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Abalone aquaculture is a critical component of the global seafood industry, with growing 

demand driving the need for optimized breeding techniques. However, challenges such as 

inconsistent growth rates and prolonged production periods have hindered profitability and 

operational efficiency within the industry. This study was conducted to address these 

challenges, specifically focusing on enhancing abalone growth rates. Three months 

quantitative data were collected from the Abalone farming company on Abalone in 

response to different environmental factors to study the effects of these factors on the 

Abalone growth. Each experimental tank was installed with an Automatic Aquatic System 

integrated with PH, salinity, and temperature sensors for maintaining, monitoring, and 

controlling the three experimental factors within the set limits. The growth metrics were 

assessed using the absolute and specific growth rate for a comprehensive comparison 

across different environmental settings. The study also employed a combination of 

quantitative methods, like regression analysis and ANOVA, to analyze the impact of these 

factors. The model results were validated with confirmatory experiments. The results from 

the study showed that PH and salinity have the highest and lowest influence, respectively, 

on the Abalone growth with SGR at 2.20%/day (8.5PH, 40ppt salinity, 20℃) and 

0.72%/day (8.84PH, 35 ppt salinity, 15℃). Ditto AGR with the highest and lowest value 

at 4.42g/day and 1.87g/day, respectively, under the same experimental settings. The 

optimal values of the factors were obtained at PH, salinity, and temperature of 8.18, 31.29 

ppt, and 13.62℃, respectively, which yielded 0.88%/day SGR and 2.16g/day AGR. The 

developed models can therefore be used for an accurate forecast of the AGR and SGR of 

Abalone under different environmental settings. 
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1. INTRODUCTION

An essential part of the world's food production is 

aquaculture, which is the breeding, raising, and harvesting of 

fish, shellfish, and other aquatic animals in a variety of water 

conditions [1]. This industry can be divided into several 

categories, of which algae and shellfish aquaculture are the 

most common types. This process is known as algae 

aquaculture. Abalones are the main product of shellfish 

aquaculture [2]. After being bred and harvested, they are 

processed and sold all over the world in three different forms: 

dried, canned, or live [2]. Kelp and Ulva are grown as a natural 

source of Abalone feed [3]. 

Within the vast class of gastropoda, the species of sea snail 

referred to as abalone is an affiliate of the Rhipidoglossan 

suborder [4]. It is a marine mollusc found in the genus 

Halitosis and family Halictidae. The shell of an abalone is 

round, oval in structure, and it can be flattened. Sizes range 

from 2 to 20 cm, and in particular circumstances, fully grown 

specimens can reach up to 30 cm [4]. Since its inception in the 

1960s in China and Japan, abalone aquaculture has spread 

throughout the world, mainly serving markets in Asia and 

some regions of Latin America [5]. Because of its sluggish 

development rate and need for years of cultivation before it 

can be processed into a final product, abalone has a high 

market value [5]. 

Successful abalone farming requires meticulous control of 

environmental conditions to simulate the species' natural 

oceanic habitat. The water temperature must consistently 

range between 16℃ and 18℃, and the water flow rate should 

be high to replicate the dynamic ocean environment [6]. The 

PH level must be maintained within a neutral range of 7.5 to 

8.5, and the salinity should be kept between 30 ppt and 40 ppt 

to ensure optimal growth conditions [6]. These parameters are 

essential for creating the ideal environment that promotes 

rapid growth and development of abalones, enabling the 

company to meet the growing demand efficiently. 

To sustain and enhance the supply of both processed and 

live abalone, optimizing the growth conditions is essential for 

accelerating their development. Creating an environment that 

closely replicates the natural habitat of abalones, combined 

with a diet rich in nutrients that specifically promote rapid 
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growth, can significantly enhance their growth rates. This 

approach not only reduces the time required for abalones to 

reach market size but also lowers production costs by 

improving feed efficiency and overall farm productivity [7]. 

