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1. RESUMO GERAL

A producdo do rotifero Brachionus plicatilis é essencial para o desenvolvimento da
larvicultura de peixes marinhos, uma vez que é comumente utilizado como primeiro alimento
para as larvas. A microalga Nannochloropsis oceanica é uma fonte alimentar que pode ser
utilizada na producdo de rotiferos, no entanto a sua concentracdo deve ser conhecida
juntamente com a densidade inicial de rotiferos a ser inicialmente estocada. O experimento
realizado foi delineado a partir do modelo estatistico fatorial de Delineamento Composto
Central Rotacional. O experimento foi realizado durante 72 horas e utilizou 11 unidades
experimentais com volume util de 2 L. Os rotiferos foram estocados em diferentes densidades
(59, 100, 200, 300 e 341 rot mL™) e alimentados com diferentes concentrag@es de N. oceanica
concentrada (59, 100, 200, 300 e 341 x 10° cel 10° rot* dia™). Ap6s o periodo experimental,
graficos de superficie resposta foram gerados para os resultados de taxa de crescimento
populacional, proporcéo de fémeas ovadas, amoénia ndo ionizada e custo. Ademais, utilizando
perfiladores de predicdo, foram criados trés cenarios de producdo com énfase em situagdes
cotidianas de uma producéo de rotifero. O Cenério Otimizado, onde 0s resultados obtidos
apresentam melhor interacdo, a melhor densidade de N. oceanica foi de 270 x 10° cel 10°
rot™ dia™ com uma densidade de estocagem de 69 rot mL*; para o Cenario de Manutencao,
com quantidade de microalga e custo reduzido, a melhor densidade de N. oceanica foi de
140 x 10° cel 10¢ rot ! dia™* com uma densidade de estocagem de 180 rot mL*; e Cenério de
Producdo Maximizada, com taxa de crescimento populacional maximizada (0,53), a melhor
densidade de N. oceanica foi de 300 x 10° cel 10¢ rot™ dia* com uma densidade de estocagem
de 100 rot mL™t. Como conclus&o, a utilizagio da microalga N. oceanica na concentragao de
300 x 10° cel 10° rot™* dia* e com uma densidade de estocagem de rotiferos de 100 rot mL?,

se apresenta como a melhor condigéo para a produgéo de rotiferos.

Palavras-chave: zooplancton; fitoplancton; piscicultura; Delineamento Composto Central

Rotacional; Design de Experimentos



2. ABSTRACT

The production of Brachionus plicatilis rotifers is essential for the development of marine
fish larviculture, since it is commonly used as the first food for larvae. The use of the
microalga Nannochloropsis oceanica as food enables the rotifer large-scale production. To
create a production protocol, the rotifer stocking density and the amount of feed used should
be calculated according to the need for rotifers production. The experiment was delineated
from the factorial statistical model of Central Composite Rotatable Design. The rotifers were
stocked at different densities (59, 100, 200, 300 and 341 rot mL™) and fed with different
amounts of concentrated N. oceanica (59, 100, 200, 300 and 341 x 10 ° cell rot™ day!). After
the experimental period, surface response graphs were generated for the results of population
growth rate, proportion of egged females, unionized ammonia and cost. In addition, using
prediction profilers, three production scenarios were created with an emphasis on daily
situations of a rotifer production. The Optimum Scenario, where the results obtained showed
better interaction, the best density of N. oceanica was 270 x 10° cell 10° rot™* day® with a
storage density of 69 rot mL™; for the Maintenance Scenario, with reduced microalgae
quantity and cost, the best N. oceanica density was 140 x 10° cell 10° rot * day? with a
stocking density of 180 rot mL™; and Maximized Production Scenario with maximized
population growth rate (0.53), the best density of N. oceanica was 300 x 10° cell 10¢ rot™
day?* with a stocking density of 100 rot mL™*. As a conclusion, the use of the N. oceanica at
the concentration of 300 x 10° cell 10° rot™* day™ and with a B. plicatilis storage density of

100 rot mL™ is the best condition for rotifer production.

Keywords: zooplankton; phytoplankton; pisciculture; Central Composite Rotatable Design;

Design of Experiments.



3. INTRODUCAO GERAL

Com a estagnacdo da atividade pesqueira, a aquicultura vem apresentando grande
crescimento nos Gltimos 30 anos (FAO, 2018). Com isso, novas técnicas e novas espécies
estdo sendo pesquisadas afim de potencializar a producdo. Um dos grandes entraves da
aquicultura marinha € a larvicultura das espécies produzidas, uma vez que nesta fase as larvas
possuem alta suscetibilidade a patdgenos e baixa resisténcia as varia¢Oes fisico-quimicas.
Além disso, neste periodo as larvas necessitam de alimentos que atendam suas exigéncias
nutricionais, com tamanho adequado para a alimentacéo, flutuabilidade positiva e capacidade
locomotora para estimular o comportamento predatorio (Ferreira, 2009). Atualmente dentre
os alimentos vivos utilizados na primeira alimentagdo de larvas de peixes marinhos, 0s
rotiferos representam o grupo de zooplancton mais utilizados no mundo (Zhang et al., 2017).

