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Resumo

Macrobrachium rosenbergii € uma das espécies aquicolas mais cultivadas em
ambientes de agua doce, sendo tradicionalmente produzidos em sistemas semi-intensivos,
no entanto, estudos recentes demonstraram a capacidade de aumentar a densidade de
estocagem de camardes de agua doce com a utilizacdo do sistema de bioflocos. O cultivo
experimental foi realizado durante 58 dias na Estacdo de Aquicultura da Universidade
Federal Rural de Pernambuco, Brasil. Foram estocados camardes de 0,15 + 0,001 g (375
PL/m®) em oito tanques circulares (400 L) em delineamento experimental inteiramente
casualizado com BFT (sistema de bioflocos) e WES (sistema com troca de agua), com
quatro repeticBes cada. Ao final deste periodo, os animais foram mantidos até 2,77 + 0,119
e foram submetidos a um teste de estresse agudo, envolvendo cinco concentracdes de
nitrogénio da amonia total (0, 5, 10, 20 e 40 mg/L) para cada sistema. O peso final, ganho
de peso, taxa de crescimento especifico, biomassa final e produtividade foram
influenciados positivamente pelo sistema de BFT. A sobrevivéncia foi superior a 65% nos
tratamentos BFT e WES, sem diferenca significativa entre os tratamentos (P> 0,05). O
consumo de agua no tratamento biofloco (BFT) foi 10 vezes inferior ao controle (WES).
Os juvenis cultivados em bioflocos e posteriormente submetidos a toxicidade da amdnia
foram mais resistentes quando comparados aqueles criados em um sistema de renovacao
de &gua, podendo suportar concentracoes de até 40 mg/L de NAT, durante um periodo de

96 horas, sem interferir na sobrevivéncia dos camaroes.

Palavras-chave: Camardo de agua doce; qualidade &gua; desempenho zootécnico;

consumo de égua; resposta ao estresse.



Abstract

Macrobrachium rosenbergii is one of the most cultivated freshwater specie in the world, its
cultivation is traditionally carried out in semi-intensive systems, however, recent studies
have demonstrated the capacity to increase the stocking density of freshwater prawns using
the biofloc system . The experiment was carried out for 58 days at the Aquaculture Station
of the Federal Rural University of Pernambuco, Brazil. Juveniles of 0.15 + 0.001 g (375 PL
m3) were stored in eight circular tanks (400 L) in a completely randomized experimental
design with BFT (biofloc system) and WES (water exchange system), with four replicates
each. At the end of this period, the animals were maintained up to 2.77 + 0.11 g and
underwent an acute stress test, involving five concentrations of TAN (0, 5, 10, 20 and 40 mg
L) for each system. The final weight, weight gain, specific growth rate, final biomass and
productivity were positively influenced by the BFT system. Survival was greater than 65%
in BFT and WES treatments, with no statistical difference between treatments (P> 0.05).
Water consumption in the biofloc was 10 times lower than the control (WES). Juveniles
cultivated in biofloc and later submitted to ammonia toxicity were more resistant when
compared to those raised in a water renewal system, being able to withstand concentrations

of up to 40 mg L* of TAN during a 96-hour period without interfering on survival of prawns.

Keywords: Freshwater prawn; water quality; growth performance; water consumption;

stress response.
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1- Introducgéo

1.1- Contextualizacéo da pesquisa

A carcinicultura de &gua doce é um dos setores da aquicultura que mais cresce
mundialmente (SANTOS et al. 2017), no ano de 2016 a sua producdo foi de 507 mil toneladas,
sendo o Macrobrachium rosenbergii responsavel por aproximadamente 46% (234 mil
toneladas) desta producdo (FAO, 2018a). No Brasil esta é a principal espécie de camardo de
agua doce cultivada e estima-se que sua producdo nos Gltimos anos seja de 100 toneladas/ano
(FAO, 2018b), entretanto ha uma auséncia de dados oficiais desta producao no pais.

O camardo M. rosenbergii apresenta diversas caracteristicas que justificam o interesse
na sua produgéo, tais como facilidade na reprodugdo em cativeiro, alta taxa de fecundidade,
adaptabilidade a racdo inerte, bom crescimento, grande porte ao final do ciclo de cultivo,
podendo atingir 32 cm de comprimento e 500 g de peso, maior resisténcia a doencas quando
comparados as espécies de camardes marinhos, carne de excelente qualidade (LOBAO, 1996;
NEW, 2002; GUPTA et al., 2007; MOHANTY, 2010), além de elevado valor de mercado.

O cultivo desta espécie € tradicionalmente realizado com renovacgdes diarias de agua, e
em menores densidades de estocagem (até 20 camardes/m?), devido ao comportamento
territorialista e agressivo dos camarfes do género Macrobrachium (VALENTI et al., 2010;
NEGRINI et al., 2017). Porém, estudos recentes demonstram a capacidade de incrementar as
densidades de estocagem dos cultivos dos camardes de agua doce (KIMPARA et al., 2013;
BALLESTER et al.,, 2017; NEGRINI et al., 2017), possibilitando assim o aumento da
produtividade dos cultivos. Entretanto, isto proporciona o acimulo de substancias toxicas
inorganicas, tais como 0s compostos nitrogenados (amonia e nitrito), que sdo um dos principais
problemas de qualidade de &gua em cultivos intensivos (COLT e ARMSTRONG, 1981;
TIMMONS e EBELING, 2007).

