppt provided the most favourable conditions for growth under the present experimental conditions.
	Treatment
	C1
	T1
	T2
	T3

	Initial MBW(g)
	1.75± 0.160ᵃ
	1.91± 0.185ᵃ
	2.18± 0.440ᵃ
	1.64± 0.102ᵃ

	Final MBW(g)
	5.78± 0.577ᵈ
	12.49 ± 0.793ᵇ
	15.3 ± 0.965ᵃ
	8.47 ± 1.075ᶜ

	Total WG(g)
	4.03 ±0.475ᵈ
	10.58± 0.608ᵇ
	13.12± 0.525ᵃ
	6.83± 0.973ᶜ

	Weight gain (%)  
	229.95 ±11.58ᵈ
	553.54±228.05ᵇ
	615.77±104.56ᵃ
	413.423±32.63ᶜ

	SGR
	2.86± 0.338ᵈ
	9.30± 0.521ᵇ
	11.66±0.23ᵃ
	5.73± 0.904ᶜ


Table 1. Growth performance of juvenile silver pompano (Trachinotus blochii) reared under    different salinity levels for 60 days.
Histopathology of Liver
Histopathological examination demonstrated that salinity markedly influenced the structural integrity of the liver and gill tissues of juvenile silver pompano. Fish reared at 15 ppt exhibited nearly normal hepatic and branchial architecture, with only minor cellular alterations, indicating favourable physiological adaptation to this salinity. In contrast, fish exposed to 5 ppt exhibited severe pathological alterations, including hepatocellular degeneration, cytoplasmic vacuolation, pyknotic nuclei, focal necrosis, haemorrhage, epithelial hyperplasia, and lamellar fusion, demonstrating that prolonged exposure to low salinity induced marked tissue damage.
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Figure 1.  Photomicrograph of hepatic tissue from a juvenile silver pompano (Trachinotus blochii) reared under control conditions (C1, ) under ( magnification; scale bar = ). The parenchyma displays a well-defined, unremarkable architectural arrangement of hepatocytes characterized by intact, centrally located nuclei and clearly delineated sinusoidal spaces. Intravascular erythrocytes appear regular and uniform with no structural anomalies.
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Figure 2. Photomicrograph of hepatic tissue from juvenile silver pompano (Trachinotus blochii) reared at  (T1), observed under  magnification: scale bar = . Hepatocytes exhibit mild intracytoplasmic vacuolation (indicated by the red arrow).
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Figure 3. Light micrograph of hepatic parenchyma from juvenile silver pompano (Trachinotus blochii) reared at  (T2) observed under  magnification: scale bar = . The tissue maintains a well-preserved hepatic architecture, displaying only localized, minor histological alterations characterized by occasional hepatocytes with pyknotic nuclei (indicated by the yellow arrow).
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Figure 4. Light micrograph of hepatic tissue from juvenile silver pompano (Trachinotus blochii) exposed to a low salinity of  (T3) under  magnification: scale bar = . The section exhibits severe histopathological alterations characterized by hepatocellular degeneration, cytoplasmic vacuolation, pyknotic nuclei, focal necrosis, and localized haemorrhage, indicating marked hepatic damage associated with prolonged low-salinity stress.
                                  Histology of silver pompano gills
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Figure 5.  Light micrograph showing the branchial microarchitecture of a healthy juvenile silver pompano (Trachinotus blochii) reared under control conditions (C1, ) under  magnification: scale bar = . The tissue displays typical structural integrity, characterized by well-defined primary and secondary lamellae alongside normally developed branchial ionocytes (chloride cells).
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Figure 6. Light micrograph showing branchial tissues of juvenile silver pompano (Trachinotus blochii) reared at  (T1) under  magnification: scale bar = . . The specimen exhibits mild epithelial hyperplasia along the lamellae; however, distinct pathological cellular anomalies such as severe lamellar hypertrophy or intercellular edema are absent.
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Figure 7. Light micrograph of the branchial microarchitecture from a juvenile silver pompano (Trachinotus blochii) reared at  (T2) under 400× magnification (scale bar = ___ µm). Vital structural components, including functional pillar cells, blood lacunae, and clear secondary lamellae were well preserved, indicating normal branchial architecture. (cf. Wahyuni et al., 2017).[image: ]