O Filo Rotifera é formado por organismos aquaticos invertebrados,
pseudocelomados, ndo segmentados e com simetria bilateral, que compde o grupo dos
metazoarios. Suas espécies podem habitar ambientes de &gua doce, marinha ou salobra
(Dhert et al., 2001).

No Japdo, até a década de 50, os integrantes do Filo Rotifera eram tidos como
contaminantes na producdo aquicola. Ito (1955) descreveu o Mizukawari (morte de
fitoplancton no veréo), um fendmeno observado em criagfes de enguias no Japéao, causado
por uma repentina queda nos estoques de microalgas e redugéo do teor de oxigénio dissolvido
nos tanques de cultivo. Esse fenbmeno era causado devido ao crescimento descontrolado de
rotiferos que encontravam ali um ambiente com condi¢des 6timas para a sua reproducao,
entretanto, quando todo a microalga era consumida, ocorria a morte dos rotiferos e sua
decomposicdo causava uma abrupta queda de oxigénio dissolvido. No entanto, pesquisas
posteriores, apontaram que algumas espécies do Filo apresentavam caracteristicas ideais para
serem utilizadas como alimento nos estagios iniciais das larvas, uma vez que apresentavam
crescimento populacional acelerado, possibilidade de producdo em pequenos espacos,
tamanho compativel com a abertura da boca das larvas (40-200um) e baixa velocidade
natatdria (Lubzens et al., 1989). Além disso, o habito alimentar ndo-seletivo do filo, permite
a realizagdo da bioencapsulacdo, técnica de alimentagdo indireta, a qual utiliza bactérias,

nutrientes organicos e inorganicos necessarios as larvas, na alimentacao dos rotiferos. Apés
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serem enriquecidos com esses nutrientes, os rotiferos “enriquecidos” séo ofertados como
alimento as larvas (Verpraet et al., 1992). Dentre as espécies desse Filo, se destaca a espécie
Brachionus plicatilis (Mdller, 1786) (Figura 1).

Figura 1 — Rotifero Brachionus plicatilis, com dois ovos, produzidos no Laboratorio
de Piscicultura Marinha e Estuarina - FURG (Foto do autor).

O rotifero Brachionus plicatilis possui um curto ciclo de vida. De acordo com Ferreira
(2009), se mantidos em condicdes 6timas, podem sobreviver de 6 a 8 dias. Apds sua eclosao,
podem atingir o estado adulto em aproximadamente 18 horas. Ademais, suas fémeas podem
reproduzir até dez vezes ao longo do seu ciclo de vida, o que demonstra uma elevada
capacidade reprodutiva e justifica o interesse do setor aquicola na espécie (Dhert, 2001).

Quanto ao ciclo de vida, o rotifero B. plicatilis possui dois modos de reproducao,
assexuada e sexuada (Figura 2). A reproducdo assexuada € a mais comum no cultivo
intensivo de rotiferos para a larvicultura (Ferreira, 2009). Nesse modo, também chamado de
via partenogénica, as fémeas denominadas como amicticas formam ovos dipldides nédo
fecundados, que irdo originar novas fémeas amicticas, possibilitando a continuidade da
espécie. J& a reproducdo sexuada pode ter inicio com a interrupcdo da via partenogénica,
devido a fatores de origem exoOgena, tais como, temperatura, densidade populacional,
alimentacdo, ou por fatores enddgenos, como senescéncia (Lubzens and Zmora, 2003). Nesse



modo de reproducao, os ovos fecundados pelos machos, dardo origem a ovos de resisténcia,
gue possuem carion espesso, tornando o ovo resistente as oscilacdes ambientais. Quando 0s

fatores estressantes cessam, 0s ovos de resisténcia eclodem e a reproducdo assexuada é

reiniciada.
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Figura 2 — Modos de reproducdo do rotifero Brachionus plicatilis.

(https://www.examesnacionais.com.pt/exames-nacionais/11ano/2010-1fase/Biologia-
Geologia.pdf)

Por ser uma espécie eurihalina, cosmopolita, com rapido crescimento e de facil
producdo (Kostopoulou et al., 2012), o rotifero Brachionus plicatilis vem sendo a espécie
mais pesquisada e utilizada na aquicultura, além disso é utilizado como modelo para estudos
ecotoxicoldgicos (Garaventa et al., 2010; Manfra et al., 2017). Os rotiferos também séo
considerados bioindicadores de eutrofizagcdo, uma vez que se alimentam de fitoplancton,

normalmente presente nesses ambientes ricos em nutrientes (Snell et al., 1989).



