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Resumo

A densidade de estocagem é amplamente reconhenita um fator critico em aquicultura,
uma vez que altas densidades representam uma ipbtmte de estresse crbnico. Este estudo
avaliou a resposta fisioldgica, desempenho zoatéomiqualidade de filé de juvenis de beijupira
(Rachycentron canadynsubmetidos a um estressor cronico, como altasidbketes, visando a
definicdo de condi¢des de criacdo que levem a mialldo bem estar animal e ao incremento da
produtividade e qualidade do produto final. Os egiforam testados por um periodo de 42 dias, em
gue juvenis de 46,32 + 0,22 g (média = erro padf@gm aleatoriamente distribuidos em trés
densidades (3,30 + 0,02; 6,67 + 0,03; 13,15 + @ 16", e em trés repeticbes. Os tratamentos
foram designados como baixa densidade (LD; 5 pemxgde), densidade média (MD; 10
peixe/tanque), e alta densidade (HD; 20 peixesf@ngespectivamente. As concentracoes de
cortisol e lactato e a osmolalidade do plasma daegundo foram afetadas pela densidade de
estocagem, e seus valores estavam de acordo cdaixas basais previamente relatados para
juvenis de beijupird. No entanto, o0 ganho de pesno taxa de crescimento especifico foram
significativamente maiores no grupo LD. A densidddesstocagem também influenciou o inicio e
o desenvolvimento do rigor mortis. Juvenis de Ip#ifu criados na alta densidade apresentaram
menor taxa de crescimento e qualidade de filé. é3altados sugerem que juvenis de beijupira
criados nas altas densidades foram capazes deaponto estresse ao nivel de composi¢cdo do
plasma. Contudo, energia da dieta e/ou reservasmo podem ter sido desviadas do crescimento
como resposta a alta demanda metabdlica causaolaegtebsse. Dessa forma, o presente estudo
sugere que juvenis de beijupird devem ser mantilosuma biomassa final de até 15 k&, m
aproximadamente para garantir maximo crescimentmethor qualidade do produto final.
Aparentemente, este estudo é o primeiro a aborddluancia de um estresse crénico na resposta
fisiologica e qualidade de filé de juvenis de h@ija. Os resultados podem fornecer informacgdes
para avancos na criacao dessa espécie, conduzimetharias no bem estar animal, na qualidade

do produto final e no aumento da produtividade.

Palavras-chave:Estresse crénico, rigor mortis, exsudacao, quadidie file.
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Abstract

Stocking density is recognized as a critical fagtoaquaculture, since high densities represent a
potential source of chronic stress. This study stigated the effects of a chronic stressor, such as
high stocking densities, on growth, physiologicasponses, and flesh quality of juvenile cobia
(Rachycentron canadyntested for a period of 42 days. The trial wasdumted in a recirculating
aguaculture system equipped with tanks of 70 Lsa@lobia of 46.32 £ 0.22 g (mean + SEM) were
randomly distributed into three stocking densi{i@s80 + 0.02; 6.67 + 0.03; 13.15 £ 0.16 g L-1),
and three replicates. Treatment groups were nolyiaabkigned as low density (LD; 5 fish/tank),
medium density (MD; 10 fish/tank), and high dengiD; 20 fish/tank), respectively. Plasma
concentrations of cortisol, osmolality and lactatere not affected by density levels, and values
were according with those reported as basal foenug cobia. However, growth rate were
influenced by density levels, in which weight gaind specific growth rate were significantly
higher in the LD group. Drip loss did not differ ang density groups. However, stocking density
influenced the onset and development of rigor mof@ur findings indicated that rearing juvenile
cobia at the high densities negatively affectedmgnorate and flesh quality. Results suggest that
juvenile cobia reared at the high densities wete tthcounteract stress. However, energy from the
diet and/or body reserves was diverted from graagtla response to the elevated metabolic demand
caused by stress. In this regard, juvenile cobaulshbe maintained at a final biomass up to
approximately 15 kg iito ensure a maximal growth rate and an improveal firoduct quality. To
our knowledge, this is the first report assessing influence of a chronic stressor on both
physiological responses and flesh quality parammetecobia. This may provide information to the
advancement of cobia aquaculture, leading to imgmnts in fish welfare, final product quality

and increased productivity.

Keywords: Chronic stress, rigor mortis, drip loss, fleshlgya
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SILVA, V. A. Resposta fisiologica de juvenis de beijupira...

1. Introducéo

Nas ultimas trés décadas, a aquicultura mundialaerasentado uma taxa de crescimento
anual de 8,8%, sendo a atividade que mais cresueedes setores de producdo animal (FAO,
2012a). Com o crescimento da industria, produt@@guem uma tendéncia de maximizar a
densidade de estocagem dos animais, visando o tumas niveis de producao. No entanto, altas
densidades de estocagem podem provocar estresgaotoetendo ndo apenas o crescimento, mas
também a reproducédo, imunidade e bem estar dosgpem cativeiro (ROWLAND et al., 2006;
OBA et al., 2009), refletindo negativamente na ptvidade e consequentemente na economia de
empreendimentos aquicolas.

O beijupira Rachycentron canadyng® uma espécie emergente no cenario da aquicultura
mundial, sendo apontado como um candidato a pissiaumarinha no Brasil (CAVALLI e
HAMILTON, 2009). Em 2010, a producdo mundial suped® mil toneladas (FAO, 2012b). Entre
0s principais paises produtores dessa espéciestacam a China e Taiwan. No Brasil, alguns
estados ja apresentam iniciativas de producao (QAVAt al., 2011; SAMPAIO et al., 2011). O
beijupira € comumente criado em duas fases. A jmanéerealizada no continente, com as etapas de
reproducdo e larvicultura, enquanto que a seguiada, fdenominada engorda, geralmente é
realizada em gaiolas flutuantes instaladas em ampsisiras ou em mar aberto. Consequentemente,
as opcoes de tratamento de doencas na fase dedergim bastante restritas devido a questdes
logisticas e praticas, considerando principalmentecalizacdo e eventualmente o tamanho das
estruturas onde os peixes sao criados. Por owto) saprevencéo € a estratégia mais viavel para o
manejo de doencas na criacdo de beijupira, e dgvealizada de maneira a evitar a exposi¢cao dos
peixes a situacoes estressantes (TRUSHENSKI €2((). Deste modo, se torna imprescindivel
determinar a densidade de estocagem oOtima nasifécass da criacdo como forma de minimizar

0 estresse e, consequentemente, otimizar a producao
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SILVA, V. A. Resposta fisiologica de juvenis de beijupira...

Ashley (2007) comenta que a determinacado da detesidiéma deve encontrar um ponto de
equilibrio entre a maxima produtividade e o minihedfatores que causem desordens fisiologicas e
comportamentais nos peixes. Utilizando sistemagedeéculacdo de agua, Liao et al. (2004)
notaram que a densidade 6tima para o beijupirdeso entre 4 e 8 g seria de 370 peix2®mn
cerca de 28 kg/fenquanto Webb et al. (2007) ndo encontrarametifers no crescimento quando
peixes de quase 7 g foram criados durante 10 seneamalensidades variando de 40 a 44G'.g/m
No entanto, estudos sugerem que juvenis de beijppidem ser afetados por estressores associados
a alta densidade em sistemas de recirculacdo (SGREMA al., 2007) ou em gaiolas (BENETTI et
al., 2008), em que infeccbes relacionadas ao estres infestacbes dPasteurella Vibrio,
Amyloodinium e Benedenia sppsdo comuns (CHEN et al., 2001b; LOPEZ et al.22@MHI et al.,
2003, KERBER et al., 2011).

A resposta primaria ao estresse envolve o aumentatgécolaminas e cortisol (BARTON e
IWAMA, 1991; BARTON, 2002). Esses hormonios induzesspostas secundarias que sao
caracterizadas por uma reducédo no glicogénio leepaiumento nos niveis de glicose e lactato
plasmaticos, assim como disfuncdo na osmoregul&itanto, o estresse pode levar a um maior
consumo das reservas energéticas e esta relocagdenergia metabdlica pode interferir
negativamente em outros processos fisioldgicos,ocamescimento, reproducdo e imunidade
(BARTON e IWAMA, 1991; WENDELAAR BONGA, 1997; MOMMEN et al. 1999).

A literatura especializada ainda conta com poustsdes tratando da resposta fisiologica
do beijupird ao estresse. Dois estudos (CNAANI e BAN, 2009; TRUSHENSKI et al., 2010)
avaliaram a resposta de juvenis expostos a estessspperimentais agudos, como exposicao ao ar
ou ao baixo volume de agua, e indicaram que ossnédeglicose, osmolalidade, cortisol e lactato
no sangue aumentaram nas primeiras horas apo8igip aos estressores, retornando aos niveis

normais em até 12 h.
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SILVA, V. A. Resposta fisiologica de juvenis de beijupira...