Figure 8. Light micrograph of the branchial tissue from a juvenile silver pompano (Trachinotus blochii) exposed to a low salinity of  (T3) ( magnification). The section displays marked environmental stress responses, characterized by prominent lamellar epithelial hyperplasia, a reduction in working secondary lamellar thickness, and altered morphology/density of branchial ionocytes (chloride cells).
Histological examination revealed that fish reared at 35, 25, and 15 ppt maintained relatively normal gill architecture, with only minor alterations. In contrast, fish reared at 5 ppt exhibited marked hyperplasia, reduced gill epithelial thickness, and reductions in chloride-cell area and density, indicating structural modifications associated with hypoosmotic stress.
Observation of Osmoregulatory Parameters
Plasma Cortisol, Glucose, and Haematocrit Profiles
Salinity significantly affected the physiological stress responses of juvenile silver pompano (P < 0.05) (Table 2). Plasma cortisol and glucose concentrations increased progressively with decreasing salinity, indicating greater physiological stress under hypoosmotic conditions. The highest cortisol (73.28 ± 0.49 ng mL⁻¹) and plasma glucose (92.56 ± 1.40 mg dL⁻¹) values were recorded in fish reared at 5 ppt, whereas the lowest values were observed in the control treatment (35 ppt). In contrast, haematocrit values decreased significantly with decreasing salinity, indicating an altered physiological state under prolonged low-salinity exposure.
Table 2. Plasma cortisol, glucose, and haematocrit values of silver pompano (Trachinotus blochii) under different salinity treatments.
	Treatment
	Cortisol level ()

	Plasma glucose level ()

	Haematocrit value (%)

	C1
	41.98±1.64a
	57.9±2.20a
	41.7±1.13d

	T1
	55.69±0.85b
	74.23±0.46b
	34.96±0.66c

	T2
	63.43±2.22c
	86.96±0.56c
	30.42±0.92b

	T3
	73.28±0.49d
	92.56±1.40d
	28.78±0.69a


Values are presented as mean  standard error (SE). Means within the same column sharing different superscript letters () indicate statistically significant differences () based on Tukey's HSD test.

Fig 9 Plasma cortisol levels () of silver pompano (Trachinotus blochii) exposed to different salinity treatments over the experimental periods.
Plasma Glucose Concentration
Plasma glucose concentration served as a secondary stress indicator during the salinity challenges (Table 2; Figure 10). A distinct, time-dependent elevation in plasma glucose levels was observed in groups exposed to hypoosmotic conditions, showing a progressive increase from Day 10 through Day 60. The highest overall glucose levels were systematically recorded in the 5 ppt treatment group (T3) across all sampling intervals, reflecting a sustained metabolic mobilization to meet increased energy demands under low-salinity stress conditions.

Fig.10 Plasma glucose concentration () of silver pompano (Trachinotus blochii) subjected to different salinity treatments across Day 10, Day 30, and Day 60 sampling intervals.
Blood Haematocrit Value
The haematocrit (packed cell volume) percentages of silver pompano (Trachinotus blochii) showed an inverse relationship with decreasing environmental salinity over the 60-day trial (Table.2; Figure.11). The highest haematocrit values were systematically maintained in the control group (C1, 35 ppt) across all temporal sampling points (Day 10, 30, and 60). Conversely, progressive exposure to low salinity triggered a significant decrease () in haematocrit values, with the lowest measurements observed in the 5 ppt treatment group (T3). This downward trend became more pronounced over time, indicating a steady, long-term physiological shift across the experimental duration.

Fig 11 Changes in blood haematocrit values () of silver pompano (Trachinotus blochii) exposed to different salinity levels on Day 10, Day 30, and Day 60.
Antioxidant Enzyme Profiles
Chronic exposure to reduced salinity significantly altered the antioxidant defence system of juvenile silver pompano (Table 3). The activities of catalase (CAT), superoxide dismutase (SOD), and glutathione peroxidase (GPx) increased progressively with decreasing salinity (P < 0.05). The highest enzyme activities were observed in fish maintained at 5 ppt, indicating increased oxidative stress under hypoosmotic conditions. Conversely, fish reared at 35 ppt exhibited the lowest antioxidant enzyme activities, suggesting comparatively lower oxidative stress.
Table 3. Antioxidant enzyme activites (CAT, SOD, and GPx) of silver pompano (Trachinotus blochii) under different salinity treatments
	Treatment
	CAT ()
	SOD 
()
	GPx 
()

