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Abstract

All-male giant freshwater prawns (AMGFPs) have been a popular crop cultivated
in the Mekong Delta, Vietham, due to their proven production efficiency
compared to all-female or mixed-sex prawn cultures. However, the crucial
water quality factors impacting AMGFP aquaculture efficiency have yet to be
elaborately investigated. Two separate experiments were randomly arranged
with three replicates to evaluate the effects of salinity or alkalinity on the
growth and survival of AMGFP juveniles during the grow-out period. The results
show that the prawn survival rate in the salinity range of 0-15%o0 varied from
66.1 to 74.8% and in a salinity range of 0-5%o0 was relatively low compared to
the range of 10-15%o; however, the difference was not significant among
salinities after 90 days of culture (p > 0.05). All the prawn growth performance
parameters significantly decreased with increasing salinities of 0, 5, 10, and
15%o0 after 30, 60, and 90 days of culture (p < 0.05). Notably, the prawn yield
did not significantly differ between salinities of 0 and 5%o0 (p > 0.05), and both
were significantly higher than those at salinities of 10 and 15%o0 (p < 0.05)
after 90 days of culture. In addition, the survival rate reached 82.5-84.4% and
did not significantly differ among alkalinities of 80, 100, 120, 140, and 160
mgCaCOs L-!'. However, the growth performance parameters and vyield of
AMGFPs at an alkalinity of 160 mg L™! were significantly higher than those at
lower alkalinities (80, 100, 120, and 140 mgCaCOs L™!) after 90 days of culture.
Therefore, it is recommended that a salinity range of 0-5%o0 and alkalinity of
160 mgCaCOs L™t is optimal for the growth-out culture of AMGFP juveniles.

* Corresponding author. Doan Xuan Diep, diep.dx@vlu.edu.vn
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Introduction

The giant freshwater prawn (Macrobrachium rosenbergii De Man 1879) is an
economically important aquaculture species in many countries around the world (FAO,
2022; New, 1995; New & Nair, 2012), particularly in South and Southeast Asia (New &
Valenti, 2008), due to culturing advantages such as large body size, fast growth, short
culture period, and good disease resistance. Additionally, they are suitable for tropical
climates and have widely available global markets (FAO, 2019). In 2019, M. rosenbergii
accounted for 45% of global cultured freshwater prawn output, totaling 0.26 million tons
worth $2.01 billion, with Vietham accounting for 20,129 tons, ranking fourth behind China
(139,609 tons), Bangladesh (52,197 tons), and Thailand (31,345 tons) (FAO, 2022)

Previous studies confirmed that the efficiency of AMGFP culture was higher than that of
all-female or mixed-sex cultures (Brody et al., 1980; Cohen et al., 1988; Levy et al., 2017;
Nair et al., 2006; Siddiqui et al., 1997; Tidwell et al., 2015) because males have a faster
growth rate and a larger maximum body size than females. Moreover, after maturation,
females nearly stop growing (Ra'Anan et al., 1991) as a large portion of the energy is
allocated to the development of the reproductive system and egg production (Siddiqui et
al., 1997; Tidwell et al., 2015). Therefore, many studies focused on giant freshwater prawn
transgender issues in the direction of all-male prawn production to improve the productivity
of farmed prawns (Malecha et al., 1992; Ohs et al., 2006; Sagi et al., 1986; Siddiqui et
al., 1997; Ventura et al., 2009; Ventura et al., 2012; Lezer et al., 2015; Ha, 2014).

Furthermore, M. rosenbergii naturally inhabits most inland freshwater areas such as
rivers, lakes, swamps, canals, ponds, and estuarine regions (Davassi, 2011). The
reproductive females migrate to estuaries for spawning, where the larvae grow in brackish
water. After metamorphosis into postlarvae, they migrate upstream and grow to reach the
maturation stage in freshwater habitats. By mating season, M. rosenbergii will return to
estuaries to spawn in brackish water (New, 2002). With this lifestyle, salinity significantly
impacts the stages of their lives. Additionally, alkalinity is a vital water variable for the
culturing system of M. rosenbergii (Biesterfeld et al., 2003; Chen et al., 2006; Colt, 2006;
Paz, 1984). In aquatic environments, alkalinity and pH in water chemistry are closely
related. Drastic changes in pH could disrupt physiological functions and interfere with the
growth of aquatic organisms. Alkalinity is a buffer to stabilize the water’s pH (Boyd, 2016;
Boyd et al., 2016). Furthermore, the total hardness and alkalinity of the aquatic medium
are crucial considerations in M. rosenbergii culture because they represent the
concentrations of cations (calcium-magnesium) and anions (carbonates) required for
crustacean exoskeleton mineralization (Boyd, 1979; Boyd & Tucker, 1992).

