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The present work characterizes the water quality during the culture of shrimp Litopenaeus vannamei in an open 

system, using fresh well water (0.3 ‰ salinity). The underground water contained 0.3 ‰ salinity, 0.0115 mg L-1 

phosphate (P-PO4), 0.003 mg L-1 nitrite (N-NO2), 0.029 mg L-1 nitrate (N-NO3), < 0.010 mg L-1 ammonium N-

NH4, 300 mg L-1 total hardness and 210 mg L-1 alkalinity. The study includes the analysis of the acclimation 

process of 20-day-old L. vannamei post-larvae and its further development in an open culture system. During 

acclimation, ammonium concentration increased from non-detect to 1.2 mg L-1 on the second day, and then to 1.5 

mg L-1 on the eighth day. Survival of post-larvae upon reaching the freshwater point was 51 %. During 8 weeks 

of culture in the 2 earthen ponds, the nutrient concentration fluctuated between 0.01 - 0.03 mg L-1 for nitrite, 0.02 

- 0.03 for nitrate, 0.07 - 0.09 for ammonium and 0.19 - 0.21 mg L-1 for phosphate. The most representative phyto-

plankton groups were chlorophyte, diatoms, dinoflagellate and euglenoids, with about 50.6, 25, 14 and 9.2 %, in 

average for both ponds. The cyanophyte group was represented in the 1% of the total phytoplankton community. 

Spirogyra sp. was the most dominant species. The total heterotrophic bacteria concentrations were around 1100 

CFU mL-1, while Vibrio sp., Pseudomonas sp. and total coliforms reached an average concentration of 47, 72 CFU 

mL-1, and 59 CFU/mL-1 respectively. The average weekly growth of L. vannamei was 0.9 g, survival was 45.9 %, 

and production was around 1088 kg/ha. The nature of the well water in southern Ecuador provides the necessary 

nutrients for the cultivation of L. vannamei shrimp at extremely low salinity 
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In  

El presente trabajo caracteriza la calidad del agua durante el cultivo del camarón Litopenaeus vannamei en un 

sistema abierto, con el uso de agua dulce de pozo (0.3 ‰ salinidad). El agua subterránea contenía 0.3 ‰ de 

salinidad, 0.0115 mg L-1 de fosfato (P-PO4), 0.003 mg L-1 de nitrito (N-NO2), 0.029 mg L-1 de nitrato (N-NO3), < 

0.010 mg L-1 de amonio N-NH4, 300 mg L-1 de dureza total y 210 mg L-1 de alcalinidad. El estudio comprende el 

análisis del proceso de aclimatación de post-larvas de L. vannamei de 20 días de edad y su posterior desarrollo en 

un sistema de cultivo abierto. Durante la aclimatación la concentración de amonio se incrementó desde no detec-

tada a 1.2 mg L-1 al segundo día, y luego a 1.5 mg L-1 al octavo día. La supervivencia de post-larvas al llegar al 
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punto de agua dulce fue del 51 %. Durante 8 semanas de cultivo en los 2 estanques de tierra, la concentración de 

nutrientes fluctuó entre de 0.01 - 0.03 mg L-1 para nitrito, 0.02 - 0.03 para nitrato, 0.07 - 0.09 para amonio y 0.19 

- 0.21 mg L-1 para fosfato. Los grupos fitoplanctónicos más representativos fueron las clorofitas, diatomeas, dino-

flagelados y euglenoideos, con alrededor del 50.6, 25, 14 y 9.2 %, respectivamente. El grupo de las cianofitas 

estuvo representado en el 1% de la comunidad de fitoplancton.  Spirogyra sp., fue la especie más dominante. La 

concentracion de bacterias heterótrofas estuvo alrededor de 1100 UFC mL-1, mientras que Vibrio sp., Pseudomo-

nas sp., y coliformes totales, alcanzaron una concentración promedio de 47, 72 UFC mL-1, y 59 UFC/mL-1 respec-

tivamente. El crecimiento promedio semanal de L. vannamei fue de 0.9 g, la supervivencia de 45.9 %, y una 

producción alrededor de 1088 kg/ha. La naturaleza del agua de pozo en el Sur del Ecuador dispone de los nutrientes 

necesarios para el cultivo del camarón L vannamei a extrema baja salinidad 
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Introduction 

