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Abstract

The shrimp, Metapenaeus affinis, was reared in two types of basins with
water salinities of (1 and 5) mg/L with initial weights of 1540 + 278.75 mg and
final weights of 1765 + 273.91 mg and 1891.67 + 324.66 mg, respectively. Weight
gain was 225 + 5 mg and 347 + 47 mg, growth rate was 0.464 + 0.082 mg and
0.678 + 0.033 mg/day, and survival rates were 60% and 80%, respectively.
Statistical analysis showed no significant differences (P>0.05) between weight
gain, growth rate, and growth rate of the shrimp rearing at the two ponds with
different salinity levels (1 and 5) mg/L. Significant differences (P<0.05) were
found in feed conversion ratios and survival rates.
Keywords: Aquaculture, crustaceans, different environments, sustainability.

Introduction

The shrimp of Metapenaeus affinis is a key component in modern aquaculture projects,
and its commercial demand is increasing, therefore, it holds a strategic position in the
marine economy, making it an essential component of regional fish stocks and a
cornerstone of international maritime trade (Al-Maliky, 2017; Abdel Razek et al., 2022;
Mohamed and Abood, 2024). The shrimp M. affinis is affected by tides, especially the
individual in its juvenile stages. It is abundant in the waters of southern Iraq, particularly
in the marshlands, during the summer months (Al-Maliky, 2013). A recent study showed
that females range in length from (9.0 - 13.5) cm, while males range from (8.0 - 11.0) cm
(Abdel Razek et al., 2022). Meanwhile, a study conducted in the Al-Musahab area,
southeast of the Al-Hammar marshes, north of Basra Governorate, southern Iraq,
recorded the total length of individuals of this species to range from (1.0 - 10.0) cm (Al-
Maliky, 2022).
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Abdul-Sahib & Ajeel (2005) studied the biochemical components of the nutrient values
of male and female shrimp M. affinis, which included proteins, fats, carbohydrates, ash,
and moisture, in addition to energy contents at percentages of 14.356%, 2.088%,
8.9035%, 5.64%, 69.0116%, and 137.350%, respectively. Statistical analysis showed
differences in the above components between the main body parts and for both sexes. It
was also noted that the molting of this type of shrimp occurs approximately every two
weeks. Conducted Al-Maliky (2009) a study to compare the growth rates of M. affinis
raised in three different farming systems. The study showed the effect of the type of
farming system used on the growth rates of the juveniles in 60 days. Compared the growth
rates of juveniles cultured in inland ponds, water channels, and mud ponds. The highest
growth rates, expressed as cumulative weight gain, were observed when cultured in mud
ponds, followed by water channels, and then inland ponds. The study also recorded the
maximum weight rates for juveniles that fed on mixed food, followed by Artemia, with a
slight difference for those fed on feed. The study also showed the effect of temperature
and type of feed provided on the metabolism of the shrimp juveniles. The study shown,
the optimal temperature was 25°C.

Pointed, Natarajan et al. (2015) that the interaction between temperature and other
environmental factors, such as salinity, dissolved oxygen, and pH, becomes more
pronounced in intensive shrimp farming systems. This highlights the need for careful
monitoring and control of environmental factors to maintain healthy growth in marine
organisms and avoid stress caused by changing environmental conditions. Al-Maliky
(2017) presented a study of some life aspects of the invasive shrimp Macrobrachium
nipponense, comparing the results. Shrimp (M. affinis) were studied in various locations
in Basra Governorate. Indicated, Abdel Razek et al. (2022) that growth, mortality, and
stock assessment rates for M. affinis vary according to different Iraqi aquatic
environments. Jabbar et al. (2025) conducted a study on M. affinis in Iraqi coastal waters,
finding significant seasonal variations in the Condition Factor (CF), Gonadosomatic Index
(GSI), and Hepatosomatic Index (HSI), the highest values were observed during the
spring and summer months, these seasonal variations should be considered when
assessing the physiological and reproductive indicators of this species. The study aimed
to determine the optimal salinity for increasing shrimp M. affinis growth during
laboratory rearing.

Materials and Methods
Growth Experiment

After collecting the samples and arriving at the laboratory, the live shrimp samples were
transferred to six experimental basins. These were plastic basins measuring (35.5 X 27 x
21) cm (length, width, and height) and with a capacity of 25 liters each (Pic. 1). They were
filled with dechlorinated water and equipped with continuous aeration and filtering
systems. Nets were used to cover the basins. Each tank was filled with 24 liters of
dechlorinated water. The water was replaced at a rate of (50-70)%, and the basin bottom
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and filters were cleaned every two to three days. Cooling systems were used on hot days
to maintain the water temperature during the experiment. Specific salt concentrations (1
and 5) Mg/L were added to the basins, taking into account the salinity gradient to
acclimatize the shrimp.

Picture (1). Shrimp rearing tanks M. affinis in two different salinities for a
period of 30 days

After preparing the basins, the shrimp were distributed among the experimental basins
based on their length and weight. A total of 30 shrimp were distributed, ranging in
weights. Five shrimp were allocated to each replicate, resulting in three replicates per
saline concentration. The shrimp were fed twice daily until satiation. Two salinity levels
(1 and 5) mg/L were adopted, and weights the basic environmental factors (temperature,
salinity, and pH) were measured using a Chinese-made Water Quality Meter, while the
dissolved oxygen, measured by using the Winkler Method, every ten days with daily
monitoring the developments of growth, the experiment lasted (30) days. (Al-Maliky,
2009).