O desenvolvimento de pesquisas de produgdo de rotifero é essencial para a
aquicultura, uma vez que quanto melhor desenvolvida a sua producdo, maior sera a oferta e
a qualidade do alimento disponivel para os estagios larvais dos organismos produzidos.
Apesar dos rotiferos possuirem habito alimentar ndo-seletivo, o alimento consumido esta
diretamente relacionado com sua taxa de reproducgédo e consecutivo aumento da populagédo
(Tamaru et al., 1993). Um dos alimentos mais utilizados para a producao em laboratorio de
rotiferos sdo as microalgas, que constituem grande parte de sua dieta em ambiente natural e
possuem uma grande quantidade de acidos graxos poli-insaturados, que propiciam maiores
taxas de crescimento e reproducdo (Rahman et al., 2018). Varios géneros de microalgas ja
foram utilizados, com sucesso, como alimento para rotiferos, dentre eles se destacam:
Tetraselmis, Nannochloropsis, Chaetoceros, Rhodomonas e Isochrysis (Dhert et al. 2001;
Hoff and Snell 2001; Treece and Davis 2000; Wikfors and Ohno, 2001).

No estudo de Bae e Hur (2011) foram testadas seis espécies de microalgas utilizadas
como alimento para rotiferos, como resultado a microalga N. oceanica obteve a segunda
melhor taxa de producdo de rotiferos (0,66), ficando atrds apenas da microalga
Nannochloropsis sp. (0,68) e estatisticamente semelhante a taxa de producéo utilizando a N.
oculata. Atualmente as espécies, Nannochloropsis sp. e N. oculata, sdo as microalgas mais
utilizadas para a producdo de rotiferos e j& se conhece suas concentragcdes Gtimas para a
criacdo de rotiferos. No entanto, ainda existe uma caréncia de informacdes para a producao
de rotiferos utilizando a microalga Nannochloropsis oceanica.

A microalga Nannochloropsis oceanica possui células esféricas pequenas (2-4 um),
altas taxas de crescimento, ampla tolerdncia a parametros fisico-quimicos, alta concentracéo
lipidica (até 50% do seu peso seco, dos quais 24% é referente ao acido eicosapentaenoico -
EPA) e elevada resisténcia a contaminacdo bioldgica (Moazami et al., 2012). Entretanto, para
ser utilizada como alimento, de modo que n&o altere significantemente o volume da producao
de rotiferos, as microalgas devem ser ofertadas aos rotiferos na forma concentrada. Além
disso o processo de concentragdo da microalga possibilita o seu armazenamento sob
refrigeracdo e sua utilizacdo durante um periodo mais longo (Welladsen et al., 2014).

Algumas empresas ja comercializam diferentes concentrados de microalgas, porém sao



produtos ainda inexistentes no mercado nacional e que necessitam serem importados,

conferindo um alto custo para a utilizacao do produto.
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Figura 3 - Células da microalga marinha N. oceanica (https://phys.org/news/2018-

05-dna-toolkit-alga-nannochloropsis.html)

E de fundamental importancia se estabelecer a concentracdo ideal da espécie de
microalga utilizada como alimento para os rotiferos. Através da concentracdo de microalga
ideal, é possivel minimizar custos e maximizar a produgdo de rotiferos. Além disso, é
necessario manter o ambiente de cultivo em condi¢bes adequadas, sobretudo em termos de
qualidade de agua, uma vez que se a oferta de microalgas exceder as taxas de alimentacao da
populacdo, ocorrerd decomposicdo e consequente diminuicdo do oxigénio dissolvido e
aumento dos niveis de nitrogenados. De acordo com De Araujo et al. (2000), niveis criticos
de aménia ndo ionizada podem ser prejudiciais a producdo de rotiferos, afetando sua
capacidade reprodutiva e seu tempo de vida. Quanto a N. oceanica ndo se conhece a
concentracdo adequada que deve ser ofertada aos rotiferos para sua producéo.

Além da quantidade e qualidade do alimento fornecido, a densidade de estocagem de
rotiferos, pode interferir na sua taxa de reproducdo e na populacéo final. Yoshinaga et al.
(1999), observou que rotiferos produzidos em densidades maiores, produzem ovos em
estagio mais jovem do que os produzidos em densidades menores, apresentando maior taxa
de crescimento populacional. Em contraste, Sterzel e Snell (2003) obtiveram resultados
confirmando a hipdtese de que a espécie Brachionus plicatilis é induzida a iniciar sua
reproducdo sexuada em ambientes com alta concentragdo populacional, diminuindo assim

suas taxas de reprodugdo assexuada. Além disso ndo hd uma conformidade entre as



densidades iniciais utilizadas em estudos de produgdo de rotiferos. Bae e Hur (2011)
utilizaram 10 rot mL* como densidade inicial de rotiferos, Lubzens et al. (1995), utilizaram
60 rot mL?, j4 Yamasaki et al. (1989) utilizaram 100 rot mL™. Em vista disso, para se obter
um protocolo de producdo de rotiferos, é necessario estabelecer densidades de estocagem
ideais para o indculo da producao.

Durante o periodo em que ndo ha atividade de desova ou larvicultura, ainda existe a
necessidade de manter uma populacao saudavel de rotiferos, que sera utilizada como inéculo,
no momento em que a demanda por rotiferos iniciar. Existe uma escassez de estudos sobre
esse periodo de manutencdo, uma vez que ndo ha valores de quantidade ideal de alimento ou
populacdo necessaria para obter um rapido escalonamento da producédo. Informacdes sobre
esse periodo possibilitara planejar os fatores necessarios para iniciar o escalonamento da
producéo e reduzir custos de periodos em que ndo ha demanda por rotiferos.

