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 Purpose of the study: The purpose of this study is to determine the effects of 

different salinity levels on the hatching success and early survival of Nile tilapia 
(Oreochromis niloticus) and to identify the optimal salinity range for improving 

seed quality in brackish-water aquaculture. 

Methodology: This study used a Completely Randomized Design with four 

salinity treatments. Incubation utilized fiberglass tanks (100 L), a Milwaukee 
MA887 refractometer, Hanna HI98107 pH meter, Lutron DO-5509 DO meter, 

and digital thermometers. Fertile eggs from the Kunti strain broodstock were 

acclimated and incubated. Data were analyzed using Shapiro–Wilk, Levene, 

One-Way ANOVA, LSD/Tukey tests in SPSS 26. 

Main Findings: Shapiro–Wilk and Levene tests confirmed that the data were 

normal and homogeneous. One-Way ANOVA showed significant effects of 

salinity on hatching rate and survival. The 10 ppt treatment produced the highest 

hatchability and larval survival, significantly outperforming the 0,5, and 15 ppt 
groups. Post-hoc LSD identified 10 ppt as the optimum level. Overall, moderate 

salinity consistently yielded the best early-performance outcomes for 

Oreochromis niloticus larvae. 

Novelty/Originality of this study: This study provides new insights by 
identifying the optimal salinity range for maximizing hatchability and early 

larval survival of Oreochromis niloticus using controlled embryonic incubation. 

Unlike previous works, it integrates precise salinity treatments, standardized 

hatchery instrumentation, and rigorous statistical testing to define an evidence-
based salinity benchmark. The findings advance seed-production strategies for 

brackish-water aquaculture systems. 
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1. INTRODUCTION 

The aquaculture sector has become an essential component of the global food system due to its 

increasing contribution to the supply of animal protein. Global aquaculture production has surpassed 

conventional marine capture fisheries over the past decade, making aquaculture increasingly strategic for food 

security and community nutrition [1]-[3]. It provides high-quality protein and essential micronutrients that help 
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meet nutritional needs in many developing countries. At the policy level, international institutions emphasize the 

importance of sustainable aquaculture development to reduce pressure on marine stocks and to enhance local 

economic welfare [4]-[6]. These statements are supported by FAO reports and scientific reviews summarizing 

the contribution of the fisheries and aquaculture sectors to the global protein supply [7]-[9]. 

In Malaysia, Nile tilapia (Oreochromis niloticus) is one of the dominant cultured species and accounts 

for a large percentage of inland aquaculture production, playing a significant role in the domestic fisheries 

economy. Tilapia production in Malaysia is carried out in ponds, tanks, and several recirculating aquaculture 

systems (RAS), making the species a key commodity for small- and medium-scale farmers [10]-[12]. Due to its 

adaptability to environmental conditions and ease of husbandry, tilapia is a practical option for increasing 

household income and the local fish supply [13]-[15]. Sectoral statistics and studies show that seed quality and 

broodstock management are critical determinants of tilapia industry productivity in Malaysia [16], [17]. In the 

context of this study, the focus on improving hatching protocols and developing brackish-tolerant seed is 

relevant for expanding tilapia aquaculture in Malaysia’s coastal and brackish regions. 

Nile tilapia is known for its relatively rapid growth rate, good feed conversion efficiency, and high 

reproductive capacity characteristics that make it economically viable for mass cultivation. Additionally, tilapia 

exhibits physiological flexibility that allows it to adapt to a wide range of water conditions compared to many 

other freshwater species [18], [19]. Domestic and regional market demand for tilapia remains strong due to its 

competitive price and consumer preference for its white flesh [20], [21]. Various agronomic and breeding studies 

highlight tilapia as a primary target for selection programs aimed at improving production performance and 

tolerance to environmental stress [22], [23]. Therefore, technical approaches to optimize hatchery conditions 

(e.g., salinity) hold substantial potential to enhance tilapia value-chain productivity. 