 

Litopenaeus vannamei1 (Boone, 1931), a crustacean 

commonly known as white shrimp (WS) naturally 

can be found in the Pacific coast, from Mexico to 

northern Peru, residing in marine and estuarine envi-

ronments at salinities that range from 30 to less than 

5 ‰. In Ecuador, the development of shrimp farming 

originated in mangrove areas2 using estuarine waters 

of the Gulf of Guayaquil. However, the strict control 

of mangrove deforestation2 and the appearance of 

diseases in shrimp were triggering factors for the 

search of new territories to continue the lucrative 

business of shrimp aquaculture. This action contrib-

uted to the increase in the cultivation area inland the 

continental shelf and the extraction of well water for 

shrimp farming. Under these conditions, the success 

of WS cultivation has been dependent on the physio-

logical capacity of L. vannamei to adapt to low-salin-

ity3. Consequently, the development of WS under 

culture conditions depends on its physiological capa-

bility to adapt to the physicochemical characteristics 

of the environment and the natural productivity that 

includes various phytoplankton groups. 

Chemically, seawater contains chlorine, sodium, cal-

cium, magnesium, potassium, bicarbonate, and sul 

 

 

 

 

-fates, among the main elements that support the ad-

aptation of aquatic species living in euryhaline envi-

ronments. Due to its euryhaline condition, L. van-

namei can adapt to various concentrations of salts,  

but due to limits of tolerance, high mortalities occur 

at less than 1 ‰ salinity4,5. Although it has not been 

documented yet, it is known that, in Ecuador, shrimp 

farming has expanded to freshwater culture systems 

with salt concentrations less than 0.5 ‰. 

The expansion of the cultivation area in low-salinity 

environments requires technical and scientific data to 

understand the dynamics of shrimp production sys-

tems under low-salinity conditions6. Previous re-

search pertaining to shrimp farming in low-salinity 

systems highlights differences in the ionic composi-

tion of groundwater from different regions (Ala-

bama, USA, Thailand, Ecuador). In shrimp aquacul-

ture systems, the low concentration of essential ions 

is amended by adding mineral salts to the culture en-

vironment7. As traditionally observed in Ecuador, in 

Thailand marine shrimp farming uses water sources 

located in lower river basins with salinities ranging 

from 2 to 5 ‰8,9 where the mixture with seawater al-

lows the presence of essential minerals. However, in 
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both environments estuarine and fresh water, inade-

quate proportions of calcium and magnesium can 

cause alterations in the health of the WS. Hence, the 

presence of anions (bicarbonate, carbonate, sulfates, 

chlorides) tested by the alkalinity of the water, and 

levels of hardness referred to the presence of ions 

(calcium, manganese and sodium) are critical be- 

cause mineral salts are vital for the maintenance of 

the WS8,10. Bicarbonate, an anion that forms alkalin-

ity, is important due to its buffer capacity in water 

and its effect on pH changes, which in turn regulate 

the availability of essential ions in the aquatic envi-

ronment. 

The use of well water with salinities of 5 to 15 ‰ for 

shrimp farming inland or far from intertidal coastal 

zones has generated controversy due to environmen-

tal threats8,9,11, especially for the impact of water dis-

charges containing salts that may affect agricultural 

crops. Extensive information has been documented 

on culture systems with low-salinity water, however, 

comprehensive information about the water quality 

for shrimp culture (SC) subjected to extremely low-

salinity environments close to the point of fresh wa-

ter, is limited. Thus, the opportunity to know the tol-

erance levels of L vannamei raised in fresh water or 

with minimal concentration of salts is essential for 

sustainable aquaculture. The inland shrimp farming 

using freshwater promotes the reuse of aquaculture 

wastewater for irrigation of agricultural crops or hy-

droponics12,13 and consequently reduce environmen-

tal impacts. Therefore, the objective of this research 

work was to analyze the adaptation capacity of 

shrimp to fresh water whose salt concentration was 

0.3 ‰, and to characterize the water quality during 

the crustacean development in open culture systems. 

