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1 | INTRODUCTION
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Abstract

The aim of this study was to assess the zootechnical performance and water quality
of a cachama blanca (Piaractus brachypomus) culture using biofloc technology (BFT)
versus a system with daily water exchange (DWE). To do this, 180 juveniles (mean
initial weight: 5.40 + 0.19 g) were distributed in 12 circular plastic tanks with stocking
densities of 20 or 40 individuals m®; then, they were cultured for 91 days. BFT treat-
ments kept a C:N ratio approximately of 15:1. Temperature, pH and oxygen were
monitored daily, while the other variables were measured weekly. Most productive
variables were significantly influenced by both culture system and stocking density
with significantly higher values of daily weight gain, total weight gain and total length
for fish kept in DWE 20. However, only minor differences were observed within the
BFT system. With the exception of the toxic nitrogen compounds (NH4+ and NO,’),
all the other water quality parameters were within the acceptable ranges for the
cultivation of tropical fish. Microorganisms started to settle from the first week. A
total of 23 genera were present, the most outstanding of which being seven genera
of ciliates and three rotifers, rhizopods and chlorophytes. In conclusion, both systems
BFT and DWE are useful for increasing the production of P. brachypomus in captivity.
Additionally, the BFT system can potentially be applied for growing juveniles of this

specie in regions with scarce water resources.
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et al., 2018). In the context of Colombian fish farming, P. brachy-
pomus is the second most produced fish and the first among the

native species (Merino, 2014). Traditionally, the production cycle

Cachama blanca, Piaractus brachypomus, (Order: Characiformes,
Family: Characidae, Sub-family: Serrasalminae) is a freshwater fish
native to the Orinoco and Amazon basins. It is currently cultured and
marketed for local consumption in more than five countries in South
America and in several Asian countries (Valladdo, Gallani, & Pilarski,
2018; Abraham, Sarker, Dash, Patra, & Adikesavalu, 2017; Kumar

of P. brachypomus is carried out in semi-intensive systems using
earth ponds and stocking densities ranging from 1 to 3 fish m?3, thus
reaching fish biomasses from 1.5 to 2 kg m® after a culture process
spanning 6 months. Such process uses a single preparation with
commercial feed containing 45 to 24% of crude protein (Merino,

Bonilla, & Bages, 2013). Even though this approach has an acceptable
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production performance, its stability and, consequently, the projec-
tions regarding production increases might be affected mostly by
factors such as low availability and water quality. Regarding the first
factor, Puentes, Escobar, Polo, Gutiérrez, Castafio, Amado, Alonso,
Suarez, Ramirez. (2015) stated that, during the past 2 years, there
had been water shortages in most of Colombia, a phenomenon
that could be strengthened by global climate change. As for water
quality, it is the main factor limiting the expansion of aquaculture
in general. Furthermore, the Ministry of Environment, Housing and
Territorial Development (MAVDT - Ministerio de Ambiente, Vivienda
y Desarrollo Territorial, 2010) reported that 45% of the water re-
sources in Colombia were in poor conditions, while only 4% were
in a good state. The interior ecosystems on which Colombian con-
tinental fisheries and aquaculture depend are being threatened by
the increasing pollution and contamination generated by agriculture
and mining (Ajiaco-Martinez, Ramirez-Gil, Sdnchez-Duerte, Lasso, &
Trujillo, 2012).

In this context, the continuity and growth of the Colombian fish
farming industry depend on the adoption of new production tech-
nologies that are more efficient in the usage of water resources. In
fact, biofloc technology (BFT) has already been applied in species
with high distribution and production values such as tilapia (Luo,
Zhang, Cai, Tan, & Liu, 2017; Manduca et al., 2020; Martins, Tarouco,
Rosa, & Robaldo, 2017; Pérez-Fuentes, Hernandez-Vergara, Pérez-
Rostro, & Fogel, 2016). This tool is considered water resource
friendly, as it requires less water when compared with traditional
culture systems (Avnimelech, 2015; Emerenciano, Ballester, Cavalli,
& Wasielesky, 2012). Biofloc is a relatively new technology based
on the management of microbial communities via the recycling and
reuse of nutrients encouraged by a high carbon/nitrogen ratio (C/N
ratio) (Avnimelech, 2015; Luo et al., 2017). Normally, C/N ratios be-
tween 10 and 25 with constant aeration promote the growth of mi-
croorganisms which are highly efficient in the degradation of toxic
nitrogen compounds generated by feed leftovers and fish excretions.
Moreover, these microorganisms are transformed into microbial
protein (Avnimelech, 2015), which may be consumed by omni-
vores and detritivores species (Azim, Verdegem, Singh, Van Dam, &
Beveridge, 2003; Faizullah, Rajagopalsamy, Ahilan, & Francis, 2015;
Wang et al., 2015).

Besides preventing the formation of toxic metabolites and being
a source of additional feed, BFT minimize the proliferation of patho-
gens and makes it possible to intensify production by increasing
stocking density (Ekasari et al., 2015; Magondu, Charo-Karisa, &
Verdegem, 2013). Undoubtedly, the latter advantage together with
the small amount of water used is the main benefit of BFT.