The total weight (TW) of the shrimp's juvenile was measured using a precision balance
(Chinese origin) with an accuracy of 0.01 grams. A small empty plastic container was
placed on the balance and then reset (calibrated) before weighing the shrimp to en sure
accuracy. The shrimp were weights in milligrams. (Pic. 2).
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Picture (2). The scale used to measure the weight of the shrimp
during the experiment.

Measurements used in the experiments:

Weight gain rate (mg) = Final weight - Initial weight.

Specific growth rate (%mg/day) (SGR) Based on Ricker (1979), using the equation:
SGR = (LnW2 - LnW1/T2 - T1) x 100.

Where W1 and W2 are the body weight (mg) at the beginning and the end of the growth
period, respectively. T1 and T2 are the time (days) at the beginning and end of the
experiment, respectively.

Feed Conversion Ratio (FCR): Based on Al-Hafedh et al. (1999), the equation was
used: Feed Conversion Ratio = Intake of Feed / Weight Gain.

Survival Rate: The survival rate was calculated based on Tang et al. (1985), using the
equation: Survival Rate = (Final number at the end of the experiment / Total number at
the beginning of the experiment) x 100.

Statistical Analysis

The data were statistically analyzed using IBM SPSS Statistics (Version 20). Statistical
significance was determined using two-way ANOVA to identify differences at significance
levels P>0.05, regarding the effect of different environmental factors on growth and
culture within the laboratory.

Results and Discussion
Abiotic Environmental Factors
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The results of the current study showed that the recorded temperature for a 1 mg/L
salinity ranged from (23.7 - 23.9)°C, with a pH value of 7.7 and dissolved oxygen levels
ranging from (6.0 - 6.1) mg/L. For a 5 mg/L salt concentration, the recorded temperature
ranged from (24.5 - 25.0)°C, with a pH value of (7.8 - 7.9) and dissolved oxygen levels
ranging from (6.1 - 6.3) mg/L. Therefore, the statistical analysis showed significant
differences (P<0.05) in temperature between the two salt concentrations (1 and 5) mg/L.
Statistical analysis showed no significant differences (P>0.05) in pH and dissolved oxygen
between the two salt concentrations (Fig. 1).

The results showed that the temperature for the 1 mg/L salt concentration ranged
between (23.3 - 24.3)°C, pH values were 7.5 and 7.6, and the dissolved oxygen levels
ranged between (5.4 - 5.5) mg/L. For the 5 mg/L salinity, the temperature ranged between
24.8 and 25.0°C, the recorded pH values were (7.7 - 7.8), and the dissolved oxygen levels
were (5.6 -5.7) mg/L. Therefore, the statistical analysis showed no significant differences
(P=0.05) in temperature between the two salt concentrations (1 and 5 mg/L). However,
the statistical analysis showed significant differences (P<0.05) in pH and dissolved
oxygen between the two salinity.

The results also showed that the temperature for a salt concentration of 1 mg/L ranged
between (24.3 - 24.7) °C, pH values were (7.6 - 7.8), and the dissolved oxygen levels ranged
between (5.0 - 5.1) mg/L. For a salt concentration of (5) mg/L, the temperature ranged
between (23.5 - 25.5) °C, the recorded pH values were (7.7 - 7.8), and the recorded
dissolved oxygen levels were (5.1 - 5.2) mg/L. Therefore, the results of the statistical
analysis showed no significant differences (P>0.05) in temperature, pH, or dissolved
oxygen between the two salt concentrations.

The results showed that the temperature for a salt concentration of (1) mg/L ranged
between (23.6-23.9)°C, pH values were (7.8-7.9), and the dissolved oxygen levels ranged
between (4.7-4.8) mg/L. For a salt concentration of (5) mg/L, the temperature ranged
between (24.1-24.6)°C, pH values were (6.7-7.7), and the dissolved oxygen levels were
(4.9-5.0) mg/L. Therefore, the statistical analysis showed significant differences (P<0.05)
in the environmental factors (temperature, pH, and dissolved oxygen) between the two
salt concentrations (1 and 5) mg/L. Monitoring abiotic environmental factors
(temperature, pH, dissolved oxygen) is essential for isolating the effect of salinity as an
independent factor. If these factors remain constant, it can be verified that the changes
observed in aquatic organisms are due to the effect of salinity and not to other factors
(Boyd et al., 2024).

They are also consistent with the study by Wang et al. (2018), which demonstrated that
maintaining a temperature within the range of 23—25°C contributes to maintaining the
normal metabolic rate of the genus Metapenaeus. However, the results of the current
study did not agree with the study by Islam et al. (2018) which recorded higher
temperature changes when salinity was changed, and this is due to the tight control of
temperature in the laboratory compared to open systems.
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Figure 1. Measurements of some environmental conditions of water in M.affinis
rearing at two salinities during the study period.