 

Materials and methods 

 

Study site. The study was performed in the Academic 

Unit of Agricultural Sciences, of the Technical Uni-

versity of Machala (UTM), Province of El Oro, Ec-

uador. The acclimation, and subsequent development 

of L vannamei was carried out under open culture 

systems and with the use of underground water at 0.3 

‰ salinity. The infrastructure consisted of one labor-

atory for the water and soil analysis and availability 

of 2 earthen ponds of 500 m2. The water supply con-

sisted of a wellpoint system located close to the 

ponds. According to data of the local meteorological 

station, the site environmental conditions showed an 

average precipitation of 0.31 mm per day, relative 

humidity of 73 %, and temperature of around 25o C, 

typical characteristic of the dry season. 

 

Table 1 Salinity variation according to the acclimation time of post-larvae L vannamei 

 

Acclimatization/observation days Salinity 6:00 AM Salinity 12:00 AM Decreased salinity 

1 (PL-25) 32 22 10 

2 (PL-26) 22 14 8 

3 (PL-27) 14 9 5 

4 (PL-28) 9 7 2 

5 (PL-29) 7 5 2 

6 (PL-30) 5 4 1 

7 (PL-31) 4 3 1 

8 (PL-32) 3 2 1 

9 (PL-33) 2 1 1 

10 (PL-34) 1 .3 .7 
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Acclimation of PL to low-salinity. The post-larvae 

(PL-4days old) were obtained from a local laboratory 

located in Puerto Bolívar, El Oro Province, Ecuador. 

The PL were transferred to the Aquaculture Program 

for the acclimation process from 32 ‰ to 0.3 ‰ sa-

linity. A total of 75000 20-day-old PL were placed in 

three 500 L-1 tanks containing seawater of 30 ppm 

salinity, reaching a density of 50 PL L-1. The water 

temperature during the acclimation period varied 

around 26.4 ± 1.2o C. Every day, at the morning 

hours, the PL were gradually subjected to a reduction 

in salinity with the use of fresh water (from a well) 

until reaching the desired minimum concentration, 

followed with a subsequent observation and mainte-

nance period during the afternoon and night time3 Ta-

ble 1. 

At the end of acclimation to 0.3 ‰ salinity, the PL 

were displaced in a volume of 1500 L, and held at a 

density of 15 PL L-1 for one week for observation 

prior to stocking in the earthen ponds. 

Water quality analysis. During the entire culture cy-

cle, 1 L water sample was taken for physicochemical, 

microbiological and phytoplankton analysis. Dis-

solved oxygen was measured twice (morning and af-

ternoon) using a YSI model 55/DO portable oxygen 

meter. The pH was measured using the Hatch EC10 

pH-Meter. Salinity was determined by the chloride 

titration method. Alkalinity was determined by the 

acidification and titration method, and total hardness 

by the EDTA12 method. 

For the determination of nutrients, the water samples 

were taken in a separate container, and filtered 

through a 0.45 µm Whatman GF-C filter for further 

analysis following standard methods. After drying 

the filters, the weight was determined using a Denver 

Instrument analytical balance (model X-100). Nutri-

ents were determined by spectrophotometry using 

the Hach DR 4000U UV/Visible Spectrophotometer. 

Ammonium (N-NH4) was determined through the in-

dophenol12 reaction. Nitrite (N-NO2) by diazotization 

process13. Nitrate (N-NO3) by the reducing nitrate to 

nitrite using the cadmium reduction method12. The 

concentration of phosphates (P-PO4) was determined 

through the phosphomolybdate reaction and colorim-

etry14. 

The qualitative analysis of phytoplankton was car-

ried out using a Nikon Optiphot microscope. The 

phytoplankton species were identified with the sup-

port of reference manuals. The quantitative analysis 

of phytoplankton was carried out with the use of the 

Neubauer chamber. Additionally, a subsample was 

taken from the same water sample to estimate the 

number of heterotrophic bacteria by plate counting 

using Soybean-Casein Digest Agar Medium (TSA) 

(Difco, United States) and incubation at room tem-

perature (28o C) for 48 h. The number of total coli-

forms was estimated using the MacConkey Agar. To 

estimate the number of Vibrio sp., the Thiosulfate-

Citrate-Bile Salts-Sucrose Agar (Roth, Karlsruhe, 

Germany) was used, and for Pseudomonas sp., Cetri-

mide Agar, with incubation at 35º C for 24 h. 

