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RESUMO

O actmulo de formas toxicas de compostos nitrogenados na dgua ¢ um grande problema para
os sistemas aqiiicolas. Pesquisas recentes tém demonstrado resultados satisfatorios em termos
de producao e eficiéncia de retengdo do nitrogénio, através da adi¢do de fontes de carbono
organico (agucar, melaco, etc.). O presente estudo investigou o efeito da adicao de melago em
diferentes relagdes C:N sobre a qualidade da agua, atividade microbiana e a produgdo semi-
intensiva do camardo Litopenaeus vannamei, em tanques de cultivo experimental sem
renovagdo de agua. Foram adotados quatro tratamentos e trés réplicas, sendo trés com
aplicacdo diaria de melago nas relagcdes C:N 5, 10 e 15:1, e um controle, sem aplicagao desta
fonte de carbono. Foram utilizados 12 tanques em fibra de vidro (500 L), estocados com 25
camardes.m™ (1,90+0,37 g). A alimentacdo constou de ragdo comercial com 35% de proteina
bruta e foi ofertada diariamente em bandejas as 8 e 16h. Coletas de 4gua para analise quimica
e de material bioldgico (fitoplancton e bactérias) foram realizadas quinzenalmente ao longo
do cultivo. As relagdes 15:1 e 10:1 apresentaram os menores (P<0,05) niveis de oxigénio
dissolvido (4,64 ¢ 4,76 mg L', respectivamente) que esta relacionado ao maior aporte de
carbono organico nestas relagdes. O melago reduziu significativamente (P<0,05) as
concentragdes dos compostos nitrogenados, nitrito e nitrato, bem como reduziu as densidades
de cianobactérias nos ambientes com relagdes C:N de 10 e 15:1. Nenhum efeito (P>0,05) foi
observado em relacdo as bactérias autotroficas, heterotroficas e Vibrio spp. O peso final dos
camardes (~12,3 g) e o ganho de peso individual (~1,04 g.semana™), nas relagdes C:N mais
altas (10:1 e 15:1), foram superiores (P<0,05) aos demais tratamentos. A taxa de crescimento
especifico foi elevada em todos os tratamentos (2,53 a 2,69 % dia'l), entretanto os individuos
na relagdo 10:1 foi superior (P<0,05) ao controle. Os valores de produgdo variaram de 267,4 a
301,0 g m?, e ndo foram diferentes estatisticamente (P>0,05) entre os tratamentos. O melago
pode ser utilizado como fonte de carbono para incrementar a relacio C:N, melhorando a
qualidade da agua e os niveis de produtividade em cultivo semi-intensivo de L. vannamei sem

renovagao de agua.



ABSTRACT

The accumulation of toxic nitrogenous compounds in the water is a common problem to
aquaculture systems. Recent works have showed good results in terms of production and
nitrogen retention efficiency, through the addition of organic carbon source (sugar, molasses,
etc). This work investigated the effect of molasses addition in different C:N ratios on the
water quality, microbial activity and production, in semi-intensive experimental culture tanks
of Litopenaeus vannamei with no water exchange. Four treatments and three replicates were
adopted, which three with daily molasses addition in 5, 10 and 15:1 C:N ratio and one control
with no carbon source addition. Twelve 500 L fiber glass tanks were stocked with 25
shrimps.m? (1.90+0.37 g). Shrimps were fed with a 35% crude protein commercial diet
offered in feeding trays at 08:00 and 16:00. Phytoplankton, bacteria and water samples were
collected fortnightly during the culture. The 15:1 and 10:1 C:N ratios showed lower (P<0.05)
oxygen dissolved levels (4.64 and 4.76 mg L', respectively) which is related with the major
organic carbon supply in these ratios. Molasses addition resulted in lower (P<0.05)
nitrogenous compounds levels (nitrite and nitrate), as well reducing in the cianobacteria
densities in the C:N 10 and 15:1 treatments. No significant differences (P>0.05) were found in
Vibrio spp, autotrophic and heterotrophic bacterial densities. Shrimp final weight (~12.3 g)
and weigth gain (~1.04 g.week™) in high C:N ratios (10:1 and 15:1) were higher (P<0.05)
than in the others treatments. Specific growth rate was high in all treatments (2.53 to 2.69 %
day™), but the 10:1 ratio was higher than the control. Yield values ranged from 267.4 to 301.0
g m” with no significant difference (P>0.05) among treatments. This study shows that the
molasses can be used as carbon source in order to increase C:N ratio, improving the water

quality and the L. vannamei semi-intensive culture performance with no water exchange.
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1. INTRODUCAO

O cultivo de camardes marinhos em escala comercial no Brasil teve seu inicio na
década de 70, com a introducdo da espécie exOtica Marsupenaeus japonicus e,
posteriormente, o cultivo das espécies nativas Farfantepenaeus brasiliensis, Farfantepenaeus
subtilis e Litopenaeus schmitti. Porém, apenas na década de 90 com a introducdo da espécie
exotica Litopenaeus vannamei (Boone, 1931), a carcinicultura brasileira comegou a ter
representatividade na produ¢d@o mundial de crustaceos.

A adog¢do do L. vannamei como espécie alvo da carcinicultura brasileira foi decorrente
do seu alto grau de rusticidade, rentabilidade, crescimento, conversdo alimentar e grande
aceitacdo no mercado internacional que, aliados as condicdes edafo-climaticas das diversas
macro-regides do Brasil e, de forma especial da Regido Nordeste, possibilitaram o
desenvolvimento do setor (ANDREATTA e BELTRAME, 2004).

Analisando-se a evolugdo da produgdao mundial de camardo, envolvendo captura e
cultivo, verifica-se que houve um incremento médio anual de 4,71% no volume total de
camardo inteiro, passando de 2.983.674 t em 1993 para 4.728.765 t em 2003. Por sua vez, a
produgdo derivada apenas da carcinicultura aumentou de 835.204 t (1993) para 1.703.957 t
(2003), correspondendo a uma taxa média anual de 7,39% (ROCHA, 2005).

Desde o inicio da sua producdo comercial em 1996 e até 2003, o cultivo brasileiro de
camardo marinho vinha apresentando crescimentos elevados e bastante consistentes em
termos de produtividade, producdo e volume exportado. No entanto, a partir de 2004, o seu
desempenho foi afetado por problemas decorrentes de efeitos combinados do virus IMNV
(Mionecrose Infecciosa) e da acdo antidumping, frente a um mercado mundial operando com
precos baixissimos € uma taxa de caimbio reduzida (RODRIGUES, 2005). Isto contribuiu para
o decréscimo da produgdo brasileira de camardo que, em 2004, atingiu uma produgdo de
75.904 t, representando uma redugdo de 15,84% em relacdo a producdo de 2003 (ROCHA,
2005).

Segundo Madrid (2005), ¢ imperioso que os produtores tenham mudancgas de atitudes
em relacdo ao enxugamento dos custos de produgdo para que se possa recuperar a
sustentabilidade econdmica. Dentre os custos operacionais, a ragdo € o item de maior peso,
respondendo por 40 a 60% dos gastos com produgdo na maioria dos empreendimentos
(LOVELL, 1989; AKIYAMA et al., 1992; D’ABRAMO ¢ SHEEN, 1996; MADRID, 2005).

A busca pelo incremento da produtividade aquética com o objetivo de minimizar a

utilizacao da ragdo vem sendo uma preocupagdo constante da carcinicultura nacional. Uma
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das formas de se promover a redugdo dos custos com ragdo ¢ a utilizacdo do alimento natural
(CORREIA, 1998), que também contribui reduzindo a degradagdao da qualidade da agua
(MARTINEZ-CORDOVA et al., 1998).

A capacidade de producdo dos viveiros de camardo depende da maximizag¢do da
produtividade primaria e da minimizagao da perda de nutrientes. A producdo de camardes em
viveiros pode ser consideravelmente aumentada com a utilizagao de alimento suplementar e o
uso de fertilizantes (BOYD, 1997a; ALONGI et al., 1999).

A pratica da adubagdo ou fertilizagdo tem sido utilizada como uma importante
ferramenta no cultivo de organismos aquaticos. Adicionam-se nutrientes a dgua a fim de
estimular a abundancia do fitoplancton e a proliferagdo do bentos, incrementando a
produtividade natural dos viveiros e o crescimento dos camardes (COLMAN e EDWARDS,
1987; SCHROEDER et al., 1990; BOYD e TUCKER, 1998; BOYD, 2001).

Segundo Nunes (2000), a fertilizagdo da dgua e a implementacdo de praticas para
incrementar a produtividade natural sdo tdo importantes quanto o uso de uma ragdo
nutricionalmente completa e bem balanceada. Diversos autores demonstraram que, mesmo
mediante o suprimento alimentar artificial didrio, os camardes derivam a maioria do carbono
utilizado no crescimento do consumo da biota natural do ambiente de cultivo. Segundo
Anderson et al. (1987), o alimento natural pode contribuir com até 77% do carbono
empregado em crescimento pelo L. vannamei.

Técnicas de cultivo em sistemas fechados, desenvolvidas nos Estados Unidos desde os
anos 90, estdo sendo bastante difundidas nas fazendas de camar@o marinho, a partir da
producdo de camardes com baixa ou nenhuma troca de d4gua, com o objetivo de garantir maior
seguran¢a ¢ diminuicdo dos efluentes nas fazendas, reduzindo as possibilidades de impacto
ambiental (HOPKINS et al., 1993; SANDIFER ¢ HOPKINS, 1996; BROWDY et al., 2001a;
BURFORD et al., 2003; WASIELESKY et al., 2006).

As bactérias desempenham um papel importante na dinamica de nutrientes dos
sistemas de produg¢do aqiiicola (MONTOYA e VELASCO, 2000). Sistemas de troca zero de
dgua consistem em estimular a formacdo de uma biota predominantemente aerdbica e
heterotrofica a partir da fertilizagdo com fontes ricas em carbono organico (agucar, melago,
etc.) e aeragao constante do ambiente de cultivo (WASIELESKY et al., 2006). O melago pode
ser utilizado na preparacdo dos viveiros de camardo marinho (TALAVERA et al., 1998),
atuando como uma fonte alternativa de carbono para a aqiiicultura (SCHNEIDER et al.,

2006).