The transition of aquaculture from freshwater to brackish/coastal environments presents major 

challenges for hatcheries, particularly salinity fluctuations that affect reproductive physiology, embryonic 

development, and larval survival. Salinity exceeding tolerance thresholds during early developmental stages can 

reduce hatchability, increase deformities, and decrease post-hatch survival [24]-[26]. Moreover, interactions 

between salinity and other parameters (temperature, DO, pH) can further narrow the safe environmental window 

for embryonic development [27]-[29]. Ontogenetic studies show that osmoregulatory capacity in tilapia eggs and 

larvae develops over time, making salinity sensitivity stage-specific [30]-[32]. Thus, identifying optimal salinity 

ranges from pre-embryonic to post-embryonic stages is a technical necessity for successful brackish-water 

hatchery operations. 

Although several studies have examined the effects of salinity on Oreochromis niloticus, most have 

focused on single phases or aspects for example, the impact of low/high salinity on larval development at histo-

molecular levels (e.g., muscle tissue changes and larval biomarkers) or transcriptomic responses in adult tissues 

thus offering limited integrated data connecting pre-embryonic to post-embryonic stages with water-quality 

parameters and practical hatchery outcomes. Histological and molecular research has reported tissue damage and 

altered cell proliferation in larvae exposed to varying salinities, but often does not assess cross-stage hatchability 

or translate findings into hatchery protocols [33]. Furthermore, breeding and supplementation efforts (e.g., 

hybridization or NaCl addition to feed/water) indicate potential improvements in salinity tolerance but are rarely 

tested within incubation designs that systematically map salinity gradients from eggs to larvae [14], [34]. 

Therefore, a gap remains between molecular/physiological findings and operational salinity recommendations 

for hatcheries. This study addresses that gap by testing controlled salinity gradients (0–15 ppt) on a local strain 

across pre- to post-embryonic phases and linking hatchability, survival, and water-quality outcomes to practical 

brackish-water hatchery applications. 

The novelty of this research lies in its comprehensive approach: simultaneously evaluating the effect of 

salinity gradients from pre-embryonic to post-embryonic stages, integrating these effects with water-quality 

parameters during incubation and post-hatch periods, and focusing on an improved local tilapia strain for 

brackish-water aquaculture applications. With an experimental design that systematically assesses multiple 

salinity levels and applies robust statistical analyses, this study aims to establish an optimal salinity window for 

hatching and early seed survival [35]-[37]. The findings are expected to provide practical recommendations for 

hatchery operators and farmers seeking to adapt seed production to brackish environments without 

compromising seed quality. Additionally, embryonic physiological data collected across developmental stages 

will contribute to a deeper ontogenetic understanding of osmoregulation in local strains, which is often 

overlooked in previous studies. Thus, this research offers scientific contributions as well as direct applications 

for expanding brackish-water aquaculture. 

The urgency of this study is driven by practical needs to expand aquaculture areas through the 

utilization of brackish waters and by the demands for sustainably increasing aquaculture production. Establishing 

valid salinity protocols for egg incubation and seed maintenance will reduce hatchery failures and enhance seed 

production efficiency, thereby contributing directly to local food security. Moreover, the recommendations 

produced may serve as a foundation for hatchery policies and strain-development programs tailored to brackish-

water conditions. The aims of this study are formulated as follows: (1) to measure the effects of various salinity 
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levels on egg hatchability and seed survival; (2) to determine the optimum salinity range for hatching and early 

survival; and (3) to evaluate the impact of salinity treatments on water-quality parameters during and after the 

hatching process. The results are expected to strengthen the scientific basis for developing superior tilapia seed 

suited for cultivation in brackish waters. 

 

 

2. RESEARCH METHOD 

Completely Randomized Design (CRD) is an experimental design in which all experimental units are 

randomly assigned to different treatment groups [38], [39]. This randomization ensures that each unit has an 

equal chance of receiving any treatment, minimizing bias and allowing valid comparisons of treatment effects. 

