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Abstract This study evaluated the effects of different aeration types on water quality, shrimp
growth and biofloc composition in a Litopenaeus vannamei culture. The study was conducted
with three treatments: (1) PR—propeller aspirator pump aerator; (2) VP—rvertical pump aerator;
and (3) BL—diffused air blower. The study was performed in a greenhouse with nine 35,000-L
rectangular tanks. Water quality parameters (temperature, salinity, dissolved oxygen, pH,
ammonia, nitrite, nitrate, settleable and suspended solids) were measured along the 33 experi-
mental days. Moreover, samples were collected to quantify the microorganisms present in the
tanks. At the end of the study, samples of the biofloc of each tank were collected to proximal
analysis. Throughout the experiment, the temperature, pH, salinity and alkalinity were maintained
within the recommended levels for L. vannamei. The propeller treatment showed a concentration
of total ammonia above the recommended levels and lower densities of ciliates and flagellates,
most likely because of inadequate biofloc formation in this treatment. The final weight was higher
in the blower and propeller treatments. However, survival was lower in the propeller treatment
compared to the other treatments. The results of this study suggest that diffused air systems (air
blower) improve the formation of biofloc and growth performance of L. vannamei.

Keywords Aerators - Bioflocs - Litopenaeus vannamei - Microbial community - Natural
productivity

Introduction

The biofloc technology (BFT) system uses minimal or no water exchange, and the water
quality can be improved by the formation of microbial aggregates (bioflocs). Therefore,
BFT is a more environmentally friendly alternative to traditional shrimp aquaculture (De
Schryver et al. 2008).
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With reduced water use, BFT systems release few effluents, and as a result of increased
stocking densities, shrimp production is enhanced (Krummenauer et al. 2011, 2014). In
these systems, biofloc formation can be stimulated by the addition of a carbon source to
maintain a C:N ratio ranging from 10 to 20:1 (Ebeling et al. 2006; Crab et al. 2007).
Biofloc particles contain a variety of microorganisms, such as bacteria, microalgae, pro-
tozoa and zooplankton (Ray et al. 2010). Therefore, biofloc can complement the diet of
reared animals, which uses the natural productivity in the culture system as a feed source
(Wasielesky et al. 2006; Emerenciano et al. 2012). Wasielesky et al. (2006) and Otoshi
et al. (2011) analyzed the effects of natural productivity in Litopenaeus vannamei juveniles
and confirmed the positive effects on growth, food consumption, weight gain, feed con-
version rates and shrimp survival. Thus, the influence of the management parameters like
mixing intensity, dissolved oxygen, pH, temperature and organic carbon sources has a
great importance to achieve a better aggregation of particles and high quality of the
bioflocs (De Schryver et al. 2008).

The formation of microbial aggregates (bioflocs) is dependent on physical, chemical
and biological interactions. In the early stages of a culture, there is an increase in the
abundance of bacteria that use the dissolved organic matter for growth (Biddanda 1985).
Thus, because of the adherent mucus production by these bacteria, there is an increase in
the size of bioflocs caused by the aggregation of particles. The abundance of other
microorganisms, such as flagellates, ciliates and amoeboid forms, may increase because
most of these microorganisms graze on the bacteria (Biddanda and Pomeroy 1988). In
addition, the cultured organisms, such as crustaceans and fish, can affect the dynamics of
aggregation by grazing or movement (Dilling and Alldredge 2000). The addition of feed
generates products that will be metabolized, which increases the number of bacteria if
enough oxygen is available in the water. Therefore, the activity of microbial communities
is defined by the rates of mixing and oxygenation generated by the aeration processes
(Avnimelech 2009).

In addition to the effects on growth and performance of cultured animals, low oxygen
concentrations in BFT systems may influence the biofloc microbial community (Ray et al.
2010). Furthermore, the bacterial processes of nitrogen assimilation and nitrification
consume oxygen and reduce the alkalinity of the system such that it is sometimes necessary
to supplement the cultures with oxygen and carbonate (Ebeling et al. 2006; Hargreaves
2006; Furtado et al. 2011).