The results showed stability of pH values within the alkaline-neutral range (7.5-8.5),
which is consistent with the guidelines adopted for crustacean aquaculture in semi-
intensive systems (Li et al., 2026). This stability indicates the efficiency of the bicarbonate
system in regulating pH (buffering capacity), which supports osmotic stability and reduces
disturbances and exoskeleton formation during molting (Crump et al., 2026). The results
of the current study are similar to those of Nazarudin et al. (2025), which showed that
maintaining a stable pH level is ideal for minimizing acid-base imbalance. This study also
indicated that low salinity (1-5) mg/L maintains bicarbonate balance and stability in
brackish water, provided that the total alkalinity is stable.

In contrast, the results of the current study differed from those of Ye et al. (2025), as
they recorded a significant increase in pH values with increases salinity in open systems.
This difference is attributed to the fact that the total alkalinity of the source water differed
between the two studies. The results of the current study showed a significant gradual
decrease in dissolved oxygen levels as the experiment continued, which is associated with
increased biomass and metabolic processes. This study is consistent with that of Maharani
et al. (2024), which confirmed that dissolved oxygen consumption increases with
increased crustacean growth and bacterial decomposition of organic waste. It should be
noted that dissolved oxygen levels remained within the safe range (>4 mg/L) throughout
the experiment, which is consistent with the recommended level for the growth of
Penaeidae shrimp (Iber & Kasan, 2021).

Furthermore, the results of the current study did not agree with those of Nazarudin et
al. (2025), which indicated a sharp decrease in dissolved oxygen levels at high salinity.
This discrepancy may be attributed to variations in temperature between the two studies,
suggesting that oxygen solubility in water is inversely proportional to temperature (Boyd,
2022). Based on the above, we conclude that the environmental factors (temperature,
dissolved oxygen, and pH) in the current study were stable and similar between the two

OPEN aACCESS

£/ Journal of
2| Aquaculture

G

"7 Science ™



Seasonal changes in fatty acid profiles of economically important fish species 257

salinity concentrations (1 and 5) mg/L. Therefore, they are considered good control
factors, and any changes in growth or molting are primarily attributed to the effect of
salinity (Tran et al., 2024).

It is important to note that these factors work together in an integrated manner.
Temperature controls the increase in the rate of vital activities and also affects growth
rates and molting frequency. Increased temperatures lead to an increase in the metabolic
rate and oxygen consumption (Zhang and MyKkles, 2024). Dissolved oxygen is essential for
energy production, and any decrease in it limits growth and thus negatively affects molting
and survival rates (Norin et al., 2023). pH affects physiological stability and the
organism's efficiency in building the outer shell after molting, especially when it interacts
with other factors, which clearly enhances the effect of salinity (Boyd et al., 2024).

Average Weight (mg) For Juvenile Shrimp

The results of the study showed that the average initial weight of shrimp cultured at a
salinity of 1 mg/L was 15400.00 mg on day 0, 1611.67 mg after ten days, 1691.67 mg after
20 days, and 1765.00 mg at the end of the experiment, with an average weight gain of
225.00 mg at a concentration of 1 mg/L. As for the average weight recorded at a salinity
of 5 mg/L, it was 1545.00 mg at the beginning of the experiment on day 0, 1651.67 mg
after the first ten days, 1766.67 mg after 20 days, and 1891.67 mg at the end of the
experiment.

The average weight gain at a salinity of 5 mg/L was 346.67 mg. Statistical analysis
showed no significant differences (P>0.05) in weight between the two salinity (1 and 5)
mg/L. (Fig. 2). At very low salinity (1 mg/L), shrimp resort to consuming large amounts
of energy for osmotic regulation to maintain ionic balance. This, in turn, reduces the
energy available for biomass building and tissue formation. A salinity concentration of 5
mg/L, however, provides an environment closer to osmotic equilibrium, thus contributing
to the allocation of energy towards growth and biomass accumulation (Rahi et al., 2021;
Ramaglia et al., 2024).

This study is consistent with that of Al-Maliky (2024) and Abbas et al. (2024) on the
same species, as it demonstrated higher metabolic efficiency and increased growth rates
at a salinity concentration of 5 mg/L compared to 1 mg/L. It also agrees with Rahi et al.
(2021), which showed that very low salinity generates a physiological burden that is clearly
reflected in weight growth compared to length growth in Penaeus monodon. Furthermore,
the results of this study disagree with those of Liu et al. (2024), which indicated that some
shrimp species achieve the highest growth rates at salinity levels above 10 mg/L.

This suggests that the optimal salinity range varies depending on the species and age.
The results of the current study showed that the average weight gain at a salinity of 1 mg/L
during the 30-day experiment was 225.00 mg. The average weight gain at a salinity of 5
mg/L was 346.67 mg. Statistical analysis revealed no significant differences (P>0.05)
between the weight gain rates recorded at the two salinity concentrations during the
experiment. (Fig. 1).
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Figure 2. Average weights (mg) and weight gain (mg) of M. affinis rearing at two
salinity levels (1 and 5) mg/L over 30 days. (Average + Standard Deviation).