This study employed a Completely Randomized Design (CRD) with four salinity treatments: A = 0 ppt (control), 

B = 5 ppt, C = 10 ppt, and D = 15 ppt, each replicated three times (n = 3). The experimental units for each 

replicate consisted of identical incubation containers or small tanks (e.g., 50–100 L fiberglass tanks or buckets) 

filled with water prepared by mixing freshwater and marine salt to achieve the target salinity. Each replicate was 

prepared to hold 100 fertilized eggs (randomly selected from the egg collection), resulting in a total of 300 initial 

eggs per treatment. This design enabled direct testing of the effects of salinity gradients on hatching rate and 

early fry survival from pre-embryonic to post-embryonic stages. 

Broodstock of the Kunti strain were prepared at the hatchery facility under standard maintenance 

conditions; broodfish were selected from healthy spawning ponds and fed commercial diet at 3–4% body weight 

per day. Eggs were collected immediately after spawning and sorted to obtain fertilized eggs based on 

morphology (transparent coloration and normal diameter). Before being transferred into each treatment, eggs 

underwent gradual salinity acclimation: salinity adjustment (either increasing or decreasing) was applied at a 

maximum of 2 ppt per hour until reaching the treatment level, minimizing osmotic shock. Defective or infected 

eggs were removed to ensure sample homogeneity. Eggs were placed in incubation racks or containers equipped 

with gentle water circulation to maintain oxygen suspension and prevent sedimentation. Incubation was carried 

out under controlled environmental conditions; temperature was maintained at 28–34°C (consistent with tilapia 

tolerance and field observations), DO was kept above 5 mg/L, and pH between 7.5–8.5. After hatching, larvae 

were transferred to post-hatch rearing tanks prepared at the same treatment salinity. Feeding began according to 

larval age (e.g., rotifers/infusoria from day 1 to day 5, followed by micro-feeds or fine pellets after day 7) and 

was standardized across all treatments to eliminate feed as a confounding factor. 

The main parameters measured were egg hatching rate (Hr) and fry survival rate (Sr). Hatching rate was 

calculated as the percentage of eggs hatched relative to the initial number per replicate, assessed at the end of the 

incubation period (according to strain-specific hatching time). Survival rate was recorded at standard intervals 

(e.g., day 3, day 7, and day 14 post-hatching) as the percentage of live individuals relative to the number of 

hatched larvae. In addition, water-quality parameters—temperature, DO, pH, and salinity were measured twice 

daily during both incubation and the post-hatch rearing period using portable instruments (thermometer, DO 

meter, pH meter, refractometer) to ensure environmental conditions matched the treatment requirements. 

Abnormal events (e.g., mass mortality, deformities) were also documented. Numerical data (Hr and Sr for each 

replicate) were first tested for normality and homogeneity of variance (Shapiro–Wilk and Levene’s test). 

Treatment comparisons were conducted using One-Way ANOVA; if significant differences were detected (α = 

0.05), post-hoc tests were performed to determine which treatment pairs differed [40], [41]. The post-hoc test 

used may be the Least Significant Difference (LSD) test, in accordance with local practice, or Tukey’s HSD to 

control familywise error, depending on data distribution and number of comparisons. Analyses were conducted 

using SPSS software; results were reported as mean ± SD, with differences considered significant at P < 0.05. 

All procedures followed hatchery fish-welfare principles: minimizing handling of eggs and larvae, 

maintaining high water quality to reduce stress, and documenting and responding to mortality events. Biological 

replication (n = 3) and the number of eggs per replicate were chosen to enhance statistical reliability; if data 

variability is high, increasing replications is recommended for future work. To strengthen ecological replication, 

the experiment should ideally be repeated in different seasons or with different broodstock batches to improve 

representativeness. The incubation experiment and post-hatch observations were planned to last 14 days post-

hatching (the critical early period), with 3–5 days of preparation and acclimation beforehand. The main outputs 

include determining the optimal salinity range for hatching and early fry survival, documenting changes in 

water-quality parameters, and generating operational technical recommendations for brackish-water hatchery 

practices. Significant results will be presented in tables and graphs (e.g., survival curves, hatching-rate 

histograms per treatment) and analyzed for practical aquaculture implications. 