Para a elaboracdo concisa do um protocolo de alimentacao de rotiferos utilizando N.
oceanica, juntamente com a variacdo da densidade de estocagem de B. plicatilis, € possivel
utilizar o método estatistico de Delineamento Composto Central Rotacional (DCCR) (Box
and Wilson, 1951). Esse método é comumente utilizado nas industrias farmacéutica e
quimica, uma vez que permite a otimizacdo de processos de producdo através de
delineamentos de tratamentos complexos (Mateus, 2001). Na aquicultura, experimentos
utilizando o DCCR ainda sdo escassos, no entanto pode-se destacar alguns trabalhos
relacionados com a producao de fitoplancton (Spolaore et al., 2006; Imamoglu et al., 2015)
e até mesmo na producao de rotiferos do género Habrotrocha sp. (Mu et al., 2011). Apesar
de pouco utilizado, 0 DCCR apresenta grande potencial para a area da aquicultura, pois
realiza a correlacdo entre os fatores estudados e reduz a quantidade de unidades
experimentais, diminuindo-se o custo e 0 niUmero de organismos Vivos que necessitam ser
utilizados nos experimentos.

A utilizacdo do DCCR permite a obtencdo de uma superficie de resposta através do
Método de Superficie de Resposta (MSR), uma técnica de otimizacdo baseada em
planejamentos fatoriais, que permite a correlacdo entre variaveis utilizando uma menor
quantidade de unidades experimentais (Asghar et al., 2014). Esse método também possibilita

o calculo do erro padréo e pode inferir qual a melhor combinacéo dos fatores selecionados.
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Além disso, a simulacdo de cenarios cotidianos da producgdo de rotiferos e a previséo de

produtividade sdo outras vantagens da utilizacdo desse modelo.



4. OBJETIVOS
Objetivo Geral

Avaliar a producdo de B. plicatilis com variacGes de densidades de estocagem e
alimentado com diferentes concentragcbes de N. oceanica, utilizando a metodologia do

Delineamento Composto Central Rotacional.
Objetivos Especificos

a) Avaliar as taxas de reproducdo de rotiferos utilizando diferentes concentracdes de N.
oceanica e diferentes densidades populacionais iniciais.

b) Estipular a melhor concentracdo de N. oceanica para maximizar a producdo de B.
plicatilis.

c) Averiguar a influéncia da densidade inicial de B. plicatilis junto ao crescimento
populacional da espécie.

d) Estipular as melhores densidades iniciais de B. plicatilis junto com as melhores

concentracdes de N. oceanica para cenarios de producéo recorrentes em larviculturas.
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CAPITULO |

Evaluation of the rotifer Brachionus plicatilis production using different stocking
densities and different concentrations of microalgae Nannochloropsis oceanica

Este artigo esta formatado de acordo com as normas da revista Aquaculture.
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Abstract

The production of Brachionus plicatilis rotifers is essential for the development of marine
fish larviculture, since it is commonly used as the first food for larvae. The use of the
microalga Nannochloropsis oceanica as food enables the rotifer large-scale production. To
create a production protocol, the rotifer stocking density and the amount of feed used should
be calculated according to the need for rotifers production. The experiment was delineated
from the factorial statistical model of Central Composite Rotatable Design. The rotifers were
stocked at different densities (59, 100, 200, 300 and 341 rot mL™?) and fed with different
amounts of concentrated N. oceanica (59, 100, 200, 300 and 341 x 10 ° cell rot™ day'). After
the experimental period, surface response graphs were generated for the results of population
growth rate, proportion of egged females, unionized ammonia and cost. In addition, using
prediction profilers, three production scenarios were created with an emphasis on daily
situations of a rotifer production. As conclusion, in order to obtain a maximized population
growth rate of the rotifer Brachionus plicatilis (0.53), it is recommended to use a N. oceanica

concentration of 300 x 10° cel 10° rot™ day and a stocking density of rotifers of 100 rot mL"
1

Key-words: zooplankton; phytoplankton; Central Composite Rotatable Design; Design of

Experiments.
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1. Introduction

The main bottleneck during the production of marine fish is the larviculture,
especially the size and nutritional aspects of the organisms used as live food (Ferreira, 2009).
The rotifer Brachionus plicatilis is the most common zooplankton used as first feeding of the
larvae due to several adequate characteristics, such as compatible size with the larvae mouth,
fast growth, high salinity tolerance, slow swimming velocity and are non-selective feeders
(Lubzens et al., 1989; Verpraet et al., 1992). The reproduction rate and consecutive

population growth of rotifers are directly related to the food consumed (Tamaru et al., 1993).

The microalga Nannochloropsis oceanica has small spherical cells (2-4 um), high
tolerance to physical-chemical parameters, high lipid concentration (approximately 50% of
its dry weight, of which 24% is EPA) and high resistance to biological contaminations during
the culture process (Moazami et al., 2012). Thereby, this microalga specie can be used as

food to rotifers, however its recommended concentration is yet unknown.

