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INTRODUCTION 

 

Aquaculture practices in Ecuador have increased in the last decade and sustained 

by the production of white shrimp (Litopenaeus vannamei) and grey tilapia 

(Oreochromis niloticus). The estimated production for the first half of 2016 for 

shrimp and tilapia was 177 and 1.7 million pounds respectively according to 

National Aquaculture Chamber. It should be noted that the aquaculture industry 
of Ecuador maintains crops with one species (monoculture), constant water 

change, low density and constant discharges of mineral nutrients to the 

surrounding watersheds. This methodology generates inefficient production in 
established systems, increased use of antibiotics for disease control, and negative 

environmental impact on natural resources (Favre, 2015). In addition, the scarce 

diversification of species and aquaculture systems constitutes a risk to local 
producers as occurred in 1999 following the crisis of the white spot disease in the 

Ecuadorian shrimp sector (Calderón, 2002). In this sense, diversification is an 

important issue that reduces risks in production, which will allow the 
incorporation of new systems and methodologies for the aquaculture sector, 

diversify risks, generate new market opportunities and increase the productivity 

and competitiveness of the national supply. 
According to Collazos-Lasso and Arias-Castellanos (2015), protein levels of the 

supplied concentrate in aquaculture are usually between 20% and 45%. Sixteen 

percent of this protein is nitrogen and about 75% of this nitrogen is added to the 

culture by excretion and food not consumed. The metabolism of ingested food 

ends with the formation of ionized and non-ionized ammonia (TAN), which is 

excreted into the water. The non-ionized form NH3 is highly toxic and the lethal 
concentration varies by species in a range of 0.001-2 ppm, in addition to 

generating pollution to natural watersheds. On the other hand, the aspiration of 

aquaculturists to achieve higher productivity without departing from 

environmental regulations of wastewater, biosafety, and water scarcity has led 
aquaculture to more intensive production systems; these systems generate greater 

production and less use of land and water in relation to the extensive aquaculture 

systems; where the recirculation of water system stands out, which has a high 

investment and maintenance costs; and the Biofloc system with essential aeration 

requirements and lower operating and investment costs (Avnimelech, 2012). 

In the biofloc system, organic wastes are disintegrated and suspended inside the 
tanks by aeration systems, serving as a substrate for the development of 

heterotrophic bacteria. These bacteria are responsible for water purification, 

using nitrogenous compounds toxic to fish (ammonium, nitrite and nitrate), 
synthesizing proteins and microbial biomass that enrich the bioflocs (Kubitza, 

2011). Bioflocs, as a product of a Biofloc system, are aggregates of algae, 

bacteria, protozoa and other organic matter, such as feces and unconsumed food; 
each flock remains attached to a matrix of mucus that is secreted by bacteria and 

bound by electrostatic attraction filamentous microorganisms to remain attached 

to the matrix (Hargreaves, 2013). 
The present work evaluated an alternative in the intensive production of tilapia, 

under zero water exchange "Biofloc", incorporating a new aquaculture species 

such as river prawn (Macrobrachium sp.), which can be found wild in several 
rivers of the western Ecuadorian subtropics. 

 

MATERIALS AND METHODS 

 

The research was carried out on July and August of 2016 in the quarantine 

greenhouse of the Agricultural Engineering Career IASA1 - ESPE, located in the 
Rumiñahui Canton, Hacienda El Prado and province of Pichincha at 2.728 amsl. 

 

 

Aquaculture is a productive activity in economic growth due to market productivity which supports many Ecuadorian communities. 

However, exotic species has been the basis of this activity without considering the endemic and mega-diverse component of Ecuador. 

