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Abstract Shrimp farming at low salinity is a trend that will continue to grow globally.
Performance of Litopenaeus vannamei postlarvae in the nursery at different salinities with
a biofloc technology (BFT) system needs to be explored further, as the nursery is currently
used as a transitional stage between the hatchery and grow-out ponds. Hence, this study
evaluated the effect of seven salinity levels (2, 4, 8, 12, 16, 25, and 35 %o) on the per-
formance of L. vannamei postlarvae reared with a BFT system and zero-water exchange at
2000 org/m3. Additionally, this study evaluated the water quality of all salinity treatments.
After 28 days of culture, the findings showed that, under biofloc conditions, salinity
affected the performance of some variables of water quality in some cases, but only the
combination of a high nitrite-N concentration (>4 mg/l) and low salinity (2 and 4 %o)
caused up to 100 % shrimp mortality in the first 2 weeks. In the rest of the treatments (8,
12, 16, 25, and 35 %o), shrimp survival was >72 %. Shrimp mortality was affected by
salinity, especially when it decreased from 35-25-16 to 12 and 8 %.. The organisms reared
at low salinities presented lower final weights and specific growth rate than those reared at
higher salinities. An inverse relationship was shown between the ion concentration and the
final weight of shrimp.
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Introduction

The expansion of inland saline water farming combined with the salinity tolerance of
Litopenaeus vannamei white shrimp has made the latter an attractive aquaculture species in
several countries of the American continent (Saoud et al. 2003; Roy et al. 2010). However,
research on L. vannamei at low salinity with biofloc technology (BFT) is still limited. It is
imperative to conduct studies on this topic for the development of inland saline water
farming with BFT systems.

Diseases remain a limiting factor for the aquaculture industry (FAO 2012), and disease
outbreaks result not only from the mere presence of pathogens in the system but also from
a compromised health status of the cultured animals in combination with suboptimal
environmental conditions (Liu and Chen 2004; De Schryver et al. 2012). Therefore, disease
prevention and control should not only focus on implementing biosafety measures at the
grow-out stage but must be performed with an integral approach involving, among others
factors, adequate nutrition and enhancing the immunity of the cultured animals in the
nursery system, which is a transitional stage between the hatchery and grow-out ponds.

Additionally, it is necessary to determine the productive performance of the shrimp
postlarvae in a wide range of salinities combined with the handling of BFT. The BFT
system has been studied on several occasions and reportedly contributes to the mainte-
nance of good water quality in the system and to the nutrition of the cultured animals
(Avnimelech 1999). The basic principle of the BFT system is to recycle waste nutrients,
including nitrogen, into the microbial biomass that can be used in situ by the cultured
animals or be harvested and processed into feed ingredients (De Schryver et al. 2008; Hari
et al. 2004, 2006). Heterotrophic microbial aggregates are stimulated to grow by con-
trolling the C/N ratio in the water through the modification of the carbohydrate content in
the feed or by the addition of an external carbon source (Avnimelech 1999) such that the
bacteria can assimilate the ammonia waste for new biomass production. The BFT systems
have been shown to maintain ammonia below toxic levels and to improve the feed nutrient
utilization efficiency of the cultured animals (Avnimelech 1999; Hari et al. 2004; Zhao
et al. 2012). The BFT system application can also lead to increased growth and survival of
shrimp (Emerenciano et al. 2012), and some studies have investigated the immunological
potential of the BFT (Xu and Pan 2013, 2014; Kim et al. 2014; Becerra-Dorame et al.
2014). It is widely known that microorganisms, their cell components, and their metabo-
lites can act as immunostimulants that enhance the shrimp innate immune system and
provide improved protection against pathogens (Smith et al. 2003; Vazquez et al. 2009).

Some studies have addressed the impact of salinity on growth, survival, molting fre-
quency, oxygen consumption, and immune performance of L. vannamei (Huang 1983;
Pante 1990; Ogle et al. 1992; Villarreal et al. 1994; Ponce-Palafox et al. 1997; Xuying
et al. 2014). However, the optimal salinity for white shrimp growth is still controversial,
and the combined effect of salinity and BFT in L. vannamei postlarvae has rarely been
studied.

