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Abstract. The Pacific white shrimp (Litopenaeus vannamei) is a euryhaline species that can be reared in
aquatic environments with a wide range of salinity, from 0.5 to 40 ppt. The ability of Pacific white
shrimps to adapt to extreme saline conditions allows the expansion of shrimp farming in inland aquatic
environments, away from the coast. Therefore, this study aimed to analyze the specific growth rate
(SGR), survival rate (SR), and feed conversion ratio (FCR) of Pacific white shrimp reared at various
salinity levels using a single-step acclimation method. The study employed a completely randomized
design with five treatments and three replications, namely T1, T2, T3, T4, and T5 at 5 ppt, 10 ppt, 15
ppt, 20 ppt, and 25 ppt, respectively. Each treatment unit was incorporated with Pacific white shrimp
postlarvae (PL) 15 at a density of 2000 PL m-3. Subsequently, the shrimps were fed commercial pellets
three times daily through a blind feeding program during the 40 days of rearing. The results showed that
different salinities of culture media had an effect on SGR, SR, and FCR of Pacific white shrimp. The most
desirable SGR and FCR were observed in the 15 ppt culture media at 12.3% and 1.5, respectively, while
the best survival rate was observed in the 20 ppt salinity at 79.3%. Generally, Pacific white shrimp
performed best in the culture media with a salinity of 15 ppt.
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Introduction. The Pacific white shrimp (Litopenaeus vannamei) is a euryhaline species
that can tolerate a wide range of salinity between 0.5 to 45 ppt (Wyban & Sweeny 1991),
allowing for high-yield rearing away from the coast. The rearing of Pacific white shrimp at
low salinity is one of the best options to optimize the use of low-salinity ponds located far
from seawater sources, due to the high salinity tolerance range of this shrimp (Chong-
Robles et al 2014). Furthermore, this is important since there are numerous brackish
water aquaculture centers located inland in Lampung Province, Indonesia that can be
used for Pacific white shrimp farming (Supono 2021).

Although the Pacific white shrimp can adapt to a wide range of salinities, it grows
best in iso-osmotic media at a salinity equal to the osmotic tolerance range of common
shrimps (Anggoro et al 2018). The rate of osmosis is a measure of the processes that
occur in aquatic animals during times of environmental stress (Cheng et al 2006).
Differences in media salinity and fluid osmolarity in shrimp (hemolymph) can lead to
increased energy requirements for adaptation, retardation of shrimp growth and
metabolism (Gao et al 2016). Meanwhile, shrimps can only survive by utilizing available
energy during conditions of low salinity, where an extremely high osmotic load reduces
shrimp survival (Jayasankar et al 2009; Susilowati et al 2014). The salinity of the media
can be adjusted based on the osmotic pressure of the media to increase the growth of
cultured species (Lukas et al 2017). Acclimatization to temperature and salinity is an
important factor that affects the success of low-salinity shrimp farming. Acclimatization
systems for stocking shrimp juveniles are classified into one-step acclimation and gradual
acclimation (Jayasankar et al 2009). Each technique has its advantages and
disadvantages. The single-step acclimation is easy to implement, but sometimes has a
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low survival rate. Gradual acclimation is difficult to implement in the field. Therefore, this
study aimed to evaluate the growth rate, survival rate, and feed conversion ratio of
Pacific white shrimp reared under various salinity conditions.

Material and Method

Experimental design and setup. The study was conducted from July to September
2021 at the Laboratory of Aquaculture, Lampung University, Indonesia. This study used a
completely randomized design (CRD), which consisted of 5 treatments and 3 replications.
The treatments include the following: T1 - culture media at salinity of 5 ppt; T2 - culture
media at salinity of 10 ppt; T3 - culture media at salinity of 15 ppt; T4 - culture media at
salinity of 20 ppt; T5 - culture media at salinity of 25 ppt.