A amoénia € o principal dejeto metabolico excretado pelos crustaceos, assim como em
outros organismos aquaticos (REGNAULT, 1987; EBELING et al., 2006), e se encontra
disponivel na agua principalmente em duas formas, amonio (NH4"), menos tdxica, e na forma
ndo ionizada (NHs), mais toxica devido & capacidade de penetrar as membranas celulares
(TIMMONS e EBELING, 2007). O equilibrio das formas da amdnia esta relacionado a
varidveis fisicas e quimicas da dgua como temperatura, pH e salinidade (ALABASTER e
LOYD, 1982; TOMASSO 1986).
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Nos crustaceos, elevada concentragdo deste composto no sistema de cultivo pode causar
alcalinizacdo e um aumento de volume da hemolinfa (MOULLAC e HAFFNER, 2000),
dificultando os processos de excrec¢do pelas branquias dos animais, consequentemente gerando
um aumento na concentracgdo interna desse composto, ocasionando disfungéo generalizada no
metabolismo celular (MUGNIER e JUSTOU, 2004; SA, 2012). Além disso, reduz o
crescimento dos camarfes e pode até mesmo causar mortalidade (OSTRENSKY e
WASIELESKY, 1995; EBELING et al., 2006).

Estudos de toxicidade aguda podem fornecer informacdes sobre a letalidade das
substancias, entretanto ndo podem prever efeitos subletais e cronicos causados nos organismos
(BUIKEMA et al., 1982). A concentracdo aguda da amoénia varia de acordo com a fase de
desenvolvimento do animal, assim como pelo tempo de exposicdo ao composto. Estudos
mostram que o CLso para larvas de M. rosenbergii varia de 8,34 a 15,03 mg de NAT/L por um
periodo de 96 horas (FIGUEROA-LUCERO et al., 2012; GOMES et al., 2016), e para juvenis
recém metamorfoseados entre 0,54 a 2,52 mg/L de N-NHz (STRAUS et al., 1991). Entretanto,
ndo existem estudos disponiveis para individuos de aproximadamente 2g de peso medio em
sistema de bioflocos.

Em sistemas tradicionais, para que sejam mantidas as condi¢des adequadas da qualidade
de agua é necessario que sejam realizadas trocas frequentes, parciais ou até mesmo totais, do
volume das unidades de cultivo, gerando assim efluentes toxicos devido ao excesso de
nutrientes e matéria organica que sio liberados em ambientes naturais (MARTINEZ et al.,
2012), além da necessidade de grande aporte de 4gua para utilizacdo na renovacao (NAYLOR
et al., 2001). Tais fatores resultam em degradacdes ambientais e estimulam a busca por técnicas
de cultivo mais sustentaveis (FROES et al., 2013).

A tecnologia de bioflocos esté associada a sistemas de cultivo com minimas trocas de
agua, estimulando a formacdo de um agregado de bactérias (heterotroficas e nitrificantes),
cianobactérias, microalgas, protozoarios e matéria organica (detritos, excretas e sobras de
alimentacdo) (SAMOCHA et al., 2017), a partir da fertilizacdo da agua com fontes de carbono
organico (aclcar, melago, amido, farelos vegetais, racdes, etc.) e aeracdo constante do ambiente
de cultivo (PEREZ-RUESTRO et al., 2014). Estes microrganismos, principalmente as bactérias
heterotréficas sdo capazes de utilizar o carbono organico e nitrogénio inorganico da aménia
para a producdo de biomassa bacteriana (AZIM e LITTLE, 2008; PEREZ-FUENTES et al.,
2013).

Além disto, neste sistema de cultivo, a amdnia pode ser convertida em nitrito pelas

bactérias oxidantes da aménia (BOA), as quais pertencem principalmente aos géneros
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Nitrosomonas e Nitrosococcus, e convertido em nitrato pelas bactérias oxidantes do nitrito
(BON), as quais geralmente pertencem ao género Nitrobacter e Nitrospira (VAN
LOOSDRECHT e JETTEM, 1998; AVNIMELECH, 2009). A manutencdo dos niveis de
alcalinidade entre 100 e 150 mg/L CaCOs (EBELING et al., 2006), e pH entre 7,8 e 8,0
(SAMOCHA et al., 2017), séo capazes de melhorar a eficiéncia da oxidacdo dos compostos

nitrogenados, através da adicdo periddica de uma fonte de carbono inorganico.

Em adicdo, o sistema de bioflocos pode ser utilizado como fonte de alimentacéo
suplementar aos organismos cultivados (ASADUZZAMAN et al., 2010) contribuindo para uma
melhora no desempenho dos mesmos, devido ao seu elevado valor nutricional (EKASARI et
al., 2014; XU e PAN, 2014), principalmente os niveis de proteina bruta variando de 35 a 38%
e lipideos de 1 a 5% (TACON et al., 2002; AZIM e LITTLE, 2008). A composi¢do nutricional
destes flocos varia de acordo com as condi¢bes de cada sistema de producéo, tais como
temperatura, salinidade, pH, fotoperiodo, intensidade da aeracéo e tipo de carbono orgéanico
disponivel para o desenvolvimento bacteriano (SAMOCHA et al., 2017). O consumo do floco
é capaz de melhorar a atividade enzimatica, contribuindo para um maior aproveitamento das
racdes utilizadas (XU e PAN, 2012; XU et al., 2013), podendo reduzir uma das principais
problematicas em cultivos intensivos, que é o baixo aproveitamento da racdo (MEGAHED,
2010; EMERENCIANO, 2013).