Culturing L. vannamei at low salinity is a trend that will continue to grow globally (Roy
et al. 2010). Thus, the performance of L. vannamei postlarvae in the nursery at different
salinities with the BFT system needs to be explored further, since the nursery is currently
used as a transitional stage between the hatchery and grow-out ponds.

The objectives of this study were to determine the effects of different levels of salinity
on the water quality and performance of L. vannamei postlarvae with the use of a BFT
system and zero-water exchange.
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Materials and methods
Experimental design and rearing conditions

The effect of seven salinity levels (2, 4, 8, 12, 16, 25, and 35 %o) on the performance of L.
vannamei postlarvae reared with a BFT system and zero-water exchange was evaluated.
Three replicate tanks were randomly assigned to each salinity treatment. The experiments
were performed in the indoor tank facilities of the Marine Aquaculture Station (EMA), of
the Federal University of Rio Grande, Southern Brazil. The plastic tanks (capacity = 50 1,
volume used = 40 1) were supplied with diluted marine water at salinities of 2, 4, 8, 12, 16,
25, and 35 %o and constant aeration to maintain high dissolved oxygen (DO) concentra-
tions. Each tank was stocked with 80 organisms [2000 orgs/m3, average body
weight = 0.016 £ 0.002 g (~PL’24)]. During this study, there was no water renewal in
any of the tanks. Dechlorinated freshwater was added to the tanks to recover the water lost
due to evaporation. Shrimp were fed with a commercially formulated feed (40 % protein,
8 % lipid) twice daily (8:00 and 16:00 h). Initially, the feeding rate was established
according to Jory et al. (2001), and the feed was adjusted daily a posteriori according to its
consumption. The study lasted 28 days.

Acclimation of shrimp and preparation of biofloc

The shrimp used in the experiment were acquired from the Aquatec Ltda., laboratory
(Canguaretama, Rio Grande do Norte, Brazil). After the L. vannamei nauplii arrived at the
EMA facilities, they were kept in the shrimp hatchery until they reached the post-larval
stage (PL’15). A batch of 1800 postlarvae was separated into seven plastic tanks
(270 orgs/tank; capacity/tank = 50 1, volume used/tank = 40 1) with final acclimated
salinity levels of 2, 4, 8, 12, 16, 25, and 35 %o. The salinities were adjusted by approxi-
mately 3—-6 %o daily until the salinity in each tank reached the desired level. It took 1, 2, 3,
4,5, 6, and 8 days to reach the 35, 25, 16, 12, 8, 4, and 2 %o levels, respectively. Shrimp
were stocked at each salinity treatment at 24 h after acclimation.

Mature bioflocs were used in the study. Eight days before the experiment began, seven
tanks (capacity/tank = 400 1, volume used/tank = 200 1) were filled with diluted sea water
at salinities of 2, 4, 8, 12, 16, 25, and 35 %o. To promote biofloc formation, each tank was
supplied with an inoculum of 25 % of its total volume, as this water was obtained from a
grow-out tank that showed a mature biofloc. During the 8 days, each tank was maintained
with constant aeration and a supply of molasses to maintain a C/N ratio of approximately
12:1 to produce a dominant heterotrophic community. The water of each tank was used to
fill the three tanks of each salinity treatment.

Shrimp postlarvae performance

During the study, biometrics was performed weekly, weighing 50 shrimp from each exper-
imental tank individually using a digital balance (precision 0.001 g, Sartorius®). Shrimp were
returned to their original tanks after weighing. At the study end, all the shrimp that survived in
each experimental tank were weighed and counted to evaluate their growth [final weight,
specific growth rate (SGR)], survival, feed conversion ratio (FCR), productivity, and final
density per treatment. The final weight was calculated using the following formula: Final
weight = Final average weight — Initial weight. The SGR (% weight increase/day) was
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calculated from SGR = 100 x [(In W — In W))]/t, where Wy = mean weight at the end of
the period, W; = mean weight at the beginning of the period, and ¢t = time in days of the
period (Ricker 1979). The FCR was calculated by dividing the feed supplied (dry weight) by
the live weight gain (wet weight) (Hari et al. 2004). Survival (%) was calculated by counting
the living organisms and subtracting the stocked organisms in each tank. The survival data
were transformed (arcsine of the square root) before analysis (Zar 1996).