Despite this fact and the popularity of this tool in some coun-
tries where it is used in large commercial production settings
mainly with shrimp and tilapia (Emerenciano, Cuzon, Arévalo, &
Gaxiola, 2014; Zhang, Luo, Tan, Liu, & Hou, 2016), there are still few
studies focusing on other commercial and native species. Likewise,
studies at the laboratory level are scarce. In the field of fish farm-
ing, tilapia was the first species to be included in the system (Azim
& Little, 2008; Crab, Kochva, Verstraete, & Avnimelech, 2009;

Martins et al., 2017). In the last decade, some studies have been
conducted as well in P. brachypomus with variables zootechni-
cal results (Abad, Rincén, & Poleo, 2014; Alzate-Diaz & Pardo-
Carrasco, 2016; Bru-Cordero, Pertuz-Buelvas, Ayazo-Genes,
Atencio-Garcia, & Pardo-Carrasco, 2017; Chaverra, Garcia, &
Pardo, 2017; Poleo, Aranbarrio, Mendoza, & Romero, 2011).
Therefore, more studies are necessary in this species. The aim of
this study was to assess the zootechnical performance and water
quality in a culture of P. brachypomus using biofloc technology
(BFT) versus a daily water exchange using densities of 20 years 40
fish m. In addition, we have examined the main groups of microor-

ganisms associated with the biofloc system.

2 | MATERIALS AND METHODS
2.1 | Location

The study was conducted at the Aquaculture Institute of Universidad
de los Llanos in Villavicencio, Colombia. All animal handling proce-
dures complied with the rules and regulations concerning laboratory
animals described by the Committee on Care and Use of Laboratory
Animal Resources—National Research Council (US), (1996).

2.2 | Preparation of the biofloc system

The experiment was carried out in 12 low circular plastic tanks
(Colempaques®) with an effective water volume of 500 L. Aeration
was supplied by a 1.5 horsepower blower attached to a pvC® pipe
which was connected inside each tank to an aeration hose installed
at the bottom forming a circular shape. The system was installed
under a roof with a natural photoperiod of 12 hr.

Five days before starting the experiments, all tanks were filled
95% with water from an underground well. Usually, the water ob-
tained from this source is lacking in carbonates and salinity; this was
corrected by adding 100 g of dolomite lime, 10 g of sodium bicar-
bonate (NaHCO,) and 10 g of sodium chloride (NaCl) for each m?® of
water (values were determined in previous tests). During the second
day, the volume was completed to 500 L with water from a previ-
ously established BFT system. Additionally, each tank was fertilized
with 20 g of commercial feed consisting of 34% crude protein and
5 g of refined brown sugar, exito® brand. This was done from the
second to fourth days.

2.3 | Experiment conditions

A total of 12 tanks were set up as follows: six had minimal water
exchange and used an integrated biofloc production system with
stocking densities of 20 and 40 fish m® (three tanks for each stocking
density). The amount of evaporated water was calculated by meas-

uring the height of the water column (H) every 8 days and replacing
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that value in the cylinder formula (LR2H). The remaining six tanks
contained the same stocking densities (20 and 40 fish m°®) with daily
water exchange (DWE) ranging from 5 to 15 for the first stocking
density and 10 to 30% for the second density (Table 1). Thus, two
biofloc treatments (BFT 20 and BFT 40) and two daily water ex-
change treatments (DWE 20 and DWE 40) were established, each
with three repetitions. Based on the densities described above, 180
fingerlings of P. brachypomus obtained through artificial reproduc-
tion, with a weight of 5.40 + 0.19 g and a length of 7.10 + 0.89 cm
were randomly distributed among the experimental units and cul-
tured for 91 days (13 weeks).

2.4 | Feeding plan and carbohydrate addition

During the whole experiment, the fish received a commercial feed
with 34% CP, supplied in two daily rations (at 8:00 and 15:30 hr).
The amount of feed provided was calculated according to the fish
biomass and the percentage feed rate described by the SINCHI y
PEDICP (2014). Thus, 50% of the fish population was weighted for
this purpose every 14 days.

To optimize the feed, the water quality and to adjust the daily
carbon nitrogen ratio of the BFT system, each ration was weighed
daily on a digital scale (Ohaus Scout Pro). Afterwards, the feed
was supplied to satiety without exceeding the percentage calcu-
lated with the biomass. Finally, the amount of exceed feed was
recorded.

The BFT system units maintained a C/N ratio approximately
15:1 throughout the experiment. To achieve this, the carbon and
nitrogen contribution was calculated daily after administering the
feed. The calculation was done through the equations proposed
by Avnimelech (2012) and De Schryver, Crab, Defoirdt, Boon, and
Verstraete, (2008) which made it possible to perform the corre-
sponding correction using refined brown sugar. Besides the car-

bon source, commercial bacteria strains (EcoPro™) were also added

every third day at a rate of 50 pl/L of culture water. The strains were
activated according to the protocol suggested by the manufacturer.