Além do papel do biofloco para o controle de compostos nitrogenados e nutricdo dos
organismos cultivados, Kim et al. (2014) sugerem que os bioflocos ou 0s microrganimos
associados ao biofloco, podem aumentar a expressdo de alguns genes relacionados com a
resposta imune dos camardes. Melo et al. (2016) e Aguilera-Rivera et al. (2018), relatam que
Litopenaeus vannamei cultivado previamente no sistema de bioflocos é mais resistente a
exposicdo a compostos toxicos (NOz) e Vibrio harveyi, respectivamente. Entretanto, ndo se
sabe o real efeito deste sistema de cultivo sobre os camardes de agua doce, portanto, o objetivo
deste trabalho é determinar a influéncia da tecnologia de bioflocos no crescimento e resisténcia

de M. rosenbergii a exposi¢cdo aguda de nitrogénio da aménia total.

1.2- Objetivos do trabalho

Objetivo geral

Avaliar a influéncia da tecnologia de bioflocos, no cultivo de juvenis do camarédo de 4gua
doce Macrobrachium rosenbergii, na resisténcia a exposicdo por um periodo de 96 h, ao

nitrogénio da aménia total.
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Objetivos especificos

e Avaliar o efeito dos diferentes sistemas de cultivo no desempenho zootécnico de p6s-
larvas de M. rosenbergii;

e Determinar a influéncia do sistema de cultivo autotrofico (com troca de agua) e
heterotréfico (sistema de bioflocos) no consumo de agua para a producdo de M.
rosenbergii;

e Determinar a influéncia do sistema de cultivo autotréfico (com troca de agua) e
heterotréfico (sistema de bioflocos) na resisténcia de M. rosenbergii expostos a NAT

por 96 horas
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ARTIGO

Parte dos resultados obtidos durante o trabalho experimental desta dissertacdo esta
apresentada no artigo intitulado
“Nursery phase performance of Macrobrachium rosenbergii in bioflocs and water exchange

system” (manuscrito), que se encontra anexado.

Artigo cientifico a ser submetido a Revista: Aquaculture Research -
https://mc.manuscriptcentral.com/are - ISSN 1365-2109 (versdo
impressa),

1365-2109 (versao on-line)

Todas as normas de redacdo e citacdo, deste capitulo, atendem as

normas estabelecidas pela referida revista (em anexo).
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ABSTRACT

The aim of this work was to evaluate the effect of different systems on growth performance and
TAN resistance of M. rosenbergii in nursery phase. The experiment was carried out 58 days
and the prawns of 0.15 + 0.001 g were stored (375 PL m=) in eight circular tanks (400 L) in a
completely randomized experimental design with BFT (biofloc system) and WES (water
exchange system), with four replicates. At the end of this period, the animals was raised until
2.77 +0.11g for a stress test involving five concentrations of TAN (0, 5, 10, 20 and 40 mg L)
for each system. The final weight, gain weight, SGR, final biomass and productive were
improved by BFT system (p<0.05). Survival was greater than 65%, with no statistical difference
between the treatments (P>0.05), therefore water consumption in the tanks with biofloc was 10
times lower than in the control (WES). The juveniles raised in biofloc (89.3%) submitted to
ammonia toxicity were more resistant when compared to those raised in a water-exchanged
system. The animals support concentrations of up to 40 mg L™ to the biofloc system without

affecting the survival of the prawns.
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Introduction

Freshwater prawn agribusiness is one of the fastest growing aquaculture sector
worldwide (Santos, Arruda, Azevedo & Pontes, 2017). In 2016, its production was 507,000
tons, being 46% (234,000 tons) of Macrobrachium rosenbergii (FAO, 2018a). In Brazil, this is
the main cultivated specie of freshwater prawn, however in recent years the production is
stagnant in 100 tons per year (FAO, 2018b).

This interest in the production of Macrobrachium is due to some of its features, such as
captive breeding facility, high fertility rate, adaptability to inert ration, good growth, large
enterprises at the end of the growing cycle, reaching 32 cm long and 500 g of weight. In
addition, greater resistance to disease when compared to the marine shrimps, meat of excellent
quality (Lob&o, 1996; New, 2002; Gupta & Sehgal-Kaur, 2007; Mohanty, 2010), as well as
high market value.

This specie is traditionally culture in semi-intensive systems, using fertilized ponds with
inorganic and organic nutrients, daily exchange water and lower stocking densities, due to the
behavior territorial and aggressive of individuals this genus Macrobrachium (Valenti, New,
Salin & Ye, 2010; Negrini et al., 2017). However, recent studies demonstrate the ability to
increase the stocking densities of freshwater prawns with the use of the biofloc system
(Ballester et al., 2017; Negrini et al., 2017).