Water quality analyses

The photoperiod for the experimental room was natural, and the water temperature was
maintained with one heater immersed in each tank. Throughout the experiment, the DO
(mg/1), temperature (°C), pH, and salinity (%o) were monitored twice a day (~08:00 and
16:00 h) utilizing a multi-parameter analyzer (model 556 MPS, YSI Inc., Yellow Springs,
OH, USA). The concentrations of total ammonia-N, nitrite-N (mg/l), nitrate-N (mg/1), and
phosphate-P (mg/l) were measured weekly according to the methods recommended by
UNESCO (1983). Total suspended solids (TSS, mg/l) and alkalinity (mg CaCOs/l) were
determined once per week through gravimetry by filtering aliquots of 20 ml of water
through GF 50-A glass fiber filters (Strikland and Parsons 1972) and following the
methodology proposed by APHA (1998) respectively. Floc volume (ml/l) was evaluated
weekly on site using Imhoff cones (Eaton et al. 1995).

At 0, 14, and 28 days of culture, surface water samples were collected from each tank.
These samples were analyzed for major ions using standard protocols. Chloride (Cl™) was
measured by the argentometric method. Calcium (Ca®**") and magnesium (Mg”) were
measured by the EDTA complexometric titration method (APHA 1998). Potassium (K™)
was measured by the tetraphenylborate method (Fries and Getrost 1977), and sulfate
(5042’) was measured by the method of barium salt (AWWA 2002). Sodium (Na”) was
measured in a flame spectrophotometer, Micronal B462 (Tecnal-Equipamentos para
Laboratérios Ltda., Piracicaba, SP, Brazil).

Statistical analysis

The homoscedasticity of the variances and the normality of the data for the water quality
and shrimp performance were first verified. The treatment effects on the water quality
parameters were evaluated by one-way repeated measures ANOVA with treatment as the
main factor and the sampling date as the repeated measures factor (Gomez and Gomez
1984). The treatment effects on the production parameters were evaluated using one-way
ANOVA. Significant differences were tested with Tukey’s multi-comparison test of means.
The results were evaluated with a 5 % significance level. The analyses were conducted
using Statistica package v6 (StatSoft, Tulsa, OK, USA).

Results
Water quality parameters
The DO, temperature, and pH monitored throughout the study were not significantly dif-

ferent among the salinity treatments (P > 0.05; Table 1). A mean DO = 6.1 £ 0.2 mg/],
temperature = 30.7 £ 0.2 °C, and pH = 8.0 £ 0.0 were maintained.
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Table 1 Water quality parameters for the seven salinity treatments during the 28 days of culture

Trial (Salinity, %o) DO (mg/1) Temperature (°C) pH Salinity (%o)

2% 6.3 (5.5-6.8) 30.9 (27.0-32.5) 8.0 (7.4-8.4) 2.2 (2.1-2.4)*
4% 6.1 (5.3-7.4) 30.5 (27.2-31.8) 8.0 (7.4-8.3) 4.0 (3.7-4.4)°

8 6.1 (5.4-7.4) 30.7 (28.5-32.4) 8.0 (7.4-8.2) 7.9 (7.3-8.4)°
12 6.2 (5.6-7.5) 31.0 (29.4-32.1) 8.0 (7.3-8.3) 11.9 (11.4-12.6)
16 6.2 (5.5-6.8) 30.7 (28.4-32.0) 8.0 (7.4-8.3) 15.8 (14.3-16.7)°
25 5.8 (5.2-6.8) 30.8 (27.2-32.2) 7.9 (7.3-8.2) 24.8 (23.0-26.0)"
35 5.9 (5.2-7.7) 30.5 (27.3-31.5) 7.9 (7.4-8.2) 34.7 (32.3-36.1)%

The results shown are the mean values with the ranges in brackets
The values in the same column with different superscripts differ significantly (P < 0.05)
* All water quality parameters were monitored until the 14th day of culture

There were significant differences among treatments (P < 0.05; Figs. 1, 2) for the other
water quality parameters. The total ammonia-N concentration of the treatments presented
significant differences in some sampling periods, but the values of total ammonia-N in any
case were higher than 0.5 mg/l, except at the 2 %o salinity, at which the values were above
1.0 and 0.5 mg/l at the beginning and at 14 days of culture, respectively (Fig. 1). Addi-
tionally, in the treatment of 16 %o, the total ammonia-N at the beginning was above
0.5 mg/l.