One requirement for the formation of bioflocs is a high oxygenation of the culture tanks,
which is primarily provided by aeration devices. The aeration system choice is crucial to
obtain high productivity in the system. According to Avnimelech (2009), aerators are
inserted into cultures for several reasons: (a) to supply oxygen for animals beyond their
limitations, maintaining high stocking densities and productivity; (b) to distribute the
oxygen into the culture tanks horizontally and vertically; (c) to mix the water column; and
(d) to oxygenate the sediment coverage.

In the operation of ponds, different aeration equipments can be utilized depending on
various factors in the management of the farms (Wheaton 1977). The main aeration
devices used are paddlewheel aerators, propeller aerators, vertical pump aerators and
diffused air systems in which different equipments are utilized, including aerotubes,
nozzles and air stones. The diffused aeration systems optimize oxygen transfer by pro-
ducing bubbles that stimulate the initial aggregation of the bioflocs. However, conventional
aerators used in ponds are less expensive than diffused air systems. Furthermore, in a
recent review, Crab et al. (2012) identified that one of the challenges that still deserves
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attention for future research in BFT system would be the selection and positioning of
aerators.

In this context, the aim of this study was to evaluate the effects of the different aeration
types available in the market on biofloc formation, the microbial community and water
quality as well as to determine the influence of these factors on the growth parameters of
Litopenaeus vannamei juveniles reared in a biofloc technology culture system.

Materials and methods
Culture conditions

The 33-day growth study was performed at the Marine Station of Aquaculture, Federal
University of Rio Grande (FURG), Southern Brazil (32°12/16S, 52°10'38W) in a greenhouse
with nine 35 m? (5 x 7 m) rectangular tanks covered with a ggomembrane (HDPE, 1.5 mm),
and the water depth used was 1 m. Litopenaeus vannamei juveniles (Aquatec®, Canguaretama;
Rio Grande do Norte State, Brazil) were stocked with a mean initial weight of 4.3 + 0.93 g.
The stocking density was 140 shrimp m™> (approximately 4900 shrimp per tank).

Experimental design

The study was performed with three treatments (three replicates each): (1) PR, %2 HP pro-
peller aspirator pump aerator (Trevisan Equipamentos Agroindustriais Ltda.; Palotina, Parana,
Brazil); (2) VP, 2 HP vertical pump aerator (Trevisan Equipamentos Agroindustriais Ltda.;
Palotina, Parana, Brazil); and (3) BL, Y2 HP diffusion air blower (Ibram Inddstria Brasileira de
Maquinas Ltda.; Vila Maria, Sdo Paulo, Brazil). The tanks of the BL treatment were equipped
with 35 air stones (10 cm in length each, one stone per m? placed at the bottom of the tank)
connected with 20-mm PVC pipes and powered using a 2 HP air blower for each tank. The
tanks were filled with filtered seawater, treated with a chlorine solution (10 ppm) and
dechlorinated with ascorbic acid powder (1 g per 1000 L). Artificial substrates (Needlona™)
were used to increase the surface area of the tanks (approximately 150 % of the lateral tank
area) available for bacterial colonization. The fertilization method followed Ebeling et al.
(2006) and Avnimelech (2009). To maintain the alkalinity values above 100 mg LY, cor-
rections were made according to Furtado et al. (2011) with hydrated lime (Ca(OH),).

Water quality parameters

The water temperature, salinity, dissolved oxygen (DO) and pH were recorded using a
multiparameter (YSI 556, YSI Inc.; Yellow Springs, OH, USA). Water samples were
collected daily to quantify the concentration of total ammonia nitrogen (TAN) (UNESCO
1983). Analyses of the nitrite (NO,-N), nitrate (NO5-N) and phosphate (PO,4-P) concen-
trations were performed every 5 days following the methods described by Strickland and
Parsons (1972). The alkalinity was determined according to the method described by
APHA (1989). The turbidity was measured once a week using a turbidimeter (Hach 2100P,
Hach Company; Loveland, CO, United States). The settled solids were measured using
Imhoff cones and were based on the volume of the bioflocs in 1 L after 15 min of sedi-
mentation (Avnimelech 2009). The total suspended solids (TSS) were determined
according to Strickland and Parsons (1972).
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Microbial community assessment