Additionally, implementing advanced aquaculture 

technologies, such as automated feeding systems and real-time 

water quality monitoring, can further fine-tune the growing 

conditions, ensuring that abalones are consistently raised in the 

most favourable environment [8]. By adopting these 

strategies, companies can maintain a reliable and high-quality 

supply of abalone to meet global demand, ultimately 

strengthening their competitive position in the increasingly 

important aquaculture industry [8]. Moreover, such 

innovations in farming practices can lead to more sustainable 

operations, as they allow for better resource management and 

potentially reduce the environmental impact of abalone 

farming. 

The protracted and inconsistent growth rates of abalone 

within aquaculture operations present a significant challenge 

to the commercial viability and economic sustainability of 

enterprises. Despite efforts to optimize environmental 

conditions and husbandry practices, the time required for 

abalones to reach marketable size often exceeds projections, 

leading to inefficiencies and increased operational costs [9]. 

This unpredictability in growth not only impedes the ability to 

meet global demand but also undermines the profitability of 

abalone farming. This can be seen by the decrease in growth 

in June 2024 from 40 tons to 31 tons [9]. 

A critical yet underexplored aspect of this issue lies in the 

type of feed provided to abalones and their interaction with the 

specific environmental conditions under which they are 

cultivated [10]. The precise relationship between dietary 

composition, feeding practices, and abiotic factors such as 

water quality, temperature, and salinity remains inadequately 

understood. This gap in knowledge hampers the development 

of targeted interventions to optimize growth rates. 

This study investigates the synergistic effects of optimized 

environmental conditions on abalone growth rates. It was 

hypothesized that a specific combination of these factors 

would significantly enhance abalone growth rates and 

consistency. By examining the precise relationship between 

environmental conditions, this research seeks to develop 

refined management strategies that enhance growth 

consistency, reduce breeding time, and improve overall 

production efficiency in abalone farming. Utilizing advanced 

aquaculture technologies, including real-time water quality 

monitoring and automated feeding systems, this study will 

provide novel insights into the interactions between abiotic 

factors influencing abalone growth, filling a critical 

knowledge gap in the field. The findings of this study will 

contribute to the broader understanding of sustainable and 

profitable abalone farming practices, ultimately strengthening 

the industry's position in the competitive aquaculture market. 

 

 

2. EXPERIMENTAL PROCEDURE 

 

Samples of Abalone (Figure 1) of the same sizes were 

obtained from the Abagold company in South Africa. The 

initial weight of these samples was taken using a beam balance 

before subjecting them to different environmental factors 

inside different tanks. Their weights were also taken daily for 

three months to assess their growth rates in response to 

different environmental factors (PH, temperature, and 

salinity). 20 tanks were used in breeding experiments, and 

each tank was used to breed 10 samples simultaneously under 

the same environmental factors. The rest samples were used 

for the control experiment. The temperature considered in each 

tank ranges from 10-20℃. The PH and the salinity considered 

are 7.5-8.5 and 30-40 ppt, respectively. The ranges of 

environmental factors’ values selected in breeding these 

Abalones are based on literature reviewed and the data 

obtained from the Abagold farm. 

 

 
 

Figure 1. Abalone samples 

 

Table 1. Breeding environmental factors and levels 

 

Factors 
Level 

Code -1 0 +1 -α +α 

PH P 7.5 8 8.5 7.16 8.84 

Salinity (ppt) S 30 35 40 26.59 43.40 

Temp (℃) T 10 15 20 6.59 23.40 

 

Table 2. Coded and original values in experimental details 

 

S/N 

Coded Value Original Value 

PH 
Salinity 

(ppt) 

Temp 

(℃) 
PH 

Salinity 

(ppt) 

Temp 

(℃) 

1 -1 -1 -1 7.5 30 10 

2 +1 -1 -1 8.5 30 10 

3 -1 +1 -1 7.5 40 10 

4 +1 +1 -1 8.5 40 10 

5 -1 -1 +1 7.5 30 20 

6 +1 -1 +1 8.5 30 20 

7 -1 +1 +1 7.5 40 20 

8 +1 +1 +1 8.5 40 20 

9 -α 0 0 7.16 35 15 

10 + α 0 0 8.84 35 15 

11 0 - α 0 8 26.59 15 

12 0 + α 0 8 43.40 15 

13 0 0 - α 8 35 6.59 

14 0 0 + α 8 35 23.40 

15 0 0 0 8 35 15 

16 0 0 0 8 35 15 

17 0 0 0 8 35 15 

18 0 0 0 8 35 15 

19 0 0 0 8 35 15 

20 0 0 0 8 35 15 

 