The nitrite-N concentration presented significant differences among the treatments
(P < 0.05; Fig. 1). These differences were more evident on the 7th day of culture, where
the treatments presented values in the range from 1.5 to 5 mg/l. The highest concentration
of nitrite-N remained until the 14th day of culture in the treatments with 2 and 4 %o, and
with a new rise at 21 and 28 days of culture in the treatments of 12 and 8 %o, respectively.
After the 14th day of culture, the rest of the treatments had nitrite-N values lower than
1 mg/l.

The nitrate-N concentration also presented significant differences among the treatments
(P < 0.05; Fig. 1). The nitrate-N concentration presented the highest values most of the
time with treatments of 25 and 35 %.. However, all the treatments showed a trend of
increasing nitrate-N concentration as the rearing cycle progressed, rising from approxi-
mately 0.5-8.0 (day 0) to 38—48 mg/l (day 28). At the beginning of the study, the lowest
concentration of nitrate-N (<0.5 mg/l) was presented with the 2 and 4 %o treatments.

The phosphate-P concentration fluctuated in the range of <0.0-1.7 mg/l, with signifi-
cant differences among the treatments (P < 0.05; Fig. 1). At the beginning of the study,
the highest phosphate-P concentration was presented at the lower salinities (2, 4, and 8 %o),
but this pattern was not kept after the 21st day of culture.

After the 7th day of culture, alkalinity presented significant differences among treat-
ments (P < 0.05; Fig. 1) in some cases, but without a definite trend. The alkalinity
maintained values lower than 50 mg/l at the lower salinities at the beginning of the study.

The TSS concentration presented significant differences among all treatments at the
beginning of the study (P < 0.05; Fig. 1). The highest TSS concentration corresponded to
the highest salinity, from approximately 370 mg/1 at 2 %o to 1100 mg/1 at 35 %eo.

The floc volume presented significant differences among the treatments (P < 0.05;
Fig. 1), with a similar pattern to the TSS concentration, albeit with differences in some
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Fig. 1 Water quality parameters in the culture of L. vannamei postlarvae under different salinities with the
biofloc technology and zero-water exchange. The water quality parameters in the salinity treatments of 2 and
4 %o were monitored until the 14th day of culture. Solid arrow to increase the alkalinity, all tanks were
supplied with 0.05 g/l/day of sodium bicarbonate (NaHCO;) with a 99.0 % purity (Carbonor®; Furtado et al.
2011, 2014) for three consecutive days after the 2nd and 11th days of culture. Dotted arrow to reduce TSS,
all tanks were clarified after the 7th and 20th days of culture (Gaona et al. 2011). Different superscripts
within a set of columns for each monitoring period indicate significant differences (P < 0.05)

cases. Throughout the study, the floc volume in all treatments was higher than 20 ml/l,
except on the 14th day of culture. During most of the study, the 25 %otreatment yielded the
highest floc volume.

The concentration of each major ion in the water of all salinity treatments did not
present significant differences among the sampling periods (0, 14, and 28 days of culture;
P > 0.05; Fig.2). However, the calcium concentrations in all treatments showed a
decreasing trend toward the 14th day of culture and remained in this status until the end of
the study. There were no significant differences among some treatments (P > 0.05; Fig. 2)

in the concentration of calcium (days 0, 14, and 28), potassium (days 14 and 28), and
sulfate (days 0, 14, and 28).
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Fig. 2 Major ions in the water of the seven salinity treatments. The major ions in the water for the 2 and
4 %o treatments were monitored only at the beginning (0 days of culture). Different superscripts within a set
of columns for each monitoring period indicate significant differences (0, 14, and 28 days of culture;
P < 0.05)

Productive parameters of shrimp postlarvae

The productive parameters of the postlarvae reared in the salinity treatments of 2 and 4 %o
were not contemplated in the final statistical analysis, as these showed 100 % mortality
during the first 2 weeks of culture.