The biofloc system is based on stimulating the formation of an aggregate of bacteria
(heterotrophic and nitrifying), cyanobacteria, microalgae, protozoa and organic matter (detritus,
faeces and waste of feed) (Samocha et al., 2017), from the water fertilization with organic
carbon sources (sugar, molasses, starch, vegetable brans, etc.) and constant aeration of the
culture environment (Pérez-Ruestro, Perez-Fuentes & Hernandez-Vergara, 2014). This biota is

responsible for the conversion of inorganic nitrogenous compounds, providing a water quality



58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

BRAGA, I.F. Influéncia do sistema de cultivo na resisténcia de juvenis de Macrobrachium rosenbergii... 20

control (Emerenciano, Gaxiola & Cuzon, 2013; Samocha et al., 2017) and has high nutritional
value (Ekasari et al., 2014; Xu & Pan, 2014), such as crude protein between 35 to 38% and
lipids 1 to 5% (Azim & Little, 2008) . In addition, biofloc system is able to improve the
enzymatic activity, contributing to a greater utilization of feed used (Xu & Pan, 2012; Xu, Pan,
Sun & Huang, 2013), as well stimulate non-specific immune system of post larvae of marine
shrimps (Kim et al., 2014).

Despite the benefits of this system for other species Litopenaeus vannamei and
Oreochromis niloticus,(Lima, Melo, Ferreira & Correia, 2017; Marinho et al., 2017; Brito et
al., 2018; Souza, Lima, Melo, Padilha, & Correia, 2019), few studies have evaluated the effect
of this technology in the production of freshwater prawns (Pérez-Fuentes, Pérez-Ruestro, &
Hernandez-Vergara, 2013, Ballester et al., 2017; Miao, Sun, Bu, Zhu, & Chen, 2017; Negrini
et al., 2017). Therefore, the aim of the present study was to evaluate the influence of different
culture systems (biofloc x water exchange) in the performance and TAN resistance of

Macrobrachium rosenbergii during the nursery phase.

Materials and methods
Experimental facilities

An outdoor trial was conducted for 58 days at the Aquaculture Productions Systems
Laboratory (LAPAQ) of Fisheries and Aquaculture Department (DEPAQ) of the Rural Federal
University of Pernambuco (UFRPE), Recife, Brazil. The experimental design was completely
randomized with two treatments: BFT (biofloc system) and WES (water exchange system),
both with four replicates. Eight fiberglass tanks with a working volume of 400 L and bottom

area of 1 m?, covered with a black screen (70% UV protection) to avoid the escape of animals.



81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

BRAGA, I.F. Influéncia do sistema de cultivo na resisténcia de juvenis de Macrobrachium rosenbergii... 21

The aeration system was maintained by a radial blower of 2 CV, allowing an individual output

for each experimental unit, using micro-perforated hose (0.7 m per unit).

Preparation of biofloc system

The preparation of the biofloc inoculum lasted 60 days, and was carried out in four
fiberglass tanks that were supplied with 200 L of freshwater, filtered (200 pm) and chlorinated
with 10 ppm active chlorine using sodium hypochlorite, and dechlorinated by constant aeration
for 24 hours. An initial biomass (1 kg m?) of tilapia (O. niloticus, weight mean 4.0g) was placed
in each tank. The fish were fed twice daily with Pir4 36, extruded commercial feed (Guabi®,
Brazil) with guaranteed levels of 10% moisture, 36% crude protein, 8% ether extract, 37%
carbohydrate, 14% ash and 5% crude fiber, which was offered in an amount ranging from 15 to
7% of the biomass.

During the preparation of the biofloc, it was added molasses (30% of organic carbon) to
maintain a C:N ratio of 6:1 (Samocha et al. 2007), assuming that the protein contained 16%
nitrogen (Craig & Helfrich, 2002). Therefore, in 1000g of feed, contains 360g crude protein
and there are 57.6 g of nitrogen, being necessary to apply 345.6 g of organic carbon, then 1.15
kg of molasses. After the maturation, the biofloc from the matrix tanks was homogenized,
transferred to each experimental unit, and represented 50% of the total tank volume (200L).

The remaining 200 L were filled with filtered fresh water and sterilized as described above.

Biofloc and water exchange systems

In the biofloc treatment, there was no exchange water, just to replace the losses from
evaporation. Furthermore, there was added molasses, as organic carbon source, when the
concentration of TAN was higher than 0.8 mg L* (Samocha et al., 2017) and sodium

bicarbonate (NaHCOj3) for keep the alkalinity level > 100 mg L™ (Samocha et al., 2017).
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In the water exchange system, the tanks were filled with freshwater (400 L), how
described previously. To management of the nitrogen compounds in the system were realized
partial renewals of 50% every three days, modified from Pérez-Fuentes et al. (2013), or when
the total ammonia nitrogen (TAN) was higher than 0.8 mg L. The total volume of water used
in the BFT and WES during the experiment was measured and calculated the water

consumption by prawn biomass (consume of water. biomass™).

Prawn stocking, feeding and monitoring

Post-larvae of M. rosenbergii (PL3so, 0.15+0.001g), were obtained in commercial prawn
hatchery (Aquamardo, Goiana, Pernambuco, Brazil), and acclimatized in fiberglass tanks
(working volume 800L) at a stocking density 1 PL. L, for a period of five days. During this
period the animals were fed with commercial shrimp feed (Wean, 0.8 mm, M&M, In Vivo,
Brazil), with guaranteed levels of 45% crude protein, 9.5% ether extract, 29.5% carbohydrate,
13% moisture, 12% ash and 4% crude fiber. When the levels of TAN or nitrite were higher than
1 mg L%, the water was renewed (50%). Afterward, the animals were counted, weighed and
transferred to the culture tanks at a density of 375 PL m™ (150 PL m™).