LIMA, J.P.V. Utilizagdo de melaco como fonte de carbono em cultivo do camario ... 14

Em pesquisas recentes foi demonstrado que a adicdo de carboidratos em viveiros
extensivos de camardo melhorou a eficiéncia de retengao dos compostos nitrogenados, tendo
efeitos positivos sobre a producdo (HARI et al., 2004). Além do controle do nitrogénio, este
processo leva a producdo de proteinas microbianas que sdo uma fonte efetiva de proteina para
os camardes (AVNIMELECH, 2000; BURFORD et al., 2004), deste modo reduzindo a
demanda por proteina no alimento suplementar (AVNIMELECH, 1999).

O melago ¢ um subproduto do processo de refino do agiicar (NAJAFPOUR e SHAN,
2003) e um dos mais importantes materiais utilizados na produ¢do comercial do etanol,
devido ao seu baixo custo e disponibilidade (FAHY et al., 1997). Além de ser mais barato que
a glicose, o melaco contém elementos minerais e vitaminas que podem ser usados como
potencializadores do crescimento das bactérias (SQUIO e ARAGAO, 2004).

O melago possui, geralmente, 17 a 25% de 4gua e um teor de agucar (sucrose, glucose,
frutose) de 45 a 50% (NAJAFPOUR e SHAN, 2003). Estima-se que o teor de carbono no
melaco seja 20 a 30%. Samocha et al. (2007), em pesquisas recentes com adi¢do de melago
como fonte de carbono suplementar no cultivo de camardo, informam uma densidade
especifica de 1,3 e um teor de carbono de 24% (V/v).

Atualmente, o melago vem sendo utilizado como promotor de crescimento bacteriano
em viveiros de cultivo de camardo no Brasil € no mundo. No entanto, sua eficiéncia é ainda

muito pouco conhecida (WASIELESKY et al., 2006).
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2. OBJETIVOS

o Geral
Avaliar a influéncia do melago como fonte de carbono organico em diferentes relagdes
C:N no cultivo semi-intensivo do Litopenaeus vannamei sem renovagdo de agua,
visando reduzir o impacto ambiental dos efluentes, favorecendo o desenvolvimento

sustentavel da carcinicultura.

e Especificos

- Analisar a influéncia da adicdo de melago, como fonte de carbono, sobre a qualidade
da agua de cultivo;

- Verificar e quantificar as possiveis alteragdes da carga bacteriana e das comunidades
fitoplanctonicas;

- Avaliar o consumo de ragdo, conversdo alimentar, relacdo de eficiéncia protéica,
crescimento e sobrevivéncia do L. vannamei em condi¢des de cultivo experimental,
em funcdo da utilizagdo de melago;

- Estabelecer a relacio C:N que proporciona melhor desempenho no cultivo de L.

vannamei sob condi¢des semi-intensivas.
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3. REVISAO DE LITERATURA

3.1 Alimento Natural

A alimentagdo ¢ um fator de extrema importancia para um sistema de cultivo, pois
influencia diretamente na sobrevivéncia e no crescimento dos organismos aquaticos, bem
como a viabilidade econdmica do cultivo, visto que pode representar até mais de 60% dos
custos de producao.

O alimento natural (especialmente organismos zooplanctonicos e bentonicos) ¢ de
suma importancia para a nutricdo dos camardes cultivados (MARTINEZ-CORDOVA et al.,
2003). Segundo Jory apud Martinez-Cordova et al. (2003), a utilizagdo de dietas com niveis
elevados de proteina ¢ desnecessaria quando hd uma grande abundancia de alimento natural
no sistema de cultivo.

As ragdes sdo utilizadas em cultivos semi-intensivos € intensivos para aumentar a
producdo além dos niveis suportados pela produtividade natural do viveiro. No sistema semi-
intensivo, a contribuicdo do alimento natural na alimentacdo dos camardes ¢é bastante
significativa, podendo alcancar até 85% (NUNES et al., 1997). Em viveiros de engorda que
operam com produtividades abaixo de 1,0 t/ha/ciclo, as ragdes satisfazem entre 23% e 47%
dos requerimentos nutricionais do L. vannamei, sendo o restante suprido pelo alimento natural
(ANDERSON et al., 1987). Em sistemas mais intensivos, a contribui¢do do alimento natural
diminui, mas ainda ¢ considerada significativa (> 25%) (NUNES, 2000).

Entre os organismos componentes do alimento natural disponiveis aos animais
cultivados em viveiros destacam-se as microalgas, representadas principalmente pelas
diatomaceas e cloroficeas; e o zooplancton, representado pelos rotiferos, cladoceros e
copépodos (SILVA, 2004). A comunidade bentonica ¢ representada por organismos
microbianos (bactérias e fungos), micro-invertebrados e fitobentos, anelideos e insetos
aquaticos que vivem sob os detritos do fundo do viveiro (CORREIA, 1998).

A intensificagdo dos cultivos de L. vannamei requer o estabelecimento de uma
comunidade planctonica bem desenvolvida, uma vez que esta ¢ utilizada pelos camardes
como complemento alimentar, fornecendo-lhes importantes compostos nutricionais como
acidos graxos, que sao essenciais a sobrevivéncia e crescimento dos camardes (MAIA et al.,
2003). Camardes marinhos em transi¢do da fase de pos-larvas para juvenis podem alimentar-
se indiretamente das microalgas aderidas a detritos e diretamente de copépodos, larvas de
moluscos ¢ do proprio detrito (ALONSO-RODRIGUEZ e PAEZ-OSUNA, 2003;
MARTINEZ-CORDOVA et al., 2002).
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Os microrganismos (plancton, bactérias, etc.) sdo de grande importancia para os
sistemas aqiiicolas, particularmente com respeito a produtividade primaria, ciclagem dos
nutrientes, nutricdo dos animais cultivados, qualidade da agua, controle de doencas e do
impacto dos efluentes ao meio ambiente (MORIARTY, 1997).

Rubright et al. apud Moss et al. (1992) sugerem que, em cultivo semi-intensivo, a
fauna béntica ¢ capaz de dar suporte ao crescimento dos camardes nas quatro primeiras
semanas de cultivo. A importancia da meiofauna para o crescimento dos camardes estd no
fato destes organismos servirem de elo entre as bactérias e os camardes. Estudos de Hunter et
al. apud Moss et al. (1992) indicam que o consumo de microalgas pelo L. vannamei em
viveiros de terra semi-intensivos pode contribuir substancialmente para sua dieta.

Atualmente, a utilizagdo de sistemas sem renovacdo de agua tem despertado o
interesse dos pesquisadores quanto as propriedades nutricionais dos flocos bacterianos
(agregados microbianos ou bacterianos). Flocos bacterianos s3o formados durante o ciclo de
producdo e sdo constituidos principalmente de bactérias, microalgas, fezes, exoesqueletos,
restos de organismos mortos, cianobactérias, protozodrios, pequenos metazodrios e formas
larvais de invertebrados, entre outros (BURFORD et al., 2003; WASIELESKY et al., 2006).

Segundo Burford et al. (2004), mais de 29% do alimento consumido por L. vannamei
pode ser proveniente do floco bacteriano presente no meio heterotrofico (meio onde
predominam organismos heterotréficos, mantidos através do balangco da relacdo
carbono/nitrogénio/fosforo). O filme bacteriano e outros organismos geralmente constituem
de 5 a 10% da massa das particulas de detritos (CHAMBERLAIN et al., 2001a) e podem ser
promovidas pela adigdo de silicato e calcario (BROWDY et al., 2001b).

Particulas floculadas possuem elevados niveis de proteinas, aminodcidos e outros
elementos alimentares essenciais em niveis satisfatorios (TACON et al., 2002; DECAMP et
al., 2003; BURFORD et al., 2004). Contém também vitaminas e minerais em bons niveis,
sendo desnecessaria a adicdo destes fatores de crescimento na ragao, reduzindo em 30% os
custos destes insumos (CHAMBERLAIN et al., 2001b). Segundo Avnimelech (2006), uma
alimenta¢do baseada em microrganismos ¢ de alta qualidade. Entretanto, a utilizagdo da
proteina microbiana vai depender da habilidade do animal em capturar a bactéria e de digerir

a proteina (KOCHBA et al., 1994).
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3.2 Fertilizagdo Inorgéanica e Organica

A adicao de fertilizantes em viveiros de cultivo ¢ uma pratica comum na aqiiicultura
(JANA et al., 2001; BOYD, 2003). Os nutrientes dos fertilizantes sdo incorporados a
biomassa planctonica (algas e zooplancton) e, através de uma complexa rede de assimilagdo e
reciclagem dos nutrientes, chegam aos organismos cultivados (HANSEN et al., 2003). Esta
biomassa ¢ nutricionalmente rica ¢ pode ser utilizada para a alimentagdo dos organismos
cultivados, como também para o estabelecimento da cadeia tréfica no ambiente de cultivo
(ARANA, 2004).

Segundo Boyd (1997a), mediante o uso apropriado de fertilizantes quimicos, a
producdo da aqiiicultura pode ser aumentada de duas a dez vezes acima daquela obtida em
viveiros nao fertilizados.

Os cinco principais fatores que regulam a produtividade dos viveiros sdo as
disponibilidades de nitrogénio inorganico soluvel (N), fésforo (P), carbono (C), luminosidade,
e temperaturas satisfatorias da agua (FOGG, 1975; McCOY, 1983).

Fertilizantes quimicos ou inorginicos sdo substancias que contém, principalmente,
nitrogénio, fosforo e potassio, isolados ou em combinagdo (BOYD, 2001). Estes sao
classificados pelo contetudo de nutrientes nas suas formulas, sendo expressos em percentagem
de peso na forma de nitrogénio (N), oxido de fosforo (P,Os) e 6xido de potéssio (K,0). O
nitrogénio esta presente em fertilizantes como nitrito (NO,"), nitrato (NO3"), amdnia (NH,"),
ou uréia [(NH,),CO]; o fosforo como ortofosfato (PO4’); e o potdssio como ion de potassio
(K"). Os fertilizantes a base de nitratos, mesmo com custos superiores, apresentam vantagens
sobre os fertilizantes amoniacais, pois o nitrato nao ¢ toxico e ¢ totalmente oxidado no
ambiente de cultivo (BOYD, 1997b; BARBIERI ¢ OSTRENSKY, 2002).