	C1
	0.49±0.05a
	0.206±0.003a
	0.11±0.01a

	T1
	0.62±0.01b
	0.249±0.007b
	0.15±0.007b

	T2
	0.66±0.02c
	0.307±0.002c
	0.19±0.002c

	T3
	0.71±0.012d
	0.391±0.002d
	0.22±0.034d


Values are expressed as mean  standard error (SE). Column values with different superscript letters () differ significantly () according to Tukey's HSD test.
Catalase Activity in T. blochii Reared under Different Salinity Treatments
The temporal changes in hepatic catalase (CAT) activity across the 60-day experimental period showed an upward trend as exposure time increased, particularly under low-salinity stress (Figure 12). On Day 10, variations between the treatments were minimal, though T3 remained elevated. By Day 30 and Day 60, a pronounced, significant increase () in CAT activity was clear in the low-salinity groups (T2 and T3) compared to the baseline values maintained in the control group (C1).

Fig. 12 Hepatic catalase (CAT) activity () of silver pompano (Trachinotus blochii) subjected to different salinity levels on Day 10, Day 30, and Day 60.

SOD Activity in T. blochii Reared under Different Salinity Treatments
Hepatic superoxide dismutase (SOD) activity mirrors the trends seen in CAT, demonstrating a time-dependent and salinity-dependent response across all evaluation intervals (Figure 13). At all three sampling checkpoints (Day 10, 30, and 60), the 5 ppt low-salinity treatment group (T3) consistently exhibited the highest enzyme values (). The mid-salinity treatment groups (T1 and T2) maintained intermediate levels, while the control group (C1, 35 ppt) presented stable, baseline values throughout the entire 60-day experimental timeline.

Fig. 13 Hepatic superoxide dismutase (SOD) activity () of silver pompano (Trachinotus blochii) subjected to different salinity levels on Day 10, Day 30, and Day 60.
Glutathione Peroxidase (GPx) Activity
The temporal and treatment-specific variations in hepatic glutathione peroxidase (GPx) activity are illustrated in Figure14. Hepatic GPx activity showed a distinct, significant up-regulation as environmental salinity levels decreased (). On Day 10, the lowest salinity group (T3, 5 ppt) exhibited a notable acute peak in activity compared to all other groups. By Day 30 and Day 60, while the values in T3 remained higher than the baseline control group (C1, 35 ppt), an overall time-dependent stabilization was observed across all treatments, with the mid-range salinities (T1 and T2) maintaining intermediate values throughout the trial.









Fig.14. Hepatic glutathione peroxidase (GPx) activity () of silver pompano (Trachinotus blochii) subjected to different salinity levels on Day 10, Day 30, and Day 60.
Discussion
The present study demonstrated that environmental salinity plays a significant role in regulating the growth performance, physiological stress responses, and tissue integrity of juvenile silver pompano cultured under a common periphyton-based production system. Among the tested salinity levels, 15 ppt provided the most favourable conditions for growth, whereas prolonged exposure to 5 ppt induced pronounced physiological stress and histopathological damage. Fish reared at 15 ppt exhibited significantly higher survival (95.24 ± 2.35%), final body weight (15.30 ± 0.97 g), and total length (12.60 ± 0.10 cm) than fish reared at the other salinity levels. The improved performance at 15 ppt may be attributed to reduced osmoregulatory energy expenditure under near-isosmotic conditions. Furthermore, periphyton developed on the split-bamboo substrates likely provided supplementary natural food, enhanced microbial productivity, and contributed to a more favourable culture environment, thereby supporting improved growth and survival. These findings indicate that suitable salinity and periphyton-based culture may jointly improve the nursery performance of juvenile silver pompano. Similar benefits of periphyton-based culture systems have been reported previously (Azim et al., 2001; van Dam et al., 2002; Signor et al., 2015; van Dam et al., 2002).