Water samples (50 mL) from the treatments were collected every 3 days and preserved with
borate-buffered formalin (4 % v/v) for further analysis of the biofloc composition
(Thompson et al. 2002). The abundance of ciliates and rotifers was determined in 2.1 mL
samples poured into sedimentation chambers (Utermohl 1958) using an Olympus inverted
light microscope equipped with phase contrast. For bacterial and flagellate counts, 0.1 mL
subsamples were concentrated on darkened polycarbonate membrane filters (Nuclepore,
0.2 pm), stained with the fluorochrome Acridine Orange (5 g mL™") and counted using a
Zeiss Axioplan epifluorescence microscope (Thornwood, NY) equipped with a 487 701 light
filter set (BP365/11; FT 395; LP 397) at a 1000 x final magnification (Porter and Feig 1980).

Shrimp feeding and monitoring

The shrimp were fed three times per day with a commercial diet (Potimar Active 38 % CP,
2 mm). The feeding rate followed the method proposed by Jory et al. (2001).

Each week, 60 shrimp were randomly sampled from each tank and individually
weighed. The weight was individually measured using a digital scale that is accurate to
001 ¢g (Marte®cient1'ﬁca AS2000; Santa Rita do Sapucai, MG, Brazil). At the end of the
culture cycle, 200 shrimp per tank were individually weighed, and the survival rate was
estimated from the total harvest weight.

Proximate composition of bioflocs

At the end of the study, samples of the biofloc of each tank were collected for further
proximate analysis (dry matter, crude protein, lipid, fiber and ash content). The suspended
material was collected by filtering the water of tanks using a submerged pump with a flow
rate of 4000 L h™" with a mesh size of 50 um. The analysis were performed in the Animal
Nutrition Laboratory (LNA) from Federal University of Pelotas (UFPEL), Rio Grande do
Sul, Brazil. The methodology follows the AOAC (2000) protocols.

Statistical analysis

Significant differences (p < 0.05) in the zootechnical performance and water parameters
were analyzed using a one-way ANOVA. Tukey’s multiple-range test was applied when
significant differences were detected. All of the tests were performed after confirmation of
the homogeneity of variance (Levene’s test) and normality of the data distribution (Kol-
mogorov—Smirnov test). To satisfy the ANOVA assumptions, the survival data were
arcsine/square-root transformed using a constant exponent (arcsine x 0.5) (Zar 1996).

Results

The mean values (£SD) of the physical and chemical parameters during the experiment in
the blower (BL), vertical pump (VP) and propeller (PR) treatments are presented in
Table 1.

The temperature throughout the experimental period did not significantly differ among
the three treatments (p > 0.05). The minimum and maximum temperature values in the
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Table 1 Mean + SD of the water quality parameters from the treatments with the blower, vertical pump
and propeller in Litopenaeus vannamei biofloc culture system

Treatment/parameter Blower Vertical pump Propeller

T (°C) 29.46 + 2.65 28.38 £ 2.10 30.79 + 2.95
D.O. (mg L™h 491 £ 0.45 4.49 £ 0.46 4.50 £ 0.48
pH 7.36 £ 0.25 7.46 + 0.31 7.46 + 0.28
Salinity 36 £ 1.69 3574 £ 2.57 3530 £ 2.75
Alkalinity (mg L") 133.40 + 28.70° 185.90 & 53.10° 229.70 + 68.80°
Phosphate (mg L") 3.67 £ 3.19 2.70 £ 1.58 2.94 + 1.66
N-TAN (mg L") 1.00 £+ 1.20* 2.13 +2.22% 591 + 6.08°
N-NO, (mg L") 8.97 + 9.59° 4.54 + 4.61° 1.97 & 2.24*
N-NO; (mg L") 14.88 + 9.60° 4.53 £ 3.59* 3.97 + 2.38%
SS (mL L") 20.50 + 28.94° 3.65 +5.79% 3.03 + 4.49*
SST (mg L™ 460.50 & 174.31° 280.16 £ 165.04* 311.66 £ 139.57*

The values are the means of replicates & SD. Different superscripts in the same row indicate significant
differences (p < 0.05)

BL, VP and PR treatments were 26.3 and 31.6, 26.55 and 30.75, and 28.5 and 34.4 °C,
respectively.