Shrimp culture in water with 0.3 ‰ salinity. SC was 

conducted in 500 m2 earthen ponds. After soil prepa-

ration, a pond bottom sample was taken to analyze 

the soil texture. The ponds received fresh well water 

0.3 ‰ salinity. During the first week, 100 L of pure 

marine yeast with a concentration of 1 x 109 cell mL-

1 was applied daily in each pond. On the fifth day of 

pond-water preparation, PL of 0.004 g weight were 

stocked at a density around 30 organisms m2, result-

ing in an average initial biomass of 0.6 kg in each 

pond. The maximum water level in the ponds was 80 

cm. 

During the culture period, every week 50 shrimp- 
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 were captured, from which 40 individuals were 

weighed, and 10 individuals were subjected to the 

analysis of phytoplankton microflora in the gut (in-

testine). The presence of phytoplankton microflora in 

the gut of the shrimp were evaluated weekly to con-

firm the preference of food. The shrimp were 

weighed on an Ohaus 400±0.1 g scale. The average 

weekly weight (PPS) was calculated by determining 

the total weight of the organisms (TP) and divided by 

the number of organisms (n). 

PPS = PT / n 

The weekly weight gain (IPS), was obtained by sub-

tracting the PPS value of each week (PPS2) from the 

value of the previous week (PPS1): IPS= PPS2 (g) - 

PPS1 (g) 

Based on the estimated biomass, artificial food with 

a protein composition of 27 % was provided manu-

ally in 2 daily rations. 

The final survival rate (%S) was determined dividing 

the population that was stocked at the beginning (Pi) 

and the final population (Pf) at the end of the SC pe-

riod after harvest. 

%S = Pf x 100 / Pi 

The feed conversion index was estimated as the ratio 

of the amount of feed used during cultivation and the 

final biomass. 

Analysis of data. The data obtained were organized 

and analyzed descriptively in Excel spreadsheets, de-

termining the average and standard deviation of the 

variables studied. 

 

Results 

 

The water source characteristics used for acclima-

tion to low-salinity and further grow-out revealed 

0.3 ‰ salinity, 0.0115 mg L-1 of phosphate, 0.003 

mg L-1 of nitrite, 0.029 mg L-1 of nitrate, <0.010 mg 

L-1 of ammonium, 300 mg L-1 of total hardness and 

210 mg L-1 of alkalinity. The soil texture of the 

ponds was 54.22 % silt, 38.9 % sand and 6.88 % 

clay. 

Low-salinity acclimation. The concentration of am-

monium in the water during the acclimation period 

fluctuated between 0.6 to 1.5 mg L-1, the pH fluctu-

ated between 7.6 to 8.3, and temperature around 26o 

C. The final salinity, at the point of freshwater (0.3 

‰) was obtained at the age of PL-34-35 days of age. 

At the beginning of the acclimation period, the am-

monium concentration reached 0.8 mg L-1. Later, 

halfway through the acclimation period (day 6), the 

ammonium concentration doubled in relation to the 

initial value, arriving to an average concentration of 

1.2 mg L-1 (Figure 1). On the eighth day of acclima-

tion, ammonium values were found at levels higher 

than 1.5 mg L-1, reducing slightly the next day, but 

increasing again on day 11. At the highest-level of 

ammonium PL showed abnormal behavior. As indi-

cated, the pH of the water gradually increased during 

the acclimation from 7.6 to 8.1 and the temperature 

fluctuated around 26o C. 

 

Figure 1 Variations of ammonium concentration in 

water during 11 days of acclimation of L. vannamei 

PL. 

 

At the end of the acclimation, when the organisms 

were distributed in a volume of 1500 L of water, and 

with yeast addition, the ammonium concentration 

was reduced to a range of 0.35-0.8 mg L-1. This ac-

tion helped to control the mortality observed at the 

end of the acclimation at 0.3 ‰. 
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Water quality characterization during grow-out. 