Assessment of the Effects of Salinity Acclimatisation in T. blochii
The experimental outcomes indicate that juvenile T. blochii can acclimatise to environmental salinities ranging from seawater salinity (35 ppt) to severe hypoosmotic conditions (5 ppt), provided that progressive acclimatisation protocols are applied. As a marine teleost, silver pompano is adapted to maintaining homeostasis in a hyperosmotic medium; consequently, transfer to an extreme hypoosmotic environment, such as 5 ppt, challenges its homeostatic systems through passive ion loss and excessive water influx. This physiological strain may explain the marked elevations in plasma cortisol and glucose observed in the 5-ppt treatment group (T3). However, the absence of acute mortality and the stabilising trends in antioxidant defences during the 60-day trial suggest that the species can partly limit long-term cellular damage through physiological adaptation.
These outcomes align with previous studies by Kalidas et al. (2012) and Pathak et al. (2019), which demonstrated that T. blochii can sustain growth and high survival rates at reduced salinities () when subjected to systemic, step-down acclimation regimes. The present findings further suggest that periphyton acted as a complementary component of the culture system by improving natural food availability and supporting fish performance under the optimal salinity treatment. Besides the direct effect of salinity, periphyton likely contributed to the enhanced performance of fish by providing a continuous source of natural food rich in proteins, lipids, vitamins, minerals, algae, bacteria, and other microorganisms. Periphyton also improves nutrient recycling and assists in maintaining water quality by utilising dissolved nutrients. These combined benefits may have improved feed utilisation and reduced environmental stress, thereby supporting the superior growth and survival observed in fish reared at 15 ppt. Although the present study did not quantify the independent contribution of periphyton, its presence probably complemented the favourable salinity conditions and enhanced overall production performance. Similar observations have been reported by Azim et al. (2001) and van Dam et al. (2002). Notably, the juvenile pompano evaluated in the present study exhibited enhanced physiological resilience at an intermediate salinity () compared to historical baselines established for related carangids (Sampaio et al., 2003). While individuals across all salinity cohorts (, , , and ) displayed uniform growth metrics during the initial experimental phases, environmental divergence became pronounced by the termination of the 60-day trial. At Day 60, the  treatment group exhibited significantly superior somatic growth (), confirming that an isosmotic environment minimises maintenance costs.
Hepatic Histopathological Alterations
Histopathological evaluations of the hepatic architecture revealed distinct structural variations among the experimental groups, diverging from the uniform profiles noted by Mulyadi et al. (2020). Control specimens () and those maintained at intermediate salinity (, T2) exhibited normal parenchymal arrangements characterised by regular cord-like arrays of polygonal hepatocytes. Conversely, fish subjected to severe environmental variations demonstrated clear structural anomalies. Liver sections from the hypoosmotic group (, T3) exhibited pronounced cellular pathologies, including diffuse intracytoplasmic vacuolation, localised hepatocyte hypertrophy, cellular swelling, and occasional pyknotic nuclei. Furthermore, the extreme low-salinity group (T3) revealed structural degradation marked by focal necrosis and intensive sinusoidal haemorrhage, indicating cellular stress from prolonged osmoregulatory strain.
Growth Dynamics and Periphyton Interaction
The experimental data indicate that extreme environmental salinities ( and ) exert restrictive pressures on the growth indices and survival rates of juvenile T. blochii. In contrast, an intermediate salinity regimen (, T2) significantly accelerated somatic growth metrics and fostered optimal periphyton colonization on the provided substrates. This optimisation matches the observations of Kalidas et al. (2012), who determined that acclimated T. blochii perform optimally within a range, whereas performance collapses at . Pompano reared at exhibited a maximized specific growth rate (), confirming that intermediate salinities () minimise internal energy allocations toward osmotic regulation, as documented in both carangids and Atlantic cod (Gadus morhua) (Kalidas et al., 2012). Periphyton developed on the split bamboo substrates likely contributed to improved fish performance by providing a continuous source of natural food, enhancing microbial productivity, and improving water quality. Although periphyton biomass was not evaluated independently from salinity effects, the culture system supported enhanced growth under intermediate salinity, suggesting that periphyton-based substrates complemented the culture environment.
These findings indicate that an intermediate salinity environment reduces metabolic stress and provides optimal conditions for physiological acclimation and growth. Our results concur with Kalidas et al. (2012) and Pathak et al. (2019), who recommended maintaining environmental salinities above 10 ppt for related carangids, noting a sharp drop in survival below this threshold. Similarly, optimised growth performance at intermediate salinities () has been widely documented in euryhaline teleosts, including Atlantic cod (Gadus morhua) and various pompano species (Imsland et al., 2008; Kalidas et al., 2012). Furthermore, the present data reinforce the assertions of Jayakumar et al. (2014) that juvenile silver pompano thrive within a  range. Conversely, fry exposed to extreme hypoosmotic (, T3) and hyperosmotic (, C1) regimes exhibited significantly suppressed growth, with specific growth rates dropping to  and , respectively. This response varies from patterns reported for the Florida pompano (T. carolinus), which demonstrated unexpected low-salinity tolerance in distinct coastal trials (Van Dam et al., 2002). Overall, the physiological resilience exhibited by the 2-month-old T. blochii juveniles (mean length: ; mean weight: ) confirms their capacity to acclimate effectively to intermediate salinities (), whereas extreme hypoosmotic () and marine baseline () conditions restrict their growth potential.