The results of the study, a 30-day growth experiment of M. affinis at two salinity (1 and
5) mg/L, showed that the weight gain of this species was greater at the 5 mg/L
concentration compared to the 1 mg/L concentration, although no statistically significant
differences were found. This suggests that this salt level contributes to creating suitable
environmental conditions for growth, leading to greater weight gain (Abbas et al., 2024).
This is attributed to the essential role of salinity in regulating physiological activities,
particularly improving osmotic regulation. Low salinity causes an increase in energy
consumption to maintain homeostasis, which in turn reduces the energy available for
growth. Conversely, relatively higher salt levels direct a larger portion of energy towards
increasing biomass and promoting weight gain (Permata et al., 2021; Rahi et al., 2021).
This study is consistent with that of Abbas et al. (2024), which indicated improved growth
in M. affinis at moderate salinity compared to low salinity due to reduced osmotic stress
and enhanced metabolic efficiency. It is also partially consistent with the study by
Parmenter (2021), which showed that the lack of significant growth differences is
attributed to the shrimp's ability to adapt to a wide range of salinity levels under varying
environmental conditions. We conclude that the higher weight gain at a salinity of 5 mg/L
demonstrates more efficient growth physiology compared to a salinity of 1 mg/L.
However, the lack of statistical significance necessitates future studies with longer time
periods and larger sample sizes to more accurately confirm these results.

Specific Growth Rate (SGR)

The results of the study showed that the specific growth rate (SGR) recorded at a
salinity of 1 mg/L during the experimental period was 0.464 mg/day. The weight gain at
a salinity of 5 mg/L was 0.678 mg/day. The statistical analysis showed no significant
differences (P>0.05) between the specific growth rates for the two salinity concentrations
recorded during the experimental period (Table 1).
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This study showed that the specific growth rate (SGR) of the shrimp M. affinis was
optimal at a salinity of 5 mg/L (0.678) compared to 1 mg/L (0.464). This improvement is
attributed to the reduced costs of osmotic regulation, as shrimp in low-salinity
environments require more energy to achieve ionic equilibrium, resulting in less energy
available for growth (Liu et al., 2021). Several recent studies have confirmed that salinity
affects specific growth not only by altering the growth rate but also by influencing overall
physiological performance, specifically the expression of certain genes involved in osmotic
regulation and metabolism (Chao et al., 2022). The results of the current study are
consistent with the studies of both Chen et al. (2020) and Kumar et al. (2023), which
indicated that with decreasing salinity, the physiological performance of the organism
tends to be less stable, and this in turn leads to a decrease in the rate of specific growth.
However, at balanced salinity, the energy used for growth is relatively greater, resulting in
higher specific growth. That is, increasing salinity levels from (1-5) mg/L promotes the
specific growth of shrimp M. affinis, due to better energy utilization and consequently a
decrease in osmotic pressure. This highlights the importance of salinity control in
aquaculture for improving the specific growth rate (SGR), (Wang et al., 2024).

Feed Conversion Ratio (FCR)

The results of the study showed that the feed conversion ratio at a salinity of 1 mg/L
was 133.33, at a salinity of 5 mg/L reached 86.54. Statistical analysis revealed significant
differences (P<0.05) between the feed conversion ratios at the two salinity concentrations
recorded (Table 1).

Feed Conversion Ratio (FCR) the results of the growth experiment showed that M.
affinis exhibited better feed conversion efficiency, as indicated by a lower feed conversion
ratio (FCR) at a salinity concentration of 5 mg/L (86.54) compared to 1 mg/L (133.33).
The lower FCR at the relatively higher salinity (5 mg/L) suggests greater feed utilization
efficiency, as the shrimp in this environment were able to direct more energy towards
growth and efficiently convert food into body mass. This difference is attributed to the fact
that very low salinity imposes severe osmotic stress, forcing the shrimp to consume a large
proportion of its metabolic energy to maintain ionic balance and adapt to the osmotic
pressure, at the expense of growth and feed conversion efficiency. These results are
consistent with the study by Lu et al. (2023), which demonstrated that exposure of
crustaceans to environmental stress, such as severe salinity reduction, leads them to direct
metabolic energy towards maintaining osmotic balance rather than towards vital
processes like growth and reproduction to support adaptation and survival mechanisms.
Furthermore, the study by Lim et al. (2021) demonstrated that hypo-osmotic stress
necessitates a significant increase in energy consumption to maintain cell membrane
stability and regulate ionic balance, thereby reducing the energy available for growth and
feed utilization. Additionally, the study by Li et al. (2024), conducted on white shrimp
Litopenaeus vannamei, confirmed that shrimp farming in low-salinity environments
requires careful intervention to improve ionic balance, compensate for physiological
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stress, and enhance feed conversion and growth rates. This aligns with the study by Li et
al. (2017), which indicated that low salinity causes an increase in oxygen consumption and
energy expenditure for osmotic regulation, negatively impacting feed utilization unless
compensated for with specific feed additives and gradual acclimatization. Based on the
above, M. affinis achieves optimal feed conversion rates at a moderate salinity level (5
mg/L), thus avoiding excessive energy depletion in osmotic regulation. Conserving energy
and directing it towards growth rather than osmotic adaptation is crucial for improving
feed utilization efficiency and increasing productivity in aquaculture systems.