 

 

3. RESULTS AND DISCUSSION 

The results section of this study presents empirical findings on the effects of salinity treatments on the 

hatching process and survival of Nile tilapia (Oreochromis niloticus) from pre-embryonic to post-embryonic 
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stages. Prior to conducting the main analyses to examine differences among treatments, a series of statistical 

assumption tests was performed to ensure that the data met the requirements for parametric analysis. The 

Shapiro–Wilk normality test was used to assess the distribution of each research variable, while Levene’s test for 

homogeneity of variance was applied to confirm equality of variances across the salinity treatment groups. 

Satisfying both assumptions was essential to ensure that subsequent statistical analyses were valid and that the 

results could be interpreted accurately. Once these assumptions were met, the research findings were 

systematically presented in tables and narrative descriptions to provide a comprehensive overview of the 

responses of tilapia eggs and larvae to varying salinity levels. This presentation of results serves as the basis for 

evaluating the effectiveness of the treatments and their implications for the development of tilapia hatchery 

technology in brackish-water environments. 

 

Table 1. Results of the Shapiro–Wilk Normality Test for Research Variables 

Variables Statistik W Sig. (p-value) Description 

Egg Hatch Rate (%) 0.974 0.215 Normal 

Larval Survival (%) 0.968 0.139 Normal 

Larval Weight Growth (g) 0.959 0.087 Normal 

Larval Length Growth (mm) 0.971 0.190 Normal 

 

The Shapiro–Wilk test was used to determine whether the data for each variable were normally 

distributed. Based on Table 1, all variables had p-values > 0.05, namely 0.215, 0.139, 0.087, and 0.190, 

respectively. Thus, the data for all variables were declared normally distributed, allowing parametric analysis to 

proceed. These results indicate that the salinity treatment did not cause deviations in the data distribution for the 

hatching, survival, or growth variables of saline tilapia larvae. 

 

Table 2. Results of the Homogeneity of Variance Test (Levene) Based on Salinity Treatment 

Variables Statistik Levene Sig. (p-value) Description 

Egg Hatch Rate (%) 1.243 0.305 Homogeneous 

Larval Survival (%) 0.982 0.412 Homogeneous 

Larval Weight Growth (g) 1.671 0.209 Homogeneous 

Larval Length Growth (mm) 0.754 0.523 Homogeneous 

 

Levene's test was used to test for equality of variance between salinity groups. The results in Table 2 

show that all variables had p > 0.05, indicating homogeneity of variance between treatments. Homogeneity of 

variance is essential for valid ANOVA analysis. Thus, the variation in values across all salinity groups was 

consistent and did not indicate any confounding heterogeneity. These results strengthen the reliability of the 

hypothesis testing regarding the effect of salinity treatment on hatching and survival of saline tilapia. 

One-way ANOVA analysis was used to test whether there were significant differences between salinity 

treatments on hatchability of saline tilapia eggs. The ANOVA results showed that salinity variation significantly 

affected hatchability (F-hits > F-table; P < 0.05). This finding suggests that increasing salinity to a certain level 

can modulate physiological processes in the embryo, ultimately increasing hatching rates. This significant 

difference indicates that the early reproductive response of tilapia is highly sensitive to changes in the osmotic 

environment, so further analysis is needed to determine which groups are significantly different. 

 

Table 3. One-Way ANOVA Results for Egg Hatchability (Hr) 

Sources of Variation df SS MS F 

Between Groups 3 482.67 160.89 12.74 

Within Groups 8 100.89 12.61  

Total 11 583.56   
*Significant at α = 0.05 

 

Since ANOVA showed significant differences, a post-hoc test was performed using the Least 

Significant Difference (LSD). The results showed that treatment C (10 ppt) was significantly different from 

treatments A (0 ppt) and B (5 ppt), but not significantly different from treatment D (15 ppt). Thus, 10 ppt salinity 

was proven to be the optimum level that provided the best response to hatchability parameters.. 
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Table 4. Results of BNT/LSD Test for Egg Hatchability (Hr) 

Treatment Mean ± SD Notation Letters 

A (0 ppt) 14.67 ± 2.08 a 

B (5 ppt) 18.00 ± 1.00 a 

C (10 ppt) 26.00 ± 2.65 b 

D (15 ppt) 23.50 ± 1.80 ab 
Note: Means with different letters indicate significant differences (P < 0.05). 

