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Summary 

 

Red porgy is a candidate species for the diversification of aquaculture production 

(Chapter 1). Different larvae ontogenetic stages and associated culture methods are 

critical to larvae development and survival, being considered as hatchery production 

bottlenecks and investigated in the course of the thesis. Larvae rearing trials were 

conducted using mesocosm semi-intensive methodologies (Chapter 2), as low larval 

densities and balanced endogenous and exogenous sources of live feed are 

appropriate for larval studies when there is limited knowledge of nutritional 

requirements.  

Larvae ontogeny was characterized by strong positive allometric growth of body 

depth at anus (BDA) (Chapter 3). A morphometric index combining BDA with standard 

length provided better estimates of larvae growth. Cannibalism coincided with the 

development of acidic digestion, therefore suggesting that this behaviour is prompted by 

physiological/energetic factors. 

Differences found in larvae morphological, histological and histochemical traits, 

and ecology in mesocosm (Chapter 4) compared to larvae from intensive culture were 

attributed to the faster larval growth and low hydrodynamic conditions in the former. 

Feeding performance and behaviour at the onset of exogenous feeding is not 

affected by the movement of prey or by diet shifts between live and freeze-dried rotifers 

(Chapter 5). Larvae change feeding mode from 3 to 4 DAH, to a no stopping stage 

between feeding and evacuation phases. The daily ration was estimated from maximum 

rotifers consumption and gut evacuation time. 

Advances in the evaluation of egg hatching rate and live food (rotifers) balance 

improved control over the larvae population in the large mesocosm rearing tanks 

(Chapter 6). The early introducing of Artemia at low densities in larval weaning 

produced comparable results on growth performance, survival and biochemical 

indicators of physiological status as a late supply regime (Chapter 7). Digestive 

enzymes and fatty acids were selected as reliable indicators of red porgy larvae 

nutritional condition.  
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Resumo 

 

O pargo Pagrus pagrus é um peixe esparídeo com uma larga área de 

distribuição no Oceano Atlântico e no Mar Mediterrânico. O elevado preço de mercado 

desta espécie, a sua importância para a pesca comercial e recreativa e a sua 

adaptabilidade às condições de cultura motivaram o interesse da indústria de 

aquacultura.   

Os maiores constrangimentos da cultura do pargo estão ao nível da maternidade 

e são atribuídos à falta de conhecimento da biologia das larvas e aos requisitos 

específicos de cultura. No decurso desta tese foram estudados os diferentes estádios 

de desenvolvimento larvar e os métodos de cultura do pargo, que revelaram 

importantes dados sobre o crescimento larvar, a organogénese e a ecologia que lhe 

está associada. Isto motivou a avaliação das condições mais adequadas para a 

produção em larga escala das larvas de pargo nomeadamente, no que respeita aos 

parâmetros ambientais, aos regimes de alimentação, à gestão do tanque de cultura e à 

monitorização do stock.  

No Capítulo 1 é feita uma introdução sobre a importância da diversificação de 

espécies no contexto do desenvolvimento sustentado da aquacultura. O pargo é 

considerado uma nova espécie candidata para a aquacultura. Contudo, existem 

diferentes estádios ontogénicos das larvas e métodos de cultura associados que são 

críticos para o seu desenvolvimento e sobrevivência, sendo considerados limitações à 

produção nas maternidades marinhas. Logo após a sua eclosão, as larvas apresentam 

um crescimento lento e elevada mortalidade atribuídos a um “atraso na aprendizagem” 

da captura e ingestão de alimento. Outro ponto crítico na cultura das larvas ocorre com 

a introdução de Artemia aos 5 - 6.5 mm, cerca de 15 – 20 dias após eclosão (DAE), 

que provoca elevada mortalidade. Finalmente, durante a metamorfose, de 8 – 12 mm 

(24 – 32 DAE, aproximadamente), as larvas apresentam uma elevada variação de 

tamanho, de que resulta canibalismo e uma baixa sobrevivência. 