Diversas espécies tém sido amplamente estudadatoq@sinfluéncias do estresse sobre a
gualidade de filé, no entanto nenhuma informac&mnsentra disponivel na literatura especializada
a respeito do beijupira. A maioria dos estudos &bardado os efeitos de estressores agudos, que
comumente podem ocorrer durante a despesca ou asétdd abate. Dois indicadores
frequentemente utilizados para avalicdo da quadididfilé sdo a perda de liquido por exsudacéo e
o rigor mortis. Em diversas espécies, o aumentatdédade e ocorréncia de estresse antes do
abate, somado as subsequentes respostas endgpades) resultar em uma rapida queda do pH
muscular devido ao aumento de acido latico oriuddanetabolismo anaerobio do muasculo. A
reducdo do pH muscular resulta em um rapido irdoisigor mortis, podendo causar uma reducao
na vida de prateleira e aumento na perda de liqaod@xsudacdo (BERG et al., 1997; JERRETT et
al., 1996; POLI et al., 2005).

A perda de liquido por exsudacao, por sua vezefeger a perdas de fluidos de conteudo
proteico do interior das células, denominado exsudaodendo causar uma degeneracdo mais
rapida do tecido muscular. Dessa forma, uma graudatidade de exsudato pode influenciar a
aparéncia, suculéncia, textura e sabor do fileya, qportanto, representa um fator de impacto
comercial (KRISTOFFERSEN et al., 2007). Por outadol, o rigor mortis é descrito como o
primeiro processo post mortem que apresenta umar nmdiuencia sobre aparéncia e textura do
file. O inicio e desenvolvimento do rigor mortisosd@fetados por diversos fatores, como espécie,
idade e tamanho dos peixes, procedimentos pré-abasemétodos de abate (BERG et al., 1997;
VAN DE VIS et al., 2003; POLI et al., 2005; SIMITZlet al., 2013).

Dessa forma, o presente estudo avaliou a resfisgifbgica, desempenho zootécnico e
gualidade de filé de juvenis de beijupira submetidaum estressor crénico, como altas densidades,
visando a definicdo de condi¢bes de criacdo quemres melhoria do bem estar animal e ao

incremento da produtividade e qualidade do protingo.
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SILVA, V. A. Resposta fisiologica de juvenis de beijupira...

2. Revisao de literatura

Atualmente, existem varias iniciativas de criac@ lkijupira R. canadum em &aguas
brasileiras, mais especificamente nos estados tiéa,BEspirito Santo, Pernambuco, S&o Paulo
(CAVALLI et al., 2011) e Rio Grande do Norte. Apes@ssas iniciativas, a producédo comercial de
peixes marinhos no Brasil ndo tem registros nagisttas de producao de pescado (MPA, 2012).

O beijupirda € uma espécie pelagica e migratoriardpla distribuicdo geografica, ocorrendo
em aguas tropicais e subtropicais em todos osranigis entre as latitudes de 32°N e 28°S, com
excecdo da porcéo leste do Oceano Pacifico (SHARFERKAMURA, 2006). Devido a auséncia
de uma vesicula gasosa, possui habito natatévio sitnilar ao observado nos tubardes de pequeno
porte. Possui habito alimentar predador, compost@gixes, crustaceos e, eventualmente bivalves
(ARENDT et al., 2001) e lulas (FRANKS et al., 199€&mbora no litoral Pernambucano sua
alimentacdo seja composta por peixes 0sseos desersgerindo poucos crustaceos
(DOMINGUES et al.,, 2007). O habito alimentar indigaortanto, uma preferéncia alimentar
carnivora associada a disponibilidade de alimeatambiente natural ao longo do litoral.

Nos ultimos anos, o beijupira tem sido alvo de usésie de estudos, nos quais foi
demonstrado ser um excelente candidato para adoridntre as principais caracteristicas de
interesse estdo a alta taxa de crescimento (ARNELEl., 2002; LIAO et al., 2004), eficiéncia
alimentar e bom valor comercial (CHOU et al., 200JANG et al., 2005), excelente qualidade de
carne, ideal para a preparagdo de sashimi (CHEO*2GHOU et al., 2001; KAISER e HOLT,
2005), adaptacdo ao confinamento (SUN et al., 20@6ativa tolerancia a baixas salinidades
(FAULK e HOLT, 2006; RESLEY et al., 2006) e facdide em desovar em cativeiro (ARNOLD et
al., 2002; FAULK e HOLT, 2006).

Devido a estas caracteristicas, diversos paisesiédmonstrado interesse em produzi-lo em
escala comercial, sendo China e Taiwan os paisefidpram a producdo mundial, onde a criacédo

ocorre de forma intensiva desde a década de 199@(kt al., 2004). Outros paises também ja

15



SILVA, V. A. Resposta fisiologica de juvenis de beijupira...

figuram na lista de produtores de beijupira, epgequais Porto Rico e Vietna (BENETTI, et al.,
2007; NHU et al., 2011). Portanto, a maioria dsiltados positivos com a criacdo do beijupira
esta concentrada no sudeste asiatico, sendo qli@aia@n cerca de 80% das gaiolas sao destinadas
a criacdo do beijupira (LIAO et al., 2004). E imjamte salientar que algumas regides produtoras do
sudeste asiatico possuem um inverno rigoroso queonparado ao Brasil. Segundo Yu e Ueng
(2007), o beijupira € criado em regides com vaoamdual de temperatura de 15,5 a 30,5°C, sendo
0 seu crescimento acelerado em temperaturas aei2a°g.

Em sistemas de criacdo em alto mar, o beijupiré poelscer de 4 a 6 kg por ano (ARNOLD
et al.,, 2002; CHOU et al., 2001; WANG et al., 20@5até 10 quilos em um periodo de 12 a 14
meses (LIAO et al., 2004). Em Porto Rico, estudostraram que o peso final pode variar de 1,5 a
6 kg em 12 meses (BENETTI et al., 2007). O tamamdmoercial no mercado mundial € de 6 a 8 kg,
enguanto que no mercado interno de Taiwan ha uefarpncia por peixes variando entre 8 e 10 kg
(MIAO et al., 2009).

A dieta utilizada é nutricionalmente balanceadamatmente possuindo 45% de proteina
bruta, de 15 a 16% de lipidio bruto e 11% de cifZd$OU et al., 2001; LIAO et al., 2004). No
entanto, as dietas podem ser manipuladas paraeseunita maior concentracao de lipidios na carne
(GAYLORD e GATLIN, 2000), sem prejuizo na conversdimnentar aparente do beijupira (CHOU
et al., 2001). Apesar da exigéncia minima de Ilgp@b beijupira ser de 6% (CHOU et al., 2001), é
possivel utilizar uma dieta com maiores porcentagim lipidio bruto (CRAIG et al., 2006). A
maior vantagem do enriquecimento das dietas coitidp esta relacionada a presenca dos acidos
graxos altamente insaturados (HUFAS), principal@enEPA (acido eicosapentandico) e o DHA
(acido decosapentandico), que juntos sao respdsspeka boa qualidade nutricional das dietas
(WATANABE, 2002). O mercado japonés, por exempiage um produto final com alta qualidade
para seu consuma naturana forma de sashimi (CRAIG et al., 2006), portessgndo necessario

uma suplementacéo de lipidios na dieta superiexeapdo pela espécie.
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SILVA, V. A. Resposta fisiologica de juvenis de beijupira...

O fator de conversdo alimentar (FCA) é relativamdmaixo, variando entre 1,02 e 1,80,
dependendo do tamanho dos peixes (SU et al., 2088);ondicdes do ambiente, principalmente a
temperatura, e proporcdo de farinha de peixe atiiznas dietas. Entretanto, normalmente sdo
obtidos valores de FCA em torno de 2,0, com sobéexia acima de 75% (BENETTI et al., 2007).

Na fase de bercario, as criagbes comerciais depdgijem Taiwan utilizam normalmente
densidade de 13 peixes/ix400 g/ni), alcancando uma produtividade final de 8,4 Kgémm um
periodo que varia entre 4 e 5 meses de criacdmaJfase de engorda final, os peixes séo
transferidos para gaiolas maiores onde s&o cri@dos taxas de densidade de 2 peixés/m
alcancando uma produtividade de 14 Ky#u final de 6 a 8 meses de criacéo (LIAO et 8I042.

Em Porto Rico, a produtividade final numa criac&orear aberto variou entre 5 e 15 kg/mas o
ganho de peso e a sobrevivéncia diminuiram nasdieles mais altas (BENETTI et al., 2010). A
variabilidade na produtividade indica uma relac&etd da densidade de estocagem inicial com o
ganho de peso, mortalidade e converséao alimentar.

A densidade de estocagem é amplamente reconhexitawm fator critico na aquicultura,
uma vez que altas densidades podem representapoteacial fonte de estresse nos peixes. A
resposta primaria ao estresse envolve o aumertatdeolaminas e cortisol (BARTON e IWAMA,
1991; BARTON, 2002). Esses hormoénios induzem reapasecundarias que sao caracterizadas por
uma reducado no glicogénio hepatico, aumento nosisile glicose e lactato plasmaticos, assim
como disfuncdo na osmoregulacdo. Portanto, o estrpede levar a um maior consumo das
reservas energeéticas e esta relocacao de energibdiea pode interferir negativamente em outros
processos fisiologicos, como crescimento, reproggdmunidade (BARTON e IWAMA, 1991,
WENDELAAR BONGA, 1997; MOMMSEN et al. 1999).

