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ABSTRACT 

The possible role of integrating seaweed, Kappaphycus alvarezii and Pacific oyster, Crassostrea gigas in a tilapia static culture system was 

investigated. The effect of their bioremediating capacity on the growth performance of tilapia (iBEST strain) fingerlings were evaluated over a 

28-day period. The study consists of four treatments T1 (control), T2 (seaweeds at 100g), T3 (oyster at 10pcs), and T4 (seaweeds at 100g + 

oyster at 10pcs) with three replicates arranged in a completely randomized design. Tilapia fingerlings with an average body weight of 7.5 grams 

were stocked at a density of 10 fish per aquarium. The experimental set-up consisted of a static culture system with 12 aquaria (15L capacity) 

continuously aerated. The fish were fed with commercial feeds with a daily feed ration equivalent to 10% of their average body weight. Results 

showed no significant differences in mean weight gain, specific growth rate, survival rate and feed conversion ratio of the tilapia fingerlings. 

This demonstrates that the presence of seaweed and oyster did not significantly affect fish growth. Additionally, there was also no significant 

variation observed in oyster growth. However, a negative weight gain, specific growth rate and survival rate of K. alvarezii were observed in 

K. alvarezii seaweed treatments, indicating an adverse effect on the seaweed. Regarding bioremediation potential, the control group had 

significantly higher levels of ammonia and nitrite compared to the treatments with oyster and seaweed. Nitrate concentrations remained 

relatively stable throughout the study, with no notable variations.  A decreasing trend in phosphate levels was observed, indicating a reduction 

in nutrient concentrations, highlighting the significant impact of seaweed and oyster on water quality. In conclusion, integrating Crassostrea 

gigas oysters and seaweeds in the tilapia culture system is a promising approach. However, it is recommended to explore alternative seaweed 

species that can withstand a zero-water exchange system to enhance the overall sustainability of the integrated system. 

Keywords: seaweed integration, bioremediation, phytoremediation, zooremediation, aquaculture sustainability, nutrient reduction, zero-water 

exchange  

1. INTRODUCTION                                                         

A
quaculture plays a crucial role in meeting the global 

demand for food (Mishra et al, 2021), providing income for 

millions of people involved in seafood production (Martinez-

Porchas & Martinez-Cordova, 2012). However, the intensification 

of aquaculture to meet this demand has led to negative 

environmental consequences, such as eutrophication and 

disruptions in nitrification processes in ecosystems that receive 

aquaculture effluents (Martinez-Cordova et al., 2022). The 

excessive nutrients, including nitrogenous waste and phosphorous, 

present in aquaculture waste contribute to eutrophication, 

compromising water quality and potentially harming cultured fish 

(Crab et al., 2009).  

Traditionally, water exchange has been used to mitigate these 

issues in aquaculture systems, but it is water-intensive and costly 

for farmers (Zablon et al., 2022).    To achieve sustainable 
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aquaculture, there is a need for environmentally friendly 

technological innovations (Avnimelech, 2006). Bioremediation has 

emerged as a sustainable approach to mitigate the environmental 

impact of aquaculture waste, utilizing various organisms such as 

mollusks, echinoderms, plants, and bacteria (Martinez-Cordova et 

al., 2022).  

Integrated aquaculture systems have shown promise in nutrient 

removal. Seaweeds, as photoautotrophic organisms, can counteract 

the environmental impact of heterotrophic-fed organisms and 

restore water quality (Neori, 2008). They efficiently assimilate 

nutrients and serve as an ecological and sustainable approach to 

wastewater remediation (Sivakumar et al., 2012). Bivalves, when 

stocked in integrated systems, filter organic particles and influence 

biogeochemical processes and nutrient fluxes through grazing, 

burrowing, and excretion (Betina et al., 2019).  

The selection of macroalgae and bivalves for aquaculture 

wastewater bioremediation is crucial, as their nutrient removal 

efficiency depends on species and environmental conditions. The 

ideal choice should exhibit fast growth rates, high nutrient 

absorption capacity, adaptability to changing conditions, and 

should be sourced locally to prevent the introduction of non-

endemic species (Nhat, et al., 2018). 