The operationalization of variables such as PH, salinity, and 

temperature was achieved through the Automated Aquatic 

System (AAS), a monitoring and control system integrated 

with sensors for precise measurement and control. The AAS 

controller allowed for setting desired levels of PH, 

temperature, and salinity, which were adjusted through 

activation of the CO2 injector, heater, and reverse osmosis 
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system, respectively. The system frequently monitored these 

parameters to maintain set data points, ensuring precise 

control. Measurement precision and accuracy were ensured by 

using ten Abalone samples per tank and computing average 

values for further evaluation. Potential sources of error were 

minimized through the use of a reliable monitoring system and 

precise measurement tools. In the context of the experimental 

design, Response Surface Methodology (RSM) was employed 

to determine the optimal combinations of environmental 

factors, with variables operationalized at three levels (-1, 0, 

+1) corresponding to low, mid, and high values, respectively, 

as presented in Tables 1 and 2. For example, the temperature 

considered ranges from 16-18℃. This implies that the low 

point of temperature is 10℃, the midpoint is 15℃, and the 

high point is 20℃. Ditto the PH and salinity values considered. 

The experimental value located outside the design space, as 

recommended by the RSM, is represented by -α and +α. After 

the experiments have been conducted based on the 20 

experimental mix recommendations by the RSM, the absolute 

growth rate (AGR) and specific growth rate (SGR) of Abalone 

from each tank are evaluated by measuring the mass and 

percentage increase daily. The average values of ten Abalones 

from each tank were computed for further evaluation to ensure 

precision and accuracy. 

 

2.1 Abalone breeding modelling input-output parameters 

in RSM 

 

The three environmental factors, otherwise known as input 

parameters (independent variables), used in Abalone breeding 

are water PH, Salinity, and Temperature. These independent 

variables relate to the output variables (AGR and SGR) by a 

quadratic response surface model. This model comprises 

linear and square terms. It also entails linear interactions as 

presented in Eq. (1) [11]. 

 

𝑌 = 𝛽𝑜 + 𝜀 ∑ 𝛽𝑖𝑥𝑖 + ∑ 𝛽𝑖𝑗

𝑘

𝑖−1

𝑘

𝑖=1

𝑥𝑖𝑥𝑗 + ∑ 𝛽𝑖𝑖

𝑘

𝑖=1

𝑥𝑖
2 + 𝜀 (1) 

 

Y,𝛽𝑜 , 𝛽𝑖 , 𝛽𝑖𝑗 , 𝛽𝑖𝑖 , 𝑋𝑖  predicted response, mean, input factor, 

linear interactions, input factor quadratic effect, and random 

term, respectively. 

A multiple regression mathematical model of second-order 

type was developed to forecast the responses (SGR and AVR). 

Also, Analysis of Variance (ANOVA) was used to determine 

the developed model's significance level. The fit analysis of 

the model was carried out using regression analysis, where the 

square of the correlation coefficient (R2), adjusted R2, 

predicted R2, and predicted error sum of square (PRESS) are 

evaluated to determine its adequacy. 

 

2.2 Specific and absolute growth rate measurement 

 

Before the experimental commencement, the Abalone was 

acclimatized for 14days under the influence of PH, salinity, 

and temperature in different tanks. Automatic Aquatic System 

(AAS) was installed in each tank to set and control the 

environmental factors (PH, salinity, temperature). The 

environmental factor value set in each tank was based on the 

RSM recommendation presented in Table 2. The initial weight 

of the Abalone was measured and recorded. Equal weight sizes 

were put in each tank. The specific growth rate (SGR) and 

absolute growth rate (AGR) of Abalone were monitored and 

evaluated daily by measuring the final weight and comparing 

it with the initial value by the relation presented in Eqs. (2) and 

(3) respectively [12]. 

