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Abstract In a 210d experiment, the potential of biofloc technology (BFT) was evaluated
for Farfantepenaeus duorarum. Water quality parameters, microorganisms profile and
proximate analysis of biofloc were also assessed. BFT did not improve the growth per-
formance in F. duorarum when compared to conventional clear-water water exchange
system (final weight and survival of 13.3 g and 63.2 %; and 13.9 g and 81.4 %, respec-
tively). Microorganism assessment suggested a higher presence of filamentous cyano-
bacteria followed by protozoa, nematodes and copepods. Proximate analysis of biofloc
showed crude protein and crude lipid means levels of 25 and 0.6 %, respectively, and these
values varied during the experiment. F. duorarum seemed to be susceptible to high
stocking density and high levels of suspended solids (>15 mL L™").
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Introduction

Indigenous shrimp species could be more suitable for aquaculture as they are more disease
resistant in local environment, as well as may demonstrate higher growth rates under
specific environmental conditions with better acceptance in local markets (Peixoto et al.
2011).

The pink shrimp Farfantepenaeus duorarum is distributed in the western Atlantic Ocean
from Maryland (EUA), through Gulf of Mexico until Ascension Bay in Quintana Roo,
Mexico (Pérez-Farfante 1969). Once abundant in natural waters, pink shrimp fishery in
southern Gulf of Mexico has collapsed (Arreguin-Sanchez et al. 2008). During the early
1970s, the total shrimp production was approximately 27,000 t per year of which 90 %
comprised of F. duorarum. The production dropped to below 3000 t per year recently
(Arreguin-Sanchez et al. 2008). The possible reasons explaining this collapse include
overfishing (Gracia 1995, 1997), as well as pollution in nursery areas (Arreguin-Sanchez
et al. 1997). Consequently, the need to farm F. duorarum increased due to the fact that this
species has shown signs of depletion.

Recently, government regulations have initiated the development of aquaculture in
southern Gulf of Mexico with indigenous aquatic species. Considering the valuable local
market, previous studies have been carried out investigating the F. duorarum farm (Cripe
1994; Samocha et al. 2008; Gullian et al. 2010). However, high costs associated with wild
broodstock capture to guarantee the availability of quality PLs have been the most
important constraint for aquaculture development for this species. To overcome this
problem, preliminary research efforts have been done in order to domesticate such species
(Lopez-Tellez et al. 2000; Gullian et al. 2010); however, poor results in terms of growth
were observed. Alternative means for sustainable broodstock farming need to be
developed.

Biofloc technology (BFT) was initially developed in early 1970s at Ifremer-COP,
French Polynesia (for review, see Emerenciano et al. 2011a). Nowadays, BFT limited
water exchange system has become a popular grow-out technology in shrimp farming
(Avnimelech 2012), however, little is known about BFT benefits to the indigenous
species F. duorarum. Furthermore, with the global spread of viruses, biosecurity appears
as a priority to avoid vertical infections. BFT limited water exchange culture method
can help improve biosecurity (Taw 2010), besides minimize the effluent discharge,
protecting the surrounding areas. In addition, BFT provides in situ nutrients such as
“native protein” (Emerenciano et al. 2011a), lipid (Wasielesky et al. 2006), aminoacids
(Ju et al. 2008) and fatty acids (Izquierdo et al. 2006; Ekasari et al. 2010) in a form of
diverse microbiota. Microorganisms, that is, grazers and bacteria (Ballester et al. 2010)
play a key role in recycling nutrients and maintaining water quality (McIntosh et al.
2000; Ray et al. 2010a, b). Control of bacterial community over autotrophic microor-
ganisms is achieved using a high carbon to nitrogen ratio (C:N) (Avnimelech et al.
1994; Asaduzzaman et al. 2008), in which nitrogenous by-products are taken up by
heterotrophic bacteria (Avnimelech 1999). Moreover, microbial particles as a rich food
source are available 24 h per day, reducing artificial feed inputs and costs (Avnimelech
2007; Samocha et al. 2007).