Similarly, no significant differences were observed between the mean dissolved oxygen
concentrations in all treatments. The minimum and maximum DO values in the BL, VP
and PR treatments were 3.07 and 6.4 mg L_l, 2.13 and 6.7 mg L_l, and 0.82 and
6.4 mg L™, respectively.

The total ammonia concentrations were lower in the BL and VP treatments; however,
both treatments differed statistically (p < 0.05) from the PR treatment, which had the high
ammonia concentration during the rearing period (Table 1; Fig. 1).

The nitrite levels were significantly higher (p < 0.05) in the BL and VP treatments
compared to the PR treatment (Fig. 2). The nitrate concentrations were significantly higher
in the BL treatment (Fig. 3). This treatment differed statistically (p < 0.05) from the VP
and PR treatments.

The salinity, pH and orthophosphate did not differed significantly between the treat-
ments (p > 0.05). The alkalinity levels were significantly lower in BL treatment
(p < 0.05), the VP treatment showed intermediary values, and PR presented higher con-
centrations of alkalinity. All treatments showed statistical differences between them
(» < 0.05).

The results of the settleable solids (SS) were significantly higher in the BL than in the
other treatments (p < 0.05). Similarly, for the total suspended solids, the BL treatment
showed significantly higher values compared to the VP and PR treatments, which were not
significantly different (Fig. 4).

Table 2 summarizes the ciliate, flagellate and diatom abundances observed with dif-
ferent treatments and on different days. The densities of the ciliates and flagellates were
constant throughout the culture in the BL and PR treatments; however, the density was
lower in the PR treatment. In the VP treatment, the densities of the ciliates and flagellates
had a temporal variation, with a strong decrease after the 8th day. However, beginning on
the 18th day, there was an increase in the abundance of ciliates and flagellates; the con-
centration was tenfold greater than in the other treatments on the 23rd day. The rotifers
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Fig. 1 Mean total ammonia concentrations along the study using different aerators in L. vannamei BFT
culture system

were only observed in the BL treatment in the last few days of the culture (8.80 + 8.23
organisms x 10° mL™").

The bacteria abundance observed by epifluorescence is presented in Table 3. The
abundance of coccoid bacteria did not differ significantly among the treatments until day
23. On the 28th day, the PR treatment had significantly higher densities than the BL and
VP treatments. For bacilli, no significant differences were observed until the 23rd day,
which is when the BL treatment became significantly different from the PR treatment;
however, the VP treatment showed no significant differences compared to the other two
treatments. There were high numbers of amoeboid organisms in the treatments using the
blower and vertical pump. For filamentous cyanobacteria, there were no significant dif-
ferences among the treatments until the 28th day of the experiment.

The growth performance of the shrimp is presented in Table 4. The final weights did not
differ statistically (p > 0.05) between the BL and PR treatments; however, the weights in
both of those treatments were significantly higher than the final weight observed in the VP
treatment. The survival and final biomass were significantly lower (p < 0.05) in the PR
treatment.

The centesimal composition of the bioflocs formed in each treatment is presented in
Table 5. The dry matter was lower in BL (p < 0.05) and equal for VP and PR treatments
(p > 0.05). The crude protein was higher in BL (p < 0.05) and did not differ significantly
between VP and PR (p > 0.05). Lipid content was lower in BL and higher in the VP
treatments (p < 0.05); both these treatments did not differ significantly from PR treatment
(p > 0.05). The ash content was higher in BL (p < 0.05) and statistically equal in VP and
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Fig. 2 Mean nitrite concentrations along the study using different aerators in L. vannamei BFT culture
system

PR (p > 0.05). The fiber was lower in BL (p < 0.05) and did not differ between VP and PR
(p > 0.05).

Discussion

The management of the water quality is of great importance in aquaculture systems. In
BFT cultures with minimal or no water exchange, management of the water quality is
necessary because it is influenced by the rates of respiration and excretion of the reared
animals at high stocking densities as well as by the respiratory processes of the microbial
community in the water (Vinatea et al. 2010; Silva et al. 2013a). However, the microbial
community has a positive effect in these culture systems, such as improving the water
quality and enhancing the productivity by serving as a complementary food source (Silva
et al. 2013a; Xu et al. 2012; Wasielesky et al. 2006).