O nitrato também tem mais efeito do que a amonia no desenvolvimento das
diatomaceas (BOYD, 2001), que ¢ o grupo de microalgas mais desejado nos cultivos de
camarao, além de servirem como bio-indicadores de boa qualidade da agua (BRITO et al.,
2006). No entanto, se a agua contém concentracdes de silicato abaixo de 1,0 mg/L de silicio
(Si), aplicagodes de silicato de sédio de 50 a 100 kg/ha (~ 0,7 a 1,4 mg Si/L) também podem
aumentar a propor¢ao das diatomaceas (BOYD, op. cit.).

Os fertilizantes organicos suplementam as fontes de carbono, beneficiando o
crescimento de bactérias e organismos bentonicos e também estimulando o crescimento do
fitoplancton (MacLEAN et al., 1994; QIN et al., 1995; CORREIA, 1998; BURFORD et al.,
2003). A decomposicdo destes fertilizantes libera CO, (dioxido de carbono) utilizado

diretamente na fotossintese (AVAULT JR., 1996). Fertilizantes organicos contém quase todos
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os elementos nutrientes essenciais ¢ enriquecem o conteudo de matéria organica do solo dos
viveiros (JANA et al., 2001).

O melago pode ser utilizado como um fertilizante organico no cultivo de camarao,
aplicado diretamente no solo dos viveiros ou na coluna d’agua. No Panama4, utiliza-se de 12 a
17 galdes/ha/semana na preparagdo dos viveiros e manutencao da produtividade primaria ao
longo do cultivo (TALAVERA et al., 1998). O carbono aportado pelo melaco ¢ utilizado
pelas bactérias e algas na constitui¢do dos tecidos e como fonte de energia, principalmente no
processo de fotossintese.

Certas fazendas de camardo, no Peru, utilizam o melago com o objetivo de inibir a
proliferagdo de bactérias oportunistas do género Vibrio, em doses de 5 a 7 galdes/ha/semana.
Outra utilizag@o seria na preparacdo do “vomito” (mistura liquida de fertilizantes organicos e
inorganicos), tanto para o controle de bactérias como para a proliferagdo de algas na coluna
d’agua, melhorando, até certo ponto, a qualidade da agua (TALAVERA et al., 1998).

Investigacdes extensivas t€m sido feitas em relacao a fertilizacao de viveiros de dgua
doce, onde as taxas de aplicacdo usualmente consistem em 2 a 9 kg/ha de P,Os isoladamente
ou aplicacdes desta mesma dosagem de N e P,Os (BOYD, 2001). Para viveiros de agua
estuarina, as quantidades recomendadas giram em torno de 10 a 20 kg de N e 1 kg de P por
hectare, variando conforme a concentracao destes na dgua, entretanto mantendo-se a relagao
N:P de 20:1 (KUBITZA, 2003; BOYD, 2001).

Cliford (1992) menciona que a manuten¢do de concentragdes de nitrogénio proximas a
1,3 mg/L e fésforo ao redor de 0,15 mg/L favorecem o estabelecimento de populagdes de
algas diatomaceas no fitoplancton. Segundo Brito et al. (2006), os niveis recomendados de
nitrogénio se situam entre 2 e 4 mg/L, enquanto os de fosforo entre 0,2 e 0,4 mg/L, sendo que
as relacdes de N:P devem ser aproximadamente de 20-10:1.

Freqiientemente, observa-se que a aplicagdo de um mesmo programa de adubagdo em
diferentes fazendas resulta em respostas variaveis quanto a producdo e a manutengdo do
plancton e dos organismos bentonicos. Isto faz com que as doses adequadas de fertilizantes e
a resposta aos programas de adubac¢do sejam especificas para cada propriedade, e até mesmo
para cada viveiro dentro da mesma propriedade (BOYD, 1990; KUBITZA, 2003).

Segundo Correia (1998), o efeito da fertilizagdo também pode estar condicionado a
acidez, alcalinidade e dureza da 4gua e/ou do solo, que podem ser corrigidas através de
calagem, utilizando cal hidratada [Ca(OH),], calcario calcitico (CaCOs3;) ou dolomitico
[CaMg(COs3),], aplicados diretamente no fundo do viveiro ou dissolvidos e espalhados na

agua, antes da aplicacao dos fertilizantes.
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3.3 Manejo de Agua no Cultivo de Camaréo

O cultivo de camardo tornou-se uma importante industria em areas tropicais e
subtropicais ao redor do mundo (BURFORD et al., 2003), contando, em 2004, com uma
produ¢do mundial de 1.908.000 t, o que representou um incremento de 10,7% em relagdo ao
ano anterior (ROCHA, 2005).

Nos ultimos anos, apesar dos incrementos de produgdo, o surgimento de enfermidades
tem se tornado um problema para os cultivos de camardo em muitos paises no Sul da Asia, e
Américas do Sul e Central. Muitas dessas doengas t€ém origem viral (BROCK et al., 1997;
LIGHTNER, 1999; LIGTHTNER e PANTOIJA, 2004; NUNES et al., 2004; GARCIA e
OLMOS, 2007) e sdo exacerbadas pela ma qualidade da agua de cultivo e pelos elevados
niveis de trocas de 4gua (LeMOULLAC, 2000).

O crescimento acelerado da carcinicultura, em conjunto com o surgimento de
enfermidades e a descarga direta de efluentes no meio ambiente, tém despertado a
preocupacdo de varios grupos ambientalistas quanto a sustentabilidade ecoldgica desta
atividade (NAYLOR et al., 2000; PAES-OSUNA, 2001; BURFORD et al. 2003; HARI et al.,
2006).

A renovacgao de dgua ¢ uma técnica de manejo comum em cultivos de camarao, sendo
bastante utilizada para manter niveis adequados de qualidade da agua de cultivo (CHIEN,
1992; BURFORD et al., 2003; GOMEZ-JIMENEZ et al., 2005). A troca de agua também ¢
utilizada para ajustes de temperatura e salinidade (AVAULT JR., 1996).

Viveiros de cultivo no sistema intensivo adotam taxas de renovacdo de adgua de 5 a
30% do volume do viveiro por dia (HOPKINS et al., 1993; MONTOYA et al., 1999;
MCcINTOSH et al., 2001; GOMEZ-JIMENEZ et al., 2005), enquanto que, em viveiros com
baixa densidade de estocagem, utilizam-se taxas de 1 a 5% apenas para compensar as perdas
por infiltracdo e evaporacao (CHIEN, 1992; AVAULT JR., 1996). HOPKINS et al. (1993)
estimam que para produzir 1 kg de camarao sao necessarias 39 a 199 t de agua.

Segundo Boyd (1997a), rotinas didrias de troca de agua sdo ineficientes e
desnecessarias, extrapolando-se os custos com bombeamento de agua. Ainda segundo o
mesmo autor, a renovagao de agua nos viveiros deve ser adotada apenas em casos especificos
como ajuste da salinidade, remogao de produtos metabolicos toxicos ou para conter blooms de
algas. ALONSO-RODRIGUEZ e PAES-OSUNA (2003) relatam que blooms de algas
produzem alteragcdes nos niveis de oxigénio dissolvido podendo causar a mortalidade dos

camaroes.
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A liberacdo de efluentes sem tratamento representa uma perda econdmica de
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requisito basico para a viabilidade econdomica deste tipo de cultivo (McNEIL, 2000;
WASIELESKY et al., 20006).

Atualmente, sistemas sem renovacao de agua trabalham com densidades de estocagem
acima de 60 poés-larvas/m?, com alguns empreendimentos chegando a utilizar 500 pds-
larvas/m?. Cultivos intensivos de camarao sao definidos por produgdes de 0,5 a 1,0 kg/m* (5 a
10 t/ha), super-intensivo de 1 a 5 kg/m? (10 a 50 t/ha) e hiper-intensivo com produgdes acima
de 5 kg/m* (McNEIL, 2000). Hopkins et al. (1995) e Velasco et al. (1998) relataram boa
sobrevivéncia e crescimento em cultivo de camardo marinho em alta densidade e sem
renovagao de agua.

Em Belize Aquaculture Ltda (BAL), na América Central, ¢ utilizado com sucesso o
sistema de producdo sem renovagdo de dgua visando a reducdo dos efluentes, incremento da
biosseguranga e aumento das producdes (McINTOSH, 1999; McNEIL, 2000; McINTOSH,
2001; ERLER et al., 2005). BAL desenvolveu uma abordagem integrada para o cultivo de
camarao, utilizando estoques de pods-larvas selecionadas, racdo com baixo nivel protéico (~
20%), elevadas densidades de estocagem (~120 animais/m?) em viveiros revestidos com lona
plastica e sob constante aeracdo, sistema de recirculagdo e tratamento completo da agua apds
a despesca. Estas técnicas de manejo resultaram em niveis de produgdo em torno de 15
t/ha/ciclo (McINTOSH, 1999; BOYD e CLAY, 2002; BURFORD et al., 2003).

Nos ultimos anos vém-se desenvolvendo pesquisas em cultivos intensivos que
combinam o tratamento de dgua com a reciclagem de alimento artificial ndo consumido,
utilizando-se viveiros de suspensdo ativa — Active Suspension Ponds (ASP) (AVNIMELECH
et al., 1994; CHAMBERLAIN e HOPKINS, 1994; AVNIMELECH, 2003; BURFORD et al.,
2003; AVNIMELECH, 2006) ou sistemas de cultivo sem renovacdo de dgua através de uma
biota predominantemente aerdbica e heterotrofica — Zero Exchange, Aerobic, Heterotrophic
Culture Systems (ZEAH) (McINTOSH, 1999; McNEIL, 2000; CHAMBERLAIN et al.,
2001c; McGRAW, 2002; ERLER et al., 2005; WASIELESKY et al., 2006). Estes sistemas
tétm em comum a predomindncia de bactérias aerdbicas heterotroficas que colonizam
particulas de residuos organicos e absorvem o nitrogénio, fosforo e outros nutrientes da agua

(CHAMBERLAIN et al., 2001a).
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3.4 Os Microrganismos e a Qualidade da Agua

A qualidade da agua e o controle de enfermidades sdo interdependentes e ligados as
atividades microbianas dos sistemas aqiiicolas (ABRAHAM et al.,, 2004). Processos
microbianos afetam os fatores de qualidade da d4gua como oxigénio dissolvido, amonia (NH3),
nitrito (NO5) e sulfeto (MORIARTY, 1997).