2.5 | Zootechnical parameters

All the fish were sampled at the end of the trial and total length and
weight measurements were determined according to Bicudo, Sado,
and Cyrino, (2009).

o Weight gain = Wf-Wo

e Specific growth rate (SGR) = 100 [Ln Wf (g)-Wo (g)]/T, where,
Wf = final weight and Wo = initial weight and T is the experimen-
tal period (91 days);

e Length gain = Ltf-Lto, where: Ltf = final total length and Lto = ini-
tial total length.

e Feed conversion ratio (FRC) = feed intake/Weight gain.

e Survival rate (%) = 100 x (final fish count/ initial fish count)

In order to estimate the viscerosomatic indices, a sample of 6
animals per treatment (2 fish per replica) was randomly selected and

sacrificed after being tranquilized in cold water.

2.6 | Water quality

The dissolved oxygen, temperature (YSI EcoSense DO200A,
USA) and pH of the water were measured twice a day (at 8.30
and 15:00 hr) prior to each feeding. The remaining parameters
were determined once a week. The values for pH, conductivity
and total dissolved solids (TDS) were measured directly in each
tank using a multiparameter measuring device (ExStik® EC500,
Extech instruments). In addition, alkalinity, hardness, nitrites,
nitrates and ammonium were determined through photometric

analysis (YSI 9,500). Finally, for measuring floc volume, a sample

TABLE 1 Amount of water used during the culture period of Piaractus brachypomus in BFT and DWE

Replacement

Treatment Period rate (%) per period
DWE 20 1 5 27
2 10 31
3 15 33
DWE 40 1 10 27
2 20 31
3 30 B3
BFT 20 1-3 3 13
BFT 40 il=3 13

Number of replenishments

Volume Volume recovered/  Volume recovered during
recovered (L) period the 13 weeks (L)

25 675 4,700

50 1,550

75 2,475

50 1,350 9,400

100 3,100

150 4,950

15 195 195

15 195 195

Note: Calculations were made to replenish the volume of water in a tank with an effective volume of 500 L.
Periods: 1) August 23 to September 19, 2) September 20 to October 18, 3) October 19 to November 23.
For DWE 20 and DWE 40 treatments, the replacement rate and volume recovered (L) are expressed as daily values.

For BFT 20 and BFT 40 treatments, the replacement rate and volume recovered (L) are expressed as weekly values.
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TABLE 2 Growth performance and survival rate of Piaractus brachypomus reared BFT and DWE system. (Mean + SEM)

Stocking density (fish m®)

Two-way ANOVA (P-value)

Culture Culture Interaction

Variable System 20 40 system Density C. system x S. density

Total weight gain(g) BFT 125.60 +1.28%®  119.60 + 8.19** .0036** .0065** 0449+
DWE 15590+ 3.52*A  127.50 + 2.85"*

Daily weight gain(g) BFT 1.32 £0.01%8 1.24 + 0.09*A .0050** .0142* 3112
DWE 1.66 £0.03% 1.34 +0.02°"

Total length gain (cm) BFT 98.83 + 0.86F 91.93 + 3.48%A .0018** .0025** 3112
DWE 110.80 + 2.26°* 99.3 +0.26°*

Feed conversion ratio BFT 1.08 + 0.02°A 1.12 +0.01°A .5519 .9794 7346
DWE 1.06 +0.01°* 1.03 + 0.19A

Specific growth rate BFT 3.46 +0.03® 3.20 +0.05"8 .0001** .0002* 9793
DWE 3.80+0.00** 3.50 + 0.05"*

Survival rate (%) BFT 96.67 +3.33*A  100.00 + 0.00°* 7152 7152 0954
DWE 100.00 + 0.00** 95.00 + 2.88%"

2b\Within a row indicate significant differences (p < .05) between stocking densities.

A-Bwithin a column and end point indicate significant differences (p < .05) between the same density for different culture systems.

*P < 0.05; **P < 0.01.

of 1,000 ml of culture water was taken and allowed to settle for
20 min in an Imhoff cone according to the methodology described
by Avnimelech (2012).

2.7 | Microorganism characterization

In order to characterize the microorganisms (microfauna and micro-
algae) associated with the biofloc, samples of 10 ml were taken every
8 days and fixed in 1% formalin. The samples were observed under
an optical microscope attached to a photographic camera (Nikon
Digital Sight, DS-5M) used to make the corresponding photographic
records. The taxonomic classification of the microorganisms was
conducted up to genus level with the assistance of experts. The keys
used for taxonomic identification of the microorganisms were as fol-
lows: Streble & Krauter, 1987; Borror & Hill, 1995; Foissner, Chao, &
Katz, 2007; Thorp & Covich, 2009 and the web page: https://www.
itis.gov/standard.html.

2.8 | Statistical analysis

Production and water quality variables were analysed through de-
scriptive statistics (95% reliability), and their values were expressed
as mean + standard error of the mean (SEM). The assumptions of nor-
mality (Kolmogorov-Smirnov test) and of homogeneity of variances
(Levene's test) were previously verified. To determine the effects of
the system and stocking density on the production parameters, a
two-way analysis of variance (ANOVA) was conducted, followed by a

Tukey test. In all cases, p < .05 was used as the statistical criterion to

reveal significant differences. All statistical tests were conducted by
using the R software, version 3.6.3 for Windows (R Core team, 2020),
while Graphics were constructed in GraphPad Prism 5.0 for Windows
(GraphPad PRISM version 5.0, GraphPad Software Inc.).