The study made use of 15 plastic containers filled with 70 L of water, which was
sterilized with chlorine at a concentration of 30 mg L!. Each container was filled with 70
L of water at varying salinity based on the treatment. Furthermore, the aeration settings
were performed in each maintenance container, with up to four aeration stones per
container serving as an oxygen supply to the culture container. Each treatment unit was
stocked with 140 Pacific white shrimp (PL 15), or the equivalent of 2000 PL m=3. The
shrimp were obtained from a hatchery in Kalianda City, South Lampung. Acclimatization
was conducted using a single-step acclimation system, while feeding was carried out
using a blind feeding program three times daily at 6.30, 12.00, and 19.00, throughout
the 45-day culture period. The feed used was commercial feed containing protein fat,
fiber, ash, and moisture at 41%, 7%, 3%, 13%, and 10%, respectively. Sodium (Na),
magnesium (Mg), calcium (Ca), and potassium (K) concentrations were analyzed using
the U.S. EPA 200.7 method (U.S. EPA 1994), while pH, temperature, and dissolved
oxygen were measured using a water quality checker.

Statistical analysis. Pacific white shrimp was evaluated based on specific growth rate
(SGR), survival rate (SR), biomass, and feed conversion ratio (FCR). The data were
analyzed using ANOVA at a 95% confidence level (p<0.05) using the SPSS 23.0
software. Further testing was conducted using the Duncan test when there were
significant differences between treatments.

Results and Discussion. Table 1 shows the data from observations made during the
study on SGR, SR, biomass, and FCR of Pacific white shrimp. The ANOVA statistical test
results showed that the rearing of white shrimps in various saline media has a significant
effect on their SGR, SR, biomass, and FCR (p<0.05).

Table 1
Growth performance of Pacific white shrimp

Parameter T1 (5 ppt) T2 (10 ppt) T3 (15 ppt) T4 (20ppt) T5 (25 ppt)

Growth rate

(9) 0.6+0.1° 1.4+0.2¢ 2.8+0.14 0.8+0.23 1.2+0.1b¢
SGR (%) 8.4+0.7° 10.4+0.3¢ 12.3+0.14 9.4+0.8% 10.3+0.2%
Biomass (g) 40.6+17.5° 114+19.4° 251.3+£33.3¢ 98.3+£29.3 106+11.5°
SR (%) 47+63 56+23° 63+11° 79+6¢ 61+2b

FCR 1.9+0.2° 1.8+0.1° 1.5+0.12 1.6+0.12 1.8+£0.2°

Note: SGR - specific growth rate; SR - survival rate; FCR - feed conversion ratio; different superscripts indicate
significant differences (p<0.05).

Table 2 shows the water quality data collected during the study, which included sodium,
magnesium, calcium, potassium, pH, temperature, and dissolved oxygen. The water
quality in the culture media is still in accordance with the standards for Pacific white
shrimp culture.
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Table 2
Water quality parameters during culture

I(\)/ Parameters Unit 5 ppt 10 ppt 15 ppt 20 ppt 25 ppt Standards

1 Sodium mg L? 1195 2384.5 3585 4774.6 5964.1 1522-7609 (Boyd 2018)

2 Magnesium mg L* 130.6 258.5 387.5 515.3 643.2 196-976 (Boyd 2018)

3 Calcium mg L? 73 142.2 212 281.2 350.4 60-290 (Boyd2018)

4 Potassium mg L* 65.1 128.8 193 256.6 320.3 55-275 (Boyd 2018)

5 pH 7.2-7.9 7.2-7.9 7.3-7.9 7.3-79 7.2-79 /483 (W}’ggq)& Sweeney

6 Temperature °C 28-29 28-29 28-29 28-29 28-29 23-30 (Briggs et al 2004)

7~ Dissoved o4 4662 4662 4964 4964 4865 > (Wyban&Sweeney
oxygen 1991)

The use of single-step acclimation reduced SR of Pacific white shrimp. The results show
that the SR of Pacific white shrimp ranged between 47 and 79%. According to Jayasankar
et al (2009), the single-step acclimation of Pacific white shrimp in a media of 5 ppt
salinity led to a SR of 53%. A sudden drop in salinity over a wide range makes
osmoregulation difficult for aquatic animals, which can lead to death (Laramore et al
2001).