Kappaphycus alvarezii, known locally as 'guso' or 'agal-agal,' 

constitutes a significant portion of seaweed exports in the 

Philippines (SEAFDEC, 2017). With its rapid growth rate and short 

harvest cycles (Vairappan, 2021), this species is highly suitable for 

filtering polluted water. There is tremendous potential to cultivate 

K. alvarezii in nutrient-impacted areas or within fish systems, 

utilizing its bioremediation capabilities (Hayashi et al, 2008).  

Another aquatic organism renowned for its abundant aqua products 

is the Pacific oyster (Crassostrea gigas), it holds a prominent 

position in the global market. This species possesses the 

remarkable ability to significantly alter its environment, which can 

have both positive and negative implications for native species and 

ecosystems (Pira et al, 2022). Due to its profound impact on its 

surroundings, the Pacific oyster is often referred to as an ecosystem 

engineer (Dumbauld et al, 2009). C. gigas creates dense oyster 

reefs, forming thick mats that induce physical transformations in 

the surrounding habitat. This species is recognized for its capacity 

to convert soft substrates such as mud and silt into hardened 

substrates. Alongside this alteration of benthic habitats, Pacific 

oysters act as filter feeders, consuming suspended plankton and 

organic waste. Their metabolic ability to cleanse polluted 

environments makes them ideal candidates for bioremediation 

efforts.  

In the Municipality of Kabasalan, Zamboanga Sibugay, the Pacific 

oyster C. gigas, locally known as 'talaba,' is cultivated, while the 

seaweed Kappaphycus alvarezii thrives in the coastal waters of 

Sibuguey Bay. Both of these species are abundant and persistent 

throughout the year in the Zamboanga Region, rendering it a 

suitable location for bioremediation initiatives. The combination of 

K. alvarezii and C. gigas offers a promising approach to mitigate 

environmental pollution. The efficient nutrient assimilation 

capabilities of seaweeds and the filtration and transformation 

abilities of Pacific oysters will make them valuable contributors to 

the bioremediation process. By harnessing the natural abilities of 

these organisms, it is possible to address the ecological challenges 

posed by aquaculture and promote sustainable practices in the 

Zamboanga Region. 

The main objective of this study is to investigate the 

bioremediation potential of seaweed (Kappaphycus alvarezii) and 

Pacific oyster (Crassostrea gigas) in a Tilapia (Oreochromis sp.) 

static culture system. Specifically, the study aims to: (1) assess the 

ability of K. alvarezii and C. gigas to remove or reduce pollutants, 

such as nitrogenous compounds (ammonia and nitrate) and 

phosphorous from the tilapia culture system; (2) investigate the 

growth performance and survival rate of tilapia reared in the 

presence of seaweed and oyster, compared to a control group 

without seaweed and oyster; and (3) evaluate the impact of 

seaweed and oyster presence on water quality parameters, such as 

dissolved oxygen levels, pH and nutrient concentrations.  

2. MATERIALS AND METHODS 

2.1 Experimental organisms 

A total of 150 iBEST (Brackishwater Enhanced Selected Tilapia) 

fingerlings were sourced from the BFAR 9-Bagalupa Freshwater 

Hatchery in Pagadian City. Additionally, the pacific oyster 

Crassostrea gigas was acquired from local growers in Kabasalan, 

Zamboanga Sibugay. Upon arrival at the experimental location, 

both the fingerlings and oysters underwent a gradual acclimation 

process to adapt to the culture conditions. This acclimation period 

lasted for 2 weeks, ensuring the proper adjustment of the aquatic 

organisms. Subsequently, the fingerlings and oysters were 

distributed into the aquariums, with a stocking density of 10 

individuals per aquarium. This distribution allowed for appropriate 

observation and management of the tilapia and oyster populations 

throughout the study. 