3 | RESULTS
3.1 | Zootechnical parameters

The performance of fish cultured for 91 days is shown in Table 2.
According to the results of the two-way ANOVA, there were no sig-
nificant effects of culture system or stocking density for survival and
feed conversion. However, all the other variables were significantly
influenced by both factors, with significantly higher values of daily
weight gain, total weight gain and total length for fish kept in DWE
20. Nevertheless, a significant interaction (p = .04) was only found
for total weight gain. The analysis within the BFT system shows that
all productive variables (with the exception of SGR) were similar
whether lower or higher density was used.

Although DWE 20 obtained better results at the end of the ex-
periment, the analysis of weight gain data recorded every 14 days
made it possible to identify that there were no significant differ-
ences between BFT and DWE system or within the same system
until day 42. The mean weights of the 4 groups on day 42 ranged
from 52 to 57 g (data not shown); therefore, the best zootechnical
performance observed in the DWE 20 individuals occurred approxi-
mately after the first half of the experimental phase.

Regarding the viscerosomatic (VSI) and hepatosomatic (HSI) in-

dices along with the intraperitoneal fat ratio (IFR), there were no
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TABLE 3 Somaticindices of Piaractus
brachypomus reared in BFT and DWE
system. (Mean + SEM)

Somatic indices

Viscerosomatic Index
(VSI %)

Hepatosomatic index
(HSI %)

Intraperitoneal fat ratio

(IFR %)

significant differences between the fish cultured using either sys-
tem (Table 3).

Regardless of the previous results, fish cultured with BFT
showed a more tranquil behaviour when fed and weighed. Likewise,
they had more mucus on the skin and better coloration, that is a
more intense and reddish tone in the anal and caudal fins and in
the anterior part of the abdomen. Moreover, the rest of their bod-
ies had a bright and clear colouring. Conversely, fish cultured in
the system with daily water exchange had a yellowish, rather than
reddish, colour and their bodies were dark and not very bright,
similar to the Colossoma macropomum species. The latter charac-
teristic is of special interest for freshwater species such as catfish,
tilapia and species from the Piaractus genus, since colour is one of
the most valued attributes at the time of purchase by consumers.

Finally, the amount of water necessary to replenish the loss by
evaporation in a unit BFT (tank) varied between 13 and 15 L per week.
Therefore, the weekly reposition rate was expressed as 3%. Taking into
account the initial volume of water plus that of replacement by evap-
oration or replenishment, the mean volume of water used to produce
1 kg of fish biomass at densities of 20 and 40 fish m? in the system BFT
was 265.3 and 139 L respectively. In contrast, the daily water exchange
system used 1611.9 and 1862.3 L to produce the same amount of fish
biomass at the same densities. Values were calculated considering the

information shown in Table 1 and the final weight.

3.2 | Water quality

Figure 1 shows the mean values of the water quality variables re-
corded in both culture systems over the 13 weeks. The most stable
water quality parameter, both between treatments and throughout
the culture period, was temperature, with an average value of 25°C,
while oxygen levels showed a decreasing trend in all the assessed
treatments, no values below 6.5 mg/L were observed.

pH and alkalinity showed a decreasing trend in all the experi-
mental units starting from the second week. However, the pH of
the DWE groups was above 7.3 throughout the experiment with-
out the need for corrections other than those added to the replen-
ished water. In contrast, in the treatments using BFT, specifically in
the BFT 40, pH and alkalinity dropped to values close to 6.0 and
23 mg/L of CaCOj, respectively.

Stocking density

20 fish m® 40 fish m®

BFT DWE BFT DWE
5.70+0.13 5.10 +0.28 5.40+0.18 4.20+0.13
2.40 +0.08 2.50+0.14 2.50 +0.06 1.90 +0.19
2.20£0.20 2.70+0.18 2.40+0.16 2.30+0.12

Hardness in the DWE treatments ranged from 40 to 60 mg/L of
CaCO, throughout the experiment. In contrast, it had a tendency to
increase in the BFT treatments, reaching values close to 200 mg/L
of CaCOj, in the BFT 40 treatment. The values for conductivity and
TDS also had minimal variations over time in the DWE units but in-
creased progressively in the BFT treatments.

All nitrogen compounds showed drastic fluctuations and increases
during the first five weeks of the culture. During this period, ionized
ammonium (NH4+) reached maximum values of 3.8, 2.6 and 2.3 mg/L
for DWE 20, BFT 20 and DWE 40 respectively. In turn, nitrite (NO,")
levels ranged from 0.00 to 13 mg/L. Both variables were above the
maximum levels reported for fish farming; however, there was no fish
mortality or abnormal behaviour. To cope with this situation, we de-
cided to add the double of sugar calculated to BFT units and increase
the rate of water exchange for the DWE units. Consequently, after the
sixth week, the decrease and stability of the above mentioned values
was within the acceptable ranges for fish farming.

Even though the ammonium and nitrite values decreased after
the sixth week, nitrates (NO,") continued to fluctuate in all units ex-
cept for the BFT 40 treatment, which was more stable and did not
exceed 10 mg/L.