In this study, the temperature was maintained between 28 and 30 °C in all treatments,
which was within the optimal ranges for the growth of shrimp (Ponce-Palafox et al. 1997).
Usually, the recommended dissolved oxygen concentrations in shrimp farms should be
higher than 5 mg DO L™'. Prolonged periods of exposure to concentrations below
1.5 mg DO L™' can be lethal for shrimp; however, shrimp can survive when exposed to
these low oxygen concentrations for short periods (Van Wyk and Scarpa 1999). In this
study, the mean oxygen concentrations recorded in all treatments remained below those
recommended, which might have affected the growth of the shrimp. In the PR treatment,
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Fig. 3 Mean nitrite concentrations along the study using different aerators in L. vannamei BFT culture
system

low DO concentrations (0.82 mg DO L™") coupled with a high temperature (34.4 °C) in
one of the experimental tanks likely contributed to the low shrimp survival observed. The
pH and alkalinity were closely related parameters, and in BFT systems, there is a decrease
in both throughout the culture, mainly because of the consumption of inorganic carbon by
the heterotrophic and nitrifying bacteria and the growth of shrimp (Ebeling et al. 2006;
Furtado et al. 2015a). The lower alkalinity levels in BL treatment indicate there was an
increase in heterotrophic and nitrifying bacterial growth and thereby a greater alkalinity
consumption in this treatment. Furthermore, the values of pH and alkalinity were within
the recommended range to L. vannamei (Furtado et al. 2011, 2015a).

According to Lin and Chen (2001), the safe level of ammonia for L. vannamei juveniles
in the salinity range used in this study is 3.55-3.95 mg L™". In this trial, the TAN con-
centrations for the BL and VP treatments remained within this range, whereas the mean
concentrations reported for the PR treatment exceeded these values, which indicated that
the growth and survival of the shrimp were affected by the high concentrations of TAN.
Nitrite is an intermediate product of nitrification, and its accumulation in BFT systems
could be toxic to animals because of the minimal water exchange (Vinatea et al. 2010;
Silva et al. 2013a). The mean nitrite concentrations did not exceed the recommended
values by Lin and Chen (2003). The higher nitrite concentrations in BL and VP showed a
faster nitrification process in these treatments, which may be caused by increased bacterial
growth. In culture systems with no water renewal, nitrate is the nitrogen form that tends to
accumulate in greater amounts. In the BL treatment, the nitrate concentrations were higher
than in the other treatments, indicating again that the nitrification process was taking place
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Fig. 4 Variations in total suspended solids levels along the experiment using different aerators in L.
vannamei BFT culture system

more quickly in this treatment. In this study, although the average concentrations of nitrite
have been higher in the BL treatment, it is important to highlight that due to the duration of
the rearing (33 days), it cannot follow a complete nitrification process that normally occurs
in the BFT systems, leading only to a final high concentration of nitrate. Furtado et al.
(2015b) indicate acceptable concentrations of nitrate up to 177 mg L™" in BFT culture.
The values observed in this study did not reach this concentration, which do not affect the
shrimp growth. Relating the nitrification process with the alkalinity consumption, it can be
observed that in BL treatment, where the alkalinity levels were lower, the nitrification
occurred more efficiently, confirming the consumption of inorganic carbon by the nitri-
fying bacteria that form the bioflocs and metabolize these compounds. According to
Ebeling et al. (2006), to each gram of TAN converted in microbial biomass, there was a
consumption of 4.71 g of dissolved oxygen, 3.57 g of alkalinity, 15.17 g of carbohydrates
and a production of 8.07 g of microbial biomass and 9.65 g of CO,.

The total suspended solid levels (TSS) recommended for BFT systems are in the range
of 200500 mg L' (Samocha et al. 2007; Gaona et al. 2012). The total level of suspended
solids recorded in this study was close to the recommended range and showed the same
pattern as that found for the settleable solids, where high biofloc formation was observed in
the BL treatment. These results indicate that there was a higher aggregation rate when
diffused air was used, whereas the propeller and vertical pump aerators ruptured or broke
apart the bioflocs.