A literatura especializada ainda conta com poustsdes tratando da resposta fisioldgica
do beijupird ao estresse. Dois estudos (CNAANI e BAN, 2009; TRUSHENSKI et al., 2010)

avaliaram a resposta de juvenis expostos a estessspperimentais agudos, como exposi¢céo ao ar
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ou ao baixo volume de agua, e indicaram que ossnédeglicose, osmolalidade, cortisol e lactato
no sangue aumentaram nas primeiras horas apOo08igp aos estressores, retornando aos niveis
normais em até 12 h.

Espécies como salmdo do Atlantico, robalo europguargo europeu sao amplamente
estudadas quanto as influencias do estresse sojuaidade de file (ROTH et al., 2006; BAGNI et
al., 2007; MORKJRE et al., 2008), mas no entantthoena informagéo se encontra disponivel na
literatura especializada a respeito do beijupiran@oria dos estudos tem abordado os efeitos de
estressores agudos, que comumente podem ocoraartellr despesca ou métodos de abate. Por
exemplo, uma exaustiva atividade muscular antesbdte pode provocar uma drastica reducéo de
ATP muscular e producdo de acido latico, este dltiresultante do excessivo consumo de
glicogénio, e que provoca uma concomitante redud@opH muscular (BERG et al.,, 1997;
JERRETT et al., 1996; POLI et al., 2005). Portaot@umento da atividade e o estresse antes do
abate pode antecipar o desenvolvimento do rigotispnoeduzir a vida de prateleira e aumentar a
perda de liquido por exsudagao.

Dessa forma, dois indicadores frequentemente aditiz para avalicdo da qualidade de filé
séo a perda de liquido por exsudacgéao e o rigorisnériperda de liquido por exsudacao se refere a
perdas de fluidos de conteudo proteico do intedtes células, denominado exsudato, podendo
causar uma degeneracdo mais rapida do tecido rausB@ssa forma, uma grande quantidade de
exsudato pode influenciar a aparéncia, suculérieitura e sabor do filé, a qual, portanto,
representa um fator de importancia comercial (KRISFERSEN et al., 2007). Por outro lado, o
rigor mortis é descrito como 0 primeiro processstpoortem que apresenta uma maior influencia
sobre aparéncia e textura do filé. O inicio e desleimento do rigor mortis sdo afetados por
diversos fatores, como espécie, idade e tamanhgpairss, procedimentos pré-abate e os métodos
de abate (BERG et al.,, 1997; VAN DE VIS et al., 20BO0LI et al., 2005; BAGNI et al., 2007;

SIMITZIS et al., 2013).
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Nenhuma informacéo esta disponivel na literatupe@alizada a respeito dos efeitos de
estressores cronicos sobre as respostas fisiotogicaalidade do filé do beijupira. Dessa forma, o
presente estudo investigou a resposta fisiologleagempenho zootécnico e qualidade de filé de
juvenis de beijupira submetidos a diferentes dewlgd, visando a definicdo de condicbes de
criacdo que levem a melhoria do bem estar aniraaliacremento da produtividade e qualidade do

produto final.
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Abstract

Stocking density is recognized as a critical fagtoaquaculture, since high densities represent a
potential source of chronic stress. This study stigated the effects of stocking density on growth,
physiological responses and flesh quality of juleenbbia Rachycentron canadymThe trial was
conducted for 42 days in a recirculating aguacelsystem equipped with 70-L tanks. Cobia of
46.32 £ 0.22 g (mean = SEM) were randomly disteldunto three stocking densities (3.30 = 0.02;
6.67 + 0.03; 13.15 + 0.16 ¢, and three replicates. Treatment groups were malfgiassigned as
low density (LD; 5 fish/tank), medium density (MO fish/tank), and high density (HD; 20

fish/tank), respectively. Plasma concentrationscaiftisol and lactate, and osmolality were not
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affected by density levels, and values were acogravith those reported as basal for juvenile
cobia. Weight gain and specific growth rate wegniicantly higher in the LD group. Drip loss
had no significant difference among density grouqud, stocking density influenced the onset and
development of rigor mortis. Our findings indicatbat rearing juvenile cobia at the high densities
negatively affected growth rate and flesh qualityvenile cobia reared at the high density were able
to cope with stress in terms of plasma compositoan,energy from the diet and/or body reserves
were probably diverted from growth as a responsthéoelevated metabolic demand caused by
stress. Juvenile cobia should be maintained ata fiiomass of up to approximately 15 k& o
ensure a maximal growth rate and an improved fanatiuct quality. To our knowledge, this is the
first report assessing the influence of a chrotriessor on both physiological responses and flesh
quality parameters in cobia.

Keywords: Fish, chronic stress, hematology, rigor mortig) tbss.

1. Introduction

In the last three decades, aquaculture has expat@dadaverage annual rate of 8.8% (FAO,
2012). As the aquaculture industry grows, farmensltto increase fish stocking densities in order
to achieve higher production levels. However, iasesl stocking densities may induce stress, and
lead not only to reduced survival and impaired dhosates, reproduction and immune status, but
ultimately affect the profitability of the activity

High stocking densities in fish grown in captivigpresents a potential source of chronic
stress, and it is widely recognized as a critiaatdr in aquaculture. Increases in the concentrsitio
of plasma catecholamines and cortisol are descabgimary responses to stress in fish. These
hormones lead to secondary responses, which inveétabolic energy demand to cope with stress.
Decrease in hepatic glycogen, and increase in obrat®ns of plasma glucose and lactate, as well
as a temporary dysfunction in osmoregulation asemeed as secondary stress responses. Thus,

stress may induce energy consumption, which negjgtimterferes on growth, reproduction and

28



immunity (Barton & lwama, 1991; Wendelaar Bonga@2;9Mommsen et al., 1999; Barton, 2002).
Therefore, the recognition of stress status igcatito ensure fish welfare and the success of any
aquaculture operation. Many quantitative paramesgersh as growth rate, condition factor,
hepatosomatic index and blood composition (conaéntr of plasma cortisol, osmolality and lactic
acid), may be used as indicators of stress in(Bsiiton & lwama, 1991; Montero et al., 1999).

Cobia Rachycentron canadyms an emerging species for aquaculture. In 2@10ld
production was estimated at around 40,000 MT (FA@L3). The main producing areas are in
China and Taiwan, but several other countries@®mericas and Asia have demonstrated interest
in cobia aquaculture. Commercial culture is baliadivided in two major steps. The first one
occurs in land-based rearing systems, where aargnjles are produced. In the second step, known
as grow-out, fish are usually reared in cages plateoastal or open sea waters. Under these
conditions, disease treatment options are redfridte to practical and logistic limitations. As a
result, strategies to avoid or minimize stress syp®and hence reduce the occurrence of diseases
and parasites are an important management strategy.

Determining the optimum fish stocking density i€amay to diminish stress. In this regard,
it is essential to establish a balance betweerasing productivity and minimizing factors that
may lead to physiologic and behavior disorders (€a2004; Ashley, 2007). Liao et al. (2004),
Webb et al. (2007) and Benetti et al. (2010) euveldighe influence of stocking density on growth
performance, but none of them considered the aff@cthe physiological responses of cobia.
Currently, only two studies considering the effegtacute stress on cobia are available. Cnaani &
McLean (2009) assessed the responses of juveriila egposed to an experimental stressor (air
exposure) over a period of 24 hours, while Truskieetsal. (2010) evaluated the hematological
responses of cobia exposed to low water and amsexpe over a 72-hour time frame.

While the effects of stress on flesh quality haeerbassessed in several fish species, again
no information is available for cobia. Most studiesve addressed the effects of acute stressors

during pre-slaughter procedures or slaughteringhatt. Exhaustive exercise and occurrence of

29



severe stress during slaughter may result in alrdmp in muscle pH due to the production of
lactic acid derived from anaerobic metabolism ofte/imuscle. Reduced muscle pH results in a
rapid onset of rigor mortis, which may reduce slhiédf alter flesh texture and increase drip loss
(Berg et al., 1997; Jerrett et al., 1996; Polilet2905). Drip loss and rigor mortis are thereftwe
commonly used indicators of flesh quality. Accoglyy this study evaluated the growth
performance, physiological responses and fleshitguaf juvenile cobia exposed to a chronic

stressor such as high stocking density.