Besides the quality and quantity of food offered, the rotifers population density, in
the moment of stocking, can interfere in the reproduction rate and in the final population
growth. Yoshinaga et al. (1999) observed that rotifers produced at higher densities can
produce eggs at a younger stage than those produced at lower densities. However, Sterzel
and Snell (2003) observed results confirming the hypothesis that the Brachionus plicatilis is
induced to initiate sexual reproduction in high densities, reducing the asexual reproduction
rate. Therefore, in order to estimate the rotifer production and the use of microalga, it is

necessary to evaluate ideal stocking densities of the rotifers to optimize their production.

The production of rotifers in marine fish hatcheries is really common, nevertheless,
the demand of rotifer is limited to the periods of larviculture. During the period when there
IS no spawning or no larviculture activity, which can be a longer period than the opposite,
there is a need to maintain a healthy population, to be used as inoculating strain when the
rotifers demand starts. Thereby, there is a necessity of studies about this situation, in order to
produce only the necessary amount of rotifer to maintain the population, reducing expenses

and unnecessary work.
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To establish a rotifer feeding protocol using N. oceanica, considering the stocking
density variation of B. plicatilis, it is proposed the use of the factorial statistic model of
Central Composite Rotatable Design (CCRD) (Box and Wilson, 1951). This statistical model
is frequently used in researches of Phytopathology, Virology, Entomology and the chemical
industry, since it allows the design of complex treatments (Mateus, 2001). In aquaculture,
experiments using CCRD are yet scarce, however there are some research with microalgae
production (Spolaore et al., 2006; Imamoglu et al., 2015) and even in the rotifer production
of the genus Habrotrocha sp. (Mu et al., 2011). The CCRD presents great potential for
aquaculture, as it allows to obtain the Response Surface Method (RSM), an optimization
technique based on factorial planning that allows the correlation among variables, using a
smaller number of experimental units, decreasing the number of living organisms that need
to be used in the experiments (Asghar et al., 2014). In addition, the simulation of daily rotifer
production scenarios and productivity prediction are other advantage to use this model. Thus,
the aim of the present study is to determine the optimal growth of rotifers using N. oceanica
as food source in different stocking densities of B. plicatilis and, thence, establish different

productions scenarios.

2. Material e Methods

The experiment was conducted at Laboratory of Marine Fish Culture of Federal
University of Rio Grande — FURG, located at Rio Grande, southern Brazil. Two independent
variables were tested: different concentrations of N. oceanica (X1) and B. plicatilis stocking
densities (X2). The microalga concentration in this study was determined using a pretest
(Figure 1), in which rotifers B. plicatilis were fed with different concentrations of N. oceanica
during 72 hours, with the same initial stocking densities of 200 rotifers mL? (standard
stocking density used in the laboratory for rotifer production). The better population growth
rate and egged females were obtained with the concentration of 220 x 10° cells 108 rotifers™
day?. Therefore, a close concentration of Nannochloropsis oceanica, 200 x 10° cells 10°

rotifers™ day, was used to stablish the concentrations (central point) used in this experiment.
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Figure 1 — Growth of rotifers during 72 h using different concentration of N. oceanica.

Different letters close to the lines mean significantly difference (P < 0.05).

The experiment was designed by a factorial statistic model of Central Composite
Rotatable Design (CCRD) 22 using the software JMP®14 (SAS Institute Inc., USA),
containing 2 star, 1 central and 2 axial points of each independent variable (Table 1). Through
this method it was established that the experiment would be realized in 11 experimental runs
(Table 2).
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Table 1 - Statistical points of independent variables design to use the Central Composite

Rotatable Design.

Star Axial Central Axial Star
Independent variables point point point point point
-o* -1 0 +1 +o*
N. oceanica
(x10° cell 10° rot * day™) 59 100 200 300 341
B. plicatilis stocking densities 59 100 200 300 341

(rot mL?)

*The o value was determined by the number of independent variables (n=2), as shown in the

Equation 1:

1
o= (2M)7 = 1,414

Table 2 — Experimental arrangement used during the experiment.

Run Factors
N.oceanica B. p”‘(’ja;;gistis;gcmng
(x10° cell 10° rot *day™?) ratmLd
! 59 200
2 100 100
3 100 300
4 200 59
5 200 200
6 200 200
/ 200 200
S 200 341
9 300 100
10 300 300
11 341 200

(1)
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The rotifers used in the experiment were collected in the maintenance tank of the
laboratory, where they were kept in three 50 L fiber cylinder-conical tanks. The water quality
was kept at 24 — 25 °C, salinity 25 and continuous aeration and illumination. The rotifers
were fed with 0.6 g of baker's yeast 10° rotifers? day™, being produced through the Batch
System (Lubzens, 1987). Previously to the experiment, the rotifers were acclimated in the
same experimental physical-chemical conditions and fed with N. oceanica in the same
concentrations of the experiment for 72h. This acclimatization period was performed to
assure the exclusive influence of the N. oceanica in the rotifer population growth rate,
excluding any stressors such as changes in food quality or concentration. At the end of the
acclimatization period, they were washed with salt water, previously chlorinated and

dechlorinated, and densities were adjusted accordingly to the experimental design.