For the K. alvarezii, samples were collected from seaweed growers 

in Sibuguey Bay, specifically in RT Lim, Zamboanga Sibugay. 

Careful attention was given to the collection process to avoid cell 

breakage and minimize physiological stress to the thalli. Filaments 

were carefully gathered to achieve the desired weight without 

cutting them, ensuring the integrity and viability of the seaweed 

samples. The seaweeds were stocked at a rate of 100 grams (fresh 

weight) per aquaria. 

2.2 Experimental Design 

A total of twelve (12) aquaria with a 15L capacity were utilized in 

the study in which the water was continuously aerated. The biofilter 

set-up was done before the fish arrived. The oyster and seaweed 

served as biofilters. Before the experiment, seaweeds were kept in 

15-liter aquariums of seawater that were gently aerated, without the 

addition of fertilizers, and under regulated environmental 

circumstances (natural photoperiod). The experiment consists of 

four (4) treatments, T1 (control), T2 (seaweed), T3 (oyster) and T4 

(seaweed+oyster) as shown in Table 1 below. The treatments were 

replicated thrice and were laid in a completely randomized design 

(CRD). The investigation was carried out in the College of 

Fisheries Laboratory located in Kolambugan, RT Lim, Zamboanga 

Sibugay with a duration of 28 days. 
Table 1. The different experimental treatments with the stocking densities 

Treatment Algal Density 

(g/aquaria) 

Oyster Density 

(pcs/aquaria) 

Fish Density 

(pcs/aquaria) 
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1 (Control) 0 0 10 

2 100 0 10 

3 

4 

0 

100 

10 

10 

10 

10 

 

2.3 Feeding and Feed Ration  

The feeding regime involved three feeding sessions per day, with 

the proportions distributed as follows: 30% in the morning at 8:00 

am, 40% at noon (12:00 pm), and 30% in the afternoon at 4:00 pm. 

To determine the appropriate feed ration, the formula DFR = 

(ABW) x (10%) was utilized. Here, DFR represents the Daily Feed 

Ration, and ABW corresponds to the Average Body Weight of the 

fish. The feed ration was provided based on 10% of the fish's 

average body weight. To accommodate changes in weight and fish 

population, the feed ratio was adjusted every seven days. 

For the experiment, commercial aquafeeds were used as the 

primary feed source. These aquafeeds were selected for their 

nutritional content and suitability for the tilapia and oyster species 

under study. Their formulation and composition were designed to 

meet the dietary requirements of the fish and promote healthy 

growth and development. 

Sampling Procedure 

Prior to distributing the tilapia fingerlings, oysters, and seaweeds 

into the aquaria, the initial weight of the organisms was 

determined. This step ensured accurate baseline measurements for 

subsequent growth and biomass calculations. During the 28-day 

culture phase, sampling was conducted at consistent intervals of 

every seven days. Specifically, at 4:00 PM, the test organisms were 

carefully removed from the aquaria using a scoop net and 

transferred into a plastic basin. With utmost care to minimize stress, 

the organisms were weighed, taking into account any changes in 

their respective weights since the previous sampling. After the 

weighing process, the experimental organisms were promptly and 

gently returned to their respective aquaria to ensure minimal 

disruption to their natural habitat and overall well-being. This 

careful handling approach aimed to maintain the integrity of the 

experiment and prevent any unnecessary stress that could 

potentially impact the organisms' growth and behavior. 

2.4 Nutrient Removal Efficiency Determination 

Nutrient buildup in the water column primarily occurs due to 

various factors such as unconsumed feed, urine, fecal matter, and 

the decomposition of deceased organisms. These sources 

contribute to the accumulation of carbon, nitrogen, and phosphorus 

in both solid and dissolved forms. Monitoring and analyzing 

nutrient levels in the culture water are essential as excessive levels 

can have detrimental effects on the cultured species. 