For more evidence regarding the effect of salinity and alkalinity on the development of
AMGFPs to support this prawn farming development in a context where the intrusion of
salt into inland areas is increasing widely due to the impact of climate change worldwide
(Nielsen & Brock, 2009; Williams, 2001), particularly in Vietnam's Mekong Delta, where
climate change can increase salinity on average by 2-2.5%o0 and add roughly 6% additional
salinity-affected areas by 2040 in all coastal provinces by 2040, and increase the total
affected area by 10-25% by 2050 (Eslami et al., 2021). Our study aims to investigate the
production efficiency of AMGFP juveniles in terms of growth performance, survival rate,
and yield at various salinities and alkalinities during the grow-out period. The findings are
the basis for expanding AMGFP farming in the Mekong Delta in Vietnam and other countries
where the AMGFP farming industry is developing.

Materials and Methods

Experimental materials

The postlarvae of AMGFPs (PLs) were sourced from artificial reproduction by pseudo-
female broodstock of M. rosenbergii at the Aquaculture Breeding Center of Tra Vinh
Province in Southern Vietnam using RNAi technology developed by Ventura et al. (2009),
Ventura et al. (2012), and Ha (2014). The PLs were then moved to the Experimental
Aquaculture Hatchery of Tra Vinh University. Here the prawns were nursed in composite
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tanks (volume of 4 m3 with 3.5 m3 of water per tank) with a biofloc system by Avnimelech
(2012) for two months at a density of 500 ind'm= with a pellet feed (40% of crude protein).
The salinity levels were 0, 5, 10, and 15%o (for experiment 1), and alkalinity levels were
80, 100, 120, 140, and 160 mgCaCOs L (for experiment 2) in the tanks where the PLs
were kept until reaching the juvenile stage. At the end of the nursing periods, the AMGFP
juveniles of each salinity or alkalinity were collected and arranged in the respective
experimental units.

Freshwater and saltwater were the two types of water used in the experiments. The
freshwater was taken from the river, and the sediment was removed. The water was then
disinfected with potassium permanganate (KMnOs) at a dosage of 5 mg L™! and
continuously aerated for 1 to 3 days. The saltwater with a salinity of 120%o0 was treated
with 30 mg L=! chlorine and continuously aerated for 3 to 4 days. The two sources of water
were then mixed to achieve the investigated salinities. The water was pumped into the
experimental tanks through a filter bag with a mesh size of 5 pm. Grobest pellet feed
(made in Vietnam) contains 35-40% protein with a particle size of 0.1-1.2 mm, which was
used in two experiments, depending on the development stage of the prawns. The
composite tanks were used in this study. The 4 m3 tanks were used for the nursing period,
and the 6 m3tanks were used for the grow-out culture period.

Experimental design

This study was conducted at the Aquaculture Experimental Hatchery of Tra Vinh
University, Vietnam, from May to July 2021. Two separate completely randomized
experiments, with three replicates, aimed to look into the effects of salinity or alkalinity on
the growth and survival rates of AMGFP juveniles during their growing out, including:

The first experiment investigated four salinity levels of 0, 5, 10, and 15%o. The AMGFP
juveniles after two months of nursing (mean weight of 1.23 g and mean length of 5.12
cm) were arranged randomly in twelve 6m3 composite tanks containing 5.5 m3 of water
with corresponding salinities (three tanks for a salinity) at a density of 15 ind m=3. The
prawns were fed 4-7% of their body weight, depending on the development stage of the
prawns, three times daily at 6:00, 11:00, and 16:00. The water in the tanks was constantly
aerated to ensure dissolved oxygen demand for the prawns during the culture duration.
Fecal matter and uneaten feed in tanks were siphoned every day at 21:00. Before
siphoning, all the aeration faucets of the tanks were turned off so that waste would settle
at the bottom of the tanks. The water in culturing tanks was changed by 20-30% every
ten days. The experimental time lasted 90 days.