Em alguns estudos, a qualidade da agua nos cultivos de camarao tem sido melhorada

com a aplica¢do de produtos probioticos
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autotroficas que, ao crescer, produzem biomassa que sera consumida eventualmente pelas
heterotroficas (MORIARTY, 1997; McGRAW, 2002).

O manejo da qualidade da dgua ¢ uma importante ferramenta para o sucesso dos
sistemas de cultivo, pois tem influéncia direta na reproducdo, crescimento e sobrevivéncia dos
organismos aquaticos, especialmente em sistemas semi-intensivos e intensivos (CHIEN,
1992). As aguas e efluentes de viveiros de camardo geralmente sdo ricos em solidos
suspensos, matéria organica e outros nutrientes, € a concentragdo destes elementos esta
estritamente ligada ao manejo adotado e ao sistema de cultivo (ALONSO-RODRIGUEZ e
PAEZ-OSUNA, 2003).

Segundo Nunes e Parsons (1998), em viveiros de camarao de agua estuarina, somente
uma porcao da matéria organica e dos nutrientes da ragdo aportada ao sistema (10 a 15% do
carbono organico e 20 a 70% do nitrogénio e fosforo) ¢ convertida em biomassa pelos
camardes e removida durante a despesca. Em sistemas convencionais, apenas 20 a 30% do
carbono, nitrogénio e fosforo, adicionados com a ragdo, sdo assimilados pelos camardes
(CHAMBERLAIN et al., 200la; JACKSON et al.,, 2003; THAKUR e LIN, 2003;
AVNIMELECH, 2006).

A baixa assimilacdo dos nutrientes pode ser causada por uma inadequada formulacao
da racdo, excessos de alimentagdo, baixa qualidade dos ingredientes ou pouca estabilidade da
racdo (BURFORD e WILLIAMS, 2001).

O alimento ndo consumido, as fezes e outros residuos excretados, como a amonia,
tornam-se disponiveis favorecendo o rapido crescimento do fitoplancton e dos organismos
heterotroficos (NUNES e PARSONS, 1998; TOOKWINAS e SONGSANGIJINDA, 1999). A
mineralizagdo da matéria organica acumulada, em condi¢des anaerobicas, também leva a
formag¢do de produtos metabolicos toxicos como a amodnia e o nitrito, deteriorando a
qualidade da 4gua no ambiente de cultivo (AVNIMELECH e RITVO, 2003).

Um dos maiores problemas de qualidade da d4gua em sistemas aqiiicolas intensivos € o
acimulo de formas toxicas de nitrogénio inorganico na agua (AVNIMELECH, 1999).
Animais aquaticos, assim como peixes € camardes, excretam amonia, que pode se acumular
no viveiro. Mesmo em baixas concentragdes, a amonia ¢ o nitrito (NHs e NO,") sdo altamente
toxicos para os camaroes e, portanto, devem ser removidos do sistema (CHIEN, 1992; BOYD
e TUCKER, 1998; GROSS et al., 2003).

Vérios processos microbianos podem ser utilizados para reduzir os niveis de amonia
nos ambientes de cultivo. Estes processos incluem a nitrificagdo, denitrificagdo,

mineralizagdo, fotossintese e o crescimento de bactérias heterotroficas (BRUNE et al., 2003).
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Os sistemas de cultivo tradicionais estdo baseados na biossintese das algas (sistema
fotoautotr6fico) para remover a maior parte do nitrogénio inorganico (HOPKINS et al., 1996;
AVNIMELECH et al., 1994; EBELING et al., 2006). A grande desvantagem deste sistema ¢ a
variagdo diurna de oxigénio dissolvido, pH e nitrogénio amoniacal e, a longo prazo, as
constantes mortes e as mudangas nas densidades das algas (BURFORD et al., 2003).

Segundo Schroeder (1978), a produtividade das algas também ¢ limitada pela
intensidade de energia solar que incide na superficie dos viveiros e pelas concentragdes de
nitrogénio e fosforo. Populagdes de algas em viveiros sem manejo, normalmente fixam entre
2 e 3 g de carbono/m?/dia, enquanto que, em viveiros com elevada taxa de mistura, fixam de
10 a 12 g de carbono/m?/dia (BRUNE et al, 2003).

Os fungos, todos que sdo aerdbios, também sdo considerados eficientes em converter
matéria organica em material celular, mas geralmente preferem condigdes mais acidas que as
encontradas nos viveiros (SCHROEDER, 1978).

Os microrganismos nitrificantes sdo responsaveis pela oxidagdo da amodnia para nitrito
e, subsequentemente, para nitrato (VERSCHUERE et al., 2000). Estes sdo principalmente
autotrofos obrigatorios, que consomem didxido de carbono como fonte primdria de carbono, e
aerdbios obrigatorios, pois requerem oxigénio para crescer (HAGOPIAN e RILEY, 1998).

A conversao bioldgica da amdnia em nitrito € desenvolvida por bactérias que oxidam a
amoOnia — Ammonia Oxidizing Bacteria (AOB), que incluem bactérias do género
Nitrosomonas, Nitrosococcus, Nitrosospira, Nitrosolobus, e Nitrosovibrio; ja a subseqiiente
oxidagdo, do nitrito em nitrato, é realizada por bactérias que oxidam o nitrito — Nitrite
Oxidizing Bacteria (NOB), que sao do género Nitrobacter, Nitrococcus, Nitrospira e
Nitrospina (EBELING et al., 2006). Quanto ao nitrato, este pode ser convertido em gas
nitrogénio através da acdo de bactérias denitrificadoras e volatilizado para a atmosfera
(BOYD e QUEIROZ, 2001). Segundo BOYD (2001), a denitrificacdo representa a forma de
maior perda de nitrogénio dos viveiros.

Os principais fatores que influenciam na taxa de nitrificacdo sdo as concentragdes de
amonia e nitrito, a relagdo carbono/nitrogénio, o oxigénio dissolvido, o pH, a temperatura e a
alcalinidade (EBELING et al., 2006). Ao contrario das algas, populagcdes microbianas sao
mais estaveis e independem de condi¢des luminosas (SCHROEDER, 1978; AVNIMELECH,
2006).

Estudos realizados em viveiros de camardo tém demonstrado resultados satisfatorios
em termos de produgdo e eficiéncia de reten¢dao do nitrogénio, através da adi¢ao de fontes de

carbono organico € manutencao de um sistema constante de aeracdo e mistura, para estimular
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o desenvolvimento de bactérias heterotroficas (AVNIMELECH, 1999; McINTOSH, 1999;
HARI et al., 2004; ERLER et al., 2005).

Sistemas heterotroficos reduzem o risco de introdu¢dao e disseminagdao de doengas,
inibem o crescimento de Vibrio spp. e outros grupos de bactérias potencialmente patogénicas,
além de complementar a produtividade natural presente nos viveiros (McINTOSH et al. 2000;
BROWDY et al., 2001a; MOSS et al., 2001; WASIELESKY et al., 2006).

A habilidade para o controle das concentragdes de nitrogénio estd na manipulacdo da
relacdo entre a quantidade de carbono organico e nitrogénio inorganico (C:N), e tem sido
utilizada com freqiiéncia para indicar a qualidade dos substratos organicos de viveiros de
aquicultura (AVNIMELECH, 1999). A importancia da relagdo C:N do viveiro se deve ao fato
da deficiéncia de qualquer nutriente exigido pelas bactérias heterotroficas poder limitar a taxa
de decomposi¢ao da matéria organica e, com isso, o desenvolvimento e a formagao dos flocos
bacterianos.

Para aperfeicoar a producdo e, conseqiientemente, a retengao dos nutrientes na
biomassa bacteriana, Burford et al. (2003) informam que a relacdo C:N deve situar-se acima
de 10:1. Schneider et al. (2005) sugerem que a relacdo C:N requerida no substrato ¢ de
aproximadamente 15 g C/g N. Segundo Wasielesky et al. (2006), a relagdo C:N ideal para
formagdo do floco microbiano, com predominio de bactérias heterotroficas, deve situar-se
entre 14 e 30:1. No entanto, misturas balanceadas de carbono e nitrogénio numa relacdo de
20:1 sdo, aparentemente, mais facilmente assimiladas (CHAMBERLAIN et al., 2001a).

Goldman et al. apud Jana et al. (2001) mostraram que a eficiéncia de crescimento das
bactérias diminui com o incremento da relacdo C:N e C:P no substrato. Um crescimento
balanceado de bactérias requer substratos com carbono, nitrogénio e fosforo em uma relacao
atdbmica de 106:12:1, embora algumas bactérias tenham capacidade de variar estes
requerimentos (JANA et al., 2001).

A relagao C:N na agua esta vinculada a disponibilidade e competicdo por carbono
orginico e amodnia. Para uma alta relagdo C:N, bactérias heterotroéficas competem com as
autotroficas por oxigénio dissolvido e espaco. Quando ha uma baixa relagdo C:N, as bactérias
autotroficas sdo privilegiadas (MICHAUD et al., 2006). Portanto, informagdes sobre uma
otima relacdo C:N e N:P sdo pré-requisitos para se entender as atividades microbianas e para
o desenvolvimento de um protocolo racional de fertilizacio de ambientes para cultivo de

organismos aquaticos (JANA et al., 2001).
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4. ARTIGO CIENTIFICO

Parte dos resultados obtidos durante o trabalho experimental dessa dissertacdo ¢
apresentada no artigo intitulado “Molasses utilization in Litopenaeus vannamei culture

with different carbon/nitrogen ratios” (manuscrito), que se encontra anexado.
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Molasses utilization in Litopenaeus vannamei culture

with different carbon/nitrogen ratios

Joao Paulo Viana de Limal*, Fabiana Penalva de Melol, Daniel Rodrigues dos Santosl,

Albino Luciani Gongalves Leal', Eudes de Souza Correia'*

! Laboratério de Sistemas de Produgio Agiiicola (LAPAq), Departamento de Pesca e Aqiiicultura (DEPAQ),
Universidade Federal Rural de Pernambuco. Rua Dom Manuel de Medeiros, s/n, Dois Irmaos, 52171-900,

Recife, Pernambuco, Brazil.