2. Material and methods

The study was performed at the Virginia Tech-VirgiSeafood Agricultural Research and
Extension Center (VSAREC) in Hampton, VA, USA. Tthal was conducted for 42 days in a RAS
containing 70-L tanks, fluidized-bed biofilters,ldinle bead filters, UV sterilizers, immersion
titanium heaters, protein skimmers for processergaval of dissolved organics and small
suspended solids, and a diffusion aeration sydtesh.were fed a commercial carnivorous fish diet
(Otohime, Marubeni Nisshin Feed Company, Japan; g&%ein, 13% lipids, 4 mm) twice daily to
apparent satiation. Water temperature, salinitgl, dissolved oxygen (DO) were monitored daily
(YSI-85 series dissolved oxygen meter; YSI Inc.llofe Springs, Ohio, USA). Total ammonia-,
nitrite- and nitrate-nitrogen (Spectrophotometmnalgsis; Hach Inc., Loveland, Colorado, USA),
pH (YSI pH100 meter; YSI Inc., Yellow Springs, OhldSA), and alkalinity (Bromocresol green
methyl red titration method, Hach Inc., Lovelan@l&ado, USA) were also quantified daily. All
fish in this trial were obtained from the same spdiB8 generation) to avoid eventual biological
bias. Prior to stocking the system and beginniegtial, all fish had been fed the same commercial
diet that was used throughout the trial.

Tank inflow rates were maintained constant at 1gih*, photoperiod was kept on a 12:12
h light/dark cycle, and water quality conditionsrevenaintained as follows (mean £ SEM):

temperature = 26.11 + 0.17 °C; salinity = 17.6 +@L"; pH = 7.70 + 0.03; dissolved oxygen =
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6.17 + 0.07 mg L%; total ammonia nitrogen = 0.73 + 0.04 mg; Initrite-nitrogen = 0.31 + 0.03 mg
L% nitrate-nitrogen = 35.56 + 2.30 m@'land alkalinity = 142.5 + 3.20 mg'L

Juvenile cobia of 46.32 + 0.22 g (mean + SEM) warelomly distributed into three
stocking densities (3.30 + 0.02, 6.67 + 0.03, 131616 g L':; mean + SEM), and tested in three
replicates. Density groups were nominally assiggeetbw density (LD; 5 fish/tank), medium

density (MD; 10 fish/tank), and high density (HID fsh/tank), respectively.

2.1 Growth performance parameters
On day 42, all fish were counted and survival ested. Weight gain (WG), specific growth
rate (SGR), feed conversion ratio (FCR), conditaxtor (K), apparent feed intake (FI) and dress

out (%) were estimated with the following formulae:

average final weight — average initial weight

WG (%) = 100 X
(%) average initial weight

log.(average final weight) — log.(average initial weight
SGR (%BW day1) = 100 x 2Be(2Veras ght) — log, (averag ght)

number of days

average individual feed intake
FCR =

average individual weight gain

individual weight
K=1000 x

individual lenght 3

average individual feed intake

FI (%BW day™1) = 100 x 5=
(initial individual weight X final individual weight)™

days of feeding

skinless fillet weight
Dress out (%) = 100 X

whole body weight

2.2 Blood sampling
At the end of trial, feeding was suspended 24idr po the collection of blood. In each

sampling, three fish per tank were netted in alsipgss in order to minimize sampling effort and
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additive stress associated with repeat nettindp Were immediately sedated until they could be
safely handled in a 100 mg'lsolution of tricaine methanesulfonate (MS-222 giiel”; Argent
Chemical Laboratories, Inc., Redmond, Washingtd®AVin culture water. Blood samples were
collected from the caudal vasculature using capilidood collection (Safe-T-Fill®; Kabe
Labortechnik, Germany). After samples were collectish were euthanized by single cranial
pithing. All blood samples were collected withimn of capture and sedation to minimize the
possibility of other confounding responses. Whateot were centrifuged (10 min, 10 00@x4°C)
and plasma samples were stored frozen (-80°C) slmipiment for later analysis of cortisol, lactate
and osmolality.

After blood sampling, whole liver was dissected amiighed for calculation of
hepatossomatic index (HSI), which was calculatdidiong the formula HSI=(Wer/Whody)x100.
Whereupon, Wer represents liver weight, andp¥ly represents whole body weight. Subsequently,
these fish were filleted and samples were colletitad the fillet for drip loss assessment. Frozen
plasma were packed in ice and transported to #ieeFies and lllinois Aquaculture Center (FIAC),
in Carbondale, lllinois, USA, where samples weogesi again at -80°C prior to hematological and

analysis.

2.3 Blood plasma analysis

Plasma samples were analyzed at FIAC, and the ahetigies were the same as in
Trushenski et al. (2010). Briefly, plasma cortisohcentrations were quantified using an
immunoassay (Cortisol EIA, DRG International, Mainside, NJ, USA) according to the
manufacturer’s instructions. Plasma osmolality emtiations were determined using a vapor
pressure osmometer (Model 5100C; Wescor Incorpdrategan, UT, USA) and plasma lactate
concentrations were measured using human bloaddesipplies (Accutrend® lactate meter;

Roche, Mannheim, Germany).
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2.4 Drip loss

All three fish per tank that had their blood colextwere filleted, and a slice of
approximately 10 g of muscle was sampled from fheia part of the fillet, weighed (\§, marked
and wrapped in aluminum foil. Samples were stotetf@ for a period of 96 hours. Subsequently,
samples were unwrapped and weighed agak), @&id drip loss (DL) was calculated by the

following formula: DL = [(Wo— W) / W] x 100.

2.5 Rigor mortis

Two fish from each tank were sampled for rigor tiscassessment. A commercial slaughter
method was used. Fish were immersed in ice and \{&tB, and slaughtered by gill cutting. Rigor
mortis was measured at 0, 1, 3,5, 7, 9, 12, 2448672 and 96 hours post mortem using
Cuttingers Method (tail drop). The same fish wesedufor rigor mortis measurements at each time
point. In between measurements, fish were maindaa&°C. Rigor index (Ir) was calculated by
the following formula: Ir = [(LO — Lt) / LO] x 10@Bito et al., 1983). Whereupon, L represents the
vertical distance between a table surface anddhdat fin base, when half of the fish fork length i
placed on the edge of a table. Therefore, LO regmtesneasurements at time zero, whereas Lt
represents subsequent measurements throughowgribd pf time described above. In this regard,

Ir = 100% indicates full rigor.

2.6 Statistical analysis

Although multiple fish were sampled from each tamgglicate tanks served as the
experimental units for all statistical analyses3n-All production performance and plasma blood
data, rigor mortis and drip loss were analyzed g~way analysis of variance (ANOVA) using the
Statistical Analysis System (version 9.1; SAS g, Cary, NC, USA) to determine the
significance of difference among density treatmmaatins. Duncan’s multiple-range test was then

performed. Differences were considered signifiemi<0.05.
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3. Results

3.1 Growth performance and survival

Final weight, FCR, FI, HSI, K, and dress-out weog significantly different among density
groups (Table 1). On the other hand, weight gaia (F04) and SGR (P = 0.045) were significantly
higher in cobia from the LD group than those frather MD or HD groups. Final fish biomass in
the LD, MD and HD treatments increased to 15.0462%and 53.94 kg i respectively. No
mortality was registered for fish from the LD an® igroups; however, two fish from the MD
group jumped out of the tanks during the trial.\8wal was not significantly different between

treatments (Table 1)

3.2 Hematological responses

Mean (+ SEM) plasma cortisol concentrations rarfgeah 23.28 to 83.89 ng mt, and no
significant differences were detected among demgiyps (p=0.32). Plasma osmolality (p=0.06)
and the concentration of lactate (p=0.92) wereimfbtenced by density levels, and values ranged

from 366.78 to 390.33 mOsm kgnd 0.21 to 0.31 mmolt, respectively.

3.3 Drip loss
Mean (x SEM) drip loss (%) ranged from 0.85 (£ 0.&11.74 (x 0.32). Although drip loss
was not significantly different (p=0.057) among siéngroups, it seemed to be positively

associated with stocking density (Figure 1).

3.4 Rigor mortis
At one hour post mortem, the rigor mortis indexswsagnificantly larger (p=0.026) in cobia

from the HD group compared to those from the MD BBdgroups (Figure 2), which indicates an
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earlier onset of rigor in juvenile cobia rearedreat high density. Afterwards, no significant
differences were detected among density groupsmatiich time point. Nevertheless, the average
peak for rigor mortis in fish from the HD group wiaghe range of 1 to 3 hours post mortem,

whereas for cobia from the MD and LD groups it wathe range of 3to 5 h.

4. Discussion

The increase in the concentrations of plasma cathednes and cortisol is the most
common quantitative indicator of the primary stres=sponses in fish (Pickering, 1993; Barton,
2002). In this study, however, stocking density haceffect on the plasma cortisol concentrations
in cobia after 42 days. Plasma cortisol concemtngtimay not increase in chronically stressed fish
due to a feedback mechanism that causes a dowlatieguof the hypothalamic-pituitary-interrenal
axis. Previous studies (Pickering 1993; Sumpted,/1®rocarione et al., 1999) demonstrated that in
instances of long term stress cortisol concentnatraay eventually return to basal levels despée th
continued stress, demonstrating habituation tetressful event.