At 28 days of culture, the mean final weight of shrimp postlarvae presented significant
differences among the salinity treatments of 8—12 %o and 16, 25, and 35 %o. A similar
statistical trend was observed in the survival, SGR, and final density (P < 0.05; Table 2;
Fig. 3). The range of the final weight at the end of the study was 0.20 (12 %o) to 0.75 g
(35 %o). The survival range was 72.9 (8 %o) to 100 % (16, 25, and 35 %o). The SGR range
at the end of the study was 8.9 (12 %o) to 13.8 %/day (35 %o), and the final density was
1457 (8 %o) to 2000 orgs/m3 (16, 25, and 35 %o).

The FCR showed significant differences between the treatment of 25 %o (1.5) and the
rest of the treatments (1.7-1.8; P < 0.05; Table 2). The productivity was significantly
different among the treatments of 8—12, 16, and 25-35 %o (P < 0.05; Table 2), with the
lowest productivity in the treatments of 8 (0.11 kg/m3) and 12 %o (0.09 kg/m3).

Discussion

The range of mean values of DO, temperature, and pH shown in all treatments applied in
this study remained within the levels that were tolerable for growth and survival of shrimp,
according to previous reports (van Wyk and Scarpa 1999). However, the rest of the water
quality parameters showed significant differences among some salinity treatments; in some
treatments, these parameters presented values that can be unsuitable for shrimp culture.
During the first 2 weeks in the 2 and 4 %o salinity treatments, the values of total
ammonia-N and nitrite-N were the highest (>1 and >4 mg/l, respectively), and the
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Table 2 Performance of shrimp L. vannamei postlarvae reared during 28 days at different salinities with
the biofloc technology and zero-water exchange

Trial (Salinity, Final weight  Survival (%) FCR SGR Productivity  Final density
%o) ® (%/day) (kg/m) (orgs/m)

2% (0.04 £ 0.02) (0) - - - -

4ok (0.04 £ 0.03) (0) - - - -

8 0.28 £ 0.03° 729 £ 16.6° 1.8 £0.1* 102+ 04> 0.11 + 0.03° 1457 £ 331°
12 0.20 £ 0.06> 80.0 +19.4° 1.8 +0.3* 894 0.6° 0.09 + 0.03° 1600 =+ 388"
16 0.52 £ 0.15* 100.0 = 0.0° 1.7 £0.2* 123+ 1.1* 0.28 + 0.08° 2000 =+ 0°
25 0.69 £ 0.16* 100.0 + 0.0° 1.5+0.2° 13.4 +0.9* 0.37 + 0.09° 2000 + 0
35 0.75 £ 0.02* 100.0 = 0.0° 1.7 £0.0> 13.8 £ 0.1* 040 + 0.01* 2000 =+ 0°

*#*% 100 % Mortality at the 11th day of culture (the mortality started on the 9th day of culture); ** 100 %
Mortality at the 13th day of culture (the mortality started on the 11th day of culture). These trials were not
included in the final statistical analysis. Values in the same column with different superscripts differed
significantly (P < 0.05)
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Fig. 3 Weight performance of L. vannamei postlarvae reared in seven levels of salinity for 28 days with
biofloc and zero-water exchange. The average body weight of the 2 and 4 %o salinity treatments was
monitored until the 11th and 13th days of culture, respectively, and these trials were not included in the final
statistical analysis. Different letters for the lines indicate significant differences (P < 0.05)