The microalga N. oceanica was cultivated at Microalgae Production Laboratory of
Federal University of Rio Grande — FURG, in a 1000 L raceway inside a greenhouse using
half of the concentrations used in the F culture method, according to Guillard (1975). After
the cultivation period, the microalgae volume was collected and centrifuged, using a
refrigerated centrifuge (Hanil BioMed Inc., SUPRA 22K, Korea), during 10 minutes at 9000
rpm and 15 °C. During the experiment, the final centrifuged volume was diluted until it
reaches a density of 22.5 x 10° cell mL™, to enable the use of microalgae without significantly
change the culture volume. During the experiment the microalga was kept refrigerated at 4
°C.

The cost of microalga was calculated to obtain an average cost of the production. To
establish this value, was used an average of two commercial microalgae. The first, Nanno
3600® of Reed Mariculture Inc. and the second, Nannochloropsis Algae Paste® of Brine
Shrimp Direct Inc. The average price calculated was $ 10.65 for each 10 x 10° cell of

Nannochloropsis.

The experiment was conducted in 2 L experimental units with constant aeration,
photoperiod 24:0 and duration of 72 hours. The physical-chemical parameters were
maintained as follows: temperature (22.78 + 0.1 °C), dissolved oxygen concentration (6.45
+0.28 mg LY), salinity (25.23 + 0.24), pH (7.62 + 0.09) and nitrite (0.43 + 0.26 mg L?). The
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feed was fractionated in five, and offered throughout the day (8:00, 12:00, 16:00, 20:00 e
24:00). The daily routine was composed in measuring the physical-chemical parameters as
temperature and dissolved oxygen (oximeter, YSI, 550A, USA), salinity with a digital
refractometer (ATAGO, PAL-06S, Japan), pH (METTLER TOLEDO, Five Easy FEZ20,
USA), alkalinity was determined by titrimetry (Eaton et al., 2005), total ammonia with
method described in UNESCO (1983), unionized ammonia with method described in Colt
and Huguenin (2002) and nitrite accordingly Bendschneider and Robinson (1952). Besides
that, 5 mL of culture were taken from each tank, to estimate the total number of rotifers,
egged female proportion and population growth. Due to the variation of rotifer stocking
densities among experimental units, the equation below was used to express the population

growth rate:
M = (loge Nt- 10ge No) / t (2)

Where p is equal to population growth rate; N; is final rotifer density; and No is rotifer

stocking density.

The counting procedure was determined using a Sedgewick-Rafter counting chamber
with a Lugol’s iodine drop to immobilize the rotifers, with a microscope with a 10x objective
and two mechanical counters, one for the number of egged females and other for the number

of rotifers.

The collected data was analyzed by the software IMP®14. A Pareto chart was used to
determine if the variables tested were statistically significant for the experiment, with a
significance level (p-value) of 0.05. Besides that, an analysis of variance (ANOVA) was used

to estimate the statistical parameters and evaluate the prediction of the mathematic model.
3. Results

The model generated was considered predictive by analysis of variance (ANOVA),
since it showed a satisfactory coefficient of determination (R? = 0.91). Thus, this model was
utilized to construct contour plots, showing the values of predicted rotifer production for each

condition under study.
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The highest rotifer final density (1153 rot mL™) was obtained using a stocking density
of 300 rot mL™ and a concentration of 300 x 10° cells 10° rotifers day™? of N. oceanica
(Table 3). However, the highest rotifer growth rate () was found using a stocking density of
200 rot mL* and a concentration of 341 x 10° cells 108 rotifers™ day of N. oceanica (Figure
2).

Table 3 — Final rotifer density produced with different concentrations of Nannochloropsis

oceanica and different Brachionus plicatilis stocking densities.

Run Factors — Rotifer final
. . plicatilis densit

e
1 59 200 411
2 100 100 187
3 100 300 658
4 200 59 204
5 200 200 17
6 200 200 678
7 200 200 18
8 200 341 1128
9 300 100 434
10 300 300 1153
11 341 200 987
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Figure 2 — Surface area response to the rotifer population growth rate (1) produced with

different concentrations of Nannochloropsis oceanica and different Brachionus plicatilis
stocking densities.

During the experiment the egged female proportion ranged from 12.9% to 58.7%.
The highest average egged female proportion was observed using 200 x 10° cells 10° rotifers”
1 day? of N. oceanica and stocking density of 59 rot mL? (Figure 3). The egged female

proportion increased in higher N. oceanica concentrations, in contrast it was lower in high
rotifer stocking densities.

24



42
- 40
38
- 35

B. plicatilis (ind/mL) N. oceanica (bi cell/mi rot) 33

350 300 250 200 150 100 3D 300 250 200 150 100 50
44

42
a0 6’?\;‘
gé‘ a0 o
- 38 g
@

© &
€ 38 8
[ * 5
= o
‘8 [

. 36 i

o
Ll
34 32
S0 0
100 \@

32 150 Qb

200 N

NY

350 300 250 ’5;\
250 200 300
N. ocean; 150 50 o 2
- OCeanjca 00 3%

(bi cell/m; rot)

Figure 3 — Average proportion of egged females in relation to total rotifer density, using
different concentrations of Nannochloropsis oceanica and different Brachionus plicatilis

stocking densities.