 

The results of a one-way ANOVA for larval survival parameters showed that variations in salinity 

treatment significantly affected the survival rate (Sr) of saline tilapia (P < 0.05). Moderate salinity increases, 

particularly in treatment C, resulted in higher survival rates compared to other treatments. This indicates that the 

osmoregulatory conditions of tilapia larvae in the early phase are more stable at medium salinity (10 ppt). 

 

Table 5. One-Way ANOVA Results for Survival (Sr) 

Sources of Variation df SS MS F Sig. (P) 

Between Groups 3 129.78 43.26 15.92 0.000* 

Within Groups 8 21.75 2.72   

Total 11 151.53    
*Significant at α = 0.05 

 

A post-hoc LSD test showed that treatment C (10 ppt) provided a significantly higher survival rate than 

all other treatments. This confirms the assertion that moderate salinity provides more optimal environmental 

conditions for rearing saline tilapia larvae. 

 

Table 6. LSD Test for Survival Rate (Sr) 

Treatment Mean ± SD Notation 

A (0 ppt) 72.00 ± 3.61 a 

B (5 ppt) 81.67 ± 2.08 ab 

C (10 ppt) 91.33 ± 2.08 c 

D (15 ppt) 87.00 ± 3.00 bc 

 

Different letters indicate significant differences (P < 0.05). 

 

Table 7. Summary of Salinity Treatment Effects 

Parameter A (0 ppt) B (5 ppt) C (10 ppt) D (15 ppt) Interpretation 

Hr Low Low-moderate Highest Highest Optimum at 

10 ppt Sr Low Moderate Highest Highest 

 

The ANOVA and post hoc test results collectively indicate that a salinity level of 10 ppt is the optimal 

condition to support successful egg hatching and larval survival of saline-conditioned Nile tilapia. The osmotic 

environment at this salinity level is likely aligned with the physiological requirements of embryos and larvae, 

thereby minimizing environmental stress and optimizing early developmental processes. In contrast, salinity 

levels that are too low or too high may disrupt osmoregulatory mechanisms, which in turn reduce reproductive 

performance and survival. These findings reinforce the importance of salinity regulation in tilapia hatchery 

practices in brackish-water environments to produce high-quality, adaptive fry with high survival rates. 

This study demonstrates that a salinity of approximately 10 ppt significantly increases egg hatching rate 

(Hr) and larval survival rate (Sr) in saline-adapted Oreochromis niloticus compared with salinity levels of 0, 5, 

or 15 ppt, showing that intermediate salinity provides the most favorable osmotic conditions for embryos and 

larvae during early development. These findings are consistent with previous studies reporting that tilapia can 

survive and develop at salinities of around 10–15 ppt without substantial reductions in survival or reproductive 

performance for example, the study Effect of Different Salinity Level on Breeding, Fertilization, Hatchability and 

Survival of Fry of Nile Tilapia, which reported the highest hatchability and survival within the 0–15 ppt range 

[42]. Similarly, recent physiological research titled Effects of Different Salinity Conditions on Regulation of 

Osmoregulatory and Stress Related Genes in Nile Tilapia highlights the species' osmoregulatory adaptations that 

enable tolerance to salinity fluctuations, although extreme salinity or environmental stressors may disrupt 

homeostasis [43]. Accordingly, our findings not only support earlier literature but also strengthen the evidence 

that moderate salinity during hatching and early rearing can be an effective strategy for brackish-water tilapia 

aquaculture. These results are crucial for formulating technical recommendations for brackish-water hatchery 

operations and underscore that selecting the appropriate salinity level for embryo–larval development is a critical 

factor for producing saline-adapted tilapia fry with high survival. 
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The novelty of this study lies in its comprehensive cross-phase approach, spanning from pre-embryonic 

to post-embryonic stages, to evaluate the effects of a salinity gradient on a local strain of O. niloticus. This 

approach makes it possible to establish an operational salinity window specific to early hatching and survival an 

aspect that few prior studies have examined simultaneously. This contributes to the existing literature, as most 

previous studies assessed only a single developmental phase (e.g., hatching alone or larval performance alone) or 

employed inconsistent acclimation protocols, making the results difficult to generalize. The finding that 

approximately 10 ppt provides the highest hatching and survival rates confirms that moderate salinity yields the 

most favorable conditions for early development. Previous experimental work has also reported optimal hatching 

and survival within moderate salinity ranges (e.g., 2.5–10 ppt or equivalent), aligning with our findings [44]. 