On the other hand, current aquaculture systems use a lot of water, generating discharge of nitrogen and phosphorus, causing a negative 

impact on natural watersheds. The present investigation focused on the diversification of aquaculture production and environmental 

care, through the polyculture of tilapia and river prawn, in a Biofloc system, which allows reducing the use of water, space, and food, 

taking advantage of all the nutrients of the aquatic environment without generating pollutant residues, from a carbon-nitrogen ratio of 

20:1. The research project was developed under laboratory conditions at 2.728 amsl, for 8 weeks in pre-breading stages. Two factors 

were established in the study: type of culture (monoculture and polyculture) and production systems (traditional and biofloc), with three 

replicates. In the Biofloc system, the environmental variables such as temperature, pH, and oxygen did not show any significant 

differences between treatments (p≤0.05), while conductivity and total suspended solids increased during the test, and the nitrification 

processes stabilized at day 28 with values of 0.06±0.01 and 0.35±0.09 ppm in ammonium and nitrite respectively. The bacterial load 

was higher in the Biofloc system (113.66x103 CFU/ml) with predominance of Bacillus sp. and Pseudomonas sp. The bioflocs showed 

greater volume in polyculture (17.62 ml/L) and 26% of protein. Under these considerations, the best productive performance was 

detected in the Biofloc polyculture with a total productivity of 142.86g/m2 (p≤0.05). Therefore, diversification of species, types and 

culture systems are viable for aquaculture in Ecuador, generating an interaction between the chemical and biological components, 

allowing productive processes to be sustainable. 
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Experimental design 

 

A completely random bifactorial 2x3 design was applied, the test factors being: 

production system (biofloc and traditional); and type of culture (polyculture, 
prawn monoculture and tilapia monoculture). It was formed 6 treatments (Table 

1) with 3 replicates and were installed 18 experimental units (EU). Each EU was 

a 60 L capacity tank, covered with plastic mesh, with heaters and aerators. In the 
Biofloc system was prepared a mesocosm, and the amount of water evaporated 

weekly was replenished; while the traditional system was maintained with a 10% 

water change per day. 

 

Table 1 Detail of Biofloc treatments  

Treatments 
Description 

Production system Type of culture 

T1 Biofloc 110 river prawns/m2 + 100 tilapias/m3 

T2 Traditional 110 river prawns/m2 + 100 tilapias/m3 

T3 Biofloc 110 river prawns/m2 

T4 Traditional 110 river prawns/m2 

T5 Biofloc 100 tilapias/m3 

T6 Traditional 100 tilapias/m3 

 

Biological Material  
 

In this study 72 tilapia (0.44±0.03 g), 168 river prawns (0.29±0.01 g), and 

Bacillus bacteria like probiotics were used.  

 

Mesocosm formation 
 
A mesocosm of 500 L with a Carbon: Nitrogen ratio of 20:1 was created; which 

contained 15 g of fertilizer (30% N, 10% PO2, and 10% K2O), 200g of molasses 

(40% Carbon) and 125 g of Pond plus Bayer® probiotics; this mesocosm matured 
after 4 days and was the inoculum of Biofloc treatments (T1, T3, and T5). This 

inoculum was divided in 9 UE of Biofloc systems. 

 

Biofloc Maintenance 

 

A carbon-nitrogen ratio (20:1) was maintained for the formation of bioflocs and 
transformation of nitrogenous compounds, incorporating 2.8 g molasses/ 1g feed 

balanced every 3 days according to CENIACUA (Aquaculture research Center of 

Colombia). Tilapia balanced feed (50% protein) was used at the rate of 5% of the 
biomass distributed 3 times a day. 

 

Record of variables 

 

The variables measured and their frequencies were: weight of the organisms of 

interest, chemical parameters of the water (Biochemical oxygen demand, 
chemical oxygen demand, alkalinity, ammonium and nitrite), and microbiological 

parameters of the water (CFU and bacterial identification) every two weeks; 
quantity and size of the bioflocs every week; physical chemical parameters of the 

water (temperature, dissolved oxygen, pH, conductivity and total solid 

suspended) every day; and, the proximal analysis and consumption of bioflocs at 
the end of the 8 weeks. 

 

Proximal analysis of bioflocs 

 

At the end of the experimental phase, bioflocs were lyophilized to determine the 

amounts of protein (Kjeldahl method (Norma INEN 543)), fat (Soxhlet method) 
and ash (Incinerated in muffle) (Olvera-Novoa et al., 1993). 

 

Economics Analysis 

 

It was performed according to the work of financial analysis in aquaculture 

(García, 1995), or which investment costs, operating costs and revenues were 
obtained, with the aim of finding significant differences between the net benefit 

(USD/m2) of each treatment. 

 

Statistical analysis 

 

After verification of normality and homogeneity of data, was performed a 
variance analysis, a Tukey test (95%) was applied, and correlations between 

treatments were identified (Pearson's coefficient). For this purpose, the statistical 

program InfoStat® was used. 