Osmoregulatory Parameters of T. blochii Reared at Different Salinities
The biological data indicate that extreme hypoosmotic and hyperosmotic environments impose severe osmoregulatory burdens on T. blochii, shifting energy budgets away from somatic growth toward basic homeostatic maintenance. This process is consistent with the established paradigm that teleost fishes exhibit minimised energy requirements for osmoregulation when reared close to their internal isosmotic point, which sits near  (Mulyadi et al., 2020). The clear reduction in growth performance at  demonstrates that while juvenile silver pompano survive under full marine conditions, they are physiologically optimised for brackish or estuarine environments () during their early developmental stages (Mulyadi et al., 2020).
Previous physiological models confirm that the elevated energy costs required to maintain ionic gradients under severe salinity variations significantly reduce the net energy available for mass accumulation (Imsland et al., 2008; Evans, 2010; Mahmudul et al., 2014). Consequently, juveniles exposed to the extreme low-salinity treatment (, T3) faced heavy ion-regulatory workloads, contrasting with the metabolic comfort zone observed at the intermediate isosmotic salinity (, T2). This physiological trend is consistent with patterns documented in other marine teleosts subjected to hypoosmotic environments (Rocha da Silva et al., 2005; Tsuzuki et al., 2007; Zheng et al., 2016). Ambient salinities that match the natural habitat or isosmotic point of a species typically minimise standard metabolic rates by optimizing energy allocation (Morgan & Iwama, 1991).
Furthermore, Retnani and Abdulgani (2013) demonstrated that the capacity for salinity adaptation depends heavily on body size and developmental stage, with osmoregulatory efficiency exhibiting clear ontogenetic shifts. According to Lantu (2010), the osmosensitivity of specialised ionocytes (chloride cells) plays an integral role in mediating homeostatic adjustments in euryhaline species. These cells function as specialised receptors that detect changes in external osmotic pressure. Upon exposure to fluctuating ambient salinities, branchial ionocytes participate in signalling cascades directed toward the neuroendocrine system, modulating the pituitary gland's secretion of growth hormone and prolactin to coordinate systemic acclimation. These endocrine pathways subsequently regulate the proliferation, size, and ion-transport capacity ofionocytes within primary osmoregulatory tissues, such as the gills. Consequently, a strong correlation exists between environmental salinity and the metabolic adjustments required for teleost osmoregulation. Acute, unmitigated shifts in environmental salinity can induce osmotic shock, disrupting systemic ion balances, exhausting cellular energy reserves, and ultimately leading to severe mortality. The initial physiological response of T. blochii transferred to reduced salinity regimes (, , and ) was characterized by a sharp elevation in circulating plasma cortisol levels on Day 10 relative to the control group (; Figure 9). This immediate surge represents a classic primary neuroendocrine stress response elicited by acute osmotic disruption. As noted by Setiyoningsih (2014), environmental alterations stimulate the hypothalamic-pituitary-interrenal (HPI) axis, triggering the rapid systemic release of catecholamines and glucocorticoids to initiate homeostatic compensation.
Following the initial acute peak, plasma cortisol concentrations systematically declined from Day 30 to Day 60 in the  (T1) and  (T2) treatment cohorts, indicating effective long-term physiological adaptation. Conversely, the  hypoosmotic treatment group (T3) maintained significantly elevated cortisol levels () up to Day 60, pointing to a state of chronic osmoregulatory stress. At an intermediate salinity of , baseline stabilization of cortisol levels indicates an optimal osmoregulatory equilibrium. Prolactin and cortisol operate synergistically to coordinate teleost osmoregulation by modulating ion influx and efflux mechanisms, respectively (Pamungkas, 2012). Cortisol regulates hyperosmoregulatory pathways by driving the differentiation and up-regulation of branchial ionocytes to maintain systemic homeostatic balances.
This hormonal mobilisation is consistent with the model proposed by Scabra (2018), in which increased stress is associated with mobilisation of hepatic energy reserves to support metabolic demand. To sustain homeostatic adjustments, stressed teleosts increase basal metabolic activity, thereby increasing cellular oxygen consumption. By the end of the 60-day trial, plasma cortisol concentrations in the T1 and T2 groups indicated physiological adjustment to reduced salinity. However, cortisol in T2 remained significantly higher than that in the control group on Day 60, indicating that it had not returned completely to the basal level.