 

𝑆𝐺𝑅(%/𝑑𝑎𝑦) =
𝑙𝑛𝑊2−𝑙𝑛𝑊1

𝑡
× 100 (2) 

 

𝐴𝐺𝑅(𝑔/𝑑𝑎𝑦) =
𝑊2  − 𝑊1

𝑡
 (3) 

 

𝐿𝑛 = Natural Logarithm 

𝑊2 = Final Abalone Weight 

𝑊1 = Initial Abalone Weight 

𝑡 = Time (days) 

 

 

3. RESULTS AND DISCUSSIONS 

 

3.1 Specific and absolute growth rate results 

 

Table 3 presents the initial value of the environmental 

factors of the Abalone control sample breed in the facility of 

the Abagold company, where about 90% of the research was 

carried out. These values are within the range of standard 

factors presented in various research papers. It can be seen 

from the table that temperature, PH, and Salinity play a crucial 

role in the growth of Abalone. 

 

Table 3. Control samples abalone growth environmental 

factors values 

 
Environmental Factor Value 

Water Temperature(℃) 15 

Salinity (ppt) 36 

Nitrate (mg/L) 10 

Water Flow(L/min) 14 

PH 8.2 

Ammonia (mg/L) 0.1 

Nitrite 0.1 

 

Table 4. SGR and AGR response to PH, salinity, and 

temperature 

 
S/N Original Value Responses 

Exp. Runs PH Salinity Temp 
SGR  

(%/day)  

AGR 

(g/day) 

1 7.5 30 10 0.77 2.16 

2 8.5 30 10 0.96 3.02 

3 7.5 40 10 0.78 2.30 

4 8.5 40 10 1.02 3.17 

5 7.5 30 20 0.85 2.66 

6 8.5 30 20 1.9 4.32 

7 7.5 40 20 0.92 2.88 

8 8.5 40 20 2.2 4.46 

9 7.16 35 15 0.74 2.02 

10 8.84 35 15 0.72 1.87 

11 8 26.59 15 1.25 3.46 

12 8 43.40 15 1.3 3.74 

13 8 35 6.59 1.15 3.31 

14 8 35 23.40 1.6 4.18 

15 8 35 15 0.83 2.52 

16 8 35 15 0.83 2.49 

17 8 35 15 0.82 2.49 

18 8 35 15 0.83 2.52 

19 8 35 15 0.82 2.52 

20 8 35 15 0.82 2.49 
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Table 4 displays the values of specific and absolute growth 

rates of the Abalone breed under different environmental 

factors. The specific growth falls between 0.72 to 2.2 %. In 

experiments order 1 and 2, it was noticed that salinity and 

temperature were held at 30ppt and 10℃, respectively, while 

the PH was varied from 7.5 to 8.5. At these values, the SGR 

rises from 0.77%/day to 0.96 %/day. This gives the significant 

difference of 0.19%/day and ditto for other PH variations. 

Also, in experiments order 1 and 3, the PH and temperature 

were held at constant values of 7.5 and 10℃, respectively, 

while the salinity was varied from 30-40ppt. In this case, the 

SGR rose from 0.77%/day to 0.78%/day, given an 

insignificant difference of 0.01%/day. In experimental orders 

1 and 5, the PH and salinity were held constant at 7.5 and 

30ppt, respectively, while the temperature was varied between 

10℃ - 20℃, the SGR rose from 0.77%/day to 0.85 %/day, 

given an average significance difference of 0.08%/day. All 

these imply that PH among the three environmental factors 

considered majorly influenced the Abalone growth more than 

the other two factors. The least significant factor is the 

temperature. In all these, the PH significance over temperature 

on the SGR of Abalone is obvious. 

Similarly, the AGR values range from 1.87-4.46 g/day. The 

AGR follows a similar pattern to SGR. The AGR values at a 

constant salinity and temperature of 30ppt and 10℃, 

respectively, at a varied PH (7.5-8.5) in experimental orders 1 

and 2 presented in Table 4 rose from 2.16 g/day to 3.02 g/day. 