Floc volume in the BFT units decreased between the first and
third weeks of culture and increased from the third week to the end
of the experiment. The highest volume was observed in the BFT 40
treatment, reaching a maximum value of 40 ml during the last week
of the experiment. The BFT 20 treatment, in turn, obtained a maxi-
mum of 14 ml at the end of the 13-week culture period. Furthermore,
the units with daily water exchange did not show floc accumulations
greater than 1 ml, since residues were eliminated daily via hose

suction.

3.3 | Microorganism characterization

Table 4 describes the taxonomic composition of the microorganisms
found in the treatment with BFT during the 13 weeks of the experi-
ment. In general, microorganisms began to settle from the first week
in both stocking densities. During this period, rotifers and microal-
gae were present. Between the second and third weeks, some of
these genera disappeared and reappeared along with new genera

from other phyla between the fourth and fifth weeks. Following this
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FIGURE 1 Weekly mean values of
water quality parameters on the culture
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DWE 40). TDS (Total Dissolved Solids
Total)
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TABLE 4 Microfauna and microflora
groups found during the on-growing of
Piaractus brachypomus in the BFT system

Microfauna

Phylum
Genus
Annelida
Aelosoma
Pristina
Ciliates
Euplotes
Vorticella
Blepharisma
Epistylis
Zoothamnium
Podophrya
Tokophrya
Rotifers
Lecane
Philodina
Keratella
Arthropods
Canthocamptus
Gastrotrichs
Chaetonotus
Nematodes
Panagrolaimus
Rhizopods
Assulina
Arcella
Amoeba
Tardigrades
Hypsibius
Platyhelminthes
Stenostomum
Microflora
Division
Genus
Chlorophyta
Scenedesmus
Acutodesmus

Golenkinia

Weeks

+ 0+ + o+ o+ o+ o+ o+ o+ o+ o+ o+
+ o+ o+ o+ o+ o+
+ 0+ o+ o+ 4+ o+ o+ o+ 4+ o+ o+
+ 4+ +  + o+ o+ o+ o+ o+ o+ o+ 4+ o+
+ 0+ o+ o+ o+ 4+
+ 0+ o+ o+ o+ o+ o+ o+ o+
+ 0+ 4+ o+ o+ o+ o+ o+ o+ o+

+ o+

+ o+
+ + 0+ 4+ o+ o+ o+ o+ o+ o+ o+ o+ o+
+ + 0+ o+ o+ 4+ o+ o+ o+ o+ o+
+

+ 0+ o+ o+ o+ o+

+ + 0+ o+ o+ o+ o+ o+ O+

+ + + o+

+ + o+ o+ o+ o+ o+ o+ 4+ + o+ o+ o+
+ o+ o+ o+ o+ o+
+ 0+ o+ o+ o+ o+ o+ o+ o+
+ 0+ o+ o+ o+ 4+
+ o+ + o+ o+ o+
+ 4+ + 0+ o+ o+ o+ o+ o+ o+ o+
+ + 0+ o+ o+ o+ o+ 4+ o+ o+

+ o+ o+ o+ o+ o+ + o+ o+

Note: + Presence of microorganisms

dynamic, the maximum proliferation of genera occurred between 8th
and 12th weeks.

Microfauna was the most diverse group, represented by 20
generaincluded in 9 phyla, whereas microalgae were represented
by three genera of chlorophytes (green algae). The most repre-
sentative phylum within the microfauna was that of the ciliates,
composed by 7 genera, of which Vorticela was present during the

entire experiment; its maximum increase having been observed

during the sixth week. Similarly, the genera Assulina and Lecane
belonging to the rhizopods and rotifers phyla, respectively, were
present throughout the whole period. The fourth predominant
genus was Aelosoma from the annelids phylum. This genus ap-
peared from the second week onwards and was present until the
end of the experiment. For their part, microalgae were also pres-
ent for most of the study. Figure 2 shows some of the described

genera.
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FIGURE 2 Microorganisms found in the culture of Piaractus brachypomus in the BFT system. Classification by genus: A. Aelosoma (10x)
B. Euplotes (20x) C. Canthocamptus (20x) D. Chaetonotus (40x) E. Podophrya (20x) F. Panagrolaimus (20x) G. Assulina (20x) H. Hypsibius
(10x) I. Lecane (20x) J. Stenostomum (10x) K. Acutodesmus (10x) L. Other microorganisms (10x y 20x) [Colour figure can be viewed at

wileyonlinelibrary.com]

4 | DISCUSSION
4.1 | Zootechnical parameters

The tendency of the current animal production systems is to use
technologies which maximize productivity per area, volume and
time unit while reducing environmental impact. In this sense,
BFT systems are an intensive production model for both fish
and shrimp (Azim & Little, 2008; Emerenciano et al., 2014; Poli,
Schveitzer, & de Oliveira, 2015; Ekasari et al., 2016). However,

the inclusion of new species in the system requires determining

whether the organisms can truly adapt and develop in accordance
with production criteria.