O Capítulo 2 inclui uma descrição das maternidades mesocosmos de 

metodologias semi-intensivas e as adaptações ambientais e de gestão testadas para a 

cultura em larga escala de distintas espécies de larvas marinhas. De salientar que as 

maternidades mesocosmos têm uma abordagem de “baixa tecnologia” para a produção 

de larvas de peixe de alta qualidade. As condições de cultura das larvas em baixa 

densidade, em conjunto com a densidade equilibrada e constante de fontes endógenas 
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e exógenas de alimentos vivos são apropriados para os estudos larvares quando existe 

um conhecimento limitado dos requisitos nutricionais das larvas, como é o caso do 

pargo. Foram testadas diversas modificações aos métodos de cultura larvar do pargo, 

nomeadamente um fotoperíodo mais curto e uma introdução mais tardia de Artemia na 

sua dieta, que se revelaram mais apropriadas à biologia da espécie e que permitiram 

refinar os protocolos de cultura larvar do pargo produzido em mesocosmos de 

metodologias semi-intensivas.   

No Capítulo 3 foi estudado o crescimento alométrico e o comportamento canibal 

das larvas de pargo de cultura em mesocosmos, desde a eclosão até aos 32 DAE. Os 

resultados indicam que a ontogenia das larvas de pargo é caracterizada por um forte 

crescimento alométrico da altura de corpo ao nível do ânus (BDA) até aos 6.7 mm de 

comprimento total do corpo (TL), cerca de 21 – 22 DAE. Verificou-se que um índice 

morfométrico que combina BDA com o comprimento standard (SL) tinha uma 

correlação maior com o peso seco de que a apresentada por TL, deste modo 

providenciando um melhor método para estimar o crescimento das larvas. Pelo 

contrário, um modelo de regressão linear entre o comprimento do predador e a altura 

de corpo da presa, desenvolvido para previsão do canibalismo, subestimou o tamanho 

da presa. Dado que, o canibalismo coincidiu com o desenvolvimento da digestão ácida 

é sugerido que este comportamento é activado por factores fisiológicos/energéticos. 

Para mitigação do canibalismo é recomendado antecipar a transferência de pós-larvas 

para tanques de desmame com baixa coluna de água, bem como, o uso do índice 

morfométrico desenvolvido neste estudo para controlo de variação de tamanho das 

larvas e ainda, melhoramentos na distribuição dos alimentos às larvas.  

No presente estudo são descritos os padrões de desenvolvimento larvar do 

pargo no que concerne às características morfológicas, histológicas e histoquímicas e a 

relação com a ecologia das larvas em condições de cultura mesocosmos, isto é, na 

ausência de factores limitativos à cultura (Capítulo 4). Os resultados sugerem que as 

prioridades de crescimento e desenvolvimento das larvas de pargo, assim como os 

seus padrões de comportamento estão direccionadas para aumentar o número de 

presas a capturar. As larvas atingem a maturação completa do sistema digestivo e 

adoptam um modo de digestão mais eficiente somente após a diferenciação das 

barbatanas. As diferenças no desenvolvimento ontogénico encontradas nas larvas do 

presente estudo relativamente às larvas produzidas em condições de cultura intensivas 
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são atribuídas ao crescimento mais rápido e às condições de baixa hidrodinâmica em 

mesocosmos de metodologias semi-intensivas.   

No Capítulo 5 é apresentada uma avaliação da performance de alimentação das 

larvas de pargo e comportamento início da alimentação exógena, de 3 a 4 DAE, por 

estimativas directas do conteúdo do tubo digestivo e pela determinação da actividade 

natatória e padrões de conservação de energia, através de análise de imagens de 

câmara de vídeo. Observou-se que a performance de alimentação das larvas e o seu 

comportamento alimentar não eram afectados pelo movimento das presas (rotíferos) ou 

por alternância de dieta entre rotíferos vivos e rotíferos liofilizados. Assumindo que os 

rotíferos liofilizados são de qualidade química semelhante aos rotíferos vivos, eles 

poderão, pelo menos em parte, substituir o alimento vivo na alimentação das larvas de 

pargo. As larvas não apresentaram um “atraso na aprendizagem” da captura e ingestão 

de alimentos na primeira alimentação exotrófica, como anteriormente sugerido. De 

facto, verificou-se uma mudança no modo de alimentação do 3º DAE para o 4º DAE, 

em que as últimas não apresentam paragem entre as fases de consumo e evacuação e 

que determina uma mudança na alimentação a fornecer em cultura de baixa para alta 

densidade de alimentos vivos. Os padrões de actividade das larvas parecem estar 

associados com o enchimento do tubo alimentar. A ração diária para as larvas de pargo 

neste período foi estimada pelo consumo máximo de rotíferos e pelo tempo de 

evacuação do canal alimentar.  