Temporary osmoregulatory dysfunction is a second#ect of stress in fish, and increased
osmolality would be expected in cobia reared indnignic solutions as well as under stress (Dauvis,
2006; Burkey et al., 2007, Trushenski et al., 20However, we found no differences in the
osmolality among density groups, which were withatues considered as basal for juveniles of this
species (Trushenski et al., 2010). Similarly, plasmemolality and the concentrations of cortisol
and lactate did not differ during the a 14 day-langfinement of gilthead sea breaBpérus
aurata) at 6 kg n? and 26 kg rii, but differences in their hematology were evidster a
subsequent exposure to an acute handling stressatimg that fish experienced a chronic stress
situation (Barton et al., 2005).

Increased plasma lactate concentrations is alsoandary response to stress. Although
stocking density and plasma lactate correlatedipebi in previous studies (van de Nieuwegiessen

et al., 2008, Costas et al., 2013), density hadffext on the concentration of lactate in juvenile
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cobia, and values were within a range considerdxhgal for this species (Trushenski et al., 2010).
In the present study, plasma lactate concentratiocsaé line with those found in other fish species
maintained at high densities (Barton et al., 200&rrera et al., 2009; Santos et al., 2010). However
Costas et al. (2013) have recently shown that la pwgtein diet may represent a metabolic
advantage in stressful situations and may courtteraunosuppression in fish. These authors have
found that a high (46%) protein diet decreasednpdalsictate concentrations in Senegalese sole
(Solea senegalengiseared at high densities as well as induced irgrents in its immune status.
Thus, the relatively high protein diet used in phnesent study (48%) may also have influenced the
present results.

The response of different fish species to the sttasised by increasing density levels varies
according to the duration as well as the potendh@ftressing factor (Santos et al., 2010). For
example, wedge sol®icologoglossa cuneajaxposed to different stocking densities for a
relatively short period of time (22 days) presemedsignificant differences in growth performance,
yet plasma cortisol and osmolality levels were bigh fish at the highest density (Herrera et al.,
2009). In contrast, hematological stress indicatoostisol and proteinemia) and resistance to
infection were not different in the European sesstaicentrarchus labraxreared for 63 days at
increased density levels, but SGR and feed intake Vower in fish at the highest density
(Sammouth et al., 2009). Santos et al. (2010) atittdhe evaluation of chronic stress is much
more challenging than assessing acute stress.darlgagd that acute stress is often measured as a
transient change in the metabolism in an attempbtmteract the stress event, which is not the case
of long-term stressing factors.

Differences in weight gain (p=0.040) and SGR (p#48)dn this study may not be overly
substantial, but they do indicate that raising agbveniles at the high and medium densities
impaired growth. Decreases in growth rate at irgingpstocking densities were observed for
several fish species (Canario et al., 1998; Etlal.e 2002; Sammouth et al., 2009, Roque

d'Orbcastel et al., 2010; Santos et al., 2010; S%let al., 2010), including cobia (Liao et al.020
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Benetti et al., 2010). Although these negativeatfienay be due to poor water quality (Bianchini et
al., 1996; Santos et al., 2010) and aggressivevomhiEllis et al., 2002), this does not seem to be
the case here as water quality variables were nidhviels considered appropriate to the
development of cobia and no agonistic behavior etserved throughout the experimental period.
Interestingly, final biomass in the LD group wastard 15 kg rif, which is similar to what is

usually achieved in commercial cobia operationseia-cage systems (Liao et al., 2004, 2007,
Benetti et al., 2010; Sampaio et al., 2011). Als iomass in the HD and MD exceeded 15 k§ m
during the experimental period, this suggeststti@afish biomass may have reached a threshold
after which growth would have been negatively dfdc

Previous studies demonstrated that cortisol, lacatl osmolality are suitable indicators of
acute stress in juvenile cobia (Cnaani & McLear@@20rushenski et al., 2010). For example,
Trushenski et al. (2010) analyzed the hematologyobfa exposed to the air and to low water level,
and found that osmolality and the concentrationsoafisol, glucose and lactate increased within
the first hour after exposure, but returned to bles@ls up to 12 h. In this study, the chroniessg
caused by stocking density had no effect in thedieators, and their concentrations were within
values considered as basal for juvenile cobia. 8theg, if only the results of plasma indicators are
considered, one may be led to the conclusion thanjle cobia experienced no stress. On the other
hand, the evaluation of growth performance inds#te opposite.

Studies with sea basbB.(labraX demonstrated that stocking density had no etiadhe
concentration of plasma stress indicators at tldeoéthe rearing period, but others stress
parameters were affected (Di Marco et al., 2008t&=aet al., 2010). A possible explanation to this
is the habituation to the stressful conditionshmy teduction of physiological alterations during th
time of exposure (Pickering 1993; Sumpter, 199@c&rone et al., 1999; Jentoft et al., 2005;
Basrur et al., 2010). The habituation of the stresponse, however, does not exclude the effects on
growth performance observed in the repeatedlystrefish versus the unstressed fish (Jentoft et

al., 2005). Accordingly, juvenile cobia from thisidy were able to cope with the chronic stressor,
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but this may have caused an important burden enigsgy metabolism, since significant
differences in growth performance were registegtress is an energy-demanding process to which
fish usually respond through the mobilization oéegy substrates, and this reallocation of
metabolic energy negatively influences other pHggical process, such as growth, reproduction
and immunity (Barton & lwama, 1991; Iwama, 1998;mtasen et al., 1999). ID. labrax(Di

Marco et al., 2008; Santos et al., 2010) and piadBnycon insignigTolussi et al., 2010),

increased density levels impaired not only growghfgrmance, but also their energy metabolism.
Roque d'Orbcastel et al. (2010) found that increéasmsity also reduced feed intakeDoflabrax

but Santos et al. (2010) demonstrated that thispaesally compensated by a decrease in energy
requirements for maintenance. Accordingly, in thespnt study, differences in growth performance
in cobia reared at increased density levels mightlbeen caused by the differential partitioning of
energy. It is possible that energy from the diet/anbody reserves was diverted from growth as a
response to the elevated metabolic demand caussitdsg.

Drip loss is a factor of commercial importancecsielevated levels may affect appearance,
juiciness, texture and flavor of the fillet (Kri¢tersen et al., 2007). Roth et al. (2006) repotted
acute stressed fish had softer texture and an abme®-fold higher drip loss than rested fish.sThi
was probably due to the physical stress of mudatésfor connective tissue, which may lead to the
release of protease that, in turn, accelerateslmdsgeneration. However, drip loss in this study
was not affected by density, and values were withase reported for rested fish (Roth et al.,
2006). Similar results were recorded for barramuvades calcariferfWilkinson et al., 2008) and
king salmonOncorhynchus tshawytscl@letcher et al. 2003), in which simulated stréissng
harvest procedures had no effect on drip lossef fhlets.

Rigor mortis is described as the first post morfgotess that has a major influence on the
appearance and structure of fish muscle (Berg €1297; Wilkinson et al., 2008). Increased
activity and severe stress prior to death may teah accelerated breakdown of ATP. Under this

condition, fish use anaerobic energy, leading rtapéd drop of muscle pH due to an increased
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production of lactic acid. A reduction in muscle p$ults in a rapid onset of rigor mortis (Berg et
al., 1997; Jerrett et al., 1996; Poli et al., 20B&gni et al., 2007). The onset and development of
rigor are hence affected by pre-slaughter procexjamed slaughtering methods. They are also
influenced by others factors such as species, adjsiae of the specimen (Berg et al., 1997; Van de
Vis et al., 2003; Poli et al., 2005; Bagni et 2DQ7; Simitzis et al., 2013). In the present study,
stocking density influenced the onset and developrorigor mortis, but the relation between the
chronic stressor - stocking density - and fleshiyueariables is not clear. No information
concerning this topic is currently available on likerature.

Regardless of density level, time from slaughtetmthe onset of rigor in cobia may be
considered shorter when compared with other figtigs exposed to acute stress events. Atlantic
salmon Salmo sola), sea basd) labraX) and sea brean$( auratd submitted to harvest
procedures exhibited full rigor in the range ofél24 h post-mortem (Roth et al., 2006; Bagni et
al., 2007; Markgare et al., 2008). Nevertheless fimglings are similar to those in barramundi, in
which fish submitted to acute stressing agentsefgiosure and exercise prior to slaughter) during
harvest procedures exhibited a significantly fasteset of rigor, with full rigor being registerech3
post-mortem. However, as cobia is a tropical fiifierences in rearing temperature for this species
and the previously mentioned ones as well as tifereint methods applied for rigor assessment in
the different studies shall also be taken into aotdn addition, the slaughter method in this gtud
intended to simulate a commercial slaughter proeedsually applied for cobia. However, this
method (Poli et al., 2005; Simitzis et al., 2013) ¢he one used for rigor measurement (Berg et al.,
1997; Skjervold et al. 1999) may have contributethe earlier onset and development of rigor in
juvenile cobia.