The lower abundances of ciliate and flagellates found in the PR treatment showed an
inhibition of the development of microorganisms that form bioflocs when using this type of
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Table 2 Abundances of ciliates, flagellates and diatoms (mean + SD) in Litopenaeus vannamei BFT
culture water aerated with a blower, vertical pump or propeller

Day Treatment Ciliates Flagellates Diatom
(org. x 10° mL™") (org. x 10° mL™") (org. x 10° mL™")
8 Blower 5.51 + 3.17° 1.61 + 0.55° 0.34 + 0.25°
Vertical 8.28 + 2.49* 0.32 + 0.20° 11.46 + 5.46°
pump
Propeller 230 + 1.69° 0.35 £ 0.21° 0.21 + 0.17°
13 Blower 3.72 £ 2.75% 0.14 + 0.12¢ 0.25 + 0.17*
Vertical 0.32 + 0.20° 0.02 + 0.01° 0.32 + 0.15°
pump
Propeller 043 £ 0.17° 0.02 £ 0.02° 0.04 + 0.01°
18 Blower 5.29 + 2.66° 0.78 &+ 0.31° 0.44 + 0.26°
Vertical 342 +2.71% 5.24 +2.78° 0.11 £ 0.12°
pump
Propeller 0.19 &+ 0.13° 0.04 & 0.02¢ 0.07 & 0.02°
23 Blower 1.62 £ 1.56° 1.58 + 0.80° 0.30 + 0.21%
Vertical 12.72 + 5.47° 1.90 + 0.57* 0.94 + 0.36°
pump
Propeller 1.25 & 0.59* 0.42 + 0.13° 0.45 + 0.18*

Different superscripts in the same column indicate significant differences (p < 0.05)

aerator. Furthermore, the oscillations in the abundance of ciliates observed in other
treatments suggested the possibility of shrimp predation on protozoa. As demonstrated by
Thompson et al. (1999), ciliates have a significant role in the diet of shrimp larvae and
potentially control pathogenic organisms through grazing. In other treatments, the densities
of ciliates and flagellates had an inverse relationship throughout the experiment, which is
indicative of a trophic interaction that is typical of the “microbial loop” reported by Azam
and Fuhrman (1984). According to Decamp et al. (2001), ciliates and flagellates are
sources of highly unsaturated fatty acids (HUFAs) and steroids and have a high intracel-
lular concentration of free amino acids. In this study, these microorganisms likely had a
stimulatory growth effect on the shrimp, which was mainly observed in the BL treatment.

Amoebas appeared in the VP treatment in higher numbers than in the BL treatment and
were not observed in the PR treatment. These microorganisms are heterotrophic and feed
on small organisms, such as bacteria, flagellates, diatoms, ciliates and small metazoans
such as rotifers. Amoebas are typically associated with surfaces and can ingest bacteria at
high rates in places where ciliates and metazoans are not present (Decamp et al. 2003).
Therefore, these microorganisms may have influenced the microbial food chain, which
potentially affected the growth performance of the reared shrimp.

Rotifers were detected only in the final stage of the study and only in the BL treatment.
These organisms are efficient predators of ciliates (Decamp et al. 2003) and could influence
the predation within the microbial chain. Furthermore, the presence of rotifers using the
blower may indicate a mature state of the microbial community resulting from the use of
this aeration device.

It is clear from the data presented that the ammonia-oxidizing bacteria were affected by
the smaller amount and likely the smaller size of particles in the PR treatment. It is known
that ammonium- and nitrite-oxidizing bacteria are normally present on aggregates and
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Table 3 Densities of morphotypes of coccoid bacteria, bacillus bacteria, filamentous cyanobacteria and
amoeboid organisms present in Litopenaeus vannamei BFT culture water aerated with a blower, vertical
pump or propeller