Survival Rate (%)

The results of the study showed that the survival rate (%) at a salinity of 1 mg/L was
60%, while the survival rate recorded at a salinity of 5 mg/L was 80%. Statistical analysis
revealed significant differences (P<0.05) in survival rates (%) between the two salinity
concentrations (1 and 5) mg/L. (Table 1).

Table 1. Preferred measures of the effect of rearing M. affinis
in two different salinity levels (1 and 5) mg/L over 30 days.
(Average + Standard Deviation).

Salinity
Parameters Values (mglL)
Initial Weight (mg) 1540.00 * 278.75
Final Weight (mg) 1765.00 + 273.91
SGR (% per day) 0.464 + 0.082 1
FCR 133.33 £ 2.96
Survival (%) 60
Initial Weight (mg) 1545.00 + 278.75
Final Weight (mg) 1891.67 + 324.66
SGR (% per day) 0.678 + 0.033 5
FCR 86.54 + 11.59
Survival (%) 8o

This increase reflects a higher tolerance to osmotic stress, allowing metabolic energy to
be directed towards growth and survival rather than adaptation to acute stress. This study
is consistent with the research of Huang et al. (2025) on two shrimp species, P. monodon
and L. vannamei, which showed that extreme salinity causes disturbances in energy and
lipid metabolism, reducing biological efficiency and increasing mortality. Furthermore,
the study by Xiao et al. (2025) demonstrated that chronic stress depletes antioxidant
capacity, increases oxygen consumption and ammonia excretion, and causes physiological
fatigue. Despite this, it is possible to enhance survival rates in low salinity through careful
management strategies. Furthermore, a study by Saputra et al. (2025) confirmed that
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gradual acclimatization to salinity, coupled with improved water quality and nutrition,
increases survival rates in white shrimp from approximately 24% to 88%. This allows
shrimp to develop coping mechanisms that protect them from osmotic shock. The
response depends on the species and age. Based on the above, it can be concluded that a
concentration of 5 mg/L represents the optimal environmental medium for the rearing of
M. affinis. This concentration reduces osmotic and environmental stress and contributes
to the stability of antioxidant systems, which in turn leads to increased survival rates and
productivity.

References:

Abbas, A.T.; Ghazi, A.H.H. & Sultan, A.N. (2024). Influence of different temperature-
salinity combinations on the oxygen consumption in the juveniles Metapenaeus
affinis. Egyptian Journal of Aquatic Biology & Fisheries, 28(4), 1479—1494.

Abdel Razek, F.A.; Ragheb, E.; El-Deeb, R.S., & Ahmed, H.O. (2022). Growth, mortality
and stock assessment of Metapenaeus affinis (Decapoda, Penaeidae) from Iraqi
waters. Journal of Applied and Natural Science, 14(1), 83—90.

Abdul-Sahib, S. & Ajeel, A. (2005). Study of body composition and nutritional value of
Metapenaeus affinis. Journal of Aquatic Sciences, 20(2), 45—52.

Al-Hafedh, Y. S., Siddiqui, A. Q. & Al-Saiady, Y. (1999). Effects of dietary protein levels on
gonad maturation, size and age at first maturity, fecundity and growth of Nile tilapia.
Aquaculture International, 7(5), 319—332.

Al-Maliky, T.H.Y. (2009). Comparing the growth rates of shrimp Jinga shrimp
Metapenaeus affinis (H. Milne Edward, 1837) cultured in three different culture
systems. University of Basra, College of Agriculture, Department of Fish and Marine
Resources, Master's Thesis. 108 p.

Al-Maliky, T.H.Y. (2013). Manual and characters of com-mon shrimp species in Southern
Iraqi waters. Deposit number in the House of Books and Documents in Bagh-dad
756, 2013 - Publications of the Center for Marine Sciences - Basra University — Iraq.
192 pp.

Al-Maliky, T.H.Y. (2017). Breeding of shrimps Metapenaeus affinis (H. Milne Edwards,
1837) in cages. International Journal of Marine Science, 7(41), 394—398.

Al-Maliky, T.H.Y. (2022). Breeding and population characteristics of Metapenaeus affinis
in southern Iraq. International Journal of Marine Science, 12(3), 150-158.

Al-Maliky, T.H.Y. (2024). Growth, mortality and stock assessment of Metapenaeus affinis
(H. Milne Edwards, 1837) in Iraqi marine waters of the Northwest Arabian Gulf.
Journal of Animal and Natural Sciences, 5(1), 1-15.
https://journals.ansfoundation.org/index.php/jans/article/view/5910

Boyd, C.E. (2022). Water quality: An introduction (3rd ed.). Springer.
https://doi.org/10.1007/978-3-030-23335-8

OPEN aACCESS

2| Aquaculture |3

S

e Science S


https://journals.ansfoundation.org/index.php/jans/article/view/5910
https://doi.org/10.1007/978-3-030-23335-8

262 Abdulrazzaq et al., 2026

Boyd, C.E.; Tucker, C.S. & McNevin, A. (2024). Water quality management in
aquaculture: Trends and techniques for sustainable production (2nd ed.). Springer
Nature

Chao, Y.H.; Liu, P.L. & Wang, Y.C. (2022). Salinity-induced changes in osmoregulation
and metabolic gene expression and their implications for growth performance in
marine shrimp. Aquaculture, 550, 737890.
https://doi.org/10.1016/j.aquaculture.2022.737890