In conclusion, stocking densities had no effecthenconcentrations of hematological stress
indicators, but growth rate and rigor mortis wariuienced. Accordingly, juvenile cobia should be
maintained at a final biomass up to approximatélkd m?* to ensure fish welfare as well a

maximal growth rate and an improved final produgildqy. To our knowledge, this is the first
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report assessing the effects of a chronic stresstoth physiological responses and flesh quality
parameters in cobia. This may provide informatmthe advancement of cobia aquaculture,

leading to improvements in welfare, final produagtity and increased productivity.
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Table 1. Mean (z SEM) production performance patansefor cobia Rachycentron canadym
reared at low (LD), medium (MD) and high densitig4D). Means with different letters are

significantly different based on one-way ANOVA (p€B) followed by Duncan’s multiple-range

test.

LD MD HD p-value
Stocking density (fish 1) 0.07 0.14 0.29
Initial biomass (kg i) 3.30 £0.02 6.67 +0.08 13.15+0.16  <0.001
Final biomass (kg i) 15.02 + 0.38 25.61+1.8 53.94+0.73 <0.001
Initial weight (g) 46.27 £ 0.35 46.67 £ 0.24 469€8.55 0.56
Final weight (g) 210.27 £5.27  192.01+857  18%8Mm55  0.09
Survival (%) 100 £ 0 93.3+3.4 100 £ 0 0.36
Weight gain (%) 354.35+7.85 311.30+16.32 310.13+1.4%5 0.04
SGR (% BW day) 3.60 +0.42 3.36 +0.09 3.36+0.08 0.045
FCR 0.98 +0.01 1.04 +0.05 1.02 +0.01 0.42
Feed intake (% BW d&y 3.88 £ 0.04 3.70 £ 0.05 3.70 £0.05 0.08
HSI 2.69 +0.08 2.57+0.11 2.48 +0.05 0.28
K 6.83 +0.04 6.70 +0.21 6.61 + 0.07 0.54
Dress-out (%) 36.93+0.45 36.32+1.30 35.9290.1 0.69

SGR = specific growth rate; BW = body weight; FCReed conversion ratio; HSI = hepatosomatic

index; K = condition factor.
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5. Anexo (Normas para publicacdo na Aquaculture)

m Introduction

Types of paper

Original Research Papers should report the results of original research. The material should not have been previously
published elsewhere. Articles are expected to contribute new information (e.g. novel methods of analysis with added new
insights and impacts) to the knowledge base in the field, not just to confirm previously published work.

Review Articles can cover either narrow disciplinary subjects or broad issues requiring interdisciplinary discussion. They
should provide objective critical evaluation of a defined subject. Reviews should not consist solely of a summary of
published data. Evaluation of the quality of existing data, the status of knowledge, and the research required to advance
knowledge of the subject are essential.

Short Communications are used to communicate results which represent a major breakthrough or startling new discovery
and which should therefore be published quickly. They should not be used for preliminary results. Papers must contain
sufficient data to establish that the research has achieved reliable and significant results.

Technical Papers should present new methods and procedures for either research methodology or culture-related
techniques.

The Letters to the Editor section is intended to provide a forum for discussion of aquacultural science emanating from
material published in the journal.

Contact details for submission

Papers for consideration should be submitted via the electronic submission system mentioned below to the appropriate
Section Editor:

Nutrition:

D.M. Gatlin

The Nutrition Section welcomes high quality research papers presenting novel data as well as original reviews on various
aspects of aquatic animal nutrition relevant to aquaculture. Manuscripts addressing the following areas of investigation
are encouraged:

1) determination of dietary and metabolic requirements for various nutrients by representative aquatic species. Studies
may include environmental/stress effects on animal's physiological responses and requirements at different
developmental stages;

2) evaluation of novel or established feedstuffs as well as feed processing and manufacturing procedures with
digestibility and growth trials. Such studies should provide comprehensive specifications of the process or evaluated
ingredients including nutrients, potential anti-nutrients, and contaminants;

3) comparison of nutrient bioavailability from various ingredients or product forms as well as metabolic kinetics of
nutrients, food borne anti-nutrients or toxins;

4) identification of key components in natural diets that influence attractability, palatability, metabolism, growth
reproduction and/or immunity of cultured organisms;

5) optimization of diet formulations and feeding practices;

6) characterization of the actions of hormones, cytokines and/or components in intracellular signaling pathway(s) that
influence nutrient and/or energy utilization.

7) evaluation of diet supplementation strategies to influence animal performance, metabolism, health and/or flesh quality.
Manuscripts concerning other areas of nutrition using novel or advanced methods are also welcome. Please note that in
regard to various diet additives such as probiotics, prebiotics, herbal extracts, etc., a very large number of papers have
already been published. Therefore, Aquaculture will not continue to accept manuscripts that present initial and
preliminary investigations of such additives. Manuscripts addressing these and other feed additives will be accepted for
review only if they are of the highest scientific quality and they represent a significant advance in our knowledge of the
mechanisms involved in their metabolism. Manuscripts may also be considered if they present clinical efficacy data
generated in large-scale trials and economic cost-benefit analysis of these applications.

Aquaculture Production Science:

B.Costa-Pierce

AQUACULTURE PRODUCTION SCIENCE (PS) is one of 5 sections of the international journal AQUACULTURE
dedicated to research on improvements and innovations in aquatic food production.

worldwide dissemination of the results of innovative, globally important, scientific research on production methods for
aquatic foods from fish, crustaceans, mollusks, amphibians, and all types of aquatic plants. Improvement of production
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systems that results in greater efficiencies of resource usage in aquaculture. Effective applications of technologies and
methods of aquaculture production for improved stocking regimes, the use of new species and species assemblages,
and research on the efficient and sustainable usage of system space with the objective of minimizing resource usage in
aquaculture. Investigations to minimize aquaculture wastes and improve water quality, technologies for nutrient recycling
in aquaculture ecosystems, and the synergy of aquaculture and other food production systems using methods such as
polyculture and integrated aquaculture.

Physiology and Endocrinology:

Fish: A. P. (Tony) Farrell

Invertebrate: J. Benzie

The Physiology Section welcomes high quality papers that present both novel research data and original reviews, on all
aspects of the physiology of cultured aquatic animals and plants. Their content must be relevant to solving aquaculture
problems.

Submitted manuscripts must have a valid hypothesis or objective, clearly state the relevance to aquaculture, have proper
experimental design with appropriate controls and utilize appropriate statistical analysis. Mention of trade names is
limited to the main text.

Relevant physiological topics include, but are not limited to:

- Reproductive physiology, including: Endocrine and environmental controls development; Induced ovulation and
spermiation; Gamete quality, storage and cryopreservation; control of sex differentiation; Physiology and endocrinology
of gynogenetic, triploid and transgenic organisms

- Molecular genetic assessment of physiological processes

- Larval physiology and ontogeny in relation to aquaculture, including metamorphosis, smolting (salmonids) and molting
(crustacea)

- Nutritional physiology including endocrine and environmental regulation of growth

- Performance under variable culture conditions, including temperature optima and tolerances; Altered water quality and
environmental variables; Stress and disease physiology; Rearing density

- Immunology (physiological studies of probiotics must present statistically valid conclusions)

- Respiratory, muscle and exercise physiology of cultured organisms

- Osmoregulatory physiology and control

- Physiology of harvest and handling techniques, including: Anesthesia and transport; Product and flesh quality;
Pigmentation

Genetics:

G. Hulata

The Genetics Section welcomes high-quality research papers presenting novel data, as well as critical reviews, on
various aspects of selective breeding, genetics and genomics, so long as the content is relevant to solving aquaculture
problems. Please note, however, that Aquaculture will not accept manuscripts dealing with the application of well-
described techniques to yet another species, unless the application solves a biological problem important to aquaculture
production. Aquaculture will not accept manuscripts dealing with gene cloning, characterizing of microsatellites, species
identification using molecular markers, EST papers with small collections, or mapping papers with a small number of
markers, unless the papers also deal with solving a biological problem that is relevant to aquaculture production. Where
appropriate, linkage maps should include co-dominant markers, such as microsatellite DNA and SNP markers, to enable
application to other populations and facilitate comparative mapping. Aquaculture will not accept manuscripts focusing
mainly on population genetics studies that are based on RAPD and AFLP markers, since the dominance and multilocus
nature of the fingerprints are not suitable for making inferences about population genetic diversity and structure. There
may be other journals that are more suitable for manuscripts not meeting these requirements.

Sustainability and Society:

D.C. Little

The Sustainability and Society section of the journal Aquaculture invites articles at the interface of natural and social
sciences that address the broader roles of aquaculture in global food security and trade.