To assess the nutrient removal efficiency of seaweeds and oysters, 

key nutrients, including nitrates, ammonium, and phosphates, were 

determined using an API colorimetric water quality test kit. The 

procedure involved collecting a five-milliliter water sample from 

each tank using a test tube. Subsequently, a specific solution was 

added to the sample, inducing a color change in the water. After a 

five-minute period, the resulting color was compared to a 

standardized color chart to ascertain the nutrient concentration. 

This method provided a convenient and reliable means of 

measuring the nutrient levels in the water column. By regularly 

monitoring these parameters, the researchers were able to gauge 

the effectiveness of the seaweeds and oysters in removing or 

reducing nitrates, ammonium, and phosphates, which are critical 

indicators of water quality in the tilapia static culture system. 

2.5 Growth and Survival Determination  

In order to assess the growth and survival of the fish, several 

parameters were calculated using the following formulas: 

i. Specific growth rate (SGR)% = 100 x [(lnWt – lnW0)/t] (%) 

ii. Feed conversion ratio (FCR) = Amount of feed consumed (g) / 

Weight gain 

iii. Survival rate = (number of remaining fish / initial number of 

fish) x 100 

2.6 Monitoring of Water Quality Parameters 

Regular monitoring of water quality parameters is crucial in 

fishponds and tanks to ensure optimal conditions for the fish and 

prevent stress and disease. These parameters play a significant role 

in the overall health and well-being of aquatic organisms. To 

accurately assess and monitor these parameters, a digital multi-

parameter probe was employed. This specialized instrument 

allowed for the simultaneous measurement of various key water 

parameters, including temperature, dissolved oxygen (DO), 

salinity, and pH. By regularly checking these parameters before 

feeding the fish, the researchers gained valuable insights into the 

water quality and made any necessary adjustments to maintain an 

ideal environment for the fish. 

2.7 Statistical Analysis 

All statistical analyses for this study were conducted using the 

SPSS statistical package, a widely recognized and trusted software 

tool for data analysis. To assess significant differences among the 

treatments, a one-way analysis of variance (ANOVA) was 

employed. This statistical test allowed for the comparison of means 

across different treatment groups, providing insights into any 

significant variations. Furthermore, to identify specific treatment 

groups that exhibited significant differences, the Duncan Multiple 

Range Test was utilized.  

3. RESULTS AND DISCUSSION 

3.1 Bioremediating potential of seaweeds and oyster 

The nutrient concentration of the tilapia culture water with 

seaweeds and oysters after a 28-day culture period is presented in 

Table 2. The data shows interesting trends and differences among 

the treatments in terms of ammonia, nitrite, nitrate, and phosphate 

levels (Figure 5). 
 

Table 2. Concentration (ppm) of different nutrients in the culture water during 

the 28 days culture period. 

Treatment Ammonia Nitrite Nitrate Phosphate 

  Initial Final Initial Final Initial Final Initial Final 
T1 (Control) 0.83 1.67a 0.67 1.00a 8.00 8.17a 0.83 0.50a 

T2 (Seaweeds) 0.83 0.42b 0.42 0.42b 7.67 7.83a 1.00 0.25a 

T3 (Oysters) 1.00 0.67b 0.50 0.42b 7.50 7.67a 0.83 0.50a 
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T4(Seaweed+Oyster) 1.00 0.67b 0.50 0.42b 8.00 7.50a 0.67 0.33a 

Standard Values 0-0.5 <1 <10 <0.4 

Superscripts with different letter within the same column are significantly different from other treatments (p<0.05). 

 

Ammonia  

The seaweed group (T2) had the lowest mean ammonia level of 

0.42 ppm, followed by the oyster group (T3) and seaweed+oyster 

group (T4) with 0.67 ppm. In contrast, the control group (T1), had 

the highest mean ammonia level of 1.67 ppm, which was 

significantly higher than the other treatments. The results indicate 

that the presence of seaweed, oyster, or both in the culture system 

had a positive effect on reducing ammonia levels compared to the 

control group. Treatment 2, consisting of only seaweed, displayed 

the lowest mean ammonia level, suggesting that seaweed alone had 

a significant impact on ammonia reduction. This can be attributed 

to the ability of seaweed to absorb ammonia from the water column 

through its metabolic processes (Sato et al., 2006). 