In the second experiment, five alkalinity levels of 80, 100, 120, 140, and 160 mgCaCOs
L-! were investigated at a salinity of 0%o during the AMGFP grow-out culture for 90 days.
Before stocking the prawns, the water alkalinity in each experimental unit was adjusted
according to the method of Furtado et al. (2015) and measured by the standard method
of APHA (1989). The initial water source had an alkalinity level of 128 mgCaCOs L™, and
1 M hydrochloric acids (HCI) (Synth®) was added to reach the desired alkalinity levels of
80, 100, and 120 mgCaCOs L-!. Sodium bicarbonate (NaHCOs3) with 99 % purity
(Carbonor®) was added for alkalinity levels of 140 and 160 mgCaCOs L-!. Throughout the
experiment, various dosages of sodium bicarbonate were added to maintain the trial
alkalinity levels (<0.15 g/L per application). The pH values in treatment aqueous solutions
were checked and ranged from 8.19 to 8.38, increasing gradually as alkalinity increased.
The AMGFP juveniles (mean weight of 1.51 g and mean length of 5.61 cm) were stocked
in 15 composite tanks of 6 m3 with 5.5 m3 of water per tank (three tanks for each alkalinity)
at a density of 15 ind m3. The prawn care and experimental management processes in this
experiment were the same as in the first experiment.

Data collection and calculation

In both experiments, fifteen individual prawns were randomly collected to determine
growth performance parameters immediately before being arranged in the tanks and every
30 days during the experimental period. At each sampling, each organism was gently
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blotted dry and weighed individually to the nearest 0.001 g using a digital balance (Mettler
AJ100). Simultaneously, the length was measured to the nearest millimeter from the
rostrum tip to the telson end using a divided ruler. The prawn survival rate and yield were
recorded and calculated at the end of the experiments.

Water quality was controlled right before and during the cultivated period, including
temperature and pH, which were measured twice a day by a thermometer and pH meter,
at 7:00 and 14:00; nitrite, alkalinity in experiment 1, and TAN were checked every three
days at 14:00 using the Sera GH test kits (Germany).

The growth performance parameters, survival rate, and yield were calculated using the
following equations:

Daily weight gain/DWG (g day~!) = final weight - initial weight/culturing days

Daily length gain/DLG (cm day~?!) = final length - initial length/culturing days

Specific growth rate in weight/SGRw (% day™!) = [(Ln final weight) — (Ln initial
weight)]/culturing days x 100

Specific growth rate in length/SGRL (% day™') = [(Ln final length) — (Ln initial
length)]/culturing days x 100

Survival rate (%) = (final prawn number/initial prawn number) x 100

Yield (g m=3) = prawn biomass/culture volume

Statistical analysis

Levene's test assessed the variance homogeneity, and the percentage data were
transformed to arcsine before conducting statistics. One-way analysis of variance (ANOVA)
was conducted on all data, followed by the Duncan test to identify significant differences
between the mean values (significance level of p < 0.05) using the Statistical Package for
the Social Sciences (SPSS) software for Windows version 20.0.

Results

Water quality parameters

The water quality parameters monitored in both experiments fluctuated within the
suitable range for M. rosenbergii and were not significantly different between the culturing
tanks during periods of culture (p > 0.05). In the first experiment, the following ranges
were observed: temperature of 26.83-27.83°C, pH of 8.50-8.54, TAN of 0.19-0.22 mg
L-!, nitrite of 1.15-2.36 mg L™, and alkalinity of 128.1-139.3 mg L™!. In the second
experiment, the following ranges were observed: temperature of 27.3-28.0°C, pH of 8.19-
8.39, TAN of 0.19-0.56 mg L?, and nitrite of 0.08-0.18 mg L 1.