In this study, the best results in terms of productive performance
at the end of the experiment were observed in DWE 20. However, it
is important to highlight that there were no differences within BFT
system, indicating that P. brachypomus can be cultured under this
technology using a stocking density of 40 fish m?®. Furthermore, it is
also important to note that we observed high survival rates both for
the individuals cultured with BFT and with DWE. Our results are in
agreement with previous findings, regarding P. brachypomus survival
in BFT (Alzate-Diaz & Pardo-Carrasco, 2016; Chaverra et al., 2017;
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Poleo et al., 2011). Together, these findings demonstrate that this
species have the ability to adapt to culture systems with higher
stocking density compared with traditional systems.

Nevertheless, special attention should be paid to the relation
between stocking density and weight gain. In this study, the weight
gain in all experimental groups showed a slight tendency to decrease
when stocking density was higher and even was significant in the
DWE system. Interestingly, data in the literature show that at den-
sities among 17 and 42 fish m® the daily weight gain varied from 1.6
to 2.33 g/day (Abad et al., 2014; Poleo et al., 2011, Alzate-Diaz, &
Pardo -Carrasco, 2016); however, another study shows that at den-
sity of 80 fish m® this variable was among 0.4 and 0.5 g depending
on the culture system (Chaverra et al., 2017). Thus, the best produc-
tivity (15.9 kg m®) of this specie was reached after 84 days using a
stocking density of 42 fish m? (Alzate-Diaz & Pardo-Carrasco, 2016),
followed by 12.96 kg m® after 192 days with a stocking density of
31 fish m® (Poleo et al., 2011), in both mentioned studies, the initial
mean weight was similar (44-54 g). In the present study, juveniles
of P. brachypomus with an initial weight of 5.4 + 0.19 g at a stocking
density of 40 fish m® produced 5.0 kg m® of biomass at the end of the
90-day period. Although this last value is lower than those reported
in the above-mentioned studies, it is similar to the results described
by Abad et al. (2014) who reported final fish biomass of 7.89 kg m®
after 210 days with a stocking density of 17 fish m>. In other words,
the values for production increased per unit of volume and over
time. However, additional studies are required to determine which
is the best density or biomass by unit of volume.

Although the daily weight gain for BFT treatments in this study was
around one gram below the value described by Poleo et al. (2011) and
Abad et al. (2014), and only 3 mg below the values reported by Deza-
Taboada, Quiroz, Rebaza-Alfao, & Rebaza-Alfao, (2002) for extensive
systems, the feed conversion ratio obtained in the present study was
better than the value reported by the first author and similar to the one
described by Piferos-Roldan, Gutiérrez-Espinosa, & Castro-Guerrero,
(2014) for similar juveniles (in terms of development) cultured for
51 days. Therefore, the incompatibilities may be attributed, on the
one hand, to the differences in the stages of development of the fish
evaluated in the three studies and, on the other hand, to the nega-
tive effect of the high levels of toxic nitrogen compounds predominant
during the first weeks of the experiment. A previous work concluded
that exposition to high levels of ammonium has physiological effects
such as the decrease in feed consumption, which in turn results in re-
duced weight gain (Atwood, Tomasso, Ronan, Barton, & Renner, 2000;
Ortega, Renner, & Bernier, 2005). Likewise, high nitrite levels have
been linked to low growth rates (Kroupova et al., 2008; Siikavuopio
& Saether, 2006). From another perspective, the performance of the
zootechnical parameters at the end of the present experiment could
have been influenced by the percentage of protein supplied in the diet.
According to Vasquez-Torres, Hernandez-Arévalo, Gutiérrez-Espinosa,
and Yossa, (2012) crude protein values above 31.6% significantly affect
the specific growth rate (SGR), feed conversion ratio (FCR), protein re-
tention rate and protein efficiency ratio (PER) of juveniles of P. brachy-

pomus with a weight beyond 60 grams.

As for somatic indices, the literature reports scarce and varied
values for P. brachypomus. Regardless, the results of this study were
within the wide range reported for the species (Abad et al., 2014;
Rodriguez & Landines, 2011). In addition to their usefulness as indi-
cators of the development and physiological status of the organisms,
these indices have also been proposed as approximate adaptation
indicators (Pdez-Martiinez, Cruz, & Lépez-Rubalcava, 2003; Wang
etal., 2015); thus, it is important to use them for assessing the organ-
isms cultured using BFT systems. Similar to the results of this study,
Ekasari et al. (2016) found no differences between the HSI of Clarias
gariepinus fingerlings cultured using BFT and that of the controls.
On the contrary, supplementing the feed with 10% BFT reduced the
HSI significantly and improved the hepatic antioxidant capacity of
Carassius auratus specimens (Wang et al., 2015).

Regarding water resources, implementing BFT made it possible
to reduce the water required to produce 1 kg of fish biomass in 85
to 93%. In this sense, the high efficiency of the system was demon-
strated. Thus, and considering that traditional farming conditions
require daily water exchange rates between 5% and 15%, BFT is
a valuable alternative for farming P. brachypomus in regions where
water resources are limited. Nevertheless, further studies are re-
quired which evaluate the profitability of the system, given the high

energy cost generated by aeration.