This gave a significant difference of 0.86 g/day. Considering 

experimental orders 1 and 3 (constant PH and temperature of 

6.5 and 60℃, respectively), salinity was varied between 30ppt 

to 40ppt; the increase in AGR was noticed from 2.16 g/day to 

2.30g/day with a less significant difference of 0.14 g/day. In 

experimental orders 1 and 5 at a constant PH and salinity of 

7.5 and 30ppt, respectively, but with different temperatures of 

10℃ and 20℃, the AGR also rose from 2.16 to 2.66 with semi 

semi-significant difference of 0.50 g/day. All these confirm 

the PH as the highest significance factor on both AGR and 

SGR of Abalone compared to the other two factors. It is also 

confirming the salinity as the least significant factor of 

significance. PH having a huge impact on the Abalone growth 

may be attributed to high PH that tends to increase the water 

oxygen level and thereby boost the Abalone respiration and its 

energy [13]. 

 

3.2 Empirical model 

 

The coded factors were used in the development of the 

empirical model as presented in Eq. (4) and Eq. (5) for SGR 

and AGR, respectively. 

 

Y1 (%/day) = {0.8240 + 0.1996A + 0.0384B  

+ 0.2268C+ 0.0350AB + 0.2375AC + 0.0375BC 

– 0.0272A2 + 0.1654B2 + 0.2008C2} 

(4) 

 

Y2 (g/day) = {2.51 + 0.3454A + 0.0821B + 0.3759C 

– 0.0088AB + 0.1887AC + 0.0087BC - 0.2004A2 

+ 0.3848B2 + 0.4360C2} 

(5) 

 

Y1 = SGR response, Y2 =AGR response, A= PH, 

B=Salinity, and C=Temperature. 

 

3.3 Model significance 

 

In the reliability Table 5, the factors are considered 

significant when the adequacy of this model was analysed 

using ANOVA data of p-value ≤ 0.05 and insignificant if 

otherwise [14]. Accordingly, the developed models are 

significant. Considering p-value for PH, salinity, and 

temperature. PH (A) and temperature (C) have better 

significance than salinity (B). The PH possesses the greatest 

impact on the responses. The model significance level of all 

the environmental factors considered for SGR and AGR is 

presented in Figures 2 and 3. 

 

Table 5. Model ANOVA significance results 

 

Source 
SGR AGR 

F-Value p- value F Value p-value 

Model 5.91 0.0052 6.56 0.0035 

A-PH 10.80 0.0082 10.16 0.0097 

B-Salinity 0.3990 0.5418 0.5733 0.4664 

C-Temp. 13.93 0.0039 12.02 0.0060 

AB 0.1944 0.6686 0.0038 0.9520 

AC 8.95 0.0135 1.78 0.2122 

BC 0.2235 0.6467 0.0038 0.9520 

A2 0.2123 0.6548 3.61 0.0868 

B2 7.83 0.0189 13.30 0.0045 

C2 11.53 0.0068 17.07 0.0020 

 

 
(a) 

 

 
(b) 
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(c) 

 

Figure 2. Responses to specific growth rate (a) PH and 

salinity (b) PH and temperature (c) salinity and temperature 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

Figure 3. Responses to absolute growth rate (a) PH and 

salinity (b) PH and temperature (c) salinity and temperature 

 

3.4 Model fitting analysis 

 

The first condition for an excellent fitting model is when the 

square of the correlation coefficient (R2) is greater than or 

equal to 95% [15, 16]. The second condition is that the 

difference between predicted R2 and adjusted R2 obtained 

from the model should be less than 10% [15, 16]. Thirdly, the 

adequate precision, which is the measure of signal-to-noise 

ratio, should be greater than 4. In Table 6, R2 for SGR and 

AGR are 95.50% and 97.63% respectively, which is an 

indication of a good fit model. Also, the difference between 

predicted R2 and adjusted R2 in SGR and AGR is less than 1%. 

They are both less than 10% and therefore imply a good fitting 

model. Adequate precision in both cases is less than 4% which 

affirms the existing indications of a good fit model, making it 

statistically stable and therefore can be employed in the 

navigation of the design space. 