Growth and survival of AMGFP juveniles at various salinities

The growth performance

Data in Figures 1-2 show that the initial mean size (weight of 1.23-1.49 g and length
of 5.12-5.47 cm) of the AMGFPs was not significantly different in the investigated salinity
range of 0-15%o0 (p > 0.05). However, after 30, 60, and 90 days of culture, the mean
weight and length decreased with increased salinity; there was always a significant
difference between salinities of 0, 5, 10, and 15%o at the sample times (p < 0.05). The
highest mean weight and length obtained at a salinity of 0%o were 5.34, 12.51, and 17.23
g; and 8.24, 10.51, and 11.72 cm; while the lowest mean weights and lengths obtained at
a salinity of 15%o0 were 2.14, 1.49, and 7.33 g; and 6.27, 7.78, and 8.77 cm at the
sampling times on the 30, 60, and 90th culturing days, respectively. Remarkably, at the
end of the time of culture, the mean weight of the prawns significantly decreased at
salinities of 10 and 15%o, which were calculated to be only equivalent to 59.8 and 42.5%
compared to that at the salinity of 0%o, respectively.

In a similar variation pattern in the mean size, the parameters of daily weight gain
(DWG) and specific growth rate in weight (SGRw), as well as daily length gain (DLG) and
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specific growth rate in length (SGRL) of AMGFPs decreased as salinity increased. There was
always a significant difference between the salinities of 0, 5, 10, and 15%o after 90 days
of culture (p < 0.05). The highest values at a salinity of 0%o were 0.18 g day~?, 2.87%
day~!, 0.07 cm day!, and 0.92% day~!; and the lowest values at a salinity of 15%o0 were
0.06 g day™!, 1.65% day~!, 0.04 cm day~!, and 0.51% day~!, respectively at the end of
the experiment (Table 1).

Survival rate and yield

Results in Table 2 showed that the survival rate of AMGFPs after 90 days of culture in
a salinity range of 0-5%o0 was relatively low compared to the range of 10-15%e.. The
highest survival rate (73.3%) was obtained at a salinity of 10%o0 and the lowest (66.1%)
at a salinity of 0%o, although differences were not significant in the investigated salinity
range (p > 0.05).

The yield of AMGFPs after 90 days of culture was presented in Table 2, which showed
that this parameter was not significantly different between salinities of 0 and 5%o (p >
0.05). Both were significantly higher than those at 10 and 15%o0 (p < 0.05), with
descending values of 174.9, 155.5, 112.1, and 80.2 g m~3, respectively, to salinities of 0,
5, 10, and 15%eo.
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Figure 1 Mean weight of AMGFPs during 90 days of culture at various salinities
[Values are presented as mean=SD. The different bars with different letters (a, b, ¢, d) at the same sampling
time in Figure 1 show a significant difference (p < 0.05)]
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Table 1 Daily weight gain (DWG), specific growth rate in weight (SGRw), daily length gain (DLG),
and specific growth rate in length (SGR.) of AMGFPs after 90 days of culture at various salinities

Sa(l:)zz;c;es DWG (g day~?) SGRw (% day~1) DLG (cm day~1) SGR. (% day™1)
0 0.18+0.064 2.87+0.39¢ 0.07+0.01¢ 0.92+0.124
5 0.15+0.05¢ 2.52+0.34¢ 0.06+0.02¢ 0.7+0.1605¢
10 0.10+0.04° 2.12+0.46° 0.05+0.01° 0.68+0.14b
15 0.06+0.042 1.65+0.542 0.04+0.012 0.51+0.172

Values are presented as mean+SD. Values with different letters (a, b, ¢, d) in the same column show a significant
difference (p < 0.05).

Table 2 Survival rate and yield of AMGFPs after 90 days of culture at various salinities

Salinities (%o) 0 5 10 15
Survival rate (%) 66.1+6.32 69.4+5.12 73.3+4.42 72.8+3.52
Yield (g m~3) 174.9+17.¢ 155.5+21.9¢ 112+49.1° 80+9.7°

Values are presented as mean+SD. Values with different letters (a, b, c) in the same row show a significant
difference (p < 0.05).