4.2 | Water quality

One of the critical points in the implementation of BFT is maintain-
ing water quality. Each water quality variable alone can significantly
affect the behaviour of the other variables and thus the health of the
species being farmed (Boyd, 2017). In this study, most water quality
parameters (with the exception of toxic nitrogen compounds) were
within the permissible ranges for farming tropical fish (Weingartner
& Zaniboni, 2004). The pH and alkalinity values were lower in BFT
tanks than in the DWE, while the production of nitrogen com-
pounds was more elevated for the BFT treatment. This trend was
more visible in the treatment with the highest stocking density (BFT
40), which is in agreement with the results obtained in channel cat-
fish (Green, 2015) and Nile tilapia using a similar system (Azim &
Little, 2008; Pérez-Fuentes et al., 2016).

According to Avnimelech (2015), this behaviour is characteris-
tic of systems where nitrification is occurring and implies the pres-
ence of nitrifying microorganisms and the release of H" ions, which
leads to a decrease in the alkalinity and pH of the culture water (De
Holanda Cavalcante et al., 2014). Consequently, the gradual de-
crease in alkalinity and pH observed during the early weeks of the
culture using BFT and the dramatic drop seen during its last weeks
were probably influenced by the growth of communities of nitrifying
organisms.

Systems requiring minimal water exchange such as BFT require
the addition of carbonates, typically sodium bicarbonate, to main-
tain alkalinity within a range of 100 to 150 mg/L of CaCO, and thus

supply the demand for carbonates of the nitrifying bacteria involved
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in the dynamics of the culture (Ebeling, Timmons, & Bisogni, 2006).
In the present study, the alkalinity ranged from 23 to 95 mg/L of
CaCO,, with the lowest values in BFT 40. Low alkalinity levels after
the fifth week were corrected by addition of sodium bicarbonate
and dolomite lime at a ratio of 1:5 until the CaCO, concentrations
reached values higher than 60 mg/L and a pH over 7.0. In this sense,
the setting of this parameter for future studies should be taking into
account these findings and those of Poleo et al. (2011) who con-
ducted experiments on the same species using an intensive system
with no water exchange and Poli, Schveitzer, and de Oliveira Nufer
(2015) who studied Rhamdia quelen cultured in BFT. Maintaining BFT
cultures with these alkalinity standards is fundamental since, on the
one hand, it renders the system more stable by avoiding daily pH os-
cillations and, on the other hand, it helps maintain the physiological
status of the fish (Martins et al., 2017).

However, maintaining high alkalinity values in closed systems im-
plies the constant addition of calcareous materials, this in turn leads
to increased hardness resulting from the release of divalent calcium
cations (Ca?*) (De Holanda Cavalcante et al., 2014). This effect was
evident in this study mainly in the treatments demanding the highest
amount of sodium bicarbonate and dolomite lime.

Under traditional culture conditions, hardness values above
20 mg/L of CaCO, are considered optimal for the growth and zoo-
technical performance of freshwater aquatic organisms (De Andrade
et al., 2007). However, these values may increase over time for BFT
systems. In this way, the maximum level of hardness observed in the
present study was 197 mg/L of CaCO, for the BFT 40 treatment,
while Poleo et al. (2011) reported values between 348 and 570 mg/L
of CaCO, after a period of 192 days. Consequently, and considering
that P. brachypomus is native to bodies of water with hardness values
below 20 mg/L of CaCO, (Sanchez & Vésquez, 1986), we can then
conclude that this species is able to adapt to a wide range of hard-
ness, which in turn could facilitate its inclusion in culture systems
using BFT.

The conductivity showed values similar to those reported by Poli
et al. (2015) for Rhamdia quelen larvae. The treatments with BFT
had a tendency to increase due to the sodium bicarbonate and do-
lomite lime used when correcting alkalinity and pH. Likewise, the
sodium chloride that was added to the replenished water gradually
increased the values of these variables. Conversely, the DWE treat-
ments had a stable behaviour resulting from the elimination of salts
upon exchanging water.

The values of ionized ammonium (NH4+) and nitrites (NO,") de-
tected in our experiment during the first five weeks are in agreement
with those found by Avnimelech (2012), who stated that ammonium
and nitrite levels are usually high for BFT systems during the first
three to five weeks, and increase in a parallel manner. Similarly, ni-
trates (NO;") had high values during the same period. The presence
of the three nitrogen compounds simultaneously and the decrease
in pH and alkalinity suggest predominance of autotrophic organisms
(Ebeling et al., 2006). In this regard, autotrophic nitrification took
place during the entire experiment and in most treatments. It was,

however, less evident in the BFT 40 treatment indicating a higher

presence of heterotrophic communities when compared to other
experimental groups.

The high levels of toxic nitrogen compounds observed during
the first weeks in the treatments using BFT were probably related
to the initial fertilization, which had more nitrogen than carbohy-
drates. Likewise, these levels could have been influenced by the sys-
tem's short maturation period. However, no fish mortality or erratic
movements were observed in fish of that treatment. Likewise, the
strong aeration was likely to facilitate the volatilization of unionized
ammonia (NH,) (Hall & Tank, 2003; Passell, Dahm, Bedrick, (2007),
while the stability of the temperature and pH prevented the toxicity
(Timmons, Ebeling, Wheaton, Summerfelt, & Vinci, 2002).