Abstract

This study investigated the effect of molasses addition in different C:N ratios on the
water quality, microbial activity and Litopenaeus vannamei semi-intensive production, in
experimental culture tanks with no water exchange. Four treatments and three replicates were
adopted, where three treatments with daily molasses addition in 10, 20 and 30:1 C:N ratios,
and one control with no carbon source addition. Twelve 500 L fiber glass tanks stocked with
25 shrimps.m™ (1.90£0.37 g) were used. Commercial shrimp pelleted ration (35% crude
protein) was offered in feeding trays at 08:00 and 16:00. Phytoplankton, bacteria and water
samples were collected fortnightly during the culture. The C:N ratios 30 and 20:1 showed
lower (P<0.05) oxygen dissolved levels that is related with the major organic carbon supply in
these ratios. Molasses addition resulted in lower (P<0.05) nitrogenous compounds levels, as
nitrite and nitrate, as well in reduced cyanobacteria densities in 20 and 30:1 C:N ratios. No
significant differences (P>0.05) were found in Vibrio spp, autotrophic and heterotrophic
bacterial densities. Shrimp final weight and weight gain in high C:N ratios (20 and 30:1) were
higher (P<0.05) than the others treatments. Specific growth rate was high in all treatments
(2.53 t0 2.69 % day™), and the 20:1 ratio was higher than the control. Yield values ranged
from 267.4 to 301.0 g m™ with no significant difference (P>0.05) among the treatments. This
study showed that the molasses can be used as carbon source in order to increase C:N ratio,
improving the water quality and the L. vannamei culture performance with no water
exchange.

Keywords: molasses, C:N ratio, shrimp culture, heterotrophic bacteria, water quality,

Litopenaeus vannamei.
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1 Introduction

Shrimp farming is an important industry in tropical and subtropical areas around the
world. The accelerated expansion of this activity, diseases outbreaks in addition to the direct
discharge of waste nutrients from shrimp farms into adjacent waters have raised global
concerns of environmental groups concerning the sustainability of shrimp farming (Naylor et
al., 2000; Burford et al., 2003; Hari et al., 2006).

Discharges of untreated pond effluents represents an economic loss of costly nutrients,
thereby reducing farm profitability (Smith et al.,, 2002). The development of managing
strategies to reduce nutrient wastes in ponds appears as a key point toward the success of the
activity (Jackson et al., 2003; Casillas-Hernandez et al., 2006).

In conventional culture systems, only about 20 to 30% of the carbon, nitrogen and
phosphorus in feeds are assimilated by shrimp (Chamberlain et al., 2001; Jackson et al., 2003;
Thakur e Lin, 2003; Avnimelech, 2006). The remainder is dispersed in the pond as uneaten
food, shrimp faeces or others excreted metabolic residues (Nunes e Parsons, 1998; Tookwinas
e Songsangjinda, 1999).

The shrimp farm effluents contain living and dead particulate organic matter,
dissolved organic matter, ammonia, nitrite, nitrate, phosphate, suspended soil particles and
other substances that can be considered potential pollutants (Hargreaves, 1998; Paes-Osuna,
2001).

One of the major quality problems in intensive aquaculture systems is the
accumulation of toxic inorganic nitrogen species in the water (Avnimelech, 1999). Aquatic
animals, such as fish and shrimp, excrete ammonia, which may accumulate in the pond. Even
in low levels, ammonia and nitrite (NH3; and NO,") are highly toxic for shrimps and therefore
should be removed from the water (Chien, 1992; Boyd e Tucker, 1998; Gross et al., 2003).

The microbial community plays an important role in the nutrient dynamics of
aquaculture systems production (Moriarty, 1997; Montoya e Velasco, 2000; Browdy et al.,
2001; McGraw, 2002). Nitrification, denitrification, photosynthesis, mineralization or
heterotrophic bacterial re-growth can be used to reduce ammonia levels in the conventional
ponds (Brune et al., 2003).

Recent studies in shrimp ponds have demonstrated satisfactory results in terms of
production and efficiency nitrogen retention, through the addition of organic carbon sources
(sugar, molasses, etc.) and maintenance of a constant system of mixing and aeration, for
stimulate the development of heterotrophic bacteria (Avnimelech, 1999; McIntosh, 1999; Hari
et al., 2004; Erler et al., 2005).
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Heterotrophic systems reduce the risk of introduction and spread of diseases,
inhibiting the growth of potentially pathogenic bacteria, as Vibrio spp, besides
complementing the natural productivity within ponds (Mclntosh et al. 2000; Browdy et al.,
2001; Moss et al., 2001; Wasielesky et al., 2006).

Molasses is a by-product of the sugar refinery process (Najafpour and Shan, 2003) and
can be used in marine shrimp pond preparation (Talavera et al., 1998), acting as an alternative
carbon source for aquaculture (Schneider et al., 2006; Samocha et al., 2007). It also contains
miner al elements and vitamins that can be used to improve bacterial growth (Squio and
Aragio, 2004).

The ability to control inorganic nitrogen concentrations through the manipulation of the
relationship between organic carbon and inorganic nitrogen (C:N) and it has been used
frequently to indicate the quality of the organic substrate in ponds (Avnimelech, 1999). The
importance of pond C:N ratio is due to the fact that the deficiency of any nutrient demanded
by heterotrophic bacteria can limit the decomposition rate of the organic matter, the
development and the formation of bacterial floc that are used as food by the shrimps.

To improve the flocs production, and consequently, the retention of the nutrients in the
bacterial biomass, Burford et al. (2003) inform that the C:N ratio should be located above
10:1. Schneider et al. (2005) suggest that the C:N ratio requested in the substrate is of
approximately 15 g C/g N. Wasielesky et al. (2006) affirm that the ideal C:N ratio for
formation of the microbial flocs, with prevalence of heterotrophic bacteria, is between 14 and
30:1. However, balanced mixtures of carbon and nitrogen are more easily assimilated in 20:1
ratio (Chamberlain et al., 2001).

In the present study the effects of molasses in different C:N ratios on the water quality,
microbial activity and production of the Pacific white shrimp, Litopenaeus vannamei (Boone,

1931), in experimental culture tanks with no water exchange were investigated..

2 Materials and methods

2.1 Site and experimental conditions

The experimental culture was carried out at Aquacultural Station of Universidade
Federal Rural de Pernambuco, Recife, PE, during 70 days using twelve 0.5m* fiber glass
circular tanks, supplied with continuous aeration. Bottom tanks were recovered by a Scm

estuarine sediment layer previously treated with lime (100 g m™) and the tanks were filled
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with 400L salt water (30%o0). Weekly water replacements were used to compensate

evaporation losses.

Tanks were fertilized only before shrimp stocking, using monoammonium phosphate —
MAP (11% N and 44% P,0s), calcium nitrate (15% N) and sodium silicate (30% SiO»), to
reach concentrations of 3-4 mg L™ nitrogen, 0.15-0.20 mg L' phosphorous and 1-2 mg L'
silictum.

An entirely randomized design was adopted, consisting in molasses addition to reach
C:N ratios of 10, 20 and 30:1 (RM;, RM;y and RM3, respectively), and a control treatment

(CTL) without molasses addition. All treatments were done in triplicate.

2.2 Molasses addition

The amount of molasses added to the culture tanks was calculated basing on
carbon:nitrogen ratios (C/N) established, in the feed nitrogen quantity converted into

ammonia (AN) and in the molasses carbon content (%C), according to Eq. 1:
Dwotasses = [AN x (C/N)] x %C™ (1)

It can be assumed that the ammonia flux into water, directly by excretion or indirectly
by microbial degradation of the organic N residues, is roughly 50% of the feed nitrogen flux

(Avnimelech, 1999):

AN = Qreed X %Nreed X %0NExcretion (2)
where, Qreeq is the daily feed quantity supplied and %Ngeq is the feed nitrogen input (%Crude
Protein x 6.25™).

The molasses quantity to be added in each experimental unit to attend the required

C:N ratios in treatments was calculated using Egs. (1) e (2):

Anolasses = [(Qreed X YNFeed X Y0NEscretion) X (C/N)] x %C™ 3)
Molasses used contained 25% of carbon in relation to raw material. Thus, assuming
35% protein feed pellets (5.6% N) and that 50% of the feed nitrogen are excreted (%oNegxcretion),

we get:

AMQ|asses = [(QFeed X 0056 X 05) X (C/N)] X 0.25-1 = QFeed X 0112 X (C/N) (4)

The described equations were adapted from the studies accomplished by Avnimelech
(1999), Hari et al. (2004, 2006) and Ebeling et al. (2006). Molasses was added at noon daily

to the cultivation tanks, diluted in water and spread in the experimental units.
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2.3 Animals, feed management and production evaluation

Twenty L. vannamei shrimps (1.90+0.37 g) were randomly stocked per tank (~25
shrimpssm™) and submitted to fortnightly measurements. Shrimps were fed a commercial diet
(Camaronina35™, 35%-crude protein, Agribrands Purina do Brasil), offered ad libitum in
feeding trays twice a day (8 and 16 hrs.). The uneaten feed was daily collected and stored
under refrigeration to posterior dry weight quantifying. Shrimp production performance was
evaluated through final weight (Wf), weight gain (WG), survival (§%), final biomass (Bf),
biomass gain (BG), consumed feed (Creq), specific growth rate (SGR), feed conversion ratio

(FCR), protein efficiency ratio (PER) and shrimp yield (Y).

2.4 Water quality analysis

Water temperature, dissolved oxygen (YSI Incorporation, YSI-550A oxymeter) and
pH (Homis, 1002PH digital pHmeter) were daily measured (7 and 16 hrs), while Secchi
transparence and salinity (Atago, S—10E refractometer) were weekly measured. Fortnightly
water samples were collected to nitrite (Bendochneider and Robinson (1952) apud Golterman
et al., 1978), nitrate (Mackereth et al., 1978), total ammonia (Koroleff, 1976), alkalinity
(Feltody et al., 1987), a-chlorophyll (Nusch, 1988), silicate (Golterman et al., 1978), total
phosphorous, inorganic phosphate, total suspended solids (TSS) and chemical oxygen demand
(COD) determinations, according to APHA (1995). At the ending of experiment, it was also
determinate organic matter level in sediment (EMBRAPA, 1997) and 5-days biochemical
oxygen demand (cBODs) (APHA, 1995).

2.5 Bacteriological and phytoplankton analysis

Water samples to phytoplankton analysis were taken every two weeks. Two-litters
samples were filtered on plankton net (25um) and concentrated in 100 mL, to which was
added 4% of 1%-borax neutralized formaldehyde for organisms preservation. The
phytoplankton qualitative and quantitative (cells.mL™") analysis were done through Newell
and Newell (1963) direct counting method, using 1-mL of sub samples and optical
microscope.