Growth and survival rates of AMGFP juveniles at various alkalinities

The growth performance

Results presented in Tables 3-4 indicate that the AMGFPs had a mean weight ranging
from 4.14 to 5.03 g and a mean length ranging from 9.15 to 11.08 g and were not
significantly different in investigated alkalinity range of 80-160 mgCaCOs L™ (p > 0.05)
at the commencement of the experiment. In the first 60 days, the effect of various
alkalinities was not apparent on the mean weight and length of the prawns in the 80-160
mgCaCOs L~ solutions. The lack of significant difference in these parameters at alkalinities
of 80, 100, 120, 140, and 160 mgCaCOs L™! (p > 0.05). However, after 90 days of culture,
both MW and ML, as well as DWG, SGRw, DLG, and SGR. of the prawns, were the highest
at an alkalinity of 160 mgCaCOs L1, with values of 17.18 g, 11.07 cm, 0.17 g day~!, 2.60
% day~!, 0.06 cm day!, and 0.73% day~!, respectively (p < 0.05), which is significantly
different from those at lower alkalinities. However, these parameters in the alkalinity range
of 80-140 mgCaCOs L™! varied from 11.35to 11.45 g ind?, 10.04 to 10.34 cm ind~%, 0.11
g day!, 2.12 to 2.28% day~!, 0.05 cm day~! and 0.64 to 0.68% day~!, respectively and
there was not a significant difference in this alkalinity range.

Survival rate and yield

The prawn survival and yield were documented and calculated after 90 days of culture.
Figures 3-4 show that the survival rates did not vary significantly in the alkalinity range
of 80 to 160 mgCaCOs L™, ranging from 82 to 84%. The highest prawn yield (172.4 g m~3)
was obtained at an alkalinity of 160 mgCaCOs L™!, which differed significantly from yields
obtained at lower alkalinity levels. The prawn yield at the alkalinity range of 80-140
mgCaCOs Lt varied from 131.1 to 141.1 g m~3; there were no significant differences in
this alkalinity range.

Table 3 Initial mean weight (IMW), mean weight (MW), daily weight gain (DWG), and absolute

growth rate in weight (SGRw) of AMGFPs during 90 days of culture at various alkalinities
Alkalinities (mgCaCOs L™1)

80 100 120 140 160

IMW (g ind™1) 1.51+0.57° 1.62+0.10° 1.41+ 0.362 1.42+0.222 1.62+0.202

MW30 (g ind™?) 4,70+1.952 4.21+2.132 4,27+1.892 4.14+1.0° 5.03+1.78?

MW60 (g ind=1) 10.52+4.932  9.15+3.63? 9.47+4.67° 9.27+4.642 11.08+4.362

MW90 (g ind=1) 11.35+3.512 11.23+2.632 11.45+3.18% 11.40+3.292 17.18+3.65°

DWG (g day~1) 0.11+0.042 0.11+0.032 0.11+0.042 0.11+0.042 0.17+0.04°

SGRw (% day~!) 2.19+0.36%> 2.12+0.28? 2.28+0.31° 2.27+0.31b 2.60+0.25¢

Values are presented as mean+SD. Values with different letters (a, b, c) in the same row show a significant
difference (p < 0.05).

Parameters
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Table 4 Initial mean length (MIL), mean length (ML), daily length gain (DLG), and absolute growth
rate in length (SGR.) of AMGFPs during 90 days of culture at various alkalinities

Alkalinities (mgCaCOs L™1)

Parameters 80 100 120 140 160

IML (cm ind™1) 5.61+0.61°2 5.67+0.722 5.56+0.422 5.57+0.462 5.69+0.452
ML30 (cm ind~1) 7.88+1.04% 7.68+1.062 7.79+1.052% 7.57+£1.132 8.19+0.96°
ML60 (cm ind1) 9.95+1.81° 9.59+1.05° 9.61+1.27° 9.63+1.36° 10.07+0.99°
ML90 (cm ind1) 10.04+1.00° 10.13+0.80° 10.34£1.11%> 10.20+0.98*®  11.07+1.00¢
DLG (cm day™?) 0.05+0.012 0.05+0.01° 0.05+0.01° 0.05+0.01° 0.06+0.01°
SGR. (% day™?) 0.64+0.112 0.64+0.09° 0.68+0.11° 0.64+0.11° 0.73+0.10°

Values are presented as mean+SD. Values with different letters (a, b, c) in the same row show a significant
difference (p < 0.05).
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Figures 3 Survival rate of AMGFPs after 90 Figure 4 Yield of AMGFPs after 90 days of
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[Values are presented as mean+SD. The bars with [Values are presented as mean+SD. The bars with
different letters (a, b) in Figure 3 show a significant different letters (a, b) in Figure 4 show a significant
difference (p < 0.05)] difference (p < 0.05)]
Discussion

Water quality parameters

Generally, monitored water quality factors, including temperature, pH, nitrites, TAN,
and alkalinity in both experiments, were within the optimal range for prawn culture (Boyd
& Zimmermann, 2000; Cheng et al., 2003; Habashy & Hassan, 2011; Huong et al., 2010;
Huong et al., 2015; Mallasen et al., 2003; New, 2002; Straus et al., 1991; Wickins &
Daniel, 2002). Therefore, they did not significantly affect the main research results.