Prawns were initially fed pelletized commercial feed Wean (0.8 mm, M&M, In Vivo,
Brazil) and, after 30 days, on Densisty 40 CR2 (1 to 1.7 mm, Presence®, Brazil), with
guaranteed levels of 40% crude protein, 9% ether extract, 13% moisture, 12% ash and 4%
crude fiber. The feed was offered three times a day, at 9:00 A.M., 1:00 P.M. and 5:00 P.M. The
initial feeding rate was 30% of the biomass adjusted during the experiment according to
consumption and biomass determined by biometrics that were taken weekly (Ballester et al.,

2017).
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At the end of the experiment all animals were weighed and counted, for determination
of performance variables such as final weight, weight gain (WP = final weight — initial weight),
feed conversion ratio (FCR = Quantity of feed provided . increased of biomass?), specific
growth rate [SGR = 100 (In final weight — In initial weight). time of culture™], survival [S =
100 x ( population final . population initial)] and productivity [Pr = final biomass (Kg) .

volume™ (m 3)].

Water quality

The temperature, dissolved oxygen and pH were measured in each tank, twice daily
(8:00 A.M. and 4:00 P.M.), with the use of multi-parameter AK 88 (by AKSO, Brazil). Weekly
collections were made of each tank water samples for the determination of concentrations of
total ammonia nitrogen (TAN), nitrogen nitrite (N-NO2) and alkalinity (mg CaCOs L), and
biweekly for nitrate (NOs) and orthophosphate (PO4®). The readings were held in
spectrophotometer for Nessler methods, diazotization, and cadmium reduction method of the
amino acid, respectively. The total alkalinity was determined by volumetric titration (APHA,
1995).

The total suspended solids (mg L) was measured every two weeks, according to APHA
(1995) and the settleable solids (mL L?), twice a week, using the Imhoff cones, when one-liter
samples of water from each experimental unit were collected, and the corresponding volume of
these solids were measured after settle period of 30 minutes (Avnimelech, 2009). Adopted as
ideal level of solids sedimentation varying from five to 15 mL L (Emerenciano, Martinez-

Cordoba, Baeza & Porchas, 2017).

Ammonia stress test
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At the end of the nursery, the animals were kept under the same experimental conditions
until reaching the mean weight of 2.77 + 0.11 g, when they were transferred to buckets of 10L
and stocking density of one juvenile L, for an acute exposure test to different (96hr)
concentrations of TAN. Each culture system, BFT and WES, was submitted to the
concentrations 0, 5, 10, 20, 40 mg L7, totaling ten treatments (BFTo, BFTs, BFT10, BF T2,
BFT40, WESo, WESs, WES10, WES20, WES40), with three replicates each. The experimental
units were supplied and renewed daily with previously treated water and biofloc with the
following parameters of water quality: temperature 27.0 ° C, pH 7.7; dissolved oxygen 6.7 mg
L, and TAN stock (10,000 mg L) prepared from the addition of ammonia chloride P.A.

Actual concentrations in the stress test for the treatments with biofloc system and partial
renovations of water are expressed in Table 1, and were close to nominal concentrations. During
the period of exposure to nitrogen compounds, the animals were fed commercial feed pelletized
for marine shrimp, Camanutri 35 J (2.4 mm, Presence®, Brazil) once a day (9:00 A.M.) , with
guaranteed levels of 35% crude protein, 8% ether extract, 13% moisture, 12% ash and 4%
crude fiber. The feeding rate was 15% of the total biomass, as Valenti (2010). Every day, the
dead animals were removed and counted.

Insert table 1
Statistical Analysis

Performance variables of prawns were initially tested for normality (Shapiro-Wilk) to
the water quality variables was applied the test of normality of D'agostino-Pearson, and for both
were applied homoscedasticity (Cochran), at the level of significance of 5%. When normality
and the homogeneity of the sample were found, was applied T-student to analysis of means,
when identified significant differences, t-test was applied (a< 0.05). The nonparametric

Kruskal-Wallis test was used on nitrite, nitrate, dissolved oxygen, pH and temperature, followed
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with the post-hoc test of Wilcoxon-Mann-Whitney. All the data were analyzed using

SysEAPRO software version 1.0.

Results

The average values of water temperature, dissolved oxygen, pH, alkalinity, total ammonia
nitrogen, nitrite nitrogen, nitrate, orthophosphate, settable solids and total suspended solids,
monitored during the trial period are presented in Table 2.
Insert table 2

Temperature and dissolved oxygen had an average of 27° C and 6.3 mg L™, respectively,
showing no significant difference (o > 0.05) among treatments, while the pH was significantly
higher (a < 0.05) in the BFT system (8.20) when compared with the WES system (7.64).

Total ammonia nitrogen (TAN) varied between 0.01 and 0.81 mg L™, showing lowest
level in the WES when compared to the BFT. This variable means remained stable, at BFT
treatment and, in the WES from the first and second week of culture, respectively (Figure 1A).
Regarding the average concentrations of nitrite nitrogen showed no significant difference (a >
0.05) (Figure 1B). Presented a trend of nitrate buildup from the 15th day of culture in BFT,
while in the WES treatment occurred this nutrient reduction due to the constant exchanges of
water (Figure 1C). The ranging of alkalinity was 10 to 140 mg CaCOsL™ during the 58 days of
experiment (Figure 1D), being significantly higher than in the treatment of biofloc.