The higher unionized ammonia concentration was 0.46 mg NHs-N Lt observed using
200 x 10° cells 10° rotifers™ day* of N. oceanica and a stocking density of 341 rot mL™, as

can be observed in Figure 4.
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Figure 4 — Surface area response to the unionized ammonia (mg NH3-N L) concentration in
the last day of production with different concentrations of Nannochloropsis oceanica and in

different Brachionus plicatilis stocking densities.

The production costs increase proportionally to the concentration of N. oceanica used
in the production, as shown in Figure 5. Thus, the most expensive treatment was observed
using 341 x 10° cells 10° rotifers™ day? of N. oceanica and with a stocking density of 200

rot mL?, costing $ 1,65.
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Figure 5 — Surface area response to the cost ($) of N. oceanica in the rotifer production with
different concentrations of Nannochloropsis oceanica and in different Brachionus plicatilis
stocking densities.

All the variables and its interactions used to design the experiment was relevant
(LogWorth > 2) and significant (p-value < 0.05). However, the most relevant variable was
the concentration of N. oceanica used to fed the rotifers (LogWorth 5.368) as shown in the
Pareto chart (Figure 6).
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Variables LogWorth 7 PValue

N. oceanica (bi cell/mi rot)(100,300) 5368 — 1 i i i 000000
B. plicatilis (ind/ml)(100,300) 4410 , L0 1 i | 000004
N. oceanica (bi cell/mi rot)*B. plicatilis (ind/ml) 2167 0.00681

Figure 6 — Significance and relevance of the studied variables to the obtainment of the
prediction profile.

Three different prediction profilers were built using all factors and its interactions,
except the average egged female proportion, which had a low correlation (R?=0.18). The
Optimized Scenario (OS), with maximized desirability, was obtained using a stocking
density of 69 rot mL™ and feeding the rotifers with 270 x 10° cells 10° rotifers™ day? of N.
oceanica. The Maintenance Scenario (MS), with a median growth rate (0.31) and reduced
cost ($ 0.33), was obtained using a stocking density of 160 rot mL* and 135 x 10° cells 10°
rotifers® day™? of N. oceanica. The Production Scenario (PS), with a maximized rotifer
growth rate (0.53) was obtained using a stocking density of 100 rot mL* and 300 x 10° cells
106 rotifers™ day™ of N. oceanica (Table 4).
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Table 4 — Different rotifers productions scenarios, created by prediction profilers, using
different concentrations of Nannochloropsis oceanica and different Brachionus plicatilis
stocking densities, as variables. The results were based in the interactions among responses

of population growth rate (u), unionized ammonia (mg NHz-N L) and cost ($).

Optimized Maintenance Production
Scenario (OS) Scenario (MS) Scenario (PS)

N.oceanica
(x10° cell 10° rot 270 135 300
. day™)
Variables

B. Plicatilis stocking

densities (rot mL™?) 69 160 100
Rotifer population

growth rate (p) 0.50 0.32 0.53

Unionized ammonia
(mg NHa-N) 0.39 0.27 0.44

Results

Cost (3) 0.43 0.33 0.66
Desirability* 0.75 0.48 0.74

* When multiple responses are used in a prediction profiler, an overall desirability function
is constructed and optimized. The overall desirability for all responses is defined as the

geometric mean of the desirability functions for the individual responses.

4. Discussion

The microalgae genus Nannochloropsis is commonly cultivated in fish hatcheries as
feed for rotifers (Lubzens et al., 1995). Nonetheless, specific studies with N. oceania as
rotifers food are yet scarce. The present study confirmed that this species can be really
effective in rotifers production, reaching a high population growth rate of 0.53, in the

production scenario. Bae and Hur (2011), also demonstrated the N. oceanica efficiency in
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the rotifer production, achieving a population growth rate of 0.66 using an stocking density
of 10 rot mL* and an experimental time of 5 days. Therefore, these results demonstrate that
the use of N. oceanica can promote good rotifer population growth rate, even if compared
with other studies using different microalgae. Yamasaki et al. (1989) using Nannochloropsis
sp. achieved a rotifer population growth rate of 0.365, harvesting daily and returning to the
original density. Tamaru et al. (1993) using Nannochloropsis oculata, achieved a higher

population growth rate of 0.588, also harvesting daily but using outside tanks.

The egged female proportion can be a strong quality indicator of the rotifer production.
Snell et al. (1987), observed that proportions below 13% of egged female indicates that the
rotifer population will decline. In the present study, the only treatment which reached an
egged female proportion above of 13% was using 59 x 10° cells 10° rotifers? day™ of N.
oceanica and with a stocking density of 200 rot mL™, in the last day of experiment. These
results suggest that the concentration of N. oceanica used in this treatment was below the
necessary for the rotifer maintain their growth and reproduction. In contrast, the treatment,
with 200 x 10° cells 108 rotifers™ day of N. oceanica and a rotifer stocking density of 59 rot
mL?, achieved an average egged female proportion of 51.3% with a minimum of 43% during
the experimental time, which indicates according to the previous author, an elevated growth

during the production period.