Fortnightly water samples were taken for autotrophic, heterotrophic and Vibrio spp.
population density (CFU mL™) evaluation. Autotrophic and heterotrophic bacteria were
counted by depth and surface sowing techniques (respectively), according to Oliveira (2003).

Vibrio were analyzed according to Silva (1997) and identified according to FDA (1998).
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2.6 Statistical analysis of results

A one-way analysis of variance (ANOVA) was used to evaluate the effects of
molasses addition in different C:N ratios, complemented by Duncan’s test at 5% probability
level. Survival and phytoplankton and bacteria population density data were arcsen x’° and
log x transformed, respectively. When variance heterogeneity persisted, the Friedman non-
parametric analysis of variance was applied.

The statistical analysis agrees with Zar (1996) and Mendes (1999). Calculation was
helped by STATISTICA v. 6.0 and SysEAPRO v. 1.0.

3 Results and Discussion

3.1 Water Quality

Water quality and sediment data are synthesized in Table 1. It was not observed

significant difference (P>0.05) on water temperature, salinity and pH among treatments.

During the experimental period, the mean water temperature was 28.3+1.45 °C,
ranging from 25.2 to 31.8°C. The temperature amplitude observed was near to ideal for L.

vannamei of 22 — 32°C (Pillay, 1990) or 26 — 33°C (Nunes, 2002).

The minimal (24%0) and maximum (35%o) salinities indicates a slight high variation.
However, the mean salinity (28.3+2.52%0) was adequate for culture of this species. Being a
euryhaline species, L. vannamei support a high salinity variation (0 to 50%o), but the ideal
salinity for culture is 15 — 25%0 (Arana, 2004; Li et al., 2007). According to LeMoullac
(2000), the salinity has relatively little effect on metabolic rate of euryhaline shrimps, what
indicate a low energy requirement to osmotic regulation. In low salinities, L. vannamei is
more sensitive to ammonium (Lin and Chen, 2001) and utilize protein as amino acids source

to keep osmotic pressure and growth (Rosas et al., 2001).

The mean pH was 8.1+0.15 among treatments, ranging of 7.14 to 8.73. The ideal pH
for shrimp culture varies from 6 to 9 (Boyd, 2001) or 7.5 to 8.5 (Chien, 1992). pH values
below 7 damages L. vannamei growth in heterotrophic system (Wasielesky et al., 2006) and
above 9 induces water quality alterations, increasing alkalinity and ammonium toxicity

(Avault Ir., 1996).

The reduced pH fluctuation can be attributed to adequate alkalinity levels (>100 mg

CaCO; L), what means an excellent capacity of acid-basic equilibrium in the culture water.
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According to Wasielesky et al. (2006), alkalinity helps to maintain pH, besides be an
important calcium source for shrimp ecdysis. In aquaculture, the alkalinity should not be
inferior to 20 mg CaCO; L' due to phosphorous insolubility (Wurts, 2002); should be
between 75 and 150 mg CaCOs L™ for shrimps (Boyd, 2001), and between 100 and 140 mg
CaCO; L™ for L. vannamei, specifically (Clifford, 1994). The alkalinity levels were slightly
increased throughout culture (Figure 1A), and significantly (P<0.05) affected by molasses
addition on C:N ratios used (Table 1).

The concentration of total suspended solids (TSS) (0.128 to 0.152 g L) varied
similarly among treatments throughout culture (Figure 1B), and it was not influenced
(P>0.05) by molasses addition. However, the concentration of a-chlorophyll were strongly
influenced (P<0.05) by molasses addition, responding inversely to C:N ratios, with lower
concentrations in RM3zo (0.162 mg L) and RMa, (0.286 mg L") (Figure 1C). Probably the
heterotrophic tendency observed in treatments RMjy and RM;y should have inhibit the
autotrophic development and consequently reduced the a-chlorophyll levels. According to
Boyd (2001), productive ponds frequently show a-chlorophyll concentrations from 0.05 to 0.2
mg L. Clifford (1994) reported that adequate a-chlorophyll and TSS levels to L. vannamei
ranging from 0.05 to 0.075 mg L™ and 0.05 to 0.15 g L™, respectively. Erler et al. (2005) and
Hari et al. (2006) did not observe statistical difference in a-chlorophyll due to organic carbon
sources addition. The mean concentration of a-chlorophyll in tanks (Table 1) was superior to
that obtained by Matias et al. (2002) (0.09 to 0.12 mg.L™") and compatible to Burford et al.
(2003) (0.13 to 0.44 mg.L™).

Based on Secchi disk data, it was observed statistical difference (P<0.05) among
treatments related to water visibility. The mean visibility varied from 13.27 to 16.03 cm, with
lower values in CTL and RMj,, when related to RMj,. Correlating visibility with o-
chlorophyll and TSS concentrations, it was observed that visibility values were mainly

elapsed to a-chlorophyll concentration, due to equality in TSS among treatments.

The mean concentrations of dissolved oxygen (OD) were maintained above 4.0 mg L™
what, according to Chien (1992) and Boyd (1997), could be considerate adequate to shrimp
culture. The reduced amplitude (~3.6 mg O, L) observed in experimental tanks results of
constant aeration system, which differ values for production ponds reported by Tookwinas
and Songsangjinda (1999) (~10 mg O, L") and Matias et al. (2002) (~9 mg O, L"). However,

it was statistical difference (P<0.05) among treatments, where RM3, and RM;( showed the
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lowest OD levels (4.64 and 4.76 mg L™, respectively), what could be related to bigger organic

carbon supply in these treatments.

Table 1. Physicochemical water quality variables and organic matter on sediment in Litopenaeus vannamei
experimental tanks, over a 70-day semi-intensive culture (~25 shrimps m?) with daily sugar cane molasses

addition in different carbon:nitrogen ratios [C/N] and no water exchange.

Parameter Treatment*
CTL RMyg RMy RMz,

Temperature (°C)* 284%+£ 143  28.0°:139  285°+148  28.4%°+148
pH* 8.2%+0.19 8.1+ 0.14 8.0%+0.14 8.0%+0.14
Dissolved Oxygen (mg L™)* 497°+£0.78  4.99*+0.81 476°+0.8 4.64° +0.81
Salinity (%o0)® 27.9%+£262  284%°+£243  292%°:£238  27.9%+2.66
Secchi Disk Visibility (cm)® 1327°+3.93 1457 +455 1337°+3.54  16.03*+3.65
Total Ammonia Nitrogen — TAN (mg L™)¢  0.102*+£0.18  0.250*+0.27  0.152*+0.15  0.289°+0.23
Nitrite-N (mg L™)° 0.037%£0.035  0.035%+0.034  0.001°+0.002  0.007°+0.019
Nitrate-N (mg L™)¢ 0.884%+0.66 0.456°+0.55  0.048°+0.10  0.180° +0.42
Total phosphorus (mg L™)¢ 0.454%+0.17 0.474*+0.17 0397 +0.11 0.335°+0.13
Inorganic phosphate (mg L™)° 0.006°£0.006  0.007°%:0.006  0.002°+£0.002  0.004%°+0.003
Alkalinity (mg CaCO; L™)° 143.4°+215  163.1%+31.3 157.7%+313  178.9%+42.1
Chlorophyll-a (mg L™)¢ 0335+ 023 0318%+024 0286®+026 0.162°+0.13
Silicate (mg L™)© 0334+ 0.25 0.343*+029 0.265%+0.15 0.315°+0.24

Total Suspended Solids — TSS (g L™)®

0.146*+0.067

0.128%£0.055

0.143%£0.064

0.152%+£0.086

COD (mg 0, L™)® 1,123°+£333.8  1,200°+£257.5 1,177°+£267.3 1,175+ 344.0
¢BODs (mg 0, L)° 132.7°+118.7 1673 +44.1 282.0°+10.4 2213 +53.7
Organic Matter (sediment) (g kg™)" 4777 +£2.0 5.06% +0.95 4.54%+1.15 7.01%+0.98

25 in the same line denote significant

*Values are given as averages + standard deviation. Different superscript letters (
difference (P<0.05) between the treatments by Duncan’s test. “®“Daily, Weekly and Fortnightly measured parameter,
respectively. PMeasured parameters at the end of the culture. cDBOs — 5-day Carbonaceous Biochemical Oxygen Demand
and COD — Chemical Oxygen Demand CTL (control): with no molasses addition; RM;,, RM,, and RM3y: C/N ratios in 10,

20 and 30:1, respectively.

The molasses addition in different C:N ratios significantly interfered (P<0.05) on 5-
days biochemical oxygen demand (cBODs), ranging from 132.6 to 282 mg O, L™ among
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treatments. The highest cBODs levels were observed in 20:1 and 30:1 C:N ratios, what
corroborate with OD concentrations verified in these treatments. It was observed a small
elevation on Chemical Oxygen Demand (COD) throughout culture in all treatments (Figure
1D). The mean COD was 1,168.7+298.0 mg O, L', without statistical difference (P>0.05)
among treatments. The cBODs and COD values registered during experimental period were
superior to that reported by Hari et al. (2004): 1.6 to 2.0 mg O, L™ and 384.5 to 386.0 mg O,
L', respectively. Matias et al. (2002), using probiotics and molasses in Penaeus monodon
culture, reported 16.54 to 22.3 mg O, L™ for cBODs and 852.2 to 870.3 mg O, L™ for COD,
and Samocha et al. (2007), rearing L. vannamei using different molasses quantities and 30%-
CP feed, did not observe significant difference in ¢BODs (7.4 to 9.7 mg O, L") and COD
(1,359 to 1,495 mg O, L™).

The molasses addition reduced (P<0.05) nitrite and nitrate concentrations throughout
culture (Figures 1E and 1F). The molasses acted in opposite way to C:N ratio; for higher
ratios (RMjp and RM3) it was observed lower concentrations of these nitrogen compounds.
The mean nitrite and nitrate concentrations ranging from 0.007 to 0.037 mg L™ and 0.05 to
0.88 mg L', respectively. The total ammonia nitrogen — TAN (NH; + NH;") was in
undetectable levels until 28" culture day and it varied in a so similar way among treatments
(Figure 1G). Analyzing mean TAN concentrations, it was not observed significant difference
(P>0.05) due to molasses addition in different C:N ratios. However, at the end of culture,
RM, showed the lowest TAN concentration (0.01 mg L™), which statistically differ (P<0.05)
of RMj( (0.52 mg L™). Barbieri and Ostrensky (2002) recommend nitrite concentration below
of 0.5 mg L™, nitrate between 0.4 and 0.8 mg L' and TAN between 0.1 and 1.0 mg L. Chien
(1992) indicate maximum of 0.1 and 1.0 mg L' for unionized ammonia (NH3) and nitrite,
respectively.