The oyster group (Treatment 3) and the seaweed+oyster group 

(Treatment 4) also exhibited lower mean ammonia levels compared 

to the control group, indicating the potential role of oysters in 

ammonia removal. Oysters are known for their filter-feeding 

behavior, where they actively remove particulate matter, excess 

nutrients, and organic materials from the water (Ayvazian, et al., 

2021). This filtration process likely contributed to the reduction in 

ammonia levels observed in the oyster-containing treatments. 

The control group (Treatment 1) had the highest mean ammonia 

level of 1.67 ppm, which was significantly higher than the other 

treatments. This result highlights the importance of incorporating 

seaweed and/or oysters in aquaculture systems to mitigate 

ammonia accumulation, as high levels of ammonia can be 

detrimental to the health and growth of cultured organisms. 

 

  

Figure 5. Concentration (ppm) of different nutrients in the culture water during 

the 28 days culture period. 
Ammonia is a nitrogenous waste product excreted by fish and other 

aquatic organisms. In high concentrations, it can be toxic and 

negatively impact the overall water quality. Ammonia toxicity can 

lead to stress, impaired growth, and increased susceptibility to 

diseases in fish (Lin et al., 2023). Therefore, maintaining optimal 

ammonia levels is crucial for the well-being of cultured organisms 

and the success of aquaculture operations. 

Nitrite 

For nitrite concentration, treatments 2, 3, and 4 displayed a mean 

level of 0.42 ppm, which was significantly lower than the mean 

concentration of 1.0 ppm observed in treatment 1. This suggests 

that the inclusion of seaweeds and oysters in the culture system 

contributed to the removal or transformation of nitrite in the culture 

water. Nitrite is a nitrogenous compound that can be toxic to 

aquatic organisms at high concentrations (Kim et al., 2019). 
Seaweeds can take up nitrite from the water column and utilize it 

as a nutrient source for their growth (Roleda & Hurd, 2019). 

Similarly, oysters are known filter feeders that can effectively 

remove suspended particles and organic matter, including nitrite, 

as they extract food from the water  (Gallardi, 2014).  

 

Nitrate 

In terms of nitrate concentration, treatment 4 exhibited the lowest 

mean value of 7.50 ppm, followed by treatment 3 with 7.67 ppm 

and treatment 2 with 7.83 ppm. Treatment 1 had the highest mean 

nitrate level of 8.17 ppm, but there were no marked variations 

among the treatments. Nitrate is a common form of nitrogen in 

aquatic systems, and its concentration is influenced by various 

factors, including nutrient inputs, biological processes, and water 

exchange rates. In aquaculture systems, nitrate can be derived from 

the breakdown of organic matter, such as uneaten feed and fish 

waste, as well as from the mineralization of ammonia and nitrite by 

nitrifying bacteria (Dauda et al., 2019). Overall, the nitrate 

concentrations remained within the standard values recommended 

by DAO (2016), indicating good water quality in the culture 

system. 

Phosphate 

Regarding phosphate levels, treatment 2 had the lowest mean 

concentration of 0.25 ppm, followed by treatment 4 with 0.33 ppm. 

Treatment 1 and 3 had the highest mean phosphate levels of 0.50 

ppm, but these values were not significantly different from the 

other treatments. Phosphate is an essential nutrient for aquatic 

organisms, including plants, algae, and aquatic animals. It plays a 

crucial role in various biological processes, such as energy transfer, 

DNA synthesis, and cellular metabolism (Lovio-Fragoso et al., 

2021). However, excessive phosphate levels in aquatic ecosystems 

can lead to eutrophication, algal blooms, and poor water quality 

(Feng et al., 2023). The observed phosphate concentrations within 

the culture system remained relatively low and did not exceed the 

recommended standard values. This suggests that the presence of 

seaweed and oyster, as well as the culture management practices, 

helped maintain a favorable phosphate balance in the system. 