Aims and scope of the Sustainability and Society section are the: global dissemination of interdisciplinary knowledge
regarding the management of aquatic resources and resulting impacts on people. Interconnections with other sectors of
food production; resource management and implications for societal impact. Going beyond a narrow techno-centric
focus, towards more holistic analyses of aquaculture within well-defined contexts. Enquiry based on understanding
trajectories of change amid the global challenges of climate change and food security. Mixed methods and approaches
that incorporate and integrate both social and natural sciences. Relevance for the diverse range of policy makers,
practitioners and other stakeholders involved. Articles that take a value chain approach, rather than being wholly
production orientated, are encouraged.
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Page charges

This journal has no page charges.

g Before You Begin

Ethics in publishing

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/ethicalguidelines.
Policy and ethics

The work described in your article must have been carried out in accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki) for experiments involving humans
http://www.wma.net/en/30publications/10policies/b3/index.html; EU Directive 2010/63/EU for animal experiments
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm; Uniform Requirements for manuscripts
submitted to Biomedical journals http://www.icmje.org. This must be stated at an appropriate point in the article.
Conflict of interest

All authors are requested to disclose any actual or potential conflict of interest including any financial, personal or other
relationships with other people or organizations within three years of beginning the submitted work that could
inappropriately influence, or be perceived to influence, their work. See also http://www.elsevier.com/conflictsofinterest.
Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except in the form of an
abstract or as part of a published lecture or academic thesis or as an electronic preprint, see
http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere, that its publication is
approved by all authors and tacitly or explicitly by the responsible authorities where the work was carried out, and that, if
accepted, it will not be published elsewhere in the same form, in English or in any other language, including electronically
without the written consent of the copyright-holder. To verify originality, your article may be checked by the originality
detection service CrossCheck http://www.elsevier.com/editors/plagdetect.

If the manuscript to be submitted was previously rejected by Aquaculture or another journal, it is necessary to specify
what substantive new work and/or revisions have been included to elevate the manuscript's quality for consideration by
Aquaculture.

Contributors

Each author is required to declare his or her individual contribution to the article: all authors must have materially
participated in the research and/or article preparation, so roles for all authors should be described. The statement that all
authors have approved the final article should be true and included in the disclosure.

Changes to authorship

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of accepted manuscripts:
Before the accepted manuscript is published in an online issue: Requests to add or remove an author, or to rearrange
the author names, must be sent to the Journal Manager from the corresponding author of the accepted manuscript and
must include: (a) the reason the name should be added or removed, or the author names rearranged and (b) written
confirmation (e-mail, fax, letter) from all authors that they agree with the addition, removal or rearrangement. In the case
of addition or removal of authors, this includes confirmation from the author being added or removed. Requests that are
not sent by the corresponding author will be forwarded by the Journal Manager to the corresponding author, who must
follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal Editors of any such
requests and (2) publication of the accepted manuscript in an online issue is suspended until authorship has been
agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange author names in
an article published in an online issue will follow the same policies as noted above and result in a corrigendum.
Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (for more information
on this and copyright see http://www.elsevier.com/copyright). Acceptance of the agreement will ensure the widest
possible dissemination of information. An e-mail will be sent to the corresponding author confirming receipt of the
manuscript together with a 'Journal Publishing Agreement' form or a link to the online version of this agreement.
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Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal circulation within
their institutions. Permission of the Publisher is required for resale or distribution outside the institution and for all other
derivative works, including compilations and translations (please consult http://www.elsevier.com/permissions). If
excerpts from other copyrighted works are included, the author(s) must obtain written permission from the copyright
owners and credit the source(s) in the article. Elsevier has preprinted forms for use by authors in these cases: please
consult http://www.elsevier.com/permissions.

Retained author rights

As an author you (or your employer or institution) retain certain rights; for details you are referred to:
http://www.elsevier.com/authorsrights.
Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or preparation of the
article and to briefly describe the role of the sponsor(s), if any, in study design; in the collection, analysis and
interpretation of data; in the writing of the report; and in the decision to submit the article for publication. If the funding
source(s) had no such involvement then this should be stated. Please see http://www.elsevier.com/funding.

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authors whose articles appear in journals published
by Elsevier, to comply with potential manuscript archiving requirements as specified as conditions of their grant awards.
To learn more about existing agreements and policies please visit http://www.elsevier.com/fundingbodies.

Open access

This journal does not ordinarily have publication charges; however, authors can now opt to make their articles available
to all (including non-subscribers) via the ScienceDirect platform, for which a fee of $3000 applies (for further information
on open access see http://www.elsevier.com/about/open-access/open-access-options). Please note that you can only
make this choice after receiving notification that your article has been accepted for publication, to avoid any perception of
conflict of interest. The fee excludes taxes and other potential costs such as color charges. In some cases, institutions
and funding bodies have entered into agreement with Elsevier to meet these fees on behalf of their authors. Details of
these agreements are available at http://www.elsevier.com/fundingbodies. Authors of accepted articles, who wish to take
advantage of this option, should complete and submit the order form (available at
http://www.elsevier.com/locate/openaccessform.pdf). Whatever access option you choose, you retain many rights as an
author, including the right to post a revised personal version of your article on your own website. More information can be
found here: http://www.elsevier.com/authorsrights.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of these). Authors who
feel their English language manuscript may require editing to eliminate possible grammatical or spelling errors and to
conform to correct scientific English may wish to use the English Language Editing service available from Elsevier's
WebShop http://webshop.elsevier.com/languageediting/ or visit our customer support site http://support.elsevier.com for
more information.

Submission

Submission to this journal proceeds totally online and you will be guided stepwise through the creation and uploading of
your files. The system automatically converts source files to a single PDF file of the article, which is used in the peer-
review process. Please note that even though manuscript source files are converted to PDF files at submission for the
review process, these source files are needed for further processing after acceptance. All correspondence, including
notification of the Editor's decision and requests for revision, takes place by e-mail removing the need for a paper trail.

Authors should avoid responding by messages received from the system using the 'Reply' button on their e-mail
message; this will send the message to the system support and not to the editorial office, and will create unnecessary
load of sorting out and forwarding

Please submit your article via http://ees.elsevier.com/aqua/
Referees

Please submit, with the manuscript, the names, addresses and e-mail addresses of three potential referees. Note that
the editor retains the sole right to decide whether or not the suggested reviewers are used.
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u Preparation

Use of wordprocessing software

It is important that the file be saved in the native format of the wordprocessor used. The text should be in single-column
format. Keep the layout of the text as simple as possible. Most formatting codes will be removed and replaced on
processing the article. In particular, do not use the wordprocessor's options to justify text or to hyphenate words.
However, do use bold face, italics, subscripts, superscripts etc. When preparing tables, if you are using a table grid, use
only one grid for each individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align
columns. The electronic text should be prepared in a way very similar to that of conventional manuscripts (see also the
Guide to Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that source files of figures, tables and
text graphics will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’ functions of your
wordprocessor.

LaTeX

If the LaTeX file is suitable, proofs will be produced without rekeying the text. The article should preferably be written
using Elsevier's document class 'elsarticle’, or alternatively any of the other recognized classes and formats supported in
Elsevier's electronic submissions system, for further information see
http://www.elsevier.com/wps/find/authorsview.authors/latex-ees-supported.

The Elsevier 'elsarticle’' LaTeX style file package (including detailed instructions for LaTeX preparation) can be obtained
from the Quickguide: http://www.elsevier.com/latex. It consists of the file: elsarticle.cls, complete user documentation for
the class file, bibliographic style files in various styles, and template files for a quick start.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1 (then 1.1.1, 1.1.2,
...), 1.2, etc. (the abstract is not included in section numbering). Use this numbering also for internal cross-referencing:
do not just refer to 'the text'. Any subsection may be given a brief heading. Each heading should appear on its own
separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed literature survey or a summary
of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already published should be indicated by a
reference: only relevant modifications should be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the Introduction and lay
the foundation for further work. In contrast, a Calculation section represents a practical development from a theoretical
basis.

Results

Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined Results and Discussion
section is often appropriate. Avoid extensive citations and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may stand alone or form a
subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in appendices should
be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for
tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid abbreviations and formulae
where possible.

« Author names and affiliations. Where the family name may be ambiguous (e.g., a double name), please indicate this
clearly. Present the authors' affiliation addresses (where the actual work was done) below the names. Indicate all
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affiliations with a lower-case superscript letter immediately after the author's name and in front of the appropriate
address. Provide the full postal address of each affiliation, including the country name and, if available, the e-mail
address of each author.

« Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing and publication,
also post-publication. Ensure that phone numbers (with country and area code) are provided in addition to the e-
mail address and the complete postal address. Contact details must be kept up to date by the corresponding
author.

« Present/permanent address. If an author has moved since the work described in the article was done, or was visiting
at the time, a 'Present address' (or 'Permanent address’) may be indicated as a footnote to that author's name. The
address at which the author actually did the work must be retained as the main, affiliation address. Superscript Arabic
numerals are used for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the research, the principal
results and major conclusions. An abstract is often presented separately from the article, so it must be able to stand
alone. For this reason, References should be avoided, but if essential, then cite the author(s) and year(s). Also, non-
standard or uncommon abbreviations should be avoided, but if essential they must be defined at their first mention in the
abstract itself.

The abstract should be not longer than 400 words.
Keywords

Immediately after the abstract, provide a maximum of 4-6 keywords, using American spelling and avoiding general and
plural terms and multiple concepts (avoid, for example, "and", "of"). Be sparing with abbreviations: only abbreviations
firmly established in the field may be eligible. These keywords will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of the article. Such
abbreviations that are unavoidable in the abstract must be defined at their first mention there, as well as in the footnote.
Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do not, therefore,
include them on the title page, as a footnote to the title or otherwise. List here those individuals who provided help during
the research (e.g., providing language help, writing assistance or proof reading the article, etc.).

Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of units (Sl). If other quantities are
mentioned, give their equivalent in SI. You are urged to consult IUPAC: Nomenclature of Organic Chemistry:
http://www.iupac.org/ for further information.

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 biota (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 IUPAC IUB Combined Commission on Biochemical Nomenclature should be followed.
Database linking

Elsevier encourages authors to connect articles with external databases, giving their readers one-click access to relevant
databases that help to build a better understanding of the described research. Please refer to relevant database
identifiers using the following format in your article: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB:
1XFN). See http://www.elsevier.com/databaselinking for more information and a full list of supported databases.

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
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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, Al631511, Al632198, and BF223228, a B-cell tumor from a chronic
lymphatic leukemia (GenBank accession no. BE675048), and a T-cell ymphoma (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. Al631510, Al631511, Al632198, and BF223228), a B-cell tumor from a chronic
lymphatic leukemia (GenBank accession no. BE675048), and a T-cell ymphoma (GenBank accession no. AA361117)".
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. Al631510, Al631511, Al632198, and BF223228), a B-cell tumor from a chronic
lymphatic leukemia (GenBank accession no. BE675048), and a T-cell ymphoma (GenBank accession no. AA361117)".
Math formulae

Present simple formulae in the line of normal text where possible and use the solidus (/) instead of a horizontal line for
small fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often more
conveniently denoted by exp. Number consecutively any equations that have to be displayed separately from the text (if
referred to explicitly in the text).

Give the meaning of all symbols immediately after the equation in which they are first used. In chemical formulae,
valence of ions should be given as, e.g. Ca* and not Ca**. Isotope numbers should precede the symbols, e.g., *O. The
repeated writing of chemical formulae in the text is to be avoided where reasonably possible; instead, the name of the
compound should be given in full. Exceptions may be made in the case of a very long name occurring very frequently or
in the case of a compound being described as the end product of a gravimetric determination (e.g., phosphate as P,Os).
Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article, using superscript Arabic
numbers. Many wordprocessors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the end of the article. Do
not include footnotes in the Reference list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Artwork

Electronic artwork

General points

« Make sure you use uniform lettering and sizing of your original artwork.

« Embed the used fonts if the application provides that option.

« Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or use fonts that look
similar.

« Number the illustrations according to their sequence in the text.

« Use a logical naming convention for your artwork files.

« Provide captions to illustrations separately.

« Size the illustrations close to the desired dimensions of the printed version.

« Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:

http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then please supply 'as is'
in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is finalized, please 'Save as'
or convert the images to one of the following formats (note the resolution requirements for line drawings, halftones, and
line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 500 dpi.
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Please do not:

« Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a low number of pixels
and limited set of colors;

« Supply files that are too low in resolution;

« Submit graphics that are disproportionately large for the content.

Color artwork

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 color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color on the Web (e.g., ScienceDirect and other sites) regardless of
whether or not these illustrations are reproduced in color in the printed version. For color reproduction in print, you
will receive information regarding the costs from Elsevier after receipt of your accepted article. Please indicate
your preference for color: in print or on the Web only. For further information on the preparation of electronic artwork,
please see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to 'gray scale' (for the
printed version should you not opt for color in print) please submit in addition usable black and white versions of all the
color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A caption should
comprise a brief title (not on the figure itself) and a description of the illustration. Keep text in the illustrations themselves
to a minimum but explain all symbols and abbreviations used.

Text graphics

Text graphics may be embedded in the text at the appropriate position. See further under Electronic artwork.

Tables

Number tables consecutively in accordance with their appearance in the text. Place footnotes to tables below the table
body and indicate them with superscript lowercase letters. Avoid vertical rules. Be sparing in the use of tables and
ensure that the data presented in tables do not duplicate results described elsewhere in the article.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice versa). Any references
cited in the abstract must be given in full. Unpublished results and personal communications are not recommended in the
reference list, but may be mentioned in the text. If these references are included in the reference list they should follow
the standard reference style of the journal and should include a substitution of the publication date with either
'‘Unpublished results' or 'Personal communication'. Citation of a reference as 'in press' implies that the item has been
accepted for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any further information,
if known (DOI, author names, dates, reference to a source publication, etc.), should also be given. Web references can
be listed separately (e.g., after the reference list) under a different heading if desired, or can be included in the reference
list.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any citations in the text) to other
articles in the same Special Issue.

Reference management software

This journal has standard templates available in key reference management packages EndNote
(http://www.endnote.com/support/enstyles.asp) and Reference Manager (http:/refman.com/support/rmstyles.asp). Using
plug-ins to wordprocessing packages, authors only need to select the appropriate journal template when preparing their
article and the list of references and citations to these will be formatted according to the journal style which is described
below.

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by ‘et al.' and the year of publication.

Citations may be made directly (or parenthetically). Groups of references should be listed first alphabetically, then
chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al. (2010) have recently
shown ...."

List: References should be arranged first alphabetically and then further sorted chronologically if necessary. More than
one reference from the same author(s) in the same year must be identified by the letters 'a’, 'b’, 'c’, etc., placed after the
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year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci. Commun. 163, 51-59.
Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S., Smith , R.Z.
(Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.

Journal Abbreviations Source

Define abbreviations that are not standard in this field at their first occurrence in the article: in the abstract but also in the
main text after it. Ensure consistency of abbreviations throughout the article.
Video data

Elsevier accepts video material and animation sequences to support and enhance your scientific research. Authors who
have video or animation files that they wish to submit with their article are strongly encouraged to include links to these
within the body of the article. This can be done in the same way as a figure or table by referring to the video or animation
content and noting in the body text where it should be placed. All submitted files should be properly labeled so that they
directly relate to the video file's content. In order to ensure that your video or animation material is directly usable, please
provide the files in one of our recommended file formats with a preferred maximum size of 50 MB. Video and animation
files supplied will be published online in the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. Please supply 'stills' with your files: you can choose any frame from the
video or animation or make a separate image. These will be used instead of standard icons and will personalize the link
to your video data. For more detailed instructions please visit our video instruction pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be embedded in the print version of
the journal, please provide text for both the electronic and the print version for the portions of the article that refer to this
content.

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, 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: http://www.sciencedirect.com. In order to ensure that your
submitted material is directly usable, please provide the data 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
http://www.elsevier.com/artworkinstructions.

Submission checklist

The following list will be useful during the final checking of an article prior to sending it to the journal for review. Please
consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

« E-mail address

« Full postal address

* Phone numbers

All necessary files have been uploaded, and contain:

« Keywords

« All figure captions

« All tables (including title, description, footnotes)

Further considerations

* Manuscript has been 'spell-checked' and 'grammar-checked'

« References are in the correct format for this journal

« All references mentioned in the Reference list are cited in the text, and vice versa

« Permission has been obtained for use of copyrighted material from other sources (including the Web)

« Color figures are clearly marked as being intended for color reproduction on the Web (free of charge) and in print, or to
be reproduced in color on the Web (free of charge) and in black-and-white in print

« If only color on the Web is required, black-and-white versions of the figures are also supplied for printing purposes
For any further information please visit our customer support site at http://support.elsevier.com.

57



u After Acceptance

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. Example of a correctly given DOI (in URL format;
here an article in the journal Physics Letters B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOlIs are guaranteed never to change.

Proofs

One set of page proofs (as PDF files) 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) or, a link will be provided in the e-mail so that authors can download the
files themselves. Elsevier now provides authors with PDF proofs which can be annotated; for this you will need to
download Adobe Reader version 7 (or higher) available free from http://get.adobe.com/reader. Instructions on how to
annotate PDF files will accompany the proofs (also given online). The exact system requirements are given at the Adobe
site: http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDF annotations function, you may list the corrections (including replies to the Query Form)
and return them to Elsevier in an e-mail. Please list your 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 — please let us have all your corrections within 48 hours. It is important to
ensure that all 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.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail (the PDF file is a
watermarked version of the published article and includes a cover sheet with the journal cover image and a disclaimer
outlining the terms and conditions of use). For an extra charge, paper offprints can be ordered via the offprint order form
which is sent once the article is accepted for publication. Both corresponding and co-authors may order offprints at any
time via Elsevier's WebShop (http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed copies
of multiple articles may use Elsevier WebShop's 'Create Your Own Book' service to collate multiple articles within a
single cover (http://webshop.elsevier.com/myarticleservices/offprints/myarticlesservices/booklets).

u Author Inquiries

For inquiries relating to the submission of articles (including electronic submission) please visit this journal's homepage.
For detailed instructions on the preparation of electronic artwork, please visit http://www.elsevier.com/artworkinstructions.
Contact details for questions arising after acceptance of an article, especially those relating to proofs, will be provided by
the publisher. You can track accepted articles at http://www.elsevier.com/trackarticle. You can also check our Author
FAQs at http://www.elsevier.com/authorFAQ and/or contact Customer Support via http://support.elsevier.com.
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