A cultura larvar do pargo e o balanço de alimentos vivos em mesocosmos é 

abordado no Capítulo 6. Novas metodologias propostas para avaliação da taxa de 

eclosão dos ovos e balanço dos alimentos vivos (rotíferos) permitiram melhorar o 

controlo sobre a população de larvas de pargo em tanques de produção de grande 

volume. A disponibilidade de rotíferos no tanque de cultura esteve sempre superior 

(mais de 0.5 rotíferos por ml) do que o requerido para consumo das larvas. Picos no 

consumo de rotíferos estiveram associados com os períodos de maior crescimento 

larvar. Os parâmetros ambientais mantiveram-se estáveis e abaixo dos níveis críticos 

para as larvas. O azoto amoniacal total e os nitritos seguiram o mesmo padrão de 

aumento no consumo de alimentos e metabolismo das larvas após iniciarem a 

alimentação exógena. Ambos os compostos de azoto baixaram significativamente a 

concentração a partir dos 23 DAE em resultado do aumento da taxa de renovação de 

água e da limpeza de fundo do tanque.   
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O Capítulo 7 reporta uma avaliação da resposta fisiológica das larvas a 

diferentes regimes alimentares durante a maturação do sistema digestivo e o desmame 

para dietas inertes, em termos de composição bioquímica do corpo (proteínas e lípidos 

totais, e ácidos gordos), ácidos nucleicos e da actividade enzimática. O fornecimento 

prematuro de Artemia em baixas densidades às larvas de pargo como passo 

intermédio do desmame produziu resultados comparáveis a um regime alimentar com o 

fornecimento tardio deste item alimentar, em termos de performance de crescimento, 

de sobrevivência e de indicadores bioquímicos do estado fisiológico. A adopção desta 

estratégia alimentar em maternidades de pargo poderá reduzir quer os riscos 

associados com a produção de rotíferos, como os custos de produção. Os resultados 

também evidenciaram que a actividade de determinadas enzimas digestivas (tripsina, 

lipase e fosfatase alcalina) e o teor em ácidos gordos (ácidos gordos totais, ácidos 

gordos mono-insaturados, ácidos gordos n-6 totais, ácido eicosapentanóico e ácido 

araquidónico) estão correlacionados com as respostas aos regimes alimentares, deste 

modo justificando o uso destes parâmetros como indicadores sensíveis e de confiança 

para avaliar o estado nutricional e fisiológico das larvas de pargo. 

Em conclusão, esta tese contribuiu para melhor entender a biologia e ecologia 

das larvas de pargo em diferentes pontos críticos do seu cultivo. Os estudos de 

desenvolvimento ontogénico das larvas foram realizados em baixa densidade larvar e 

sem limitações de alimentos, permitindo a sua aplicação à cultura em mesocosmos de 

metodologias de cultura semi-intensiva, mas também sendo de interesse para a 

investigação nas pescas e outras áreas. 

As metodologias de cultura foram desenvolvidas para melhorar o crescimento e 

a sobrevivência larvar e ainda, para atingir o sucesso das culturas das larvas em larga 

escala. Foram determinados índices biométricos para determinados momentos críticos 

de desenvolvimento das larvas de pargo em condições de cultura. Por outro lado, 

foram desenvolvidos métodos específicos tendo em vista melhorar a monitorização do 

tamanho e do crescimento das larvas, bem como, para estabelecer a condição 

nutricional através de índices bioquímicos. Os progressos realizados na cultura das 

larvas de pargo no decurso desta tese contribuem para a melhoria efectiva e eficiente 

da sua produção, com benefícios para as maternidades comerciais e levam a novos 

desafios na investigação desta espécie. 
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Aquaculture species and systems diversification 

 

Aquaculture, the farming of aquatic organisms, is the world fastest growing food 

producing industry. In 2008, aquaculture contributed for 45.7% of the world fish food 

production for human consumption (FAO, 2010). 