The objective of the present study was to evaluate the potential of biofloc tech-
nology (BFT) on enhancement of F. duorarum zootechnical and water quality
parameters when compared to conventional water exchange system during grow-out
phase.
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Materials and methods
Experimental design and culture conditions

This experiment was performed at UMDI, Universidad Nacional Auténoma de México
(UNAM), located at Sisal Beach (21°09'5/N and 90°02'5/W), Yucatan, Mexico. F. du-
orarum postlarvae (G1) were obtained from routine larviculture carried out at UMDI using
Galveston technique (Smith et al. 1992). Juveniles (initial weight ~7.4 g) were stocked in
six 20,000 L round outdoor lined tanks covered by shade cloth (~80 % light reduction)
with stocking density of 38 shrimp m™2 (760 shrimp per tank). Shrimp were maintained in
two conditions (treatments): water exchange in a rate of 50 % daily using three tanks (CW)
and biofloc limited water exchange not exceeding 0.5 % daily using the three remaining
tanks (FLOC). After 7 months (210 days), survival (%), final weight (g), weight gain per
week (g), productivity (kg m72) and final biomass (kg) were measured.

In FLOC conditions, C:N ratio of 20:1 (for review, see Avnimelech 1999; Emerenciano et al.
2007) was maintained using sugarcane molasses and wheat bran as a carbon source, added daily
after feed addition in aratio of 90:10, respectively. External carbon source was applied to ensure
optimal heterotrophic bacterial growth (Avnimelech 2007) until floc volume (FV; measured in
Imhoff cones, Avnimelech 2012) achieved the concentration of 5 mL L™ ! Once FV achieved
this concentration, carbon source addition was stopped. If FV dropped (<5 mL L™") or total
ammonium nitrogen (TAN) reached more than 3 mg L™, the carbon addition was restarted.
Water was vigorously aerated using a hose circle (3 inches, 0.8 m diameter) finely perforated
positioned in the center of the tanks. Water exchange (<0.5 %) was carried out with sludge
removal by a central drain to prevent accumulation. Dechlorinated freshwater and marine water
(~35 ppt) were added to compensate sludge removal and evaporation losses. Shrimp were fed
five times per day (00:00, 04:00, 09:00, 14:00 and 20:00 h) in both treatments using commercial
feed with 35 % crude protein content (Malta Clayton, Inc., Culiacan, Sinaloa, Mexico) at
24 % of biomass (Jory 2001) and according to consumption.

Water quality parameters such as temperature, salinity, pH and dissolved oxygen (DO)
(Hach HQ40d, Hach Company, Loveland, Colorado, USA) were monitored five times per
day (00:00, 04:00, 09:00, 14:00 and 20:00 h). FV was monitored daily, whereas TAN,
nitrite (N-NO,) and nitrate (N-NO3) were monitored three times per week (Hach test kits
cat. 20686-00, Hach Company, Loveland, Colorado, USA).

Assessment of microorganisms

Microorganisms profile was assessed from month 2-6. Well-mixed water samples were
collected from CW and FLOC tanks and preserved with a buffered formalin solution (4 %)
(Thompson et al. 2002) for further analysis. Microorganisms were identified and quantified
using microscopy (Barnes 1963; Wimpenny 1966), and the abundance of zooplankton and
large microorganisms such as filamentous cyanobacteria, protozoa, nematodes and cope-
pods was determined using a Sedgwick-Rafter counting chamber (Azim and Little 2008;
Muangkeow et al. 2011) with a 1-mL sample previously concentrated. Counts were made
in at least 10 fields chosen at random with three replicates per sample.

Proximate analysis of biofloc

Proximate analysis was performed in biofloc biomass each month (except month 1).
Samples (tank water previously filtered in a 100-um mesh) were dried in an oven at 55 °C

@ Springer



1384 Aquacult Int (2013) 21:1381-1394

(constant weight), stored at —20 °C and processed following protocols described by
AOAC (2000). The total carbohydrate was estimated by difference, and gross energy
content was calculated according to Tacon (1990).

Statistical analysis

Student’s ¢ test was applied to find differences between treatments in water quality and
grow-out parameters when data were homogeneous and normality distributed (Zar 1984).
Percentage data were arcsine transformed, but only original values were presented. Dif-
ferences were considered significantly at P < 0.05 (Sokal and Rohlf 1995).

Results
Water quality parameters

Descriptive statistics of water quality parameters are shown in Table 1. Temperature, DO,
salinity, pH, TAN, N-NO, and N-NOj were similar between treatments and presented no
significant differences (P > 0.05). FV measured in FLOC tanks presented mean values of
9.0 mL L™" with maximum and minimum of 17.3 and 5.3 mL L™, respectively (Fig. 1).
Fig. 2 is presented the daily variations of temperature, DO and pH, and no significant
differences (P > 0.05) were observed.