The highest SR was observed in the culture media with a salinity of 20 ppt,
79+6%. The shrimp had little difficulty in adapting to a salinity of 20 ppt, which was
similar to the salinity of the previous culture media. Salinity differences have a significant
impact on the SR of Pacific white shrimp. Meanwhile, shrimp mortality during rearing
could be caused by a large difference in the osmotic pressure between the shrimp's body
and its environment. Physiological processes can be disrupted when the osmotic value
between the body fluids and the environment is too high, leading to stress and cell
damage (Brocker et al 2012). Additionally, the SR of shrimps can be affected by the
frequency of shrimp molting, cannibalism, and water quality. The low salinity treatment
led to the incomplete molting of vannamei shrimps since the exoskeleton was not hard
enough to trigger the release of the carapace. Therefore, this reduced the SR of Pacific
white shrimp, provoking their gradual death.

The Pacific white shrimp in the culture media with a salinity of 15 ppt produced
the best growth (SGR=12.3+£0.1%), which was accompanied by a drop in the value of
FCR. According to Wyban & Sweeny (1991) and Davis et al (2002), Pacific white shrimp
grow very well at low salinities around 10-15 ppt, where there is an iso-osmotic
equilibrium between the environment and the hemolymph of the shrimp. According to
Jaffer et al (2020), the isosmotic point occurs at a salinity of 21.1 ppt. A previous study
by Rahman et al (2016) obtained results consistent with those of this study, discovering
that a salinity treatment of 15 ppt is the most effective for Pacific white shrimp growth.
According to Bickle et al (2006), L. vannamei hyperregulates between salinities of 10 to
20 ppt and hyporegulates between 20 to 40 ppt.

The osmotic pressure of the culture medium has an effect on the osmoregulation
of aquatic organisms, such as shrimp. According to Anggoro et al (2018), shrimps lose
much water through the diffusion process at high salinity (hypertonic). Furthermore, they
adapt to this condition by drinking much water and avoiding excess salt through various
mechanisms, such as the hardening of the exoskeleton, which inhibits the molting
process. The regulation of ion concentration in the blood of crustaceans is very
important, since the osmotic pressure of the blood is higher than the external pressure of
the environment at low salinity, and vice versa at high salinity. Additionally, the
differences in osmotic pressure affect the bioenergetics of aquatic organisms (Rivera-
Ingraham & Lignot 2017). According to Anggoro et al (2018), the salinity of iso-osmotic
media has an effect on the level of osmotic workload required to maintain osmolarity
pressure balance (media and blood) or electrolyte content balance; a higher osmotic
work rate means more energy wasted on osmotic performance, which leads to a
reduction in shrimp growth. According to Rachmawati et al (2012), the growth of white
vannamei shrimps can also be inhibited when more energy is consumed during
osmoregulation, since this reduces the amount of energy available for growth. Therefore,
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aquatic organisms will grow optimally if the culture medium is iso-osmotic with their body
fluids (Ferraris et al 1987).

Minerals are important for the growth and survival of cultured shrimps, especially
potassium (Kaligis 2010), calcium (Kaligis 2015), and magnesium (Roy et al 2010). The
salinity of the water can give a measure of its mineral content, which has an influence on
the growth performance of shrimps, even though salinity itself plays a role in SGR and SR
(Boyd 2018). Shrimp cultures often experience mineral deficiencies in low salinity, such
as calcium and potassium deficiency. Table 3 shows the calcium and potassium
concentrations in the culture media, which were still within the standards for Pacific white
shrimp farming.

Table 3
Calcium and potassium concentrations in culture media and standards
Current study Standards (Boyd 2018)
Salinity (ppt) Calcium (mg Potassium (mg Calcium Potassium (mg

L-1) L?) (mg L) L)

5 73 65 58 55

10 142.2 129 116 110

15 212 193 174 165

20 281.2 257 232 220

25 350.4 320 290 275

Conclusions. The salinity of the culture medium had an effect on SGR, SR, and FCR of
Pacific white shrimp. The optimal SGR, biomass, and FCR occurred at 15 ppt salinity,
while the optimal SR occurred at 20 ppt salinity. Therefore, it can be concluded that a
media salinity of 15 ppt provided the best performance for Pacific white shrimp rearing.
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