Similarly to agriculture, this industry has evolved from little inputs to the 

ecosystems in order to increase productivity to production led systems, in response to 

the growth of human population and higher demand for food (Hoffman, 1966). First 

aquaculture techniques such as, trapping and transplantation of wild fry or breeding and 

production of fish within the same water basin were aimed at keeping fish alive for small 

households (Beveridge and Little, 2002). 

Presently, an aquaculture venture is a vertically planned, high-tech and 

commercial oriented business. Fish hatcheries include the production of live feeds and 

ensure “seed” production of desired quality/quantity at any given time. The on-growing 

aquaculture facilities make use of formulated dry feeds, mechanization and production 

control systems to scale up operations and intensify culture regimes. The final product 

is, generally, a high value species, finished according to specific demands from the 

processing industry for local or overseas markets. 

Over the last 50 years, the rapid development of aquaculture and production 

intensification has contributed for the availability and affordability of marine products. 

Aquaculture production is acknowledged to have balanced the shortage of fisheries 

landings and to enhance fisheries through re-stocking programmes (FAO, 2009). 

Further, this activity creates an income for farming families in rural or remote areas and 

generates jobs directly related to production or industries associated. Therefore, 

aquaculture became social and economically relevant at family, local community or 

country scale. 

However, this form of production driven aquaculture has been associated with 

particular social, economical and environmental problems and was inevitably faced with 

development constraints. The degradation of aquaculture farm surrounding 

environments, traces of chemicals and medicines with impact in human health, escapes 

of exotic or genetically selected organisms, inefficient use of aquatic resources to 

produce feeds or due to space use, are often attributed to aquaculture activities (Black, 

2001). 
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In the last decade, a new paradigm of aquaculture development has emerged, 

the market led aquaculture with concerns about the sustainability of the environment 

and the use of feed ingredients, with conformity with food safety specifications and 

animal welfare (De Silva and Sena, 2000; Costa-Pierce, 2002; FAO, 2010). This was 

facilitated by innovative products, equipments and production processes resulting from 

research and technical developments.  

At farm level, new practices were introduced to attain economical and 

environmental sustainability such as, a) introducing culture guidelines with the 

involvement of fish farmers associations; b) site selection and management procedures 

according to environmental assimilative capacity; c) the use of “low pollution” feeds and 

low waste feeding methods; and d) the integrated production of organisms of different 

trophic levels (Yokoyama, 2010). This was supported by a better knowledge of animal 

nutrition and new food processing technologies that allowed improved feed efficiency, 

and also by a constant effort to reduce feed dependence from marine resources (Naylor 

et al., 2009). 

Certification and traceability schemes applied to production, transformation and 

commercialization chains have brought higher consumer protection and awareness of 

product quality. Yet, the proliferation of private or governmental control schemes still 

need further standardization for general acceptability (Washington and Ababouch, 

2011). 

At a macro-economic level, aquaculture is frequently taken into account in 

regional, national or transnational development plans (European Commission, 2009). 

New tools for assisting government agencies in the decision making process, such as 

Geographic Information Systems, have contributed to select the most appropriate areas 

for aquaculture and to reconcile this sector with other space and water resource users 

(Torres and Andrade, 2010). The choice of species, aquaculture systems and 

localization strategies in local development plans derive from social-economic and 

environment analysis models (Andrade, 1996a), with particular attention to 1) the 

environmental requirements of species and culture methods (Kaufman et al., 1994; 

Gouveia et al., 2003), 2) species potential growth (Andrade et al., 2000), 3) 

environmental impact models (Andrade, 1996b), and 4) business financial analysis of 

internal rate of return (Batista and Andrade, 1997). 

Monitoring plans have been established to access possible infections threats to 

cultured organisms in confined geographical areas (Costa et al., 1998) and controls on 
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the movement of farmed organisms have contributed to prevent the widespread of most 

important diseases (Roberts, 2003; Bernoth at al., 2006). 