 

 

 

 

 

RESULTS 

 

Water Quality Variables 

 
The temperature was maintained with an average of 21.96 °C, minimum of 18 °C 

and maximum of 26 °C. The pH showed no significant differences among 

production systems (p=0.4387) and maintained values of 7.90 to 8.60 within the 
acceptable range for aquaculture. Total suspended solids (TSS) showed 

significant differences between systems (p≤0.0001), with values higher than 

200ppm in Biofloc treatments (Figure 1). The dissolved oxygen (DO) value 
maintained from 4 to 5.81ppm, with lower values in the Biofloc treatments 

(p≤0.0001) (Figure 2), due to the increased oxygen consumption through 
respiration, oxidation and nitrification processes. Total ammoniacal nitrogen 

(TAN) is the most careful variable in the Biofloc system because of the toxicity 

and danger it represents in the aquatic environment, high levels of ammonia 
(>1ppm) are lethal to the culture organisms; in this study, nitrite and ammonium 

showed significant differences between treatments, with higher levels for these 

two variables in the Biofloc treatments (Figure 3), with mean values of 0.40±0.05 
ppm and 0.79±0.07 ppm, respectively; the amount of nitrite (NO2) is a reflection 

of the nitrification processes in the Biofloc system, the increase of NO2, generally 

due to the decrease of ammonium, and demonstrates a correct functioning of the 

system, as long as these levels decrease in the weather. Alkalinity (CaCO3) 

showed significant differences between treatments (p=0.0002), where Biofloc 

treatments showed the highest accumulation of CaCO3 (169.09±3.55 ppm) 
(Figure 4), these values in the Biofloc system were acceptable (100-200 ppm) 

allowing to maintain a constant pH, despite variations of ammonium. The 

biochemical oxygen demand (BOD)/chemical oxygen demand ratio (COD), 
Biofloc treatments (T1, T3, and T5) showed values greater than 0.3 throughout 

the entire test. According to De la Torre (2009), if the ratio BOD/COD is ≥0.5 the 

water is easily treatable or poorly contaminated, and if the ratio is ≤0.3, the 
presence of toxic contents in the water is demonstrated. Therefore, it was worked 

with easily treatable, non-toxic and safe waters for aquaculture. Colony forming 

units (CFU), the bacterial activity is the basis of the Biofloc system, due to the 
nitrification processes performed by bacteria, in this study the largest number of 

CFU in the Biofloc system was found with a mean of 113.66±3.53×103 CFU/ml 

(p=0.0442) (Figure 5), in response to the use of probiotics and the supply of 
molasses as energy source for bacteria. In addition, as part of the microbiological 

analysis in the Biofloc system, a predominance of Bacillus (42.40%) and 

Pseudomonas (20.29%) was found; and in the traditional system Enterobacter 

(47%) and Pseudomonas (41.82%) (Figure 6). 

 
Figure 1 Mean ± standard error of total suspended solids sampled in the 56-day 

experiment according to production systems. 

 
Figure 2 Mean ± standard error of dissolved oxygen sampled in the 56-day 
experiment according to production systems. 
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Figure 3 Mean ± standard error of ammonical nitrogen (ammonium and nitrite) 
sampled in the 56-day experiment according to production systems. 

 
Figure 4 Mean ± standard error of Alkalinity sampled in the 56-day experiment 

according to production systems. 

 
Figure 5 Mean ± standard error of Colony Forming Units sampled in the 56-day 

experiment according to production systems. 

 
Figure 6 Bacterial predominance according to production systems and bacterial 

species. Based on the mean of 56-day of sampling. 
 