The evolution of others chemical water quality parameters (total phosphorous,
inorganic phosphate and silicate) is showed in Figures 1H, 1I and 1J. Total phosphorous
(0.335 to 0.474 mg L) and inorganic phosphate (0.002 to 0.007 mg L) statistically differed
(P<0.05) among treatments, with lowest concentrations in 20:1 and 30:1 C:N ratios. The
molasses addition in different C:N ratios did not interfere (P>0.05) in silicate levels
(0.314+0.23 mg L ™). The sediment organic matter ranged from 4.54 to 7.01 g kg™'. The RMs,
treatment showed the highest organic matter level, but without significant difference (P>0.05)

among treatments.
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Figure 1. The effects of sugar cane molasses addition in different C/N ratios on the water quality parameters

alkalinity (A), total suspended solids — TSS (B), chlorophyll-a (C), chemical oxygen demand — COD (D), nitrite—

N (E), nitrate-N (F), total ammonia nitrogen — TAN (G), total phosphorus (H), inorganic phosphate (I) and

silicate (), over a 70-day Litopenaeus vannamei semi-intensive culture (~25 shrimps m™) in experimental tanks

with no water exchange. CTL (control): with no molasses addition; RM;y, RM,, and RM3y: C/N ratios in 10, 20

and 30:1, respectively.
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3.2 Phytoplankton and bacteria

The mean phytoplankton density in CTL, RM;y, RMjy and RMj3( treatments was
1,109, 1,036, 330 and 239 cell.mL'l, respectively, without significant difference (P>0.05)
among them. In general, the phytoplankton was represented by Bacillariophyceae (diatoms),
Chlorophyceae (chlorophyceans), Cyanophyceae (cyanobacteria) and Dinophyceae
(dinoflagellates) (Table 2 and Figure 2).

Bacillariophyceae class predominated (P<0.05) in higher C:N ratios (RM,y and RM3y),
corresponding to 79 and 75%, respectively, of phytoplanktonic organisms. For lower C:N
ratios (RM;y and CTL), the predominant organisms (P<0.05) were Cyanophyceae, with 81
and 80%, respectively. Chlorophyceae (~7.5%) and Dinophyceae (<1.0%) classes had few

representation in all treatments.

Table 2. Phytoplankton and bacterial densities in Litopenaeus vannamei experimental culture tanks with daily

sugar cane molasses addition in different C/N ratios and no water exchange.

Organism

Treatments*

CTL

RMyo

RMzo

RMzo

Phytoplankton (cells mL™)
177.0+325.5

128.5% £ 249.7

260.3%+325.0

180.4% £ 187.1

Diatoms
(6.75-1,343) (4.75-1,067) (0.0-1,117) (6.50-603.5)
38.158+71.6 63.0*+ 133.8 28.222+439 28.17°+ 34.6
Chlorophyceans
(0.50-301.8) (0.0-575.8) (0.0-183.3) (0.0-108.8)
, 892.8°+1,302.3 841.6°+1,681.6 40.7°+112.7 30.7° + 65.6
Cyanobacteria
(0.50-4,089) (1.50-6,556) (0.0-475.0) (0.75-252.0)
. 0.85%+3.18 2.68%+£10.26 0.47°+£0.94 0.14%+0.27
Dinoflagellates
(0.00-13.5) (0.00-43.75) (0.0-3.0) (0.00-0.75)
Bacteria (CFU)
o 5 | 1.51+£3.14 1.47°+3.96 1.09% £ 2.86 1.13%£2.05
Vibrio spp. (x 10°mL"™)
(0.0-11.0) (0.0-16.0) (0.0-12.0) (0.0-7.1)
s ) 174.9% + 434.8 440.6% + 858.7 70,32+ 125.5 170.9% + 371.1
HET (x 10° mL™)
(0.003-1,800)  (0.003-2,900)  (0.001-400.0)  (0.003—1,500)
. . 2.08%+3.93 8.76% +28.07 4.15%+5.15 1.60*+2.37
AUTO (x 10*mL™)
(0.0-12.0) (0.0-120.0) (0,0-16.0) (0.0-8.5)

*Values are given as averages = standard deviation, minimum and maximum in parenthesis. Different superscript letters (**°)

in the same line denote significant difference (P<0.05) between the treatments by Duncan’s test. CFU — Colony Forming
Units. AUTO — Autotrophic Bacteria and HET — Heterotrophic Bacteria. CTL (control): with no molasses addition; RM;,
RM, and RMj3,: C/N ratios in 10, 20 and 30:1, respectively.
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density of autotrophic bacteria ranging from 1.60 to 8.76 CFU x 10* mL™, while the
heterotrophic one ranging from 70.3 to 440.6 CFU x 10° mL™" (Table 2). The heterotrophic
bacteria density was superior (P<0.05) than autotrophic one. According to Ebeling et al.
(2006), heterotrophic bacteria use organic carbon sources more efficiently and grow up
fivefold faster than autotrophic bacteria.

The heterotrophic and autotrophic bacteria development happened in an analogous
way among treatments, showing slow growth until 42™® day, with maximum densities below
to 25.0 CFU x 10° mL" and 5.0 CFU x 10* mL™", respectively (Figures 3A and 3B).
Concomitantly, TAN concentrations were in non-detectable levels (Figure 1G). The reduction
on TAN and nitrite levels, observed at 56™ culture day, is directly related to significant
enhance in bacterial densities in this period (Figure 1 and Figure 3). The TAN was mobilized
to new bacterial cells synthesis (Hari et al., 2004) and the nitrite has harmful action on
bacteria.

According to Mendes et al. (2005), Vibrio are the most important bacteria in shrimp
culture and physiologically are presented in shrimp midgut; however, when in imbalance,
could cause diseases with high mortality. The Vibrio mean density ranged from 1.09+2.86 to
1.51+3.14 CFU x 10> mL"' and, even without statistical difference (P>0.05) among
treatments, the lower values were observed in higher C:N ratios (RMjy and RM3) (Table 2).
Along culture, it was identified six Vibrio specie: Vibrio carchariae, V. proteolyticus, V.
fluvialis, V. alginolyticus, V. metchnikovii and V. nereis.

The Vibrio development was so irregular in CTL, RM;, and RM,y, showing two
density peaks along culture (14th and 42™ days) (Figure 3C). It demonstrates an apparent
correlation with phytoplankton development (Figure 2), once algal bloom exactly occurred
between Vibrio density peaks (28" day).

The process of community succession occurs over time within shrimp ponds in
response to the increasing organic load and maturity of the ecosystem (Chamberlain et al.,
2001). Analyzing density data (Table 2) and phytoplanktonic and bacterial communities
evolution along culture (Figures 2 and 3), can be observed that, at the end of culture, the
environment tended to favour heterotrophic bacteria. However, in the experimental tanks was
not observed a real heterotrophic system. According to Burford et al. (2003), to characterize a

heterotrophic system, the carbon supply should exceed primary production.
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and RMy, was higher (P<0.05) than CTL (2.53 % day™). Hari et al. (2006) observed higher
shrimps SGR and weight gain in extensive ponds with carbohydrate addition.

Shrimps final weight was significantly higher (P<0.05) in high C:N ratios (20:1 and
30:1) treatments, resulting in different (P<0.05) weight gain in these treatments during the
culture. Final mean weights of CTL, RM;y, RMy, and RM3, treatments were 11.56, 11.66,
12.25 and 12.27 g, respectively. Relating to final biomass and biomass gain, it was not
observed significant difference (P>0.05) among treatments. The shrimp biomass ranged from

213.9 to 240.8 g, with mean gain of 189.7+16.2 g related to initial biomass (Table 3).

Table 3. Yield performance of Pacific white shrimp Litopenaeus vannamei over a 70-day semi-intensive culture
(~25 shrimps m™) in zero water exchange experimental tanks with daily sugar cane molasses addition in

different carbon: nitrogen ratios [C/N].

Yield variables Treatment™
CTL RMyq RMy RM3o

Initial weight [Wi] (g) 1.97%+0.36 1.85%+0.38 1.86£035  1.92%+0.38
Final weight [Wf] (g) 11.56°+£1.50  11.66®°+1.48 1225%+149 1227°+1.61
Weight gain [WG] (g) 9.59°+0.14 9.82%+0.57  1039%+£022 10.35°+0.23
Survival (S%) 100.0% + 0.0 91.72+ 7.6 98.3%+2.9 91.7+ 7.6
Final biomass [Bf] (g) 231.2%+32 213.9%+22.8 240.8*+59  224.7°+15.1
Biomass gain [BG] (g) 191.72+£2.8 177.0% £ 25.1 203.6°+£5.7 186.4%+14.9
SGR (% dia™) 2.53°+0.06 2.63%+0.13 2.69°+£0.02  2.65%+0.03
FCR 1.35%+0.12 1.45%+0.10 1.412£0.07  151°+0.14
PER 1.90%+0.16 1.76*+0.12 1.812°£0.09  1.70°+0.16
Shrimp yield [Y] (g m?) 289.0°+4.0  267.4°+285  301.0°+73  280.9°+18.9

*Values are given as averages + standard deviation. Different superscript letters in the same line denote significant difference
(P<0.05) between the treatments by Duncan’s Test. WG = Wf — Wi; S%= 100 x (N x n™"), n — initial shrimp number per tank
and N — final shrimp number per tank; BG = Bf — (Wi x n); SGR = 100 x (In Wf — In Wi) x T"', SGR — Specific Growth Rate
and T — culture period at days (70 days); FCR = Cgeeq X BG™!, FCR - Feed Conversion Ratio; PER = BG X (Cfeeq x CP) ™! and
[Cteeq] — Consumed Feed (dry matter), PER — Protein Efficiency Ratio and CP — crude protein in dry matter feed, Y = Bf x A
! A — Bottom area of culture tank 0.8 m2). CTL (control): with no molasses addition; RM3, RM,, and RM3,: C/N ratios in
10, 20 and 30:1, respectively.