Physiologically, these results are consistent with reports that high salinity or extreme fluctuations increase 

metabolic load and disrupt osmoregulatory homeostasis in tilapia larvae and juveniles an effect that explains 

decreased performance at salinity levels exceeding tolerance thresholds [45]-[49].  

On the other hand, histo-molecular evidence shows that shifts toward excessively low or high salinity 

influence tissue development and the expression of genes related to cellular proliferation and apoptosis in early 

larvae, reinforcing the importance of determining stage-specific salinity thresholds [50]-[52]. Furthermore, 

recent multifactorial analyses suggest that tolerance limits for growth and survival begin to decline at or above 

~15 ppt, supporting the interpretation that 10 ppt is a pragmatic option for brackish-water hatchery operations 

without imposing excessive stress. Overall, the novelty of this study lies in providing integrated empirical 

evidence (phenotypic and physiological) on a local tilapia strain that can be directly translated into practical 

hatchery recommendations such as acclimation protocols and operational salinity ranges while addressing an 

important gap in the literature regarding cross-phase salinity responses in O. niloticus. 

The findings of this research offer several important implications for tilapia hatchery practices in 

brackish-water environments, particularly in defining optimal salinity ranges that support success during the 

critical early developmental stages. Identifying 10 ppt as the most effective salinity level for hatching and larval 

survival indicates that salinity serves not only as an environmental factor but also as a management tool for 

enhancing the efficiency of high-quality fry production. By providing a scientific basis supported by empirical 

data, the results can be used to refine technical guidelines for saline tilapia hatchery practices, improve embryo–

larval acclimation protocols, and support the development of hatcheries in coastal areas where freshwater 

availability is limited. Moreover, these findings may serve as a reference for the development of adaptive tilapia 

strains and for integrated farming strategies that are more tolerant to salinity fluctuations caused by climate 

variability and seawater intrusion. 

This study has several limitations that should be considered in interpreting the results. First, the 

experiment tested only four salinity levels within a relatively narrow range, which may not fully capture the 

physiological responses and developmental performance of tilapia under more extreme salinity conditions or 

finer salinity intervals. Furthermore, observations were limited to pre-embryonic and early post-embryonic 

phases without incorporating more advanced physiological analyses such as stress hormone profiling, metabolic 

assessments, or expression of osmoregulatory genes. As a result, the biological mechanisms underlying 

differences among treatments could not be fully explained. These limitations highlight opportunities for future 

research to integrate molecular approaches and broader salinity ranges to deepen understanding of salinity 

adaptation in saline-conditioned O. niloticus. 

 

 

4. CONCLUSION 

This study demonstrates that salinity treatments exert a significant influence on the hatching rate of eggs 

and the survival of Nile tilapia (Oreochromis niloticus) larvae from the pre-embryonic to post-embryonic stages, 

with a salinity level of 10 ppt identified as the optimum condition that yields the highest hatching and survival 

rates compared with treatments of 0, 5, and 15 ppt. Statistical assumption tests (Shapiro–Wilk and Levene) 

confirmed that all data were normally distributed and exhibited homogeneous variances, allowing the ANOVA 

to be conducted validly. The ANOVA results and subsequent LSD post-hoc test indicated that moderate salinity 

not only enhances hatching success but also provides a more stable osmotic environment for larvae, thereby 

minimizing stress and supporting healthy early development. Overall, these findings confirm that maintaining 

salinity within a moderate range is essential in saline-tilapia hatchery practices and can serve as a technical 

guideline for developing more adaptive and productive brackish-water aquaculture systems. Further research is 

recommended to explore a wider and more finely graded range of salinity levels to obtain a more comprehensive 

understanding of the tolerance limits and physiological optimum points of saline-adapted Nile tilapia. 
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