 

Table 6. ANOVA second-order model fitting result 

 
Summary SGR AGR 

Standard Deviation 3.155 3.116 

R2 0.9550 0.9763 

Adjusted R2 0.9737 0.9671 

Predicted R2 0.9752 0.9197 

PRESS 564.61 548.55 

Adeq Precision 32.27 32.28 

 

 
(a) 
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(b) 

Figure 4. Actual vs predicted value of environmental 

variables to (a) SGR, (b) AGR 

Figure 4 presents the comparative plot to show the extent of 

the experimented value (actual value) and predicted values of 

all the experimental orders to the SGR and AGR, respectively. 

It can be deduced from the plots that the Actual value and 

predicted value exhibit similar behaviour with little deviation. 

This is an indication that the model is very precise. However, 

there is a noticeable deviation between the actual from 

predicted values in experiments 10 to 14 in both cases. These 

deviations may be due to some experiments conducted outside 

the design space indicated as -α and + α in Table 1, which are 

under experiments 10 to 14 in Table 2 as recommended by 

RSM [17]. 

3.5 Optimization and confirmation experiments 

Through the Design Expert software, the desirability 

function/approach of the RSM was employed for 

environmental factors optimization in determining the best 

combinations of these factors that will yield the best output. 

The coded value was used. The prediction of the optimum 

values of the process variables was based on the developed 

empirical mathematical models presented in Eqs. (2) and (3) 

for SGR and AGR, respectively. The optimum environmental 

result obtained at a desirability of 1 based on RSM prediction 

is 8.18PH, 31.29 salinity, and 13.62 temperature. This will 

lead to AGR and SGR of 2.67g/day and 0.88%/day, 

respectively. These are presented in the optimization ramp 

presented in Figure 5. Confirmation tests were conducted for 

model result validation. Three confirmation experiments were 

conducted using the predicted optimum process parameters. 

The results of these confirmatory experiments to obtain SGR 

and AGR are presented in Table 7. 

Figure 5. Process optimization ramp 

Table 7. Confirmation experiment result for input factor influence SGR and AGR 

Trials 
SGR AGR %Variation 

Experimented value Predicted value Experimented value Predicted Value SGR AGR 

1st 0.86 0.88 2.62 2.67 0.02 0.02 

2nd 0.86 0.88 2.64 2.67 0.02 0.01 

3rd 0.87 0.88 2.60 2.67 0.01 0.03 

SGR percentage variation between the experimental values 

and predicted values for the first, second, and third trials is 

0.02, 0.02, and 0.01%, respectively, while AGR percentage 

variations between experimental and predicted values are 0.01, 

0.01, and 0.03. These are very low percentage variations, and 

the obtained results are an indication of model accuracy [18]. 

The study's findings on the significant impact of PH on 

abalone growth, with optimal conditions determined to be 

around 8.18 PH, 31.29 salinity, and 13.62 temperature, have 

broader implications for sustainable aquaculture practices and 

resource management. By optimizing environmental 

conditions, abalone farmers can potentially improve growth 

rates, reduce production costs, and promote more efficient use 

of resources. Furthermore, the study's results can inform 

strategies for mitigating the environmental impacts of 

aquaculture, such as water pollution and habitat degradation. 

The development of empirical models that accurately predict 

abalone growth rates can also facilitate the development of 

more sustainable and efficient aquaculture practices, 

contributing to the long-term viability of the industry. Overall, 

the study's findings have significant implications for 

environmental science and industrial engineering and can 

inform policies and practices that promote sustainable 

aquaculture and resource management. 

4. FINDINGS ALIGNMENT AND DEVIATION FROM

THEORETICAL EXPECTATION

The findings of this study largely aligned with theoretical 

expectations, showing that PH has a significant impact on 

abalone growth, likely due to its influence on water oxygen 

levels and later effects on respiration and energy allocation [7]. 

The results show that PH is the most significant factor 

affecting both specific growth rate (SGR) and absolute growth 

rate (AGR) of abalone, with optimal growth occurring at a PH 

of around 8.18. This is consistent with existing ecological 

theories and previous research on abalone growth [4]. 
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However, the study's finding that salinity has a relatively 

minor impact on abalone growth is unexpected, given the 

importance of salinity in aquatic ecosystems. The study's 

results have practical implications for the abalone industry, 

highlighting the importance of optimizing environmental 

conditions, particularly PH, to promote rapid and consistent 

growth of abalone. Overall, the study's findings contribute to 

our understanding of the complex interactions between 

environmental factors and abalone growth and provide 

valuable insights for refining management strategies in 

abalone farming. 