It is noteworthy that the final values of the different nutrient 

concentrations in the culture water were lower than the initial 

values, indicating the nutrient removal capacity of the seaweed and 

oyster. The presence of seaweed and oyster in the culture system 

resulted in significantly lower levels of nitrate and ammonia 

compared to the control group, indicating their positive impact on 

water quality. Seaweed and shellfish culture have been recognized 

for their ability to improve ecosystems, as oysters, in particular, act 

as filter feeders, helping to clean the water by removing excess 

nutrients, organic materials, and algae (Theuerkauf et al., 2020). 

The results demonstrated that the concentrations of nitrite, nitrate, 

and phosphate in the culture water remained within the standard 
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values recommended by DAO (2016). However, it is important to 

note that the ammonia levels were slightly higher than the standard 

values, suggesting the need for monitoring and management 

strategies to ensure optimal water quality for the cultured 

organisms. 

 

3.2 Growth Performance of fish, seaweeds and 

oysters  

Fish growth 

The growth parameters of iBEST fingerlings after a 28-day culture 

period were evaluated in this study. The results, as presented in 

Table 3, provide insights into the performance of the different 

treatments. Treatment 4 exhibited the highest mean weight gain of 

5.12 grams, followed by Treatment 1 with 4.55 grams, Treatment 

2 with 4.12 grams, and Treatment 3 with the lowest mean weight 

gain of 4.08 grams. When considering specific growth rate (SGR), 

Treatment 4 again showed the highest value of 4.72, followed by 

Treatment 1 with 4.10, Treatment 3 with 3.57, and Treatment 2 with 

the lowest SGR of 3.51. 

Survival rate, an important indicator of the health and well-being 

of the fish, was assessed across the treatments. Treatment 3 and 4 

displayed the highest mean survival rate of 96.67%, followed by 

Treatment 2 with 93.33% and Treatment 1 with the lowest mean 

survival rate of 86.67%. It is worth noting that the control group, 

without the presence of seaweeds and oysters, exhibited the lowest 

survival rate. This could be attributed to the accumulation of toxic 

ammonia in the water, which is a potential issue when maintaining 

fish biomass without frequent water exchange, as highlighted by 

Crab et al., (2009). The poor water quality resulting from the 

accumulation of toxic substances may have also contributed to the 

stress experienced by the cultured organisms, ultimately leading to 

increased mortality. 

 
Table 3. Growth parameters of Tilapia during the 28 days culture period 

Treatment 
Weight gain 

(g) 

SGR 

(%) 

Survival 

Rate (%) 

FCR 

 

T1 (Control) 4.55a 4.10a 86.67a 2.16a 

T2 (Seaweeds) 4.11a 3.51a 93.33a 2.54a 

T3 (Oysters) 4.08a 3.57a 96.67a 2.49a 

T4 (Seaweed+Oyster) 5.12a 4.72a 96.67a 2.40a 

Superscripts with different letters within the same column are significantly different from other treatments (p<0.05). 

 

The feed conversion ratio (FCR), which reflects the efficiency of 

feed utilization by the fish, was also evaluated. Treatment 2 had the 

highest FCR with a mean value of 2.54, followed by Treatment 3 

with 2.49, Treatment 4 with 2.40, and Treatment 1 with the lowest 

FCR of 2.16. 

 

Figure 6. Growth parameters of Tilapia during the 28 days culture period 
Statistical analysis was performed to determine if there were 

significant differences among the treatments for the measured 

growth parameters and survival rate. The results indicated that 

there were no significant differences (p>0.05) observed in the mean 

weight gain, specific growth rate (SGR), feed conversion ratio 

(FCR), and survival rate among the different treatments. These 

findings suggest that the presence of seaweeds and oysters, as well 

as the zero-exchange water system, did not have a negative impact 

on the growth and survival of iBEST fingerlings. The lack of 

significant differences in the growth parameters and survival rates 

among the treatments implies that the fish thrived well under all the 

experimental conditions. In fact, Figures 6A and 6B show an 

increasing trend in weight gain and specific growth rate, indicating 

favorable growth conditions. 