organisms of these treatments depicted a 100 % mortality on the 11th and 13th days of
culture, respectively. The highest total ammonia-N concentration recorded in our study
was 1.2 mg/l, which was much lower than the concentration at which Mishra et al. (2008)
reported a high survival (96.2 %) of shrimp postlarvae when they were exposed to a total
ammonia-N concentration of 27 mg/l. Chen and Lin (2003) and Maica et al. (2012)
showed an inverse relationship between salinity and the toxicity of nitrite-N for postlarvae
and juveniles of L. vannamei and emphasized that susceptibility to nitrite-N toxicity
increased when the animals were exposed to a hypo-osmotic condition. In this study, the
nitrite-N concentration in the salinities of 2, 4, 8, and 12 %o exceeded the safe range for L.
vannamei juveniles cultured at marine salinities (<1 mg/l) and at =2 %o (0.45 mg/l)
(vanWyk and Scarpa 1999; Gross et al. 2004). Thus, it is probable that the nitrite-N
concentration achieved was one of the main factors that contributed to the 100 % mortality
in the 2 and 4 %o treatments and the 27.1 and 20.0 % mortality in the 8 and 12 %o
treatments, respectively. At salinities of 2 and 4 %o, peaks of nitrite-N occurred around the
7th and 14th days, respectively, which agreed with the mortality recorded with those
treatments.
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In the present study, all the salinity treatments showed a tendency of an increasing
nitrate-N concentration according to the progression of the study, suggesting a greater
intensity of the nitrification processes. Although the nitrate-N values on the 21st day of
culture for the 8 %o salinity treatment were similar to those found at the salinities of 25 and
35 %o; in most of the study, the highest values were found at the higher salinities. The
nitrate-N concentration was within the acceptable range (<60 mg/l; van Wyk and Scarpa
1999), and the increase in nitrate-N concentration with the increase in salinity has been
corroborated by other researchers (Decamp et al. 2003; Maica et al. 2012).

For most of the study, the phosphate-P concentration showed a reducing trend with an
increase in salinity, as reported by Maica et al. (2012). However, this trend was opposite to
that reported by Decamp et al. (2003), who noted that the phosphate-P concentration
increased as the salinity increased. On the contrary, a trend of an increasing phosphate-P
concentration was observed in all treatments as the study progressed, as reported in another
work (Maica et al. 2012).

At the beginning of the study, only in the treatments of higher salinity (25 and 35 %o)
were the values of alkalinity higher than 100 mg/l; in the treatments of lower salinity (2
and 4 %o), the values were lower than 50 mg/I. For this reason, all the treatment tanks were
supplied with sodium bicarbonate for three consecutive days, according to the reports of
Furtado et al. (2011, 2014). This procedure was performed after the 2nd and 11th days of
culture, as it was determined that it was necessary to maintain an alkalinity concentration
above 100 mg CaCOs3/1 for the biofloc to undergo good development (Ebeling et al. 2006;
Furtado et al. 2014).

Since the beginning of the experiment, most treatments had a TSS concentration that
exceeded the recommended limit of 500 mg/l for good shrimp performance (Samocha
et al. 2007; Gaona et al. 2011). Therefore, to reduce the TSS concentration, all the
treatment tanks were clarified, and this procedure was conducted after the 7th and 20th
days of culture. After the clarification, only on the 14th day of culture did all treatments
have a TSS concentration lower than 400 mg/l. During the entire study, the TSS con-
centration was higher in the higher salinities, which agreed with that reported by Decamp
et al. (2003), Hakanson (2006), and Maica et al. (2012). These previous studies noted that
there was a trend toward increasing suspended particle aggregation and floc size with an
increase in salinity, although in our study this was evident only in the floc volume of the
salinity treatment of 25 %o.