Production variables of Bioflocs 

 

The amount of bioflocs showed significant differences according to the type of 

culture (p≤0.0001), sampling day (p≤0001) and their interaction (p=0.0362). 
Polyculture generated more flocs with an average of 17.62±1.27ml/L (Table 2), 

given the higher animal load and dietary intake of the system. The bioflocs size 

generated significant differences according to the evaluation days (p≤0.0001), 
reflecting an increase in size up to 3297.78±38.73μm (Table 2) on the last day of 

evaluation in all biofloc treatments. The microorganisms present in the Biofloc 

system were: ciliates of the genus Holosticha, Vorticella and Paramecio; rotifers 
of the genus Philodina; suctorias of the genus Tokophrya; amoebas of genus 

Euglypha; nematodes, and microalgae (Zygnema, Fragilaria, Anabaena, and 
Astinastrum). The microorganisms found are typical of the Biofloc system and 

help maintain the balance of the system and in turn enrich bioflocs. The bioflocs 

consumption was evident in treatments 1, 3 and 5, by microscopic observation of 
the stomach content, where the nutritional values of flocs were 25.89±0.06% 

protein, 3.70±0.19% fat and 27.31±1.70% ash. 

 
Table 2 Mean ± standard error of Biofloc variables  

Means within a row followed by different superscript are significantly different 

(P≤0.05). 
 

Production variables in Tilapia 
 
At the end of the experimental period, weight gain was determined, with values 

ranging from 1.95 to 2.85g, without significant differences between treatments 

(p=0.9861), however, the treatments in polyculture showed a greater weight gain 
(2.85±0.28g). The specific growth rate: (SGR) did not show significant 

differences (p=0.7785), however, treatment 1 and 2 showed the highest values of 

3.57±0.23 and 3.33±0.22%/day respectively. Survival did not generate significant 
differences, with values ranging from 75 to 83.33%, however, treatment 5 

(Biofloc monoculture) and 6 (Traditional monoculture) showed the highest 

values with 83.33±9.62% for both. The feed conversion factor (FCR) show no 

significant differences (p=0.3218); however, T1 showed lower values of 

1.28±0.03 (Table 3). 
 

Table 3 Mean ± standard error of productive variables in tilapia 

Treatments Weight gain (g) 
SGR 

(%/day) 

Survival 

(%) 
FCR 

1 2.90±0.39 3.57±0.23 77.78±5.55 1.28±0.03 

2 2.80±0.49 3.33±0.22 72.22±5.55 1.44±0.05 

5 1.91±0.14 2.83±0.31 83.33±9.62 1.48±0.05 

6 1.99±0.67 2.91±0.27 83.33±9.62 1.47±0.07 

p-value 0.9861 0.7785 0.7329 0.3218 

Means without superscript are no significantly different (P≤0.05). 
 

Productive variables in river prawn 
 

The highest weight gain at the end of the 56 days of the evaluation was presented 

in T2 (traditional polyculture) with values of 380.00±37.86mg (p=0.0105) (Table 

4), reaching final weights of 630.00±32.15mg. The SGR was higher for T2 with 
1.53±0.10% (p≤0.0001). Survival showed significant differences between 

treatments (p=0.0014), where the highest survival was for T4 (traditional 

monoculture) with 75.00±3.57%. FCR show no significant differences between 
treatments (p=0.8074), however, T2 (traditional polyculture) showed the lowest 

FCR throughout the trial. 

 
Table 4 Mean ± standard error of productive variables in river prawn 

Treatments 
Weight gain 

(mg) 

SGR 

(%/day) 
Survival (%) FCR 

1 210.00±10.00a 1.17±0.14ab 21.43±0.00a 4.31±0.37 

2 380.00±37.86b 1.53±0.10b 28.57±4.12ab 2.88±0.15 

3 153.33±14.53a 0.83±0.08a 52.38±6.30bc 5.81±0.35 

4 213.33±48.07ab 1.04±0.10ab 75.00±3.57c 4.61±0.41 

p-value 0.0105 <0.0001 0.0014 0.8074 

Means within a row followed by different superscript are significantly different 

(P≤0.05). 

 

 

Type of culture Amount of Biofloc (ml/L) Biofloc size (µm) 

Tilapia+River prawn (T1) 17.62±1.27a 1066.89±153.33 

River prawn (T3) 14.17±0.93b 1115.23±176.82 

Tilapia (T5) 12.66±1.11b 1064.45±182.19 

p-value <0.0001 0.2047 
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Total productivity 
 

The treatments that showed higher values were T1 (Biofloc polyculture) and T2 

(traditional polyculture) with productivities of 142.86±24.68g/m2 and 
133.68±17.85g/m2 respectively (p=0.0020) (Figure 7). 