Insert figure 1

The results of the productive performance of prawns M. rosenbergii grown in two
intensive systems (BFT and WES), are presented in table 3. There was no significant difference
(o > 0.05) among treatments to survival. However, for the variables of final weight, weight
gain, specific growth rate, feed conversion ratio, final biomass and productive BFT system was

better (a0 < 0.05).
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Insert table 3

The water consumption during the trial was 3.12 mé and 0.426m3 for WES and BFT,
respectively (Figure 2A), the greater consumption in associate with the lower biomass
production (Figure 2B) resulted in the higher ratio of Water:Biomass of animals, 32.32 m3 Kg-
! (Figure 20).

Insert figure 2

Daily survival rate of juveniles exposed to different concentrations of TAN for a period
of 96 hours is expressed in table 4. There are no mortality in the experimental units on the first
day. The culture systems did not show influence on survival rate until 72 hours of exposure to
total ammonia nitrogen (P>0.05).

Insert table 4
Discussion

The water quality (temperature and oxygen dissolved) were of according to New et al.

(2002) and Emerenciano et al. (2017) for a good growth prawn. Small variations of pH (7.62-
8.60) may occur due to buffering capacity of the water, corroborating with the found by
Suantika, Turendro & Situmorang (2017). In addition, the pH was within the range of great
growth for the nitrite oxidizing bacteria, which require values between 7.2 and 8.2 (Ebeling,
Timmons & Bisogni, 2006), and have contributed to the low concentrations of this compound
in this study. The largest concentrations of pH in the treatment BFT are related mainly by the
addition of sodium bicarbonate in the tanks of this system to maintain levels of alkalinity ~ 100
mg L2,

Alkalinity was similar to that found by Ballester et al. (2017), that when testing the
nursery culture of M. rosenbergii in recirculation system and biofloc, found concentrations

ranging between 58 and 68 mg CaCOg3 L%, respectively. The reduction in levels of alkalinity in
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the system can reduce the processes of bacterial nitrification (Samocha et al., 2017) and the
ecdysis of animals, since carbonates are used for growth of shrimps (New, Wagner, Tidwell,
Abramo & Kutty, 2010), therefore the highest concentration of alkalinity in BFT treatment was
due to bicarbonate replacement to nitrification processes of this system.

The main sources of ammonia in the system are from excretion of organisms and the
decomposition of organic matter (Emerenciano et al., 2017), in this study, concentrations of
TAN agreed with the recommended by Perez-Fuentes et al. (2013), which suggest that ammonia
levels should be less than 1 mg L, for the control of water quality in biofloc system. Coyle,
Alston & Sampaio (2010) report that mortalities can occur in nursery crops of M. rosenbergii
when levels exceed 3 mg L™,

It should be noted that the lowest concentrations of TAN to treat WES are directly
related with periodic renewals of the water. Despite the significant difference in the
concentrations of TAN, there was no influence on survival of cultured prawns.

Nitrite is toxic to cultured organisms (Samocha et al., 2017), and its main source is
through the oxidation of unionized ammonia, by oxidizing ammonia bacteria (OAB) such as
Nitrosomonas, Nitrosococcus, Nitrosospira, Nitrosolobus, and Nitrosovibrio (Ebeling et al,
2007). The low concentrations of this compound in BFT might have occurred due to the
presence of oxidizing nitrite bacteria (ONB), which convert nitrite to nitrate (Timmons &
Ebeling, 2007). Since there was a reduction in the concentrations of Nitrite-N from the second
week of culture, and consequently the increase of concentrations of nitrate, which tends to
accumulate in intensive culture systems (Kuhn et al., 2010), besides the need for replacement
of alkalinity during the culture cycle.

The maintenance of water quality in the WES treatment was performed through partial

exchanged of water, in addition to the possible installation of biofilm on the walls and bottom
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of the tanks, which may contribute to the reduction of the concentration of nitrogen compounds
and phosphate (Shilta, Chadha & Pandey, 2016), and with the nutrition of raised organisms
(Abreu et al., 2007; Zhang et al., 2016).

Studies show that biomass of marine shrimps is able to absorb only 10 to 35% of the
phosphorus from feeding in semi-intensive and intensive culture systems (Thakur & Lin, 2003;
Casillas-Hernandez, Magallon-Barajas, Portillo-Clark & Péez-Osuna, 2006; Da Silva,
Wasielesky & Abreu, 2013). Then on systems without renovations or with limited water
exchange, such as BFT, this compound tends to increase during culture, as found by Correia et
al. (2014).

The means found in relation to settable solids (SS) and total suspended solids (TSS)
were in according to the cited by Emerenciano et al. (2017), which states that these levels should
be kept between 5 and 15 mL L™ and below 500 mg L, respectively. There was a trend of
accumulation along the culture for these variables, in BFT treatment, due to the addition of
organic carbon source, generating an increase in the production of SS, which are composed
mainly by heterotrophic and autotrophic bacteria (Luo, Avnimelech, Pan & Tan, 2013) and the
increased bacterial biomass present in the system causes, as a result, an increase in total
suspended solids (TSS).

For both treatments the final weight of the animals was similar to that found by
Seenivasan, Radhakrishnan, Muralisankar & Bhavan (2014), that when assessing the use of
different probiotics on the growth of post-larvae of M. rosenbergii (0.15 g) for a period of 60
days, they found the final weight ranging from 0.84 to 1.20 g. However the animals grown in
BFT treatment reached the highest final weight, as well as a higher specific growth rate, which
is higher than found by Negrini et al. (2017), corroborating with the tendency of this system,

since it has a greater availability of food (floc) to farmed animals (Ballester et al., 2017).