Chen, Y.; Wang, Y.; Li, X. & Zhang, D. (2020). Effects of salinity on growth performance
and osmoregulatory capacity in marine shrimp. Aquaculture International, 28(3),
1055—1070. https://doi.org/10.1007/810499-020-00532-7

Crump, A.; Albalat, A.; Coates, C.J. & Powell, A. (2026). Crustaceans. In Pain and
Suffering in Farmed Animals (pp. 415-440). Springer, Cham
[https://doi.org/10.1007/978-3-032-11407-5_22](https://doi.org/10.1007/978-3-
032-11407-5 22)

Huang, J.; Zhang, L. & Chen, X. (2025a). Extreme low salinity induces disruptions in
energy and lipid metabolism, reducing survival rates in Pacific white shrimp
(Litopenaeus vannamei). Aquaculture, 575, Article 740567.
https://doi.org/10.1016/j.aquaculture.2025.740567

Iber, B.T. & Kasan, N.A. (2021). Recent advances in shrimp aquaculture wastewater
management. Heliyon, 7(11), Article €08386.
https://doi.org/10.1016/j.heliyon.2021.e08386

Islam, M.S., Hossain, M.A. & Rahman, M.M. (2018). Temperature and salinity
interactions affecting growth of banana prawn (Metapenaeus merguiensis) in
extensive pond culture. Aquacultural Engineering, 82, 1-9.
https://doi.org/10.1016/j.aquaeng.2018.01.003

Jabbar, I.M.A.; Al-Waeli, A.A.A.; Abdul-Sahib, I. M. & Al-Maliky, T.H.Y. (2025). Seasonal
variations in gonadosomatic index, hepatosomatic index, and condition factor of
Metapenaeus affinis. Egyptian Journal of Aquatic Biology and Fisheries, 29(1),
1385—1392. https://doi.org/10.21608/ejabf.2025.410647

Kumar, A.; Sahu, N.P.; Pal, A.K. & Kumar, S. (2023). Influence of salinity on growth,
survival and physiological responses of penaeid shrimp. Aquaculture Reports, 29,
101612. https://doi.org/10.1016/j.aqrep.2023.101612

Li, E.; Chen, L.; Zhang, D. & Wang, Y. (2017). Oxygen consumption and osmoregulatory
energy expenditure in shrimp under low salinity: Effects on feed efficiency.
Aquaculture Research, 48(5), 2345—2356. https://doi.org/10.1111/are.13045

Li, Y.; Ye, Y.; Tang, Z.; Zhou, Z.; Yao, Z.; Gao, P.; Zhao, Y. & Liu, H. (2026). Effects of high
pH on molting and calcium absorption of Pacific white shrimp (Litopenaeus

vannamet). Aquaculture Reports, 41, 102560
[https://doi.org/10.1016/j.aqrep.2025.102560](https://doi.org/10.1016/j.aqrep.20
25.102560

OPEN aACCESS



https://doi.org/10.1016/j.aquaculture.2022.737890
https://doi.org/10.1007/s10499-020-00532-z
https://doi.org/10.1007/978-3-032-11407-5_22
https://doi.org/10.1007/978-3-032-11407-5_22
https://doi.org/10.1016/j.aquaculture.2025.740567
https://doi.org/10.1016/j.heliyon.2021.e08386
https://doi.org/10.1016/j.aquaeng.2018.01.003
https://doi.org/10.21608/ejabf.2025.410647
https://doi.org/10.1016/j.aqrep.2023.101612
https://doi.org/10.1111/are.13045
https://doi.org/10.1016/j.aqrep.2025.102560
https://doi.org/10.1016/j.aqrep.2025.102560

Seasonal changes in fatty acid profiles of economically important fish species 263

Li, Z.; Chang, T.; Han, F.; Fan, X.; Liu, W.; Wu, P.; Xu, C.; and Li, E. (2024). Effects of
myo-inositol on growth and biomarkers of environmental stress in white shrimp
Litopenaeus vannamei under low salinity conditions. Comparative Biochemistry
and Physiology Part D: Genomics and Proteomics, 50, 101216.
https://doi.org/10.1016/j.cbd.2024.101216

Lim, L. S.; Chen, J. C.; Li, C. C.; Morni, W. Z. W.; Suhaili, A. S. N. A.; Kuo, Y. H.; Chang,
Y. H.; Chen, L. L.; Tsui, W. C.; Chen, Y. Y., & Huang, C. L. (2021). Effects of salinity
on physiological, biochemical and gene expression parameters of black tiger shrimp
(Penaeus monodon): Potential for farming in low-salinity environments. Biology,
10(12), 1220. https://doi.org/10.3390/biology10121220

Liu, F.; Sun, J.; Long, J.; Sun, L.; Liu, C.; Wang, X.; Zhang, L.; Hao, P.; Wang, Z.; Cui, Y.;
Wang, R. & Li, Y. (2024). Assessing the Interactive Effects of High Salinity and
Stocking Density on the Growth and Stress Physiology of the Pacific White Shrimp
Litopenaeus vannamei. Fishes, 9(2), 62. https://doi.org/10.3390/fishesg020062