Euryhaline teleosts are characterized by their capacity to regulate internal osmotic and plasma ionic compositions when subjected to environmental salinity shifts (Mylonas et al., 2009; Nordlie, 2016; Tomy et al., 2009). In the present study, long-term exposure to varying salinities () induced distinct, permanent shifts in secondary stress indicators. Rather than returning completely to baseline, the sustained modifications in plasma glucose concentrations and haematocrit percentages reflect a continuous metabolic reorganisation required to support survival under chronic hypoosmotic conditions, matching the metabolic shift patterns documented by Herrera et al. (2012) and Sangiao-Alvarellos et al. (2003).
This trend represents a secondary stress response linked to modifications in energy pathways driven by osmoregulatory demands (Arjona et al., 2009; Tseng & Hwang, 2008). While literature suggests that stable acclimation to intermediate salinities typically yields well-regulated, baseline plasma glucose levels (Bystriansky et al., 2007; Jarvis & Ballantyne, 2003), chronic challenges provoke prolonged homeostatic shifts. Fluctuations in blood haematocrit levels reflect shifts in total blood water content, erythrocyte mobilisation, and metabolic adjustments (Iwama et al., 1989; Prodocimo etal., 2008). These parameters serve as sensitive biomarkers for evaluating the long-term physiological state of teleosts subjected to varying ambient salinities (Jarvis & Ballantyne, 2003). Consequently, the sustained elevations in glucose and diminished haematocrit observed on Day 60 demonstrate that while T. blochii survived the hyperosmotic andhypoosmotic trials, the extreme boundaries ( and ) required continuous metabolic compensation.
Effects of Salinity on Growth Performance and Osmoregulation
Ambient salinity acts as a major limiting factor governing the growth dynamics and osmoregulatory budgets of teleosts, including carangids (Barman et al., 2005; Boeuf & Payan, 2001; Rocha da Silva et al., 2005). Interestingly, the growth response of T. blochii differs slightly from the patternsreported for juvenile Florida pompano (Trachinotus carolinus). While T. carolinus demonstrated excellent growth metrics when reared at a low salinity of  over an extended 110-day trial, the juvenile T. blochii in the present study achieved maximum somatic growth (body length and weight gain) at an intermediate isosmotic salinity (), outperforming both the full marine () and extreme hypoosmotic () cohorts over the 60-day trial (Weirich et al., 2009).
The active transport of  and  ions across the branchial epithelium during osmotic transitions is mediated by specialised ionocytes (chloride cells) located within the gills, which orchestrate systemic ionic homeostasis in euryhaline species (Laiz-Carrión et al., 2005; McCormick et al., 2009). Comparative histomorphological evaluations among the experimental cohorts revealed profound alterations in gill epithelial thickness, ionocyte counts, and mucosal cell populations. Notably, juveniles reared at  presented a lower density of mature mucosal cells and active branchial ionocytes relative to the hyperosmotic control cohort (), matching the structural adaptations typically seen during long-term dilute-medium acclimation. Consequently, these observations suggest that in juvenile T. blochii exposed to hypoosmotic environments, homeostatic adjustments do not always change symmetrically with circulating physiological stress markers.
In teleosts, the hepatic tissue serves as the primary metabolic centre for fatty acid synthesis, ammoniogenesis, gluconeogenesis, and glycogen-glucose cycling (Mommsen et al., 1999; Peragón et al., 1998). The present study revealed that decreasing environmental salinity triggered a substantial depletion of hepatic glycogen reserves. This indicates that the energetic costs of hyper-osmoregulation in juvenile T. blochii increase significantly under severe hypoosmotic stress (). Such elevated metabolic demands can subsequently alter feed ingestion, digestive enzyme activity, and nutrient absorption efficiency due to the high metabolic overhead dictated by active ion transport mechanisms in dilute media (Rubio et al., 2005).
Conclusion
Salinity significantly influenced the growth, physiological responses, antioxidant defence, and tissue condition of juvenile silver pompano cultured in the periphyton-based system. Among the tested treatments, 15 ppt produced the highest weight gain, weight-gain percentage, and specific growth rate, while the liver and gills retained comparatively well-preserved architecture. By contrast, exposure to 5 ppt was associated with increased plasma cortisol and glucose concentrations, enhanced catalase, superoxide dismutase, and glutathione peroxidase activities, reduced haematocrit, and pronounced histopathological alterations in the liver and gills. These responses indicate that prolonged exposure to very low salinity imposed substantial osmoregulatory and oxidative stress. Within the 60-day experimental conditions, 15 ppt provided the most favourable balance between growth and physiological condition for juvenile Trachinotus blochii. The findings therefore support the use of an intermediate salinity near 15 ppt for juvenile culture in comparable periphyton-based systems. Because periphyton was maintained as a common culture condition rather than an independent factor, the observed responses should primarily be interpreted as effects of salinity within this production system.
Limitation 
The experiment was limited to a 60-day culture period, four fixed salinity levels, and juvenile fish maintained under one periphyton-based system. Periphyton biomass and community composition were not quantified, and a non-periphyton control was not included; therefore, its independent contribution to fish performance could not be determined. The findings may not directly represent other life stages, culture densities, production systems, or longer rearing periods. Additional trials across narrower salinity intervals and extended culture durations would help assess the consistency of the observed responses.
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Cortisol(ng/ml)