During the 60 days of SC, the physicochemical and 

microbiological parameters of the water were deter-

mined weekly in the two ponds (Table 2). The aver-

age concentrations of nitrite were 0.01 - 0.03 mg L-

1, nitrate 0.02 - 0.03, ammonium 0.07 - 0.09 and 

phosphate 0.19 - 0.21 mg L-1 in the ponds 1 and 2 

correspondingly. The inorganic nitrogen concentra-

tion in the water was lower than the phosphate con-

centration in both ponds. The average concentration 

of phosphate in the pond water was 20 times higher 

than the concentration found in the inlet water. The 

average concentration of nitrite in the pond water 

was 6.5 times higher than that of the inlet. The nitrate 

concentration in the pond water was close to that de-

tected in the inlet. The ammonium concentration was 

around 0.08 mg L-1, increasing 20 times higher than 

the concentration detected in the inlet water. 

 

Table 2 The average (± SD) of water quality variables in two experimental ponds during shrimp culture at 0.3 ‰ 

salinity 

 
Parameter Pond 1 (P1) Pond 2 (P2) 

Phisicochemical   

Alkalinity (mg L-1) 239.75  35.88 244.00  25.06 

Total hardness (mg L-1) 332.63  114.34 351.88  134.60 

Phosphates (P-PO4 mg L-1) .19  .09 .21  .18 

Nitrite (N-NO2 mg L1) .01  .01 .03  .04 

Nitrate (N-NO3 mg L-1) .02  .02 .03  .04 

Ammonium (N-NH4 mg L-1) .07  .12 .09  .14 

Microbiological   
Vibrio (UFC mL-1) 45.31 ± 41.10 48.00 ± 63.49 

Pseudomonas (UFC mL-1) 71.62 ± 119.03 74.23 ± 128.89 

Coliformes (UFC mL-1) 58.54 ± 183.26 61.00 ± 192.28 
Heterotrophic bacteria (UFC mL-1) 988.83 ± 464.84 1218.83 ± 791.64 

The daily variations of dissolved oxygen in the pond 

water fluctuated around 3.1±1.5 mg L-1. At the sixth 

week, the dissolved oxygen increased to 7 mg L-1 but 

within the same period, the oxygen decreased below 

2 mg L-1. The survival rate in pond 2 was 9 % lower 

than that measured in pond 1, driving to a greater 

food consumption in pond 2. 

In both ponds the microbial groups Vibrio sp., and 

Pseudomonas sp., were around 50 and 75 CFU mL-

1 respectively (Table 2). The concentration of Pseu-

domonas sp., was 0.7 times higher than Vibrio sp., 

and the concentration of heterotrophic bacteria was 

around 103 CFU mL-1. 

Phytoplankton characterization. The results of the 

qualitative analysis of primary productivity were 

similar for the 2 grow-out ponds. The concentration 

of total phytoplankton in the water in pond 1 reached 

levels around 56570 ± 4390 cell mL-1, while the con-

centration of total phytoplankton in pond 2 was 

around 25890 ± 3160 cell mL-1. 

Although similar phytoplankton groups were ob-

served in both ponds, the proportion of phytoplank-

ton groups differed (Figure 2). The presence of chlo-

rophytes was predominant in both ponds, occupying 

around 54,6 y 42.31 % of the total phytoplankton 

population for pond 1 and 2 respectively. Likewise, 

the diatoms were in second order of importance, 

reaching a proportion of 27.3 y 20%. The dinoflag-

ellate group represented around 14 %. The presence 

of euglenoids was slightly different, reaching 11 and 

19 % for pond 1 and 2 respectively. Ultimately, the 

cyanophycean group reached an average of 1 % of 

the phytoplankton population in the two ponds. 

The gut microbiota of shrimps in pond 1 was repre- 
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sented by Spirogyra sp., (22 %) followed by the Di-

atoma sp. (21 %) Scenedesmus sp. (9.5 %), and in 

less proportion other types of microalgae were rep-

resented by Cocconeis, Chroococcus, Gymnodin-

ium, Gonium, Merismopedia, Tabellaria, Pan-

dorina, Thalassiosira plus dead zooplankton. The 

gut fullness ratio was around 7:1 for phytoplankton 

and artificial food respectively. Comparably, the 

shrimp gut content of the pond 2 presented the same 

type of microalgae but in a smaller number than 

pond 1. In both ponds the macroalgae Spirogyra sp., 

proliferated massively, although in pond 1 its ap-

pearance was significantly higher. 