271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

BRAGA, I.F. Influéncia do sistema de cultivo na resisténcia de juvenis de Macrobrachium rosenbergii... 29

Survival in this study were between 65 and 69%, no differing between culture systems,
being the superior to that found by Negrini et al. (2017) to the same stocking density (150
individuals m2), which found 51% survival, may because. The biofloc achieved the higher
productivity 0.34 kg m, directly related to the greater weight of the animals on that system.

The BFT system presented the best result of FCR (2.5), standing next to found by
Ballester et al. (2017), when compared with the WES, possibly due to less stress suffered by
the animals, since they do not have undergone periodic renewals of water, in addition to the
nutritional value of biofloc, especially its high level of crude protein (Samocha et al., 2017).
However, this value is still very high, and can be minimized through the use of artificial
substrates in the tanks, which are able to increase the areas for accommodation of post-larvae,
in addition to possibly serve as a power source capable of aggregating food for the animals,
improving the survival, reducing use of artificial feeding, and consequently, reduction in the
feed conversion ratio (Zhang et al., 2016).

Water consumption in WES was 32.32 m 3 kg™ of prawn produced, similar to that found
in other intensive crops for the species L. vannamei, 32-40 m3 Kg* (Boyd, 2005; Tucker &
Hargreaves, 2008). While the BFT had a consumption of approximately ten times less than
water (3.2 m3 Kg?), since that system did not need partial renewals of water for the control of
nitrogen compounds dissolved. Perez-Fuentes et al. (2014) found similar results, as well as for
Nile tilapia (Lima et al., 2018) therefore; this confirms the potential of this system in reducing
water consumption.

In crustaceans, high concentrations of ammonia in water can cause an alkalinization of
the hemolymph and consequently an increase in the internal concentrations of this compound
in animal (Mugnier & Justou, 2004). Acute toxicity studies can provide information about the

lethality of substances, however cannot predict chronic and sublethal effects caused on
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organisms (Buikema, Niederlehner & Cairns, 1982). To the conditions of temperature and pH
on testing of acute stress, 27.0° C and 7.7 respectively, approximately 6.1% of the total
ammonia dissolved in water is on your non-ionized (NHs), therefore more toxic.

No mortalities were found in the treatment BFTo, while for the treatment WES, a single
individual died in one of the replicates, possibly due to stress caused in the renewal of water.
The same treatment, for concentrations 5, 10 and 20 mg L™ mortalities occurred from 24 hours
of exposure of TAN, not differing significantly by control (WESo), however the concentration
of 40 mg L™, presented the lowest 20% survival along the 96 hours.

There was interaction between culture systems and the survival of prawns after 96 hours
of exposure to concentrations of total ammonia nitrogen, where BFT treatments had higher
survival, approximately 90%, when compared with WES. Juveniles grown in this system
supported concentrations up to 40 mg L™ of TAN. Melo, Ferreira, Braga & Correia (2016)
found similar effects for L. vannamei exposed to different concentrations of nitrite.

Kim et al. (2014), suggest that biofloc or the microorganism associated with the biofloc
can increase the expression of some genes related to the immune response of shrimps. Aguilera-
Rivera et al. (2018), report that L. vannamei cultured in biofloc system previously developed
effective resistance mechanisms related to hemocyanin of animals.

The mean lethal concentration (LCso) for juvenile M. rosenbergii varies between 0.54
to 2.52 mg L™ of N-NHs (Straus, Robinette & Heinen, 1991), being this species more resistant
than others are of the same genus, as M. amazonicum (Dutra, Forneck, Brazédo, Freire &
Ballester, 2016). In this study, even if the concentrations of 10, 20 and 40 mg L of NAT are
within the average range for the LCso of the species have not been reported high mortalities of
animals, except in WES4o treatment, this may be related with the nursery stage performed prior

to these animals.
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Conclusions

The biofloc system influenced positively in the growth of M. rosenbergii in the nursery
phase. Juveniles from this treatment exposed to the toxicity of ammonia, were more resistant
when compared to those created in water-exchanged system. Animals support concentrations
up to 40 mg L for the biofloc without affecting the survival of animals. In addition, the biofloc
reduces water consumption in the production of Macrobrachium rosenbergii up to 10 times.
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TABLE 1- Actual and nominal concentrations + standard deviance in exposure ammonia test
during 96 hours of juveniles of M. rosenbergii in biofloc (BFT) and Water Exchange System
(WES)

System Nominal concentration Actual concentration
0 0.76 £0.26
5 5.81+£041
BFT 10 10.73 £ 0.51
20 21.21 £ 2.62
40 40.28 £ 1.69
0 0.19+£0.18
5 5.53 £0.47
WES 10 11.05 = 0.87
20 22.13+£0.77

40 40.69 + 0.59
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TABLE 2- Water quality parameters of M. rosenbergii juveniles culture in biofloc and water

exchange system during a 58-day experimental period.

Treatments!