Day Treatment Coccoid Bacillus Filamentous Amoebae
(org. x 10’ mL™Y) (org. x 10° mL™Y) cyanobacteria (org. x 10° mL™Y)
(org. x 10° mL™")
13 Blower 0.09 + 0.05° 0.69 &+ 0.11° 2.81 + 233 0.24 + 0.22°
Vertical ~ 0.35 + 0.06° 0.36 £ 0.11° 432 £ 1.16 1.52 + 2.20°
pump
Propeller ~ 0.30 & 0.26" 6.11 + 0.14° 3.04 £ 1.73 ND
18  Blower 0.33 + 0.27 124 £1.26 3.75 + 438 0.37 £ 0.16
Vertical ~ 0.47 + 0.29 1.04 £+ 0.83 5.33 + 1.66 427 + 6.24°
pump
Propeller  0.57 + 0.43 1.54 + 1.31 345+ 1.15 ND
23 Blower 0.54 + 0.18 0.58 &+ 0.25 548 4+ 3.27 0.04 & 0.06
Vertical ~ 0.41 + 0.17 1.36 + 0.71 499 + 1.52 2.65 + 1.06
pump
Propeller  0.93 & 0.69 249 + 1.44 7.68 + 413 ND
28  Blower 0.54 + 0.15° 4.84 + 6.73 4.66 + 1.69 0.36 + 0.41°
Vertical ~ 1.00 + 0.27° 451 + 1.46 10.01 + 8.12 426 + 6.03°
pump
Propeller  2.08 & 0.66° 4.08 + 1.65 7.22 + 3.40 ND
33 Blower 0.79 + 0.23° 2.59 + 1.39° 530 & 5.13° 0.67 &+ 0.62°
Vertical  1.03 & 0.33° 455 + 1.08° 9.40 + 2.78° 2.16 + 2.69°
pump
Propeller ~ 5.33 & 4.96° 6.03 + 4.20° 11.39 + 4.66° ND

Different superscripts in the same column indicate significant differences (p < 0.05)

Table 4 Results (Mean £ SD) of the growth parameters of shrimp Litopenaeus vannamei in treatments
with a blower, propeller or vertical pump in systems without water exchange

Treatment

Blower Vertical pump Propeller
Initial weight (g) 4.30 +0.93 430 +0.93 430 +0.93
Survival (%) 86.0 &+ 3.0° 92.3 + 5.68 55.0 + 18.3°
WGR (g week ™) 1.73 £ 0.1 1.29 + 0.32 1.75 £ 0.07
Final weight (g) 12.96 + 2.63% 10.93 + 2.66° 12.81 £ 2.21°
FCR 1.71 £ 0.15% 1.56 + 0.17° 1.99 +0.21°
Productivity (kg m~2) 1.55 £ 0.02 141 £0.23 0.98 + 0.33

Different superscripts in the same row indicate significant differences (p < 0.05)

form colonies (Delatolla et al. 2009; Vlaeminck et al. 2010), and the establishment of these
colonies may be influenced by the particle size, which is determined by the water shear
rate. Larsen et al. (2008) showed that increased shear rates in activated sludge systems
formed particles smaller than the medium size of a colony (13-22.5 pm) of the ammonia-
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Table 5 Centesimal composition of the bioflocs present in the Litopenaeus vannamei BFT culture using
different types of aerators over 33 days.

Treatment

Blower Vertical pump Propeller
Dry matter (%) 16.19 £+ 0.31° 19.18 + 1.06" 19.18 + 4.86°
Crude protein (%)* 29.54 £ 0.57° 27.88 + 3.26° 26.39 £ 2.64°
Lipid (%)* 0.79 + 0.08* 1.08 + 0.53° 0.87 & 0.07*°
Ash (%)* 4325 + 1.34° 27.86 £ 3.27% 3278 + 4.73%
Fiber (%)* 8.57 + 1.24* 16.66 + 2.46° 16.62 + 3.15°

Different superscripts in the same row indicate significant differences (p < 0.05)
* Dry matter basis

oxidizing bacteria Nitrosomonas oligotropha, which led to a low rate of ammonia oxi-
dation that was similar to the rate observed in our study. The bacterial counting analysis
showed a high quantity of bacillus and coccoid bacteria in the PR treatment when com-
pared to other treatments. Despite the large number of bacteria, the bacteria present in
tanks that used the propeller aerators were not efficient at metabolizing nitrogen com-
pounds, which confirmed that the nitrifying bacteria need a substrate for adherence (small
and medium particles) to perform nitrogen cycling in the system. The smaller values of
nitrate in the propeller and vertical pump treatments indicate that the nitrite-oxidizing
bacteria were affected by the reduction in particle size and quantity. The water turbulence
and propeller action may have contributed to the decrease in particle size in the biofloc
system, which would have hampered the establishment of nitrite-oxidizing bacteria.