Growth performance

Growth performance of shrimp is given in Table 2. Final weight and weight gain week !
presented no significant differences between treatments. Final biomass, productivity and
survival were significantly higher in CW (8.4 kg tank ', 0.42 kg m 2 and 81 %) when
compared to FLOC treatment (6.3 kg tank ™!, 0.32 kg m~2 and 63 %). Fig. 3 is presented
the evolution of weight and weight gain per week ' throughout the experiment and showed
similar values (P > 0.05). The highest weight gain was performed by FLOC treatment in
month 1 with a growth rate of 0.5 g week .

Table 1 Means, SD, maximum and minimum values of water quality parameters performed during
F. duorarum grow-out (38 shrimp m~2) in biofloc (FLOC) and clear-water (CW) treatments

Parameters CW (control) FLOC

Means SD Max. Min. Means SD Max. Min.

Temperature (°C) 26.2 2.1 28.9 22.8 25.8 2.2 28.3 22.6
Dissolved oxygen (mg L") 6.1 0.3 7.6 5.6 6.2 0.3 6.6 5.6
Salinity (ppt) 384 0.4 39.0 37.7 39.3 1.4 41.0 37.4
pH 8.4 0.2 8.6 8.1 8.3 0.3 8.8 7.9
TAN (mg L™ 0.3 0.1 0.6 0.2 0.4 0.1 0.6 0.2
N-NO, (mg L™ 0.3 0.1 0.5 0.2 0.2 0.2 0.6 0.1
N-NO; (mg L™ 73 1.9 10 5.6 12.7 4.8 20.0 7.0
Floc volume (mL L™} - - - - 9.0 6.4 17.3 5.3

@ Springer



Aquacult Int (2013) 21:1381-1394 1385

251 Floc volume (FV)
20 -
15

10

FV mLL"

0 T T T T T
1 2 3 4 5 6

Time (month)

Fig. 1 Means (£SD) of floc volume (FV) during F. duorarum grow-out

Assessment of microorganisms and proximate analysis of biofloc

Microorganism profile is showed in Fig. 4. Data suggested a high presence of filamentous
cyanobacteria (FC) when compared to the other groups, mainly in the initial phase, and
then decreased over time until month 4. Protozoa (second most representative group)
followed the same FC trend with high levels in the initial period and then decreased, but
reached to a peak when FC achieved low levels. Nematodes and copepods reached high
levels both in month 2, and then decreased over time, increased again in month 5 and 6,
respectively.

Proximate analysis of biofloc is given in Table 3. Mean value of crude protein was
24.7 % (ranging from 18.2 to 29.3 %); lipid content and crude fiber were 0.6 and 3.6 %
(ranging from 0.4 to 0.7 % and 1.7 to 3.5 %, respectively). Moreover, carbohydrates, ash
and gross energy values were 26.3, 47.3 % and 10.2 kJ g*1 DW. Variation of crude
protein and crude lipid throughout the experiment presented in Fig. 5 showed a decrease in
both levels in month 3, achieving 18 and 0.4 %, respectively. Peak in terms of protein and
lipid were achieved in month 7 and 5, with 29 and 0.74 %, respectively.

Discussion
Growth performance and water quality

In the present study, growth parameters were not improved using BFT system. CW
treatment demonstrated better survival, productivity and final biomass (P < 0.05). Final
weight and weight gain week ' presented no significant differences, and shrimp growth
was very slow in both systems. Emerenciano et al. (2007) also did not report differences in
nursery phase of F. paulensis using BFT when compared to clear-water system. On the
other hand, Krummenauer et al. (2011) in a 120d of Litopenaeus vannamei BFT culture
reported superior survival and productivity when compared to our study, with 92, 81 and
75 % and 2.1, 4.1 and 3.0 kg m ™2, for a stocking density of 150, 300 and 450 shrimp m ™,
respectively.