Variables

WES BFT
Temperature (°C) 27.4+1.0 27.3x0.9
Dissolved oxygen (mg L?) 6.31+0.68 6.43+0.65
pH 7.64+0.382 8.20+0.22°
Alkalinity (mg CaCOs L™?) 42.58+21.02° 93.36+25.25°
TAN (mg L?) 0.23+0.18? 0.63+0.16°
N-NOz(mg L) 0.13+0.19 0.12+0.19
NOs3 (mg L™?) 3.64+1.08° 20.70+7.58°
POs3(mg L) 98.96+1.08° 185.96+75.8°
SS (mL L™ - 5.05+3.01
TSS (mg LY 10.3+5.6° 129.30+47.8°

The data correspond to the mean + standard deviation; Different letters on the same line
indicate a significant difference (a< 0.05). TAN - Total ammonia nitrogen; N-NO —Nitrite-
nitrogen; NOs—Nitrate, PO4™ — orthophosphate; SS — settable solids; TSS — total suspended
solids.
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TABLE 3- Performance of zootechnical parameters of M. rosenbergii juveniles culture in
biofloc (BFT) and water exchange system (WES) during a 58-day experimental period.

Variables Treatments!

WES BFT
Final weight (g) 0.99+0.09? 1.31+0.07°
Gain weight (g) 0.84+0.09? 1.16+0.07°
SGR (%day™?) 3.25+0.16° 3.74+0.09°
Final biomass (g) 97.13+8.55° 137.74+26.59"
Survival (%) 65.65+7.97 69.83+12.23
Productive (kg m3) 0.24+0.022 0.34+0.07°
FCR 3.1+0.47° 2.50+0.71°

The data correspond to the mean of four replicates + standard deviation. Different letters on
the same line indicate a significant difference (a< 0.05). SGR — Specific growth rate; FCR —

Feed conversion ratio.
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TABLE 4- Survival rate + standard deviation of Macrobrachium rosenbergii juveniles on ammonia stress test exposure for 96 hours.

Nominal

Survival
Culture systems concentration
TAN (mg/L) Oh 24h 48h 72h 96h

0 100.00 £ 0.0 100.00 £ 0.0 100.00£0.0 93.33+11.6 93.33+116
5 100.00 £ 0.0 93.33+11.6 93.33+11.6 86.67+11.6 86.67+11.6
Water Exchange System 10 100.00 £ 0.0 86.67 +11.6 86.67+11.6 86.67+116  80.00+20.0
20 100.00 £ 0.0 93.33 £11.6 93.33+11.6  93.33x11.6 93.33£11.6
40 100.00 £ 0.0 100.00 £ 0.0 86.67 £23.1 60.00+20.0  20.00 + 20.0
0 100.00 £ 0.0 100.00 £ 0.0 100.00£0.0 100.00+0.0  100.00+0.0
5 100.00 £ 0.0 93.33+11.6 93.33+11.6 80.00+0.0 80.00 £ 0.0
Biofloc 10 100.00 £ 0.0 100.00 £ 0.0 100.00£0.0 100.00+0.0  100.00+0.0
20 100.00 £ 0.0 93.33+11.6 86.67 £11.6  80.00+20.0  80.00 + 20.0
40 100.00 £ 0.0 100.00 £ 0.0 100.00£0.0 93.33+11.6  86.67 +23.1

Culture systems effect NS NS NS NS *
WES 100.00 £ 0.0 94.66+9.1 92.00£12.6 81.33£18.3 74.67£31.6%
BFT 100.00 £ 0.0 97.331£7.0 96.00£8.3 90.67+£12.8 89.33+12.8°

NS NS NS NS *
0 100.00 £ 0.0 100.00 £ 0.0 100.00 £ 0.0 96.67+8.2 96.67+8.22
Concentrations Effect 5 100.00 £ 0.0 93.33£10.3 93.33£10.3 83.33£8.2 83.33£8.22
10 100.00 £ 0.0 93.33£10.3 93.33£10.3 90.00£16.7 90.00£16.72
20 100.00 £ 0.0 93.33£10.3 90.00£11.0 86.67£16.3 86.67£16.3%
40 100.00 £ 0.0 100.00 £ 0.0 93.33£16.3 73.33£23.3 53.33+42.7°

Iteration System x NS NS NS *

Concentration

* Significant at the 0.05 level
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FIGURE 1 - Variation in nitrogen compounds (A- total ammonia nitrogen, B- nitrite nitrogen,

C- nitrate) and alkalinity (D) over 58 days of M. rosenbergii in nursery phase in different

systems of intensive culture.
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FIGURE 2 - Ratio of water consumption to biomass production for 58 days of M. rosenbergii

culture in biofloc (BFT) and water exchange system (WES)
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2- Consideraco0es finais

O sistema de bioflocos influenciou positivamente no peso final, ganho de peso, taxa de
crescimento especifico, produtividade de M. rosenbergii na fase de bercario. Os juvenis
advindos deste tratamento submetidos a um teste de toxicidade aguda da aménia, foram mais
resistentes quando comparados aqueles criados em sistema de renovacgdo de dgua. Os animais
suportam concentragbes de até 40 mg L™ para o sistema de bioflocos sem afetar na
sobrevivéncia dos camardes. Além disso, o sistema de bioflocos reduz o consumo de &gua na
producdo de M. rosenbergii em até 10 vezes.

Fazem-se necessarios estudos complementares que testem as concentracdes letais
medias (LCso) para este sistema de cultivo, assim como o efeito da exposicdo prolongada dos
animais a aménia (efeito crdnico), associado a analises histoldgicas e de variaveis de bem-estar

animal, como contagem total de hemdcitos, neste sistema de cultivo.
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