Some studies have indicated that shrimp survival in culture systems with seawater,
without water exchange and in association with a BFT system, is high (>70 %; Wasielesky
et al. 2006; Maica et al. 2012). However, the survival of marine shrimp reared at low
salinity has a wide variation and may be influenced by the species, the age of the
organisms, the final salinity at which acclimation occurs, and the ionic composition of the
water, among other factors (McGraw et al. 2002; Cheng et al. 2006). In our study, the
combination of high nitrite-N concentration and low salinity affected shrimp survival, as
previously discussed. Additionally, the survival was affected by salinity, mainly when the
salinity decreased from 35-25-16 to 12 and 8 %o. Similar effects were reported by other
authors for both shrimp postlarvae and juveniles, with survival values that range between 2
and 100 % for salinities of 0-36 %o; i.e., Laramore et al. (2001) with postlarvae at salinities
of 4 and 30 %o obtained survival rates of 86—100 %, respectively. Jayasankar et al. (2009)
reported postlarvae at salinities of 0.0, 0.5, 0.75, and 1.5 %o with survival rates of 2, 29,
47, and 85 %, respectively. Decamp et al. (2003) reported that juveniles at salinities of 9,
18, and 36 %o reached survival rates of 68, 93, and 94 %, respectively. Finally, Maic4 et al.
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(2012) reported that juveniles at 2, 4, and 25 %o reached survival rates of 22, 72, and 97 %,
respectively.

Salinity also affected growth of shrimp postlarvae, as the organisms reared at low
salinities showed a trend of lower final weight and SGR values than those reared at higher
salinities. However, there were no statistically significant differences between the salinity
treatments of 8 and 12 %o, and among the treatments of 16, 25, and 35 %o. Other authors
have reported an inverse relationship between salinity and shrimp growth (Laramore et al.
2001; Cheng et al. 2005; Walker et al. 2009; Maica et al. 2012).

Salinity refers to the total concentration of all ions in the water, and the major ions
contributing to salinity are chloride, sodium, calcium, magnesium, potassium, bicarbonate,
and sulfate. Saoud et al. (2003), Davis et al. (2005), and Hou et al. (2012) reported that the
ionic composition of water may be a more important limiting factor for shrimp growth and
survival than the salinity itself, since the deficiencies in certain ions, such as sodium,
calcium, magnesium, and potassium, had a negative impact on the growth and survival of
shrimp. In the present work, only the calcium concentration presented a general decreasing
trend among sampling periods between day 0 and 14-28 days of culture. However, the rest
of the ions were not significantly altered when the postlarvae were reared at 2000 orgs/m>
during 28 days at salinities of 8, 12, 16, 25, and 35 %o. The impacts of low concentrations
of calcium, magnesium, and potassium that prevailed at lower salinities were more evident
on the shrimp growth. Although no significant differences were observed among some
treatments, there was a trend of an inverse relationship among the ion concentrations and
the final weight of shrimp, as reported by other authors (Saoud et al. 2003; Davis et al.
2005; Roy et al. 2007). Additionally, it has been reported that the low growth of shrimp
when reared at low salinities is due to the possibility that the organisms use the dietary
protein as a source of amino acids not only for weight gain (protein retention), but also for
maintenance of the osmotic pressure (Shiau 1998; Rosas et al. 2001). The lack of sig-
nificant differences among some treatments could be because the shrimp were reared in a
system without water exchange in association with bioflocs, an environment of high natural
productivity with many nutritional benefits (Wasielesky et al. 2006).

Shrimp maintained in their isosmotic point at a salinity of 25 %o (Castille and Lawrence
1981) had the lowest FCR. For the rest of the salinity treatments, the FCR did not present a
direct relationship with the salinity, as reported by Decamp et al. (2003).

In summary, salinity affected the performance of some variables of water quality in
some cases during the culture of L. vannamei postlarvae in indoor nursery tanks under
biofloc conditions, However, only the combination of high nitrite-N concentration (>4 mg/
1) and low salinity (2 and 4 %o) affected significantly shrimp survival. Additionally, sur-
vival was affected by salinity, mainly when the salinity decreased from 35-25-16 to 12
and 8 %o, although high shrimp survival (>72 %) occurred in all salinity treatments.
Salinity also affected growth of shrimp postlarvae, as the organisms reared at low salinities
showed a trend of lower final weight and SGR than those reared in the higher salinities.
Only the calcium concentration presented a general decreasing trend among the sampling
periods of O day to 14-28 days of culture. The rest of the major ions were not significantly
altered when the postlarvae were reared at 2000 orgs/m’ during 28 days at salinities of 8,
12, 16, 25, and 35 %o, and an inverse relationship existed among the ion concentrations
and the final weight of shrimp.
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