Seaweed growth 

The growth parameters of seaweed, Kappaphycus alvarezii, after a 

28-day culture period are presented in Table 4. It is observed that 

there was a negative final value for weight gain, specific growth 

rate, and survival rate. A negative weight gain implies that the 

seaweed lost biomass during the culture period instead of gaining 

weight. Similarly, a negative SGR indicates a decrease in the 

growth rate of the seaweed. These observations suggest that the 

seaweed did not thrive or experience favorable growth conditions 

during the culture period. This decreasing trend is also evident in 

Figure 7.  
Table 4. Growth parameters of seaweed during the 28 days culture period 

Treatment Weight (g) Weight  SGR  SR  

  Initial Final Gain 

(g) 

(%) (%) 

T2 (Seaweeds) 100.00a 48.70a -51.30a -2.57a 48.7a 

T4 (Seaweeds+Oyster) 100.00a 50.30a -49.70a -2.45a 50.3a 

Superscripts with different letter within the same column are significantly different from other treatments (p<0.05). 

 

 

Figure 7. Growth parameters of seaweeds during the 28 days culture period 

One possible explanation for this decline is the occurrence of the 

ice-ice disease, which resulted in the gradual decomposition of all 

seaweeds in Treatments 2 and 4 (100g seaweed). It appears that the 

seaweeds were unable to thrive in an environment with limited 

aeration. According to Yong et al., (2013), the optimal conditions 
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for seaweed cultivation include continuous aeration of 30.0 L per 

hour. Moreover, in the absence of sufficient water exchange, the 

seaweed tissues experienced discoloration, and the presence of 

pathogenic bacteria associated with the disease further contributed 

to the degradation of the seaweeds, ultimately leading to thalli 

disintegration (Largo et al., 1995). The accumulation of nutrients 

in the culture water also created a stressful environment for the 

seaweeds. It is evident that K. alvarezii is not able to withstand a 

closed system where there is no exchange of water. The lack of 

water exchange limited the availability of essential nutrients and 

disrupted the balance required for optimal seaweed growth. 

Growth of Oysters 

The growth parameters of Pacific oyster, Crassostrea gigas, after a 

28-day culture period are presented in Table 5. Figure 8 

demonstrates an increasing trend in weight gain and specific 

growth rate of the oysters, indicating that their growth was not 

adversely affected by the zero-exchange water system. 

 
Table 5. Growth parameters of oyster during the 28 days culture period 

Treatment Weight (g) Weight  SGR  SR  

  Initial Final Gain (g) (%) (%) 
T3 (Oyster) 62.69a 67.35a 4.66a 0.26a 93.33a 

T4 (Seaweeds+Oyster) 48.41a 54.55a 6.14a 0.43a 96.67a 

Superscripts with different letter within the same column are significantly different from other treatments (p<0.05). 

 

Regarding survival rate, treatment 4 exhibited the highest mean at 

96.67%, while treatment 3 had the lowest mean at 93.3%. 

However, statistical analysis indicated that these differences were 

not significant, suggesting that the survival rates among the 

treatments were relatively similar. 

These findings suggest that the zero-exchange water system did not 

negatively impact the growth of Pacific oysters. The observed 

increase in weight gain and specific growth rate indicates that the 

oysters were able to thrive and achieve favorable growth under 

these cultural conditions. Additionally, the high survival rates 

across all treatments further support the notion that the zero-

exchange water system was conducive to oyster culture. 
 

 

Figure 7. Growth parameters of oysters during the 28 days culture period 

 

It is important to note that while the differences in survival rates 

among the treatments were not statistically significant, further 

investigation or a larger sample size may be required to explore any 

potential variations in survival rates more comprehensively. 