The variation of rotifer stocking density and its relationship with the population
growth rate was evidenced in this study, in accordance to observed by Yoshinaga et al.
(1999). This study demonstrated that population growth rate tends to increase with the
increasing of stocking densities, once the rotifers, in high densities start to reproduce earlier.
However, the present results demonstrated that the population growth rate is more correlated

with the concentration of N. oceanica utilized as food, than with the rotifer stocking density.

The rotifer breeding rate is strongly influenced by the species and the concentration
of microalgae used as food (Lubzens et al., 2001). In the present study and in Bae and Hur
(2011), the microalga concentration unit utilized was established by the number of microalga
cells per millions of rotifers per day. In other studies, the microalgae concentration unit used

to feed the rotifers are calculated in different forms Lubzens (1987) and Lubzens et al. (1995)
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employed the microalga dry weight per millions of rotifers (g d.w. 10° rotifers™), whereas
Yuféra and Pascual (1985) employed the number of microalgae cells per volume (cell L™Y).
Would be advisable the utilization of a pattern to express the amount of microalgae utilized
in the rotifer production. The unity utilized in the present study, can be advantageous, since
it allows to measure the amount of microalga necessary to feed any density of rotifer without
interfere in the water volume of the production. Besides that, it also allows the calculation of

cell intake per individual per day.

High values of concentrated microalgae, offered as food for the rotifer, can be harmful
for the population and the egged female proportion. High concentrations can interfere in the
rotifer locomotion and deteriorate the water quality, leading to a reduced oxygen level and
increase the concentration of ammonia and others nitrogen compounds (Lubzens et al., 1995;
Yamasaki et al., 1989). In the present study, the unionized ammonia levels increased
accordingly to the increase of the rotifer stocking density and N. oceanica concentration. The
highest level of unionized ammonia found was 0.46 mg NHs-N L in the treatment with 200
x 109 cells 10° rotifers™ day of N. oceanica and a stocking density of 341 rot mL™. However,
concentration until 0.7 mg NHs-N L are considered safe for rotifer production (De Araujo

et al. 2000), not affecting the rotifer production in the present study.

The cost of the production in this study was only related to the N. oceanica
concentration. Nevertheless, it could express a high cost variation between the created
scenarios. The Production Scenario cost was 41% higher than the Maintenance Scenario cost.
This result indicates that is possible to greatly reduce costs in periods without rotifer demand.

The statistic factorial model DCCR proved its efficiency for analyses rotifer
production. Besides of reduce the number of experimental units and organisms utilized, this
model made possible the simulation of different rotifers productions scenarios, which can be
used in different periods of production. The Optimized Scenario (OS), was created using the
best interactions among results (maximized desirability), in order to optimize the B. plicatilis
production using N. oceanica. The Maintenance Scenario (MS), had as objective the creation
of a condition of B. plicatilis production with minimum concentration of N. oceanica as food,

to minimize the production cost and maintain the population density. In contrast, the
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Production Scenario (PS), was created to maximize the B. plicatilis production growth rate,

using high concentrations of N. oceanica, which lead to a superior cost.

Through the analysis of this study, it is possible to affirm that the use of N. oceanica
in a concentration of 300 x 10° cell 10° rot * day™ and with a rotifer stocking density of 100
rot mL™?, is the best combination of N. oceanica concentration and rotifer B. plicatilis density,

reaching up to 0.53 population growth rate.
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5. CONCLUSOES

- A producdo de rotiferos Brachionus plicatilis utilizando a microalga Nannochloropsis
oceanica como alimento é factivel e promissora, uma vez que rotiferos podem atingir uma

taxa de crescimento populacional de até 0.53 e propor¢do de fémeas ovadas de até 58%.

- A variagdo na densidade de estocagem de rotiferos Brachionus plicatilis interfere na sua
producdo, no entanto, dentre as variaveis estudas a concentra¢do de microalga utilizada como

alimento é mais relevante.

- A concentragido de aménia ndo ionizada (mg NHz-N L) ndo atingiu nenhum nivel
prejudicial em nenhum dos tratamentos realizados por esse estudo, no entanto, em periodos

mais longos do que o utilizado, pode se tornar um problema para a producgao.

- Para uma producdo com taxa de crescimento populacional de rotiferos, concentracdo de
amoOnia ndo ionizada e custo otimizados, a melhor concentragdo de Nannochloropsis
oceanica utilizada como alimento exclusivo é de 270 x 10° cel 10° rot * dia, com uma

densidade de estocagem de rotiferos é de 69 rot mL™,

- Para a manutencdo do cultivo de rotiferos, quando ndo ha demanda pelos mesmos, a melhor
concentracdo de Nannochloropsis oceanica utilizada como alimento exclusivo € de 140 x

10° cel 10° rot “*dia’®, com uma densidade de estocagem de rotiferos é de 180 rot mL™.

- Para a producdo em massa de rotiferos, a melhor concentracdo de Nannochloropsis
oceanica utilizada como alimento exclusivo é de 300 x 10° cel 10° rot * dia, com uma

densidade de estocagem de rotiferos é de 100 rot mL™.
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