Growth and survival rates of AMGFP at various salinities

In the present study, the survival rate of AMGFPs, with an initial weight of 1.23-1.51
g and a final weight of 7.33-19.08 g after 90 days of culture, showed a lower salinity range
(0-5%o0) was relatively low compared to the higher range (10-15%o0), despite the lack of
significant difference between them (p>0.05) (Table 2). A previous study by Huong
(2015) also found similar results on a culture of the mixed-sex M. rosenbergii equivalent
in size to the prawns in our study. They have an initial weight of 0.42-0.47 g and a final
weight of 7.29-11.4 g in the salinity range of 0-15%o; the lowest prawn survival rate was
at a salinity of 0%o0. However, a study by Huong et al. (2010) in the subadult to adult stage
(initial weight of 11.2-0.3 g and final weight of 25.6-30 g) of mixed-sex stock M.
rosenbergii showed that both the growth and the survival of the prawns were similar in the
range of 0-15%o. This difference may be due to the size of the prawns in the study by
Huong et al. (2010) being larger than that in current study or Huong (2015).

The lower AMGFP survival rates at the lower salinities of the present study seemed to
be associated with energy expenditure for osmotic regulation and slow shell hardness of
AMGFPs in these salinities. Edwards (1982) emphasized that, under salinity changes in
habitats, many aquatic animal species have the regulative ability to alter the ion
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concentration and osmotic pressure of body fluids to suit those in the external
environment. These regulatory mechanisms must expend energy when salinity changes
are beyond the regulative ability of an animal, which could lead to its death. Previous
studies indicated that the iso-osmotic salinity of M. rosenbergii is 14-15%o0 and they are
osmoregulators in freshwater up to salinities at the iso-osmotic point, whereas they are
osmoconformers at higher salinities (15-28%o0) (Cheng et al., 2003; Funge-Smith et al.,
1995; Stern et al., 1987). Lockwood (1962) suggested that when crustaceans live in an
isotonic environment, the process of water absorption and dehydration of their bodies is
always in a balanced ratio, so they do not need to expend energy to push water or salt out
of their bodies. Woo & Kelly (1995) found that, in freshwater conditions, aquatic species
spend a certain amount of energy to compensate for the salt lost through passive diffusion.
It has been argued that osmoregulation costs are the lowest when animals are iso-osmotic
with their surroundings (Spaargaren, 1975). Subadult M. rosenbergii in the grow-out phase
(19.5-19.8 g) shows a slightly reduced standard metabolic rate in 15%o0 salinity compared
with fresh water (Ern Andersen, 2009).

In addition to the physiological stress, the survival rate of M. rosenbergii can be affected
in lower salinities due to increased energy expenditure, protein sparing, and depletion of
lipid reserves, which in turn affect the survival rate when compared to those reared in
higher salinities. It may be proven that osmoregulation in crustaceans requires energy in
the form of protein (Rosas et al., 1999; Setiarto et al., 2004; Silvia et al., 2004) and lipids
(Lemos et al., 2001; Sang & Fotedar, 2004). Furthermore, water with low salinity,
especially groundwater, will lack the content to balance the ratio of minerals necessary for
the building of their bodies (Na*, K*, Mg?* Ca?*, and CI~) (Libes, 1992). Therefore, the
prawns are easily trapped while molting or attacked by predators and are more susceptible
to fluctuations in environmental factors and pathogens because they are slow to harden
post-molt. Perhaps these were also the reasons for this study's low survival rate of AMGFPs
at low salinities. AMGFPs are known to inherently have large exoskeletons, especially their
claws, which require a high mineral content for shell hardening during molting. Diep (2012)
also discovered the pattern of a decrease in survival with salinity decrease on the fingerling
of black tiger shrimp with an isotonic salinity of 26%o, indicating that the highest survival
rate was at the salinity range of 15-25%o0, which was near the isotonic salinity. The lowest
survival rate was at a salinity of 3%o0. Diep (2012) reported that the black tiger shrimp
cultured at low salinity (3%o0) often in the presence of molt-trapped or slow shell hardened
after molting, resulting in a low survival rate.