 

 

5. CONCLUSIONS 

 

This work researched the degree of influence of three 

environmental factors (PH, salinity, temperature) on the 

specific growth rate (SGR) and absolute growth rate (AGR) of 

Abalone, specifically using a modelling and experimental 

approach. Mathematical models of quadratic form were 

developed for the prediction of the SGR and AGR. It was 

discovered that all three environmental factors considered in 

this research influenced the growth of Abalone, but at different 

rates. PH has the greatest influence, and the salinity with the 

least. The predicted optimum factors are 8.18 PH, 31.29 

salinity, and 13.62 temperature. The deviations between the 

experimental results and the models are very small. There is 

also an agreement between all the correlation coefficients of 

the models. The developed model can predict the AGR and 

SGR accurately. Therefore, employing this model by Abalone 

breeding companies will enable them to predict the growth of 

abalone and be able to adjust those factors within the safe and 

profitable limits. 

 

 

6. RECOMMENDATIONS 

 

Future research directions should focus on validating the 

study's findings across diverse abalone farming environments, 

considering factors like varying water temperatures, salinity 

levels, and PH ranges. Exploring other influencing factors 

such as water flow rates, dissolved oxygen levels, nutrient 

availability, and genetic variation could provide a more 

comprehensive understanding of abalone growth. 

Additionally, investigating the impact of different species, 

stocking densities, and feed types on growth rates would be 

beneficial. Long-term studies and comparative analyses of 

various abalone species or strains under different 

environmental conditions would further enhance our 

knowledge, ultimately informing optimized farming practices. 

By addressing these limitations and exploring new avenues, 

researchers can develop more effective strategies for 

promoting healthy growth and sustainability in abalone 

farming. 

 

 

REFERENCES  

 

[1] Amin, M., Bolch, C.J., Adams, M.B., Burke, C.M. 

(2020). Growth enhancement of tropical abalone, 

Haliotis asinina L, through probiotic supplementation. 

Aquaculture International, 28: 463-475. 

https://doi.org/10.1007/s10499-019-00473-4 

[2] Bansemer, M.S., Qin, J.G., Harris, J.O., Howarth, G.S., 

Stone, D.A. (2016). Nutritional requirements and use of 

macroalgae as ingredients in abalone feed. Reviews in 

Aquaculture, 8(2): 121-135. 

https://doi.org/10.1111/raq.12085 

[3] Matsumoto, Y., Maeda, T. (2021). Practical research on 

rearing broodstock abalone using a closed recirculating 

system. Japan Agricultural Research Quarterly: JARQ, 

55(1): 97-106. https://doi.org/10.6090/jarq.55.97 

[4] Barrera-Hernandez, R., Barrera-Soto, V., Martinez-

Rodriguez, J.L., Rios-Alvarado, A.B., Ortiz-Rodriguez, 

F. (2022). Towards abalone differentiation through 

machine learning. In 5th International Conference, 

AMLDA 2022, Reynosa, Tamaulipas, Mexico, pp. 108-

118. https://doi.org/10.1007/978-3-031-34222-6_9 

[5] Farzanah, R., Clausen, M.P., Arnspang, E.C., Schmidt, 

J.E., Bastidas-Oyanedel, J.R. (2022). Feasibility of 

United Arab Emirates native seaweed Ulva intestinalis as 

a food source: Study of nutritional and mineral 

compositions. Phycology, 2(1): 120-131. 

https://doi.org/10.3390/phycology2010008 

[6] Meusel, E., Menanteau-Ledouble, S., Naylor, M., Kaiser, 

H., El-Matbouli, M. (2022). Gonad development in 

farmed male and female South African abalone, Haliotis 

midae, fed artificial and natural diets under a range of 

husbandry conditions. Aquaculture International, 30(3): 

1279-1293. https://doi.org/10.1007/s10499-022-00850-6 

[7] Mohamed, R. (2020). Abalone nutrition-growth 

performance of Haliotis midae in relation to variable 

artificial feeds. University of Western Cape. 