Liu, J.; Zhang, Z. & Li, W. (2021). Energy allocation and osmoregulatory costs under
different salinity levels in shrimp. Aquaculture Nutrition, 27(2), 345-356.
https://doi.org/10.1111/anu.13210

Lu, H.; Chen, W.; Peng, K.; Huang, M.; Zhao, J.; Chen, X.; Sun, Y.; Ruan, Z.; Li, C.; Liu,
D.; Liu, Z.; Li, H.; Zhang, Y., & Huang, W. (2023). Rapid adaptive and acute
stimulatory responses to low salinity in the hepatopancreas of the Pacific white
shrimp Litopenaeus vannamei. Aquaculture, 574, 739653.
https://doi.org/10.1016/j.aquaculture.2023.739653

Maharani, K.; Ulfa, S. & Ariadi, H. (2024). An estimation of dissolved oxygen production
model by paddle aerator in whiteleg shrimp (Litopenaeus vannamei) culture. BIO
Web of Conferences, 136, Article 01004.
https://doi.org/10.1051/bioconf/202413601004

Mohamed, A. R. M. & Abood, A. N. (2024). A catch of two species of shrimp Metapenaeus
affinis and Penaeus semisulcatus in Iraqi marine waters northwest of the Arabian
Gulf. Egyptian Journal of Aquatic Biology & Fisheries, 28(6), 1921-1935.

Natarajan, A. & Singh, A. R. (2015). Environmental stress factors affecting shrimp growth:
A comprehensive review on interactions. International Journal of Aquaculture,
14(1), 35-42.

Nazarudin, M. F.; Zulkiply, M.A.F.; Samsuri, M.H.; Anwar, N.A.S.K.; Jamal, N.S.A,;
Alipiah, N.M.; Ahmad, M.I.; Nor, N.M.; Yasin, I.S.M.d.; Ikhsan, N.; Azmai, M.N.A.
& Rosli, M.H. (2025). Optimizing shrimp culture through environmental
monitoring: Effects of water quality and metal Ion profile on whiteleg shrimp
(Litopenaeus vannamei) performance in a semi-intensive culture pond. Water,
17(19), 2818. https://doi.org/10.3390/w17192818

Norin, T.; Clark, T. D. &Killen, S. S. (2023). Metabolic responses to temperature in aquatic
ectotherms: From mechanisms to ecosystems. Conservation Physiology, 11 (1),

coado25. https://doi.org/10.1093/conphys/coado25
OPEN aAcczss

2| Aquaculture |3

S

e Science S


https://doi.org/10.1016/j.cbd.2024.101216
https://doi.org/10.3390/biology10121220
https://doi.org/10.3390/fishes9020062
https://doi.org/10.1111/anu.13210
https://doi.org/10.1016/j.aquaculture.2023.739653
https://doi.org/10.1051/bioconf/202413601004
https://doi.org/10.3390/w17192818
https://doi.org/10.1093/conphys/coad025

264 Abdulrazzaq et al., 2026

Parmenter, S. L. (2021). Evaluation of an alternative salt mixture and the levels of salinity
on the growth and survival of Pacific white shrimp Litopenaeus vannamei [Doctoral
dissertation, Auburn University]. Auburn University Electronic Thesis and
Dissertation. https://etd.auburn.edu/handle/10415/7622

Permata, W.M.; Anggora, S. & Suryanti, S. (2021). Osmoregulation pattern and condition
factor of Indian white shrimp Penaeus indicus at different salinity levels. AACL
Bioflux, 14 (4), 2198-2210. http://bioflux.com.ro/docs/2021.2198-2210.pdf

Rahi, M. L.; Azad, M. A. K.; Shams, F.; Ali, M. R. & Islam, S. S. (2021). Effects of salinity
on physiological, biochemical and gene expression parameters of black tiger shrimp
Penaeus monodon: Potential for farming in low-salinity environments. Biology,
10(12), 1220. https://doi.org/10.3390/biology10121220

Ramaglia, A. C.; Trotta, C. D. V.; Costa, J. R.; Borges, E. P.; Louza, A. C.; Santos, M. R., &
Augusto, A. (2024). Energy budget as a tool to assess the effects of environmental
stressors: A study on whiteleg shrimp (Penaeus vannamei) exposed to variations in
salinity and ocean acidification. Marine and Freshwater Behaviour and Physiology,
57(1), 57-75. https://doi.org/10.1080/10236244.2024.2411205

Ricker, W.E. (1979). Growth Rates and Models. In: W.S. Hoar, D.J. Randall, J.R. Brett
(Eds.), Fish Phys., Academic Press, New York, pp. 678-742.

Saputra, F.; Chen, Y. & Li, M. (2025). Gradual acclimatization improves survival from 24%
to 88% in whiteleg shrimp (Litopenaeus vannamet) under low-salinity conditions
with optimized water quality and nutrition. Aquaculture Reports, 42, Article 102789.
https://doi.org/10.1016/j.aqrep.2025.102789

Tang, S.K.; Akatsu, S.; El-Zahr, C.; Al-Abdul-Ellah, K.M., & Abdallah, M. (1985)
Preliminary observations on the relative growth and production of sobaity
(Acantheppagrus cuvien) cultured in open circulation tanks at three stocking
densities. Kuwait Institute for Scientific Research. Kuwait Bull Mar Sci., 6: 95-107.