The mean FCR was 1.35, 1.45, 1.41 and 1.51 for CTL, RM;9, RMjo and RMsg
respectively, without statistic differences (P>0.05) among them. According to Barbieri and

Ostrensky (2002), FCR values between 0.9 and 1.5 are satisfactory, and could vary in
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function of the stocking density. Boyd (1997) reports that shrimps farms generally obtain
FCR between 2.0 and 2.4. The PER ranged from 1.70 to 1.90 and it was not significantly
influenced (P>0.05) by molasses addition.

In this work, shrimp yield values did not show significant difference (P>0.05), ranging
from 267.4 to 301.0 g m™ among treatments. Hari et al. (2006), testing carbohydrate addition
(tapioca flour) in extensive Penaeus monodon culture, obtained production of 160 g m?, FCR
of 1.1 and PER of 3.6. Martinez-Cordova et al. (2003) obtained shrimp yield ranging from
219.17 to 261.50 g m™, in 112-days period, stocking density of 16.6 shrimps m™ and without
aeration. McIntosh et al. (2001), using aeration and stocking density of 40 shrimps m?,
obtained values of 441 and 540 g m™ in a 94-days period.

Erler et al. (2005) demonstrated that carbon addition in molasses way could improve
growth and FCR of P. monodon in no water exchange culture system. Samocha et al. (2007),
rearing L. vannamei in limited water exchange tanks, did not observe significant effect on
water quality and shrimp performance, when fed low protein diet and different molasses

addition levels.

4 Conclusion

This study demonstrated that sugar cane molasses can be used as a carbon source to
adjust carbon:nitrogen ratios in shrimp culture with no water exchange. The C:N ratios in 20
and 30:1 showed a good efficiency in the water quality control, reducing the nitrogen
compounds levels (ammonia and nitrite) and inhibiting the development of undesirables
microorganisms in the culture, besides to improve Litopenaeus vannamei culture
performance. However production systems based on organic carbon source addition demand a

higher dissolved oxygen quantity and consequently requiring an adequate aeration system.
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5. CONCLUSOES

O melago de cana-de-acucar pode ser utilizado como fonte alternativa de carbono para
ajustar as relagdes Carbono:Nitrogénio no cultivo de camardo sem renovacdo de dgua. As
relagdes C:N 20 e 30:1 proporcionaram um melhor desempenho no cultivo do camarao
marinho Litopenaeus vannamei, demonstrando ser efetivas no controle da qualidade da agua,
reduzindo os niveis dos compostos nitrogenados (amoénia e nitrito) e inibindo o
desenvolvimento de microorganismos indesejaveis ao cultivo. No entanto, sistemas aqiiicolas
baseados no aporte de fontes orgédnicas de carbono demandam uma maior quantidade de

oxigénio dissolvido e, portanto, necessitam de um sistema de aeragao bastante eficiente.
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Colour illustrations

Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS Office
files) and with the correct resolution. If, together with your accepted article, you submit
usable colour figures, then Elsevier will ensure, at no additional charge that these figures will
appear in colour on the Web (e.g., ScienceDirect and other sites) regardless of whether or not
these illustrations are reproduced in colour in the printed version. For colour reproduction in
print, you will receive information regarding the costs from Elsevier after receipt of your
accepted article. Please indicate your preference for colour in print or on the Web only. For
further information on the preparation of electronic artwork, please see
r+http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting colour figures
to "grey scale" (for the printed version should you not opt for colour in print) please submit in
addition usable black and white versions of all the colour illustrations. As only one figure
caption may be used for both colour and black and white versions of figures, please ensure
that the figure captions are meaningful for both versions, if applicable.

References

1. All publications cited in the text should be presented in a list of references following the
text of the manuscript. The manuscript should be carefully checked to ensure that the spelling
of author's names and dates are exactly the same in the text as in the reference list.

2. In the text refer to the author's name (without initial) and year of publication, followed - if
necessary - by a short reference to appropriate pages. Examples: "Since Peterson (1993) has
shown that..." "This is in agreement with results obtained later (Kramer, 1994, pp. 12-16)".

3. If reference is made in the text to a publication written by more than two authors the name
of the first author should be used followed by "et al.". This indication, however, should never
be used in the list of references. In this list names of first author and all co-authors should be
mentioned.

4. References cited together in the text should be arranged chronologically. The list of
references should be arranged alphabetically by authors' names, and chronologically per
author. If an author's name in the list is also mentioned with co-authors the following order
should be used: publications of the single author, arranged according to publication dates -
publications of the same author with one co-author - publications of the author with more than
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1994b, etc.
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Biol. Ecol. 171, 251-258.
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rrhttp://www.issn.org/Istwa.html.

7. In the case of publications in any language other than English, the original title is to be
retained. However, the titles of publications in non-Latin alphabets should be transliterated,
and a notation such as "(in Russian)" or "(in Greek, with English abstract)" should be added.
8. Papers accepted for publication but not yet published should be referred to as "in press".

9. References concerning unpublished data and "personal communications" should not be
cited in the reference list but may be mentioned in the text.

Use of the Digital Object Identifier

The digital object identifier (DOI) may be used to cite and link to electronic documents. The
DOI consists of a unique alpha-numeric character string which is assigned to a document by
the publisher upon the initial electronic publication. The assigned DOI never changes.
Therefore, it is an ideal medium for citing a document, particularly "Articles in press" because
they have not yet received their full bibliographic information. The correct format for citing a
DOI is shown as follows (example taken from a document in the journal Physics Letters B):
doi:10.1016/j.physletb.2003.10.071

When you use the DOI to create URL hyperlinks to documents on the web, they are
guaranteed never to change. However, please check the DOI very carefully as an error in a
letter or number will result in a dead link.

GenBank/DNA sequence linking

DNA sequences and GenBank Accession numbers. Many Elsevier journals cite "gene
accession numbers" in their running text and footnotes. Gene accession numbers refer to
genes or DNA sequences about which further information can be found in the databases at the
National Center for Biotechnical Information (NCBI) at the National Library of Medicine.
Authors are encouraged to check accession numbers used very carefully. An error in a letter
or number can result in a dead link. Note that in the final version of the electronic copy, the
accession number text will be linked to the appropriate source in the NCBI databases enabling
readers to go directly to that source from the article.

Example 1: "GenBank accession nos. A1631510, A1631511, A1632198, and BF223228), a B-
cell tumor from a chronic lymphatic leukemia (GenBank accession no. BE675048), and a T-
cell lymphoma (GenBank accession no. AA361117)".

Authors are encouraged to check accession numbers used very carefully. An error in a letter
or number can result in a dead link.

In the final version of the printed article, the accession number text will not appear bold or
underlined (see Example 2 below).

Example 2: "GenBank accession nos. A1631510, AI631511, AI632198, and BF223228), a B-
cell tumor from a chronic lymphatic leukemia (GenBank accession no. BE675048), and a T-
cell lymphoma (GenBank accession no. AA361117)".
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In the final version of the electronic copy, the accession number text will be linked to the
appropriate source in the NCBI databases enabling readers to go directly to that source from
the article (see Example 3 below).

Example 3: "GenBank accession nos. A1631510, AI631511, Al632198, and BF223228), a B-
cell tumor from a chronic lymphatic leukemia (GenBank accession no. BE675048), and a T-
cell lymphoma (GenBank accession no. AA361117)".

Nomenclature

1. Authors and editors are, by general agreement, obliged to accept the rules governing
biological nomenclature, as laid down in the International Code of Botanical Nomenclature,
the International Code of Nomenclature of Bacteria, and the International Code of Zoological
Nomenclature.

2. All biotica (crops, plants, insects, birds, mammals, etc.) should be identified by their
scientific names when the English term is first used, with the exception of common domestic
animals.

3. All biocides and other organic compounds must be identified by their Geneva names when
first used in the text. Active ingredients of all formulations should be likewise identified.

4. For chemical nomenclature, the conventions of the International Union of Pure and Applied
Chemistry and the official recommendations of the [UPAC IUB Combined Commission on
Biochemical Nomenclature should be followed.

Supplementary data

Preparation of supplementary data. Elsevier accepts electronic supplementary material to
support and enhance your scientific research. Supplementary files offer the author additional
possibilities to publish supporting applications, movies, animation sequences, high-resolution
images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products,
including ScienceDirect: m+http://www.sciencedirect.com. In order to ensure that your
submitted material is directly usable, please ensure that data is provided in one of our
recommended file formats. Authors should submit the material in electronic format together
with the article and supply a concise and descriptive caption for each file. For more detailed
instructions please visit our artwork instruction pages at
mhttp://www.elsevier.com/artworkinstructions.

After acceptance

Proofs

One set of page proofs in PDF format will be sent by e-mail to the corresponding author (if
we do not have an e-mail address then paper proofs will be sent by post). Elsevier now sends
PDF proofs which can be annotated; for this you will need to download Adobe Reader
version 7 available free from =+http://www.adobe.com/products/acrobat/readstep2.html.
Instructions on how to annotate PDF files will accompany the proofs. The exact system
requirements are given at the Adobe site:
rhttp://www.adobe.com/products/acrobat/acrrsystemreqs.html#70win.

If you do not wish to use the PDF annotations function, you may list the corrections
(including replies to the Query Form) and return to Elsevier in an e-mail. Please list your
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corrections quoting line number. If, for any reason, this is not possible, then mark the
corrections and any other comments (including replies to the Query Form) on a printout of
your proof and return by fax, or scan the pages and e-mail, or by post.

Please use this proof only for checking the typesetting, editing, completeness and correctness
of the text, tables and figures. Significant changes to the article as accepted for publication
will only be considered at this stage with permission from the Editor. We will do everything
possible to get your article published quickly and accurately. Therefore, it is important to
ensure that all of your corrections are sent back to us in one communication: please check
carefully before replying, as inclusion of any subsequent corrections cannot be guaranteed.
Proofreading is solely your responsibility. Note that Elsevier may proceed with the
publication of your article if no response is received.

Online Publication

Your article will appear on Elsevier's online journal database ScienceDirect as an "Article in
Press" within approximately 4-6 weeks of acceptance. Articles in Press for this journal can be
viewed at rehttp://www.sciencedirect.com/science/journal/00448486. An Article in Press
may be cited prior to its publication by means of its unique digital object identifier (DOI)
number, which does not change throughout the publication process.

Reprints

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail
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