 

Figure 2 Distribution of predominant phytoplankton 

groups in shrimp culture with the use of 0.3 ‰ well wa-

ter 

 

 

Performance of L vannamei at 0.3 ‰ salinity. Table 

3 shows the production results of feed consumption, 

survival rate and feed conversion in the two ponds. 

The grow-out cycle began with an initial biomass of 

0.55 and 0.65 kg and ended with a total of 57.3 and 

51.5 kg of final biomass for ponds 1 and 2 respec-

tively. 

The shrimp L vannamei cultured under extremely 

low-salinity conditions, reached 0.92 g of weekly 

growth, and an average weight of 8 g in a period of 8 

weeks. Halfway through the grow-out (45 days), a 

decrease in shrimp performance was recorded (Fig-

ure 3). The average production yield of the two ponds 

was 0.1 kg m-2 of total biomass. In pond 1 the records 

showed a feed consumption of 1.3 and in pond 2, the 

feed consumption increased around 30 %, which ex-

plains the higher feed conversion found in pond 2. 

 

Figure 3 Performance of shrimp Litopenaeus van-

namei, during culture using 0.3 ‰ well water 

 

 

Discussion 

 

Shrimp acclimation. L vannamei shrimp age is possi-

bly one of the most critical points during acclimation 

to 0.3 ‰ salinity or at freshwater point. Other studies 

report significant differences in the survival rate of 

PL 10-days-old and 20-days-old when they approach 

levels close to the freshwater point, confirming that 

the tolerance of L vannamei to extremely low salini-

ties depend on the age of the individuals15.  

 

Table 3 Shrimp L. vannamei performance at 0.3 ‰ sa-

linity 

 

Parameter Pond 1 Pond 2 

Initial shrimp population 13820 16320 

Final shrimp population 6917 6814 

Final weight (g) 8.29 7.56 

Weekly growth rate .97 .88 

Final pond biomass (kg) 57.3 51.5 

Feed consumption (kg) 69.25 84.35 

Feed conversion 1.3 1.7 
Survival (%) 50.05 41.75 

 

Indeed, it has also been suggested that acclimation to 

salinities close to the freshwater point requires more 
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than 7 days of adaptation, resulting in high mortali-

ties when acclimatize to extremely low-salinity16. 

Smaller PL are more susceptible to physiological al-

terations when exposed to stress conditions, showing 

low survival rate17. 

Ammonium concentration is the most common toxic 

factor in low-salinity SC systems. In another study18, 

the exposure of 19-day-old L. vannamei showed that 

50 % of the population died at N-NH3 concentration 

of 1.81 mg L-1. Another study with pre-juveniles of 

Penaeus schmitti, weighing 1.5 g, analyzed the sus-

ceptibility to ammonium at different salinities, and 

found that at 5 ‰ the concentration of 1.14 mg L-1 of 

N-NH3 was lethal for 50 % of the population19. The 

same study reported that ammonium causes physio-

logical stress in organisms, leading to an increase in 

ammonium excretion and oxygen consumption. In 

this work, an increase in ammonium concentration 

was observed at the beginning of acclimation. Con-

sidering the pH and temperature of the water rec-

orded in this work, the concentration of non-ioniza-

ble ammonium in the water was around 0.18 mg L-1 

on the sixth day of acclimation and increased to 0.225 

mg L-1 on the eleventh day, suggesting that ammonia 

could have influenced the survival of the PL during 

acclimation to 0.3 ‰ salinity. Observations in Ecua-

dorian hatcheries indicate that during the acclimation 

processes to salinities around 1 ‰, result in signifi-

cant variations in the final survival response, which 

are not well understood, with some PL batches expe-

riencing mortality rates as high as 75%. 

Water quality characterization during grow-out in 

low-salinity. In the present work, the alkalinity and 

hardness of the water were the parameters on which 

this water quality study was focused. The concentra-

tion of nutrients, the primary productivity character-

ization, and the presence of pathogenic bacteria were 

analyzed. 