Contrary to the observation results of survival rate in the current study, the growth
performance parameters of the AMGFPs varied with a tendency to decrease as salinity
increased in the salinity range of 0-15%eo0. Additionally, they always significantly differed
between salinities of 0, 5, 10, and 15%o0 at the sampling times (p < 0.05) (Figures 1-2
and Table 1). These results are consistent with the growth performance of the mixed-sex
cultured giant freshwater prawn in previous studies (Nair & Salin, 2012; Singh, 1980; Yen
& Bart, 2008). Nair & Salin (2012) reported better production, individual size, and survival
of the stock of M. rosenbergii observed at a salinity of 5%o0. Singh (1980) demonstrated
that freshwater prawns could grow in salinities up to 17%o, with the highest growth
achieved at salinities between 0 and 2%eo. Yen & Bart (2008) cultured M. rosenbergii with
a high stocking density; they reported that maximum growth of the prawn was at 0%o and
decreased as salinity increased, and halted growth was documented at 18%o. (Malecha,
1983) also found that although freshwater prawns tolerate higher salinities than their iso-
osmotic point (18%o0), optimum growth conditions are in fresh or slightly brackish water
(0-4%0). New (2002) found that M. rosenbergii can be cultured in brackish water (up to a
salinity of 10%o0), but with better production, individual size, and stock survival at a salinity
of 5%eo.

The variable pattern according to a trend of decreasing growth performance as salinity
rose under the lower salinity range conditions than the isobaric salinity of the experimental
prawn may relate to water accumulation during the molting of the prawns. Neufeld et al.
1993) commented that marine crustaceans often grow rapidly in water with low salinity
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due to water absorption during molting. Blue crabs (Callinectes sapidus) living in water
with low salinity always maintain osmotic blood concentrations much higher than in the
external environment (Ballard & Abbott, 1969). The osmotic concentration difference
between blood and water at low salinity causes blue crabs to absorb more water during
molting and thus increase their body size (Defur et al., 1988). Neufeld et al. (1993)
commented monitored the molting process in blue crabs, also finding that during the first
hour after molting in water with low salinity (2%o) or high salinity (28%eo0), blue crabs
absorb much water. This amount of water will contribute 71% to the increase in body mass
when crabs are in low salinity water (2%o0) and only 58% when crabs are in high salinity
water (28%o0). Several previous studies noted that black tiger shrimp (Penaeus monodon)
in a low-salinity environment showed the same results. Rathacharen et al. (2005)
experimented and found that when rearing black tiger shrimp in freshwater, the average
weight of the shrimp was significantly larger than when cultured in seawater after 80 days
of culture (p < 0.05). The research results of Diep (2012) also showed that although at a
salinity of 3%o0, black tiger shrimp use large amounts of energy for osmotic regulation, the
average weight of shrimp at a salinity of 3%eo tends to be higher than at salinities of above
3%o0. This result may be due to the influence of water infiltration into the body of shrimp
in @ hypotonic environment, especially during the molting period. Diep (2012) found that
the average water content in shrimp meat cultured at a salinity of 3%o0 was higher than
the average water content in shrimp meat cultured in the higher salinity range of 15-35%o;
however, the difference was not significant (p > 0.05).

Growth and survival rate are important parameters to evaluate success in aquaculture,
and these parameters are closely related to the yield (Gjedrem & Rye, 2018; Thitamadee
etal., 2016). Although the lower AMGFP survival rates were at lower salinities in the salinity
range of 0-15%o, the faster growth in weight and length of the AMGFPs in the salinity
range of 0-5%o0 seems to have helped their higher yield at this salinity range (Figure 1-2
and Table 2). From the findings, it was recommended that a salinity range of 0-5%o is
considered to be suitable for grow-out culture for AMGFP juveniles.