Usual values expected for weight gain ranges ~1 g week ! in tropical penaeid species.
For example, L. vannamei juveniles fed with 35 % CP commercial feed at 300 shrimp m ™2,
growth rates were 1.25 and 0.85 g week ' in BFT and clear-water, respectively, although no
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Fig. 2 Daily variation (mean + SE) of temperature, DO and pH during F. duorarum grow-out in biofloc
(FLOC) and clear-water (CW) treatments

Table 2 Means (£SD) of F. duorarum growth performance in biofloc (FLOC) and clear-water (CW) treatments
during grow-out (38 shrimp m~2). Within rows, superscript letters indicate significant differences by Student’s t-test

Parameter Cw FLOC P value

Initial weight (g) 7.6 (£1.2) 7.3 (£1.3) ns (P = 0.097)
Final weight (g) 13.9 (+2.8) 13.3 (£2.7) ns (P = 0.136)
Weight gain (g week ") 0.25 (£0.13) 0.26 (£0.24) ns (P = 0.407)
Final biomass (kg tank ") 8.4% (£0.9) 6.3% (£0.3) P =0.021
Productivity (kg m~2) 0.42" (£0.04) 0.32% (£0.02) P = 0.020
Survival (%) 81.4" (£9.2) 63.28 (£1.2) P = 0.045
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Fig. 3 Evolution of weight and weight gain per week (£SE) of F. duorarum in biofloc (FLOC) and clear-
water (CW) treatments, during grow-out (38 shrimp m~?)

differences were observed in survival (Wasielesky et al. 2006). Lopez-Tellez et al. (2000)
reported a growth rate of ~0.5 g week ' at 10 shrimp m 2 in 57d of F. duorarum continuous
water exchange culture. In the present study, growth rate in both treatments was
~0.2 g week ', fourfold lower than expected for most penaeid species (Fig. 3). On the other
hand, the best growth rate was performed by FLOC treatment in month 1 with
~0.5 g week ™', similar to Lopez-Tellez et al. (2000) that used low stocking density.

BFT has been demonstrated benefits for many aquaculture species in terms of growth
and production such as in L. vannamei (Burford et al. 2003, 2004; Wasielesky et al. 2006),
L. setiferus (Emerenciano et al. 2009), P. monodon (Arnold et al. 2009), Litopenaeus
stylirostris (Emerenciano et al. 2011a), F. brasiliensis (Emerenciano et al. 2012),
F. paulensis (Ballester et al. 2010; Emerenciano et al. 2011b), Macrobrachium rosenbergii
(Crab et al. 2010) and tilapia (Avnimelech 2007, Azim and Little 2008; Crab et al. 2009).
The better adaptation of species to BFT seems to be related to the tolerance of high
stocking densities, solids and N compounds, capacity to ingest—digest detritus and
microbial particles, as well as presence of an adequate morphological apparatus to capture
the microbial aggregates.

Water quality parameters did not differ between treatments and levels were within
acceptable ranges for most penaeid species (Wickins 1976; Van Wyk and Scarpa 1999).
Although no significant differences were found, FLOC seems to be more efficient to
control daily temperature fluctuations when compared to CW (Fig. 2). This finding
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Fig. 4 Microorganisms assessment (mean £+ SE) in biofloc (FLOC) tanks during F. duorarum grow-out

corroborates with Crab et al. (2009) and also with Emerenciano et al. (2011a) that proposed
BFT as a system to control water quality fluctuations typical presented year-round in
ponds.

Control of solids in BFT is closely related to optimum levels of DO and inorganic N
compounds (Vinatea et al. 2010). High levels of solids were observed at the end of the
experiment (17 mL L™") in FLOC treatment, partially due to the high temperatures
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Table 3 Proximate analysis of biofloc performed during F. duorarum grow-out

Month Crude Crude lipid  Crude fiber ~Carbohydrates  Ash Gross energy
protein (%) (%) (%) (%) (%) &J g7' DW)

2 253 0.71 2.1 27.6 44.4 10.8

3 18.2 0.40 3.0 26.7 51.8 8.9

4 27.1 0.66 1.7 26.7 43.7 11.1

5 25.0 0.74 35 22.8 48.0 10.0

6 23.4 0.73 1.5 23.8 50.5 9.8

7 29.3 0.59 2.5 29.9 453 10.4

Means (= SD) 247 £3.8 0.6 £0.1 24+ 0.8 263 £ 2.6 473 £34 102 +£08
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Fig. 5 Crude protein and crude lipid variation (%) measured in biofloc (FLOC) tanks during F. duorarum
grow-out

(~28 °C). As a result, gills of shrimp were clogged and mortalities detected, suggesting
negative effects in survival. Taw (2010) recommended FV below 15 mL L~! for
L. vannamei reared in outdoor lined ponds. In addition, Ray et al. (2010b) demonstrated
benefits on shrimp yields by controlling solids with a simple settling low-tech solids
removal device. Our FV values certainly affected F. duorarum performance.