DAY 10	C1	T1	T2	T3	40.5	56.45	65.760000000000005	72.73	DAY 30	C1	T1	T2	T3	41.7	54.76	61.32	73.67	DAY 60	C1	T1	T2	T3	43.76	55.87	63.21	73.459999999999994	Salinity group


Value




Plasma glucose(mg/dL)

DAY 10	C1	T1	T2	T3	55.7	74.5	86.8	91.1	DAY 30	C1	T1	T2	T3	60.1	74.5	86.5	92.7	DAY 60	C1	T1	T2	T3	57.9	73.7	87.6	93.9	Salinity group


Value




Hematocrit value(%)

DAY 10	C1	T1	T2	T3	42.2	35.4	30.43	29.56	DAY 30	C1	T1	T2	T3	40.4	35.299999999999997	29.5	28.56	DAY 60	C1	T1	T2	T3	42.5	34.200000000000003	31.34	28.23	Salinity group


value




Catalase activity

DAY 10	C1	T1	T2	T3	0.59	0.61099999999999999	0.64	0.70299999999999996	DAY 30	C1	T1	T2	T3	0.53	0.63300000000000001	0.67300000000000004	0.71099999999999997	DAY 60	C1	T1	T2	T3	0.49	0.621	0.69399999999999995	0.72799999999999998	



SOD activity

DAY 10	C1	T1	T2	T3	0.20499999999999999	0.255	0.308	0.39300000000000002	DAY 30	C1	T1	T2	T3	0.21	0.24099999999999999	0.31	0.38900000000000001	DAY 60	C1	T1	T2	T3	0.20300000000000001	0.253	0.30499999999999999	0.39100000000000001	



GPx activity

DAY 10	C1	T1	T2	T3	0.126	0.14699999999999999	0.193	0.26400000000000001	DAY 30	C1	T1	T2	T3	0.11700000000000001	0.151	0.189	0.19900000000000001	DAY 60	C1	T1	T2	T3	0.10299999999999999	0.16200000000000001	0.192	0.21099999999999999	
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