Tran, N. D.; Patkaew, T. & Chansue, N. (2024). Effect of supersaturated dissolved oxygen
on growth-, survival-, and immune-related gene expression of Pacific white shrimp
(Litopenaeus vannamet). Veterinary World, 17 (1), 112—120.
https://doi.org/10.14202/vetworld.2024.112-120

Wang, F.; Gao, F. & Zhang, X. (2018). Effects of temperature stability on metabolic rates
of banana prawn (Metapenaeus ensis) in semi-intensive culture systems.
Aquaculture, 495, 78-85. https://doi.org/10.1016/j.aquaculture.2018.05.032

Wang, L.; Zhang, M.; Xu, C., & Li, J. (2024). Salinity-dependent osmoregulation and
energy allocation modulate growth performance in estuarine shrimp. Aquaculture,
582, 740123. https://doi.org/10.1016/j.aquaculture.2024.740123

Xiao, Y.; Liu, H. & Wang, Q. (2025). Chronic low-salinity stress depletes antioxidant
capacity, elevates oxygen consumption and ammonia excretion in shrimp (Penaeus
monodon). Comparative Biochemistry and Physiology Part A: Molecular &
Integrative Physiology, 312, Article 111567.
https://doi.org/10.1016/j.cbpa.2025.111567

OPEN a ACCESS



https://etd.auburn.edu/handle/10415/7622
http://bioflux.com.ro/docs/2021.2198-2210.pdf
https://doi.org/10.3390/biology10121220
https://doi.org/10.1080/10236244.2024.2411205
https://doi.org/10.1016/j.aqrep.2025.102789
https://doi.org/10.14202/vetworld.2024.112-120
https://doi.org/10.1016/j.aquaculture.2018.05.032
https://doi.org/10.1016/j.aquaculture.2024.740123
https://doi.org/10.1016/j.cbpa.2025.111567

Seasonal changes in fatty acid profiles of economically important fish species 265

Ye, Y.; Liu, H.; Yuan, H.; Du, X.; Huang, J. & Zhou, Y. (2025). Comparative mechanisms
of acute high-alkalinity stress on the normal and hybrid populations of pacific white
shrimp (Litopenaeus vannamet). Frontiers in Marine Science, 12, 1559292.
https://doi.org/10.3389/fmars.2025.1559292](https://doi.org/10.3389/fmars.202

1559292

Zhang, Y. & MyKkles, D. L. (2024). A brief and updated introduction to the neuroendocrine
system of crustaceans. General and Comparative Endocrinology, 358, 114623.
https://doi.org/10.1016/j.ygcen.2024.114623

£/ Journal of
z| Aquaculture

S

e Science ™

OPEN a ACCESS


https://doi.org/10.3389/fmars.2025.1559292%5d(https:/doi.org/10.3389/fmars.2025.1559292)
https://doi.org/10.3389/fmars.2025.1559292%5d(https:/doi.org/10.3389/fmars.2025.1559292)
https://doi.org/10.1016/j.ygcen.2024.114623

266 266-251 :2026 (1)23 :Alall g5l 48l dlaal)
L@lal) Bpanl) daals e agle S

2 Metapenaeus affinis (H. Milne Edwards, 1837) cbusl 4u 5 sai ¥ amal 4 e 4l
sl (8 da glal) (e (pdlida (1 58 S5
I S (e (3)Ua 2050 s gl ae ) TR GI Dl de el ae ol

Gl 3 eaill Axala ca slall A0S L) and g
31 ad) 6 el drala ca slell 40S Al and 2
Gloall 6 eall daals ¢ Jlaall ale S e edypad) sla) and 3

*Corresponding Author E-mail: wafaaabdelalhamed @gmail.com

2026/07/03 : &l & b 2026/06/12 :J5&) & ) 2026/04/05 :pdkiwy) )
aliiul)

(55 1) & olaa dnslay Gl 2 (e Cpe 3 S <Metapenaeus affinis «Owsl dnyi
273.91 £ 1765 Sl )50 b sia s axle 278.75 £ 1540 AV o) 5 o g gy Cua ¢ 5il/aala
caile 47 £ 347 5 axke 5 £ 225 )50 83l Jamae il sl e aale 324,66 + 1891.67 5 axke
%805 %60 suall a8 e clad) dasi g ca sy/arle 0.033 £ 0.678 5 pale 0.082 + 0.464 saill Janas
saill Jamas 050 3205 Gm (P20.05) dasine (358 3sa s pxe Glan) dalaill elal gl e
Gud Dty jil/aale (55 1) Adkidall A glall il e (3153 S ) (A (SLAN Ol s ) g Janag
A Y ara g Al d il s B (P<0.05)4 e
AalainY) dddlise il el il Sl g ) 5y sdsalidal) cilalsl)

£/ Journal of
z| Aquaculture

OPEN aACCESS


mailto:wafaaabdelalhamed@gmail.com
1
https://orcid.org/0000-0002-4499-8517
https://orcid.org/0000-0003-3393-8356