 

3.3 Water Quality parameters of the culture water 

During the 28-day culture period, the physicochemical parameters 

of the water were monitored twice daily, and the initial and final 

values are presented in Table 6. The water temperature ranged from 

27 to 28.4°C (Figure 8A), with no significant variation observed 

between the treatments. The dissolved oxygen concentration 

ranged from 12.6 to 12.9 mg/L (Figure 8B), and there were no 

significant differences among the treatments. Similarly, the water 

pH ranged from 7.5 to 8.0 (Figure 8C), with no significant variation 

observed among the treatments. The salinity recorded ranged from 

31.8 to 35.0 ppt (Figure 8D), and no marked variations were 

observed. 
Table 6. Physico-chemical parameters of the culture water during the 28 days 

culture period 
  Parameters 

 
Temperature  

(°C) 

Dissolve Oxygen 

(mg/L) 
pH 

Salinity  

(ppt) 

Treatment Initial Final Initial Final Initial Final Initial Final 

Control 27.40 27.57a 12.80 12.57a 7.97 7.67a 32.47 34.87a 

Seaweed 27.33 27.57a 12.87 12.57a 8.01 7.67a 32.03 34.97a 

Oyster 27.47 27.33a 12.83 12.57a 8.01 7.67a 31.77 34.37a 

Seaweed+Oyster 27.67 27.67a 12.87 12.63a 8.02 7.50a 32.10 34.97a 

Standard 

Values 
25-31 >5.0 6.5-9.0 >30 

Superscripts with different letter within the same column are significantly different from other treatments (p<0.05). 

 

The recorded values for water temperature, dissolved oxygen, pH 

level, and salinity were found to be within the standard values for 

the culture of the tilapia (DAO, 2016). These physico-chemical 

parameters play a significant role in the biology and physiology of 

fish. The observed stability and adherence to the standard values 

indicate that the culture system provided a suitable environment for 

the growth and survival of the tilapia.  

 

Figure 9. Physico-chemical parameters of the culture water during the 28 days 

culture period 
 

Tilapia, including the iBEST strain, are known for their tolerance 

to various water conditions. They can thrive in low dissolved 

oxygen concentrations, such as 5 ppm or 6.5 ppm, and their optimal 

growth temperatures typically range from 22°C (72°F) to 29°C 

(84°F), as stated by Sallenave (2019). Additionally, tilapia can 

adapt to a wide range of salinity levels, with tolerances of up to 36 

ppt. The ideal pH range for iBEST growth falls between 7.0 and 

9.0. According to Mech (1996), the suitable pH range for fish 

culture generally falls between 6.7 and 9.5, with an ideal range of 

7.5 to 8.5. Deviations from these ranges can induce stress in fish. 

In this study, the recorded physicochemical parameters remained 

within the suitable ranges for tilapia culture, ensuring optimal 

growth and survival. The stable and favorable water conditions 

provided by the zero-exchange water system contributed to the 

successful culture of iBEST fingerlings. These findings align with 

the established knowledge regarding the tolerance and adaptability 

of tilapia to a range of water conditions. 
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4.CONCLUSIONS 

In conclusion, the findings suggest that the integration of seaweeds 

and oysters in the Tilapia static culture system is a viable approach. 

The presence of oyster and seaweed in the system contributed to 

the bioremediation of nutrient concentrations, as evidenced by the 

decrease in nutrient levels by the end of the culture period. 

The growth parameters and survival rate of the fish and oyster were 

not significantly impacted by the integration of seaweed and oyster, 

indicating that their presence did not have a negative effect on the 

growth of these organisms. However, it is important to note that the 

seaweed experienced negative growth during the culture period, 

highlighting the need to explore alternative seaweed species that 

are better suited to a zero-exchange water environment. 

Further research and experimentation are recommended to identify 

seaweed species that can thrive in a zero-exchange water system 

and contribute positively to the overall performance of the 

integrated culture system. With careful selection and optimization, 

the integration of seaweeds and oyster holds potential for 

enhancing water quality and supporting the growth of cultured 

organisms in aquaculture systems. 
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