The alkalinity and hardness of the water are funda-

mental parameters in shrimp farming20, suggesting a 

minimum of 100 mg L-1 of alkalinity21. In this study, 

with a salinity of 0.3 ‰, the alkalinity in the shrimp 

grow-out ponds was around 240 mg L-1 and the hard-

ness values were about 340 mg L-1. This signifies 

that, the well water contained a significant proportion 

of calcium carbonate (Ca CO3). This could be due to 

natural characteristics of the geological conditions of 

the southern region of Ecuador. During cultivation, a 

slight reduction in alkalinity was observed, possibly 

due to the absorption of salts from the culture system 

or due to organism’s uptake. This aligns with other 

studies22 which suggests that alkalinity tends to de-

crease in L vannamei cultivated in low-salinity water. 

It has been reported that at an alkalinity of 40 mg L-

1, shrimp growth can be delayed due to abnormal be-

havior during molting23. The suggested proportion of 

calcium and magnesium ions for L vannamei is 

around 60 and 40 %, respectively24. More specifi-

cally, Moura et al.25 reported optimal WS develop-

ment in freshwater systems with 400 mg L-1 of cal-

cium, 380 mg L-1 of potassium, 1350 mg L-1 of mag-

nesium and 10500 mg L-1 of sodium. Araneda et al.26, 

in their study analyzing different densities of L van-

namei cultivated in fresh water, showing alkalinity of 

325 mg L-1 and hardness of 400 mg L-1. In addition, 

Jayasankar et al.16, when analyzing salinity and total 

hardness, found that the growth and survival of 20-

day-old PL L. vannamei exposed to 30 ‰ salinity and 

6600 mg L-1 hardness, was significantly higher than 

those organisms exposed to 5 ‰ and 1400 mg L-1 

hardness, with a lower performance at 1.5 salinity 

and 450 mg L-1 hardness. The researchers confirmed 

that at 5 and 1.5 ‰ salinity the survival rate was 46 

and 45 % respectively, comparable the results of the 

present work. This explains that the cultivation of L. 

vannamei in salinities up to 5 ‰ can achieve results 
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equivalent to seawater by adjusting the alkalinity and 

hardness of the water to levels required for the WS. 

However, at extreme low salinities growth and sur-

vival decrease considerably. 

In relation to nutrients dissolved in the water, the 

concentrations of phosphorus and inorganic nitrogen 

found in the two ponds occurred due to the dynamics 

of the system and the chemical flow from pond bot-

tom to the water column, but nutrients did not enter 

from the inlet water. The concentrations of nitroge-

nous nutrients in the form of nitrites and ammonia 

were higher in the ponds than in the inlet water. The 

ammonium concentration in the grow-out pond did 

not represent a danger to the shrimps since it was be-

tween 0.07 to 0.08 mg L-1 for ponds 1 and 2 respec-

tively. Previous studies using earthen ponds for SC 

indicate that phosphorus is generally not a limited nu-

trient22. Valenzuela-Quiñonez et al.5 analyzed four 

well water sources with salinities less than 1 ‰, dur-

ing the cultivation of WS, reporting minimum and 

maximum concentrations for ammonium 0.26 to 0.31 

mg L-1, nitrite 0.28 to 0.32 mg L-1, nitrate 0.73 to 0.77 

mg L-1 and phosphate 1.5 to 1.7 mg L-1. In other stud-

ies, using the Hatch rapid analysis method, average 

values of nitrate of 6.7 mg L-1, total phosphorus 0.4 

mg L-1 and reactive phosphorus 0.14 mg L-1 were re-

ported, with the use of groundwater22, and a salinity 

of 2 ‰. 

An additional aspect to remark about this work was 

the accumulation of the alga Spirogyra sp., produc-

ing a massive freshwater alga filament in the ponds. 

The presence of this macroalgae affected the moni-

toring and harvesting of the shrimp, since the organ-

isms occupied these niches as a refuge and foraging. 

The presence of Spirogyra sp., detected in the gut 

analysis, corroborates the white shrimp's preference 

for this alga as a food source. Beyond the importance 

of primary productivity in the feeding behavior of 

shrimps, the presence of weed suggests analyzing the 

feasibility to create polyculture systems producing 

macroalgae, an aspect that requires further investiga-

tion. 