[8] Moore, J.D. (2023). Disease and potential disease agents 

in wild and cultured abalone. Developments in 

Aquaculture and Fisheries Science, 42: 189-250. 

https://doi.org/10.1016/B978-0-12-814938-6.00007-5 

[9] Courtois de Viçose, G., Marrero Sánchez, N., Viera 

Toledo, M.D.P., Afonso López, J.M. (2025). Optimising 

abalone settlement and metamorphosis: A red 

macroalgae candidate as an alternative to existing algal 

substrates. New Zealand Journal of Marine and 

Freshwater Research, 59(1): 130-145. 

https://doi.org/10.1080/00288330.2023.2297910 

[10] Del Valle, T.M., Wu, J., Xu, C., Chen, Q., Wu, Y., Yang, 

W. (2022). Spatiotemporal dynamics and resource use 

efficiency in mariculture production: A case study in 

Southeastern China. Journal of Cleaner Production, 340: 

130743. https://doi.org/10.1016/j.jclepro.2022.130743 

[11] Azeez, T.M., Mudashiru, L.O., Asafa, T.B., Adeleke, 

A.A., Yusuff, A.S., Ikubanni, P.P. (2023). Mechanical 

properties and stress distribution in aluminium 6063 

extrudates processed by equal channel angular extrusion 

technique. Australian Journal of Mechanical 

Engineering, 21(4): 1326-1334. 

https://doi.org/10.1080/14484846.2021.2003003 

[12] Vélez-Arellano, N., Valenzuela-Quiñonez, F., García-

Domínguez, F.A., Lluch-Cota, D.B., Gutiérrez-

González, J.L., Martínez-Rincón, R.O. (2020). Long-

term analysis on the spawning activity of green (Haliotis 

fulgens) and pink (Haliotis corrugata) abalone along the 

central west coast of Baja California. Fisheries Research, 

228: 105588. 

https://doi.org/10.1016/j.fishres.2020.105588 

[13] Murie, K.A., Bourdeau, P.E. (2020). Fragmented kelp 

forest canopies retain their ability to alter local seawater 

chemistry. Scientific Reports, 10(1): 11939. 

https://doi.org/10.1038/s41598-020-68841-2 

499



[14] Azeez, T.M., Mudashiru, L.O., Asafa, T.B., Adeleke,

A.A., Ikubanni, P.P. (2021). Mechanical properties of Al

6063 processed with equal channel angular extrusion

under varying process parameters. International Journal

of Engineering Research in Africa, 54: 23-32.

https://doi.org/10.4028/www.scientific.net/JERA.54.23

[15] Azeez, T.M., Mudashiru, L.O., Ojetoye, A.A. (2022).

Assessment of microstructure and mechanical properties

of as-cast magnesium alloys reinforced with organically

extracted zinc and calcium. Advances in Manufacturing

Technologies and Production Engineering, 1: 45-55.

https://doi.org/10.2174/9789815039771122010009

[16] Bianchi, L. (2021). Exploring ways of defining the

relationship between research philosophy and research

practice. Journal of Emergent Science, 20: 32-37.

[17] Azeez, T.M., Mudashiru, L.O., Adeleke, A.A., Ikubanni,

P.P., Agboola, O.O., Adesina, O.S. (2021). Effect of heat

treatment on micro hardness and microstructural

properties of Al 6063 alloy reinforced with silver

nanoparticles (AgNps). IOP Conference Series:

Materials Science and Engineering, 1107(1): 012013.

https://doi.org/10.1088/1757-899X/1107/1/012013

[18] Vergara-Solana, F.J., Vargas-López, V.G., Bolaños-

Durán, E., Paz-García, D.A., Almendarez-Hernández,

L.C. (2023). Bioeconomic analysis of stock rebuilding

strategies for the green abalone fishery in Mexico under

climate uncertainty. Ocean & Coastal Management, 243:

106759.

https://doi.org/10.1016/j.ocecoaman.2023.106759

500