Some species are more susceptible to high stocking density than others as a result of
their natural behavior, that is, burrowing in close-telicum species. At high density occur
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negative behavioral interactions leading to cannibalism that could drop survival rates
(Arnold et al. 2005). In wild, adults of F. duorarum are often observed in deep waters
(Gracia 1995), suggesting that this species could be more sensitive to N compounds when
compared to other penaeid species. Moreover, F. duorarum posses a strong burrowing
behavior, as observed in other close-telicum species (Penn 1981). These findings suggest
that a “sum of factors” such as an adequate temperature, stocking density and control of
solids levels (~5-10 mL L™') could enhance F. duorarum performance in BFT. Thus,
three major points raised with poor performance of F. duorarum: (1) species not domes-
ticated (G1); after several generations (i.e., >G9), weight gain could be enhanced by a
process of selection (Goyard et al. 2002); (2) susceptibility to high stocking density sug-
gesting, that is, the use of artificial substrates (sand, AquaMatsTM, etc.) to enhance shrimp
performance (Moss and Moss 2004; Ballester et al. 2007; Asaduzzaman et al. 2008; Arnold
et al. 2009); and finally (3) poor tolerance to N compounds and suspended solids when
compared to other penaeid species (Wickins 1976).

Microorganisms profile and proximate analysis of biofloc

Filamentous cyanobacteria (FC) compete by substrate with other microorganisms such as
phytoplankton, in which antagonistic substances are excreted and inhibitory effects can
occur (Yusoff et al. 2002; Hargreaves 2006). In addition, FC take competitive advantage in
water with high P and N concentrations (Yusoff et al. 2002; Burford et al. 2003) and high
turbidity (Case et al. 2008). Organic carbon addition also contributes to cyanobacteria
growth (Esteves 1998), as well as protozoa (Thompson et al. 1999). On the other hand,
small bacteria (i.e., cocoids) seem to take advantage on nutrients assimilation due to their
small size and higher surface:volume ratio (Suita 2009). In the present study, high con-
centration of FC in the initial period could be related to a more availability of organic
carbon and, while biofloc did not achieve high concentrations, due to the light penetration
(Kirchman 2008).

A decrease in FC concentration over time was followed by nematodes and copepods
(Fig. 4), suggesting a predation or substrate competition with small bacteria and other
microorganisms (Kirchman 2008). In addition, high concentration of protozoa was related
to the low concentration of FC and nematodes in month 4, also suggesting an inverse
relationship between these groups. Protozoa act as predators of phytoplankton, fungi and
bacteria, or as a food source for metazoans (Nagano and Decamp 2004). Bacteria and
protozoa play a key role in the energy budge of microbial community, suggesting an
alternative flow of nutrients into higher trophic levels well described as “microbial loop”
(Pomeroy and Wiebe 1988). Predominance in certain group of protozoa (i.e., ciliates vs.
flagellates) could be caused, that is, by salinity variation (Pedrds-Ali6 et al. 2000; Decamp
et al. 2003; Maica et al. 2012). Both cyanobacteria and protozoa (Bombeo-Tuburan et al.
1993; Decamp et al. 2001; Gamboa-Delgado et al. 2003), as well as nematodes and
copepods (Soares et al. 2004; Rajkumar and Kumaraguru-Vasagam 2006; Ballester et al.
2007), are well known as natural food items for farmed organisms.

Some factors could modify the nutritional quality of biofloc such as salinity (Ekasari
et al. 2010; Maica et al. 2012), carbon source (Crab et al. 2010; Ekasari et al. 2010),
changes in microbial community (Ray et al. 2010a), as well as light source and intensity
(Coyle et al. 2011). In the present study, proximate analysis showed crude protein and
crude lipid reached 24.7 and 0.6 %, respectively. These values varied throughout the
experiment with low levels observed in month 3 (Fig. 5), which was corroborated with
relative low concentration of copepods, nematodes and FC. Microorganism dynamics
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certainly affect the nutritional quality of biofloc, and consequently, further shrimp growth
(Ray et al. 2010a). More research is needed in this field.

Conclusion

Although biofloc particles presented an added value to be used as shrimp food, in our
experimental conditions, BFT system did not improve growth performance of F. duorarum
when compared to conventional clear-water water exchange system. Furthermore, F. du-
orarum seems to be susceptible to high stocking density and high levels of suspended
solids (>15 mL L’l). Use of advanced generations (i.e., >@G9), artificial substrates and
rigorous control of suspended solids should be evaluated aiming to enhance F. duorarum
performance during grow-out phase.
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