As for the tanks with DWE, the high levels of ammonium and
nitrites observed during the first weeks matched the low rate of
exchange. Thus, stability within the normal ranges was achieved as
exchange volume increased.

The acceptable level of unionized ammonia (NH,) in aquaculture
systems is only 0.025 mg/L. A good rule of thumb is values of 1 mg/L
for total ammonia nitrogen (TAN) for cool water and 2 or 3 1 mg/L
for warmwater fish (Ebeling & Timmons, 2012), while nitrites (NO,")
should not surpass 1 mg/L (Timmons et al., 2002). Nevertheless,
the values for toxic nitrogen compounds determined in the present
study are far above these and those reported by most experimen-
tal studies using BFT (Bakar et al., 2015; Poleo et al., 2011; Wang
etal., 2015).

The floc volume obtained during the first three weeks is at-
tributed to the initial addition of commercial feed, since it became hy-
drated and formed agglomerations that were read as floc. However,
true floc was formed from the third week onward as a result of fish
excretions, concentrate residues and the metabolic activity of the
microorganisms emerging in the water (Lee et al., 2013). The highest
weekly increase in the floc volume after the 5th week was found
in the BFT 40, probably due to the higher amount of organic mat-
ter produced by the system, as it implies higher microbial metabolic
activity (Bakar et al., 2015); on the other hand, Sobeck and Higgins
(2002) and Luo, Avnimelech, Pan, and Tan, (2013) demonstrated that
floc formation is influenced by the concentration of divalent cations
of calcium which bond with negatively charged functional groups
(biopolymers produced by the microorganisms). According to this,
the high hardness values for the BFT treatment might have improved

floc formation.

4.3 | Microorganism characterization

Microorganisms play a very important role in aquaculture systems.
Their benefits have been closely related to primary production, pro-
duction of high-quality feed for other organisms, nutrient recycling
and water quality (Avnimelech, 2012; Ballester et al., 2010). The
proliferation of microbial communities in BFT systems is mediated
mainly by the strong aeration and addition of carbon sources; thus,
the microorganisms, together with the organic matter in suspen-

sion, form the bioflocs (Burford, Thompson, Mclntosh, Bauman, &
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Pearson, 2003; Haslun, Correia, Strychar, Morris, & Samocha, 2012).
In addition to this, the proliferation of microorganisms in this study
was influenced by the initial inoculation; this is demonstrated by the
presence of microfauna and microalgal communities during the first
week of culture and the number of phyla and genera that emerged in
subsequent weeks, which was higher when compared with the find-
ings of other studies (Azim & Little, 2008; Ekasari & Maryam, 2012;
Emerenciano et al., 2012; Ray et al., 2010). Normally, microalgae are
the first to grow, thus becoming the basic source of feed for the
subsequent development of zooplankton communities and, at the
same time, provide nutrients which aid bacterial growth (Wei, Liao,
& Wang, 2016).

The most representative microorganism groups in this study were
ciliates and rhizopods, which belong to kingdom Protista. Likewise,
rotifers and chlorophytes, which belong to kingdoms Animalia and
Plantae, respectively, were also representative. Similar studies
highlight the presence of protozoa, ciliates and rotifers (Azim &
Little, 2008; Effendy, Al Deen, & Chithambaran, 2016; Emerenciano
et al., 2014), which means that BFT systems are an optimal culture
medium for that organisms. Among these, protozoa and ciliates are
an important source of enrichment for the floc aggregates, as they
have a higher protein-energy ratio and are capable of synthesiz-
ing long-chain polyunsaturated fatty acids by feeding on bacteria
(Zhukova & Kharlamenko, 1999).

Regarding microfauna genera, the results of this study are similar
to those of aresearch conducted on a macrocosm-microcosm system
associated with a tilapia culture where seven genera of ciliates were
identified and two described: Vorticella and Epystilis. In addition, a
group of rotifers from the Philodina, Lecane and Keratella genera was
also present (Monroy-Dosta, de Lara, Castro-Mejia, Castro-Mejia, &
Coelho-Emerenciano, 2013).

In relation to other studies, the organisms found in this study
are comparable in terms of phyla but not in terms of genera. Out
of four genera described by Azim and Little (2008) only Lecane is
common. Likewise, of the four protists described by Ekasari and
Maryam, (2012) only Arcella is common. Variations in the settling
and growth of microorganism groups are attributed to factors such
as salinity, temperature, light intensity, photoperiod, stocking den-
sity and nutrient availability (Pinho, Molinari, de Mello, Fitzsimmons,
& Emerenciano, 2017). In conclusion, the results of this study indi-
cate that both systems BFT and DWE are useful for increasing the
production of P. brachypomus in captivity. Additionally, juveniles
of this specie can be cultured successfully in regions with scarce
water resources using BFT technology with a stocking density of
40 fish m®. Future experiments should be designed to determine
the optimal biomass per unit of volume, implement measures for
reducing the formation of toxic nitrogen compounds and adjust al-

kalinity values from the start of the culture.
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