Growth and survival rates of AMGFP juveniles at various alkalinities

Total alkalinity is an essential variable in aquaculture water. Higher alkaline waters
have higher levels of CO3?~, HCOs~, Ca?*, and Mg?* ions, resulting in a greater buffering
capacity and a more stable pH (Boyd, 2016). Moreover, the ion contents of Ca?* and Mg?*
play a vital role in the molting process of prawns because it helps prawns form a new shell
and harden the shell after the molting process. When giant freshwater prawns are cultured
in water with a guaranteed Ca?* content, the molting cycle of prawns will be shortened;
thus, the prawns will grow faster (Adhikari et al., 2007). In addition, Funge-Smith (1991)
found that as for the trace elements, bromide is necessary for the metabolism of M.
rosenbergii in the larval and postlarval stages, and strontium dictates the magnesium
regulation in an adult during their molt cycle. Therefore, if the preparation of the culturing
medium lacked some essential elements, then that could cause a poor growth rate.
According to Boyd et al. (2016), low-alkalinity water is considered less suitable for the
culture of fish and prawns. Individual species requirements and the magnitude of the
concomitant increase in pH value primarily define the upper limit of alkalinity. Although
levels of between 40 and 100 mgCaCOs L' are recommended for a successful farming
operation of M. rosenbergii (Adhikari et al., 2007; New & Singholka, 1985), an alkalinity
range of 100-150 mgCaCOs L™! tends to spend less energy on osmoregulation, results in
better growth (Adhikari et al., 2007). Adhikari et al. (2007) found that alkalinity levels of
205 mgCaCOs L=! or above reduced the growth rate of M. rosenbergii.

In the present study, the survival rates of AMGFPs were very little affected by the
alkalinity range of 80 to 160 mgCaCOs L~! (Figure 3) for all their growth performance
parameters in weight and length. However, the yield of AMGFPs was highest at an alkalinity
of 160 mgCaCOs L~! and significantly different from those at lower alkalinities after 90 days
of culture (Table 3-4 and Figure 4). As mentioned above, survival rates and growth
performance are closely related to yield. While survival was less varied in the investigated
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alkalinity range, the faster growth performance of AMGFPs at an alkalinity of 160 mgCaCOs
L-! appears to have resulted in a higher yield. Wurts (1993) mentioned that fish could lose
calcium in the water when they are in low calcium waters, and then they must use energy
and ions supplied by their food to re-absorb lost calcium salts. That could be the case for
extremely low calcium waters where prawns could lose their calcium through the exuviae.
This finding may support explaining the results in our study that during the first 60 days
of culture, when AMGFPs were small, their need for minerals for the outer shell was not
yet significantly different. Therefore, there were no significant differences in the growth
parameters (MW and ML, DWG, SGRw, DLG, and SGRL) among the investigated alkalinity
levels (p > 0.05). From the 60™ day to the end of the experiment, AMGFP body size
increased in the tanks, leading to an increased need for minerals. This need may have led
to the highest yield at an alkalinity of 160 mgCaCOs L~! because of the best response to
the growth of AMGFPs. Based on the findings of these two experiments, the optimal
environment has a salinity range of 0-5%o and alkalinity of 160 mgCaCOs L™! for the
growth-out culture of AMGFP juveniles.

Conclusion

The salinity range of 0-15%eo0 and the alkalinity range of 80-160 mgCaCOs L™! did not
significantly affect the survival rate of AMGFP juveniles after the periods of growing out
culture for 90 days. However, increased salinity significantly reduced the growth
performance of the AMGFPs between salinities of 0, 5, 10, and 15%o0, and the salinity range
of 0-5%o0 supported the highest prawn yield. In addition, the alkalinity range of 80-160
mgCaCOs L~! did not significantly affect the growth performance of the AMGFPs in the first
60 days of the culture. However, the AMGFP growth performance and yield reached their
highest values at an alkalinity of 160 mgCaCOs L. Both were significantly reduced in the
alkalinity range of 80-140 mgCaCOs L™! after 90 days of culture. It is recommended that
the salinity range of 0-5%o0 and alkalinity of 160 mgCaCOs L™! be applied for the grow-out
culture of AMGFP juveniles. Additionally, upper alkalinities of 160 mgCaCOs L™! need to be
investigated to find the best alkalinity for the culture of AMGFP juveniles.
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