The numbers of bacteria in the BL and VP treatments were lower when compared to the
PR treatment, which was likely because of the grazing that ciliates and flagellates exert on
the bacterial community in these treatments. In the PR treatment, there was a small
development of protozoa, which resulted in an increase in the number of bacteria because
of the absence of predators in the microbial food chain.

The presence of cyanobacteria (filamentous bacteria) was influenced by the low dis-
solved oxygen concentrations that were observed in some periods of the culture (Ray et al.
2010). The presence of these organisms in the culture may have affected shrimp perfor-
mance because some cyanobacteria produce substances that may be toxic or contribute to
“off” flavors of cultured animals (Alonso-Rodriguez and Paez-Osuna 2003; Zimba et al.
2006). The presence of diatoms was lower in the PR and BL treatments during the
experimental period. In the VP treatment, there were a higher number of diatoms at the
beginning of the study; however, the diatom count decreased throughout the experiment.
The addition of molasses to the water contributed to the reduction in water transparency,
which most likely reduced the growth of diatoms in the tanks.

The final weight did not differ significantly between the BL and PR treatments; nev-
ertheless, the lower survival rate reported in the PR treatment might have influenced this
result. The decrease in stocking density because of mortalities promoted the growth of the
shrimp that survived in tanks, and several authors have reported an inverse relationship
between stocking densities and the performance of shrimp (Krummenauer et al. 2011;
Moss and Moss 2004; Otoshi et al. 2007; Williams et al. 1996).

L. vannamei uses bioflocs as a source of supplementary food, which improves feed
utilization and reduces the feed conversion rate (FCR) (Burford et al. 2003; Wasielesky
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et al. 2006). Lower feed conversion rates were observed in the BL and VP treatments,
which are the same treatments where more diversity was recorded in the dominant
microbes, and the densities of these microorganisms were lower, potentially indicating the
greater use of such organisms as a dietary supplement for shrimp. The shrimp in the BL
treatment had better growth results because of the increased formation of microbial
aggregates, which was reflected in the improved water quality in this treatment. The
growth results were similar to those reported by Krummenauer et al. (2011) and Gaona
et al. (2012) that performed studies in the same culture units. Furthermore, the results
obtained were similar and/or higher than other trials carried out in greenhouses, evidencing
the potential of producing high shrimp biomasses in smaller areas (Samocha et al. 2004;
Ray et al. 2010).

Proximal composition (%DW) of the bioflocs of tanks was higher than observed by Xu
et al. (2012) that noticed 25.61 %CP using brown sugar as carbon source, similar to the
results observed by Maica et al. (2012) that founded 28.76 %CP in a salinity of 25 and
slightly lower than the results obtained by Wasielesky et al. (2006) that observed 31.07 %
CP. The lipid content was lower than the observed by Maica et al. (2012) and higher than
the results obtained by Wasielesky et al. (2006). The lipid seems to be the component that
shows more variations in their values according to the studies published in this regard
(Crab et al. 2010; Silva et al. 2013b). Nutritional studies with L. vannamei indicated that
the lipid requirement ranges from 10-12 % (Zhang et al. 2013), and these levels signifi-
cantly tune the growth and enhance the immune abilities. This implies that a commercial
feed is still necessary to provide adequate lipid levels to shrimp. The higher ash content in
BL treatment could be related to the higher amount of shrimp fecal matter in suspension in
tanks with this type of aerator. Similar values were recorder by other authors using the
same diffused aeration system (Wasielesky et al. 2006; Maica et al. 2012; Silva et al.;
2013b).

In conclusion, the results indicate that diffused air systems (blower) are more efficient in
particle aggregation and in biofloc formation in culture, contributing to the shrimp growth.
In contrast, the propeller aeration system does not contribute to biofloc aggregation and
destroys the bioflocs, and the development of a “healthy” microbial community is com-
promised. The vertical pump, despite not showing high values of total suspended solids
(bioflocs), was able to provide a microbial community that contributed to the growth and
survival of the shrimp.
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