Research and technical development centres and pilot-projects are decisive in 

aquaculture development strategies for the testing, divulging and training of best 

aquaculture practices (Andrade and Gouveia, 2008) and local evaluation of the most 

cost-effective and sustainable production methodologies such as, the genetic selection 

and management of local broodstock specimens (Lemos et al., 2006) or the most 

adequate feeding regimes and diets (Silva et al., 2006; Silva et al., 2009; Osório et al., 

2009). The quest for local species to promote aquaculture development reduces the 

negative impacts of exotic species and may have a simultaneous major role on the 

conservation strategies of endangered species (Ross et al., 2008). 

In addition, the aquaculture sector operates under ever-increasing economic, 

institutional and legal frameworks, with information flow systems enabling the 

contribution of operators and the public to good governance (Subasinghe et al., 2009). 

Aquaculture is expected to continue expansion under the “new paradigm” of 

development, in order to satisfy the increasing world demand for marine products. 

According to Subasinghe et al. (2009) the tendencies in aquaculture development and 

production growth include: 

- increasing influence of market and consumers, improving governance; 

- improved management; 

- production intensification; 

- continuing diversification of species and culture systems. 

The latter trends envisage a central and continuous evolving role for research 

and technological advances, to achieve the environmental, social and economical 

sustainability of aquaculture development. Candidate species for aquaculture need to 

meet long known biological requirements, such as good adaptability and reproduction 

capability under controlled conditions and rapid growth, plus socio-economic 

requirements, as the market acceptability and price (Hickman, 1979; Pillay, 1990). 

The most obvious advantages when considering a new species/product for 

aquaculture are the opportunity to exploit a wider variety of ecosystems and farming 

areas (Ben Khemis et al., 2006), increased efficiency by lowering production 

seasonality, a wider choice of species in the market and the attraction of new 

consumers (Basurco and Abellan, 1999), price stability of existing farmed species 

(Divanach et al., 2002) and lower pressure over wild stocks (FAO, 2009). However, the 
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combination of necessary research teams and facilities, institutional support and 

available funds, needs to be conveniently addressed, in sure that no success in the 

farming of the “new” species is granted from start and that the product/species will 

arrive at predicted or convenient time to the market.  

 

 

Red porgy Pagrus pagrus, a candidate species for marine aquaculture 

diversification 

 

The red porgy Pagrus pagrus is a sparid fish widely distributed in the Atlantic 

Ocean and Mediterranean Sea with high interest for commercial and recreational 

fisheries (Manooch III and Huntsman, 1977).  

Red porgy is a bottom related species occurring at depths down to 250m and 

associated to different types of rock and sand substrates (Bauchaut and Hureau, 1990). 

The juvenile fishes live in shallower waters and are frequently observed in seagrass 

meadows (Andrade and Albuquerque, 1995). The adults, although generally occurring 

in deeper waters of rocky reef habitats (Afonso et al., 2008), they have been reported at 

the sea surface close to fish cages, foraging for feed wastage and small pelagic fish 

(Andrade and Gouveia, 2001). This is a carnivorous fish with juveniles feeding on 

crustaceans and annelids (Chakroun-Marzouk and Kartas, 1987) and the adult diet 

composed by crustaceans, molluscs and fish (Bauchaut and Hureau, 1990). 

Red porgy is a protogynous hermaphrodite species, with the sexual reversal in 

wild taking place in fish 2 year-old (Roumillat & Waltz, 1993). The spawning period in 

the northern hemisphere takes place from February to May (Manooch and Hassler, 

1978). 

The red porgy high market value and good adaptability to culture conditions have 

promoted the interest from the aquaculture industry when seeking for new candidate 

species for fish farming (Basurco and Abellan, 1999; Divanach, 2002). Moreover, red 

porgy is related with other sparids used in aquaculture namely, the gilthead seabream 

(Sparus aurata), the most important fish product in volume and value from southern 

Europe mariculture (FAO, 2009) and the red seabream, Chrysophrys major regarded as 

a delicacy in Japan and with mass production technology established in this country 

since the 1980s (Watanabe and Vassallo-Agius, 2003).  
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Red porgy culture constraints and prospects 

 

The mastering of reproduction and larval culture techniques are essential 

milestones for the mass production of “seed” and to support large-scale culture of a 

selected fish species. Spawning of red porgy in captivity was effectively achieved in 

early studies either spontaneously (Kentouri et al., 1995; Stephanou et al., 1995) or 

induced by hormones, using GnRHa implants on females (Büke et al., 2005).   

Since mid 1990s, the major constraint associated with red porgy culture is the 

low larval survival at hatchery level (Kentouri et al., 1995; Roo et al., 2010), whereas the 

skin discolouration of the adult cultured fish is a problem for market sales (Tejera et al., 

2007). Considering the recent advances to obtain acceptable pink colour skin in fish 

using asthaxantin in diets (Kalinowosky et al., 2005; Tejera et al., 2007) and by 

environmental control (Van der Salm et al., 2004), it is believed the large scale 

production of red porgy depends of improving hatchery outputs.  

The lack of knowledge of red porgy larval biology has delayed the development 

of adequate rearing technology for larvae mass production (Papandroulakis et al., 

2004a). This partly derives from the fact that fish hatcheries have adopted 

straightforward and conveniently well established S. aurata culture methods for the 

rearing of red porgy larvae in both semi-intensive and intensive culture regimes 

(Divanach, 2002). 

 Concerning the larval rearing of this species there are different ontogenic stages 

and associated culture methods that are critical for larval development and survival, 

thus regarded as hatchery production bottlenecks.  

Firstly, the newly hatched larvae having similar length to that of S. aurata, 

present initially a slower growth and higher mortality attributed to a long time gap 

between exhaustion of the oil globule and the switch to exogenous food (Conides and 

Glamuzina, 2001). This is allegedly due to a learning delay to catch and ingest food 

(Roo et al., 1999). 

Another critical period of culture occurs before the metamorphosis stage. The 

shift from first phase of rotifer feeding to Artemia feed at 5 - 6.5 mm, about 15 - 20 days 

after hatching (DAH), is often associated with depressed growth and increasing 

mortalities (Aristizábal and Suaréz, 2006; Roo et al., 2010). This is attributed to a late 

maturation of red porgy digestive system when compared to other sparids (Darias et al., 
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2007). Apparently, larvae at this stage are lacking the digestive enzymes profile needed 

for a more efficient digestion of complex diets. 

Finally, during metamorphosis period, from 8-12 mm (at 24 – 32 DAH), P. pagrus 

larvae are subject to dramatic morphological, histological and physiological changes 

(Suzer et al., 2007) and present a pronounced differential or allometric growth of various 

body parts (Mihelakakis et al., 2001). Therefore, the use of length as a single measure 

of P. pagrus larval size, as practiced in hatcheries (Kolios et al., 1997; Büke et al., 2005) 

is, eventually, not suitable for this species. Moreover, the heterogeneous size of larvae 

at this stage facilitates cannibalism, a major cause of mortality in red porgy larval and 

juvenile stages (Kentouri et al., 1995; Roo et al., 2010).  

 

 

Red porgy larviculture methodologies 

 

According to Divanach and Kentouri (2000), the most distinctive characteristics of 

larviculture methodologies relate to the size of rearing facility (m3), larval density  

(larvae/L) and source of live food, making them fall into three major categories: 

extensive (>100 m3, 0.1-1 larva/L, endogenous food), mesocosm (30-100 m3, 2-8 

larva/L, exogenous and endogenous food) and intensive (<20m3, 30-200 larva/L, 

exogenous food).  

Red porgy larvae reared in mesocosm outperform results obtained with intensive 

culture methodologies, both in terms of larval growth and survival (Stephanou et al., 

1995; Roo et al., 2010). Several studies have also pointed the better quality of fish 

larvae reared in mesocosm and the morphological similarity with their wild counterparts 

(Koumoundouros et al., 1997; Boglione et al., 2001), both characteristics of commercial 

interest. 

Mesocosm (semi – intensive) methodologies use large rearing facilites typical 

from extensive larval production. Divanach and Kentouri (2000) suggest cylindrical 

tanks of 40m3 volume with about 3 m depth. A daily input of microalgae and enriched 

prey (rotifers and Artemia) at low water exchange rate will promote the endogenous 

production of live preys, according to these authors, resulting in stable environmental 

conditions, matching of larvae energy requirements and diminish risks of over grazing of 

the food chain. The higher autonomy of mesocosm regarding live feeds reduces 

operational costs, which combined with low investment in machinery and facilities 
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results in lower final production costs compared to intensive larviculture systems 

(Papandroulakis et al., 2004b). Nevertheless, mesocosm larval rearing methodologies 

are traditionally confined to experimental facilities, while commercial hatcheries operate 

under intensive production methodologies (Shields, 2001). 

A major disadvantage when increasing rearing tank size is the limited control of 

the food chain, due to their diversity and different ecology, and the difficulty to monitor 

the larvae stock, as larvae become uneven distributed in the rearing tank. Besides, 

larvae mortalities are difficult to account during the production cycle.   

Furthermore, despite the initial progress with red porgy larval rearing in 

mesocosm there are a number of relevant culture considerations associated with the 

zootechnical requirements including initial food requisites, food densities, weaning 

regime, light intensity and photoperiod, water physical and chemical quality, and other, 

that need to be addressed to improve feeding protocols and tank management.  

 

The thesis research approach 

 

Most red porgy larval studies published to date cover aspects of growth 

performance and morphological development (see Roo et al., 2010). Few publications 

focus on larval morphometric development (Mihelakakis et al., 2001), larval 

organogenesis, in particular the digestive system development (Roo et al., 1999; Darias 

et al., 2007a; Darias et al., 2007b; Suzer et al., 2007) and larval rearing techniques 

(Hernández-Cruz et al., 1999; Papandroulakis et al., 2004a; Aristizábal and Suaréz, 

2006). Moreover, these studies were made exclusively under intensive larval culture 

conditions.   

The aim of this thesis was to improve knowledge of red porgy larval 

development, in order to determine the culture requirements and the most appropriate 

rearing methodologies to make larval production more predictable and of higher quality.  

Size of larval rearing tanks and culture methods were selected according to the 

studies purposes. Small scale experiments were designed to assist the studies of the 

critical stages of larval development and for assessing red porgy larvae response to 

different husbandry conditions. 

Semi-intensive mesocosm methodology using large rearing tanks was the choice 

for studies involving the description of larval ontogeny. The low larval density and 

natural occurring live preys of mesocosm produce suitable conditions for the study of 
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larval species with limited knowledge of their culture requirements (Kjørsvik et al., 

1991). The biometric data produced would be adequate to validate larvae 

developmental stages in mesocosm conditions and for the development of reliable 

methods to determine larval growth and developmental stages, both critical aspects to 

standardize operating procedures and produce management decisions at hatchery 

level. Mesocosm rearing technology allowed the testing of improved methodologies 

under large scale culture conditions. 

The thesis presents 8 Chapters, including the introduction, 6 chapters 

corresponding to papers that have been published in peer-reviewed journal, or that are 

either already submitted, and the final discussion and conclusions. The content of each 

chapter is briefly described in the next paragraphs 

Chapter 1 – Introduction. 

Chapter 2 – Mesocosm hatcheries using semi-intensive methodologies and 

species diversification in aquaculture. 

Chapter 3 – Allometric growth in red porgy larvae: developing morphological 

indices for mesocosm semi-intensive culture. 

Chapter 4 – Larval organogenesis of red porgy Pagrus pagrus reared in 

mesocosm. 

Chapter 5 – Red porgy (Pagrus pagrus) feeding performance and behaviour at 

the onset of exogenous feeding. 

Chapter 6 – Red porgy, Pagrus pagrus, L. (PISCES: SPARIDAE) larvae culture 

and live food density under mesocosm culture conditions. 

Chapter 7 – Red porgy, Pagrus pagrus larvae performance and nutritional 

condition in response to different weaning regimes. 

Chapter 8 – Final discussion and conclusions. 

The author of the thesis had a leading role on the experimental design, collection 

and preparation of samples, data collection and analysis, and writing of the papers. 

The papers presented are according to each journal format and style. 
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Abstract 

 

Mesocosm hatcheries using semi-intensive culture methodologies are 

characterized by large tanks (40m3) for fish larvae production at low densities (2-8 

larvae/L), with live prey production within the tank supplemented by exogenous sources 

of feed. Due to the high biological quality of larvae produced and low level of 

technological input, these methodologies are regarded as an interesting option to meet 

the increasing fry demand from the aquaculture industry. This study aimed to describe 