 

 
Figure 7 Mean ± standard error of total productivity of each treatment at the end 
of experiment. Different letters indicate significant differences (P≤0.05). 

 

Economic analysis 
 

It was determined that T1 (Biofloc and polyculture) obtained the greatest benefit 
(USD 239.06/100m2). An important aspect of the economic analysis was the use 

of water, where the Biofloc system used the seventh part of the water in relation 

to the traditional system, with a water change of 10% per day. 

 

DISCUSSION 

 

The Biofloc treatment in polyculture represents a technological alternative that 

has not been implemented in Ecuador. The earlier studies refer tilapia and river 

prawn as complementary polyculture species (Uddin, et al., 2006). This assertion 

is evident in the present study, by obtaining better results in the productive 

variables of weight gain, SGR, and FCR in polyculture, for both river prawn and 

tilapia. However, polyculture survival decreases in both species, values that are 
rewarded by higher productivity. does not normally decrease the amount of fish 

produced or obstruct its growth; but the addition of fish to a shrimp system 

increases the total yield per pond remarkably, although could reduce the number 
of shrimps compared to monoculture. The above mentioned supports the results 

of this study, the significant increase in yield in polyculture despite to decrease in 

the number of prawns.  
In addition, a low productive performance for Macrobrachium sp. is 

demonstrated, due to the behavior and the feeding habits of this species. 

According to New (2002), males and females have different growth rates, since 
males exhibit heterogeneous individual growth, where the larger male represses 

the growth of the smaller ones, so it is advisable to perform mono sex 

productions of females; Avnimelech et al., (2015) emphasized that this species 
requires the presence of chemo-attractants (biotin) in the food as it maintains 

nocturnal eating habits. Since tilapia is a species of great adaptability, it has been 

tested in different studies and culture conditions (Collazos-Lasso and Arias-

Castellanos, 2015; Kubitza, 2011), in the same way, in the present study under 

zero water exchange, show no significant differences in the productive variables 

compared to a traditional system with water exchange. 
The equilibrium of the water quality variables is indispensable for the correct 

functioning of the Biofloc system; abrupt changes could alter the metabolism and 

generate mortality in the crop (Avnimelech et al., 2015). The present study does 
not present alterations in the physical variables of the water; however, there was a 

noticeable difference in the chemical variables of the Biofloc system, which are 

characteristic of the system. 
In the Biofloc system, a large number of bacterial communities are involved in 

the transformation of different forms of nitrogen. In this study, bacteria such as 

Bacillus, Pseudomonas, and Enterobacter were found, similar to those found by 
Monroy-Dosta et al. (2013). No significant presence of pathogenic bacterial 

colonies was detected, given the dominance and probiotic action of the genus 

Bacillus in the Biofloc system. The consumption of bioflocs was verified as in 
other studies (Avnimelech et al., 2015; Browdy et al., 2012; Crab, 2010), both 

in tilapia and in river prawn. In addition, in the Biofloc system, bioflocs acted as 

a nutritional supplement for organisms of productive interest as mentioned by 

Avnimelech et al., (2015). This work obtained a biofloc with 26% of protein, a 

value within the range reported by Emerenciano et al., (2013), from 12 to 49%, 

and comparable with a commercial fattening feed for tilapia containing 28% or 
finalizing food with 24% Protein of PRONACA C.A. 

 

CONCLUSION 

 

The productive performance shown by the polyculture tilapia and river prawn in 

a system of zero changes of water expressed a higher growth in the organisms, 
which was reflected in a greater total productivity, meeting the challenge of 

producing more in a smaller volume of water and at the lowest possible 

environmental cost. River prawn is a promising species for aquaculture, but 
requires further study, with special emphasis on animal load densities, nutrition, 

gender and age of sowing for polycultures. 

The biotic and abiotic factors of the Biofloc system maintained acceptable values, 
which stabilized on day 28, generating a favorable aquatic environment for the 

crop, allowing the development of this technology. The favorable conditions of 
the Biofloc system allowed to develop bioflóculos with good nutritional 

characteristics and to optimize the use of the water without generating any type 

of discharge (waste water). Based on the economic analysis, a higher net benefit 
was found in the Biofloc system than in mono and polyculture, due to high total 

productivity and efficient use of resources. 
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