Additionally, it is important to indicate that the well 

water was relatively clean and free of harmful micro-

organisms for L vannamei. The microbial groups of 

Vibrio sp., and Pseudomonas sp., in water emerged 

in low levels because of culture dynamics. In tradi-

tional culture systems, at the sea or when using estu-

arine water, shrimp farmers try to maintain the max-

imum limit of Vibrio sp., at around 102 CFU mL-1, 

although some reports show a range between 103 to 

104 CFU mL-1. Therefore, it is considered that the 

low concentration of Vibrio sp., in shrimp farms is 

associated with the use of low-salinity groundwater; 

however, this cannot be generalized because low-sa-

linity shrimp farms in Ecuador revealed concentra-

tion of Vibrio sp., over 104 CFU mL-1. The addition 

of fresh yeasts in the SC of this study could have con-

tributed to enhance the quality of detritus as a nutri-

tional complement for the shrimp and strengthening 

the presence of microorganisms antagonistic to Vib-

rio sp.29. To confirm this issue, the quantification of 

heterotrophic bacteria was around 103 CFU mL-1, 

while Pseudomonas sp., a bacterial group antagonis-

tic to the presence of Vibrio sp.27,30, was higher. On 

the other hand, the appearance of coliforms in water 

explains the impact of sewage pollution within the 

area of the water source and experimental site. 

Performance of L vannamei in water 0.3 ‰ salinity. 

The outcomes of L vannamei grow rate obtained in 

this work are comparable with other reports. In na-

ture shrimp has a growth of 1.4 g per week4, and in 

seawater culture systems a weekly growth of 1.19 g 

per week. Likewise, Araneda et al.26, in Yucatán, 

Mexico, carried out laboratory tests cultivating the 

WS at 0 ‰ salinity, showing that the highest growth 
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rate was obtained at densities of 90 shrimp m2, with 

an average of 0.38 g per week, and survival rate of 

76 % in 210 days, concluding that in freshwater the 

survival decreases when the density of organisms is 

higher. These results are comparable with the present 

work, confirming that the greater the population of 

organisms in the aquatic environment, the availabil-

ity of mineral salts to cope with the osmoregulation 

processes is more demanding, an issue that requires 

further investigation for better understanding. 

Although massive mortality episodes, such as those 

commonly observed in traditional crops, were not ob-

served, it is assumed that the population decline oc-

curred progressively during shrimp cultivation. In the 

present study, it is important to highlight that during 

the culture period, no mineral supplement was ad-

ministered to compensate the needs of salts. Hence, 

the WS cultivated in the present work only relied on 

the salts present in the water and the culture environ-

ment. 

Additionally, since the pH of the soil in the ponds 

was neutral, the absorption of ions from the water is 

neglected31. But, in sandy soils conditions, there were 

losses due to infiltration, requiring the daily pumping 

of water up to 20 %. In extensive shrimp farming, 

water exchange rates vary around 2 - 7 % per day32, 

although 5 % water exchange per day has also been 

reported6. At the end of the growth-out period, the 

records showed that dissolved oxygen exceeded 100 

% saturation, with drastic decreases during the night. 

The photosynthetic activity of microalgae can cause 

oxygen variations in the pond. 

Considering the characteristics of open systems with-

out mechanical aeration, the production obtained in 

the present work can be compared with outcomes of 

traditional SC systems, representing 1088 kg ha-1, a 

magnitude that can be increased with basic strategies 

to sustain the crustacean development. For example, 

transferring part of the population to adjacent ponds 

enhance the growth due to the reduction of popula-

tion density, which has been reported as an alterna-

tive to enhance shrimp growth in two-phase systems, 

increasing the biomass and improving shrimp perfor-

mance33. 

Finally, this work offers a specific standpoint of the 

development and survival of L. vannamei with the 

use of underground water at 0.3 ‰ in an open culture 

system. The parameters of hardness, alkalinity, and 

ammonium are critical indicators for the acclimation 

process and subsequent development of shrimp in 

freshwater systems. The results have been compared 

and discussed with studies from other locations and 

laboratory tests, maintaining consistency. The water 

quality characterization during low-salinity SC ena-

bles better understanding of the pond dynamic man-

aged under open systems, which contributes signifi-

cantly to the optimization of SC. These results have 

allowed us to understand the productive potential of 

well water in Southern Ecuador. Hydrogeological 

studies to know the water table capacity are neces-

sary for the sustainable management of underground 

water resources in context with the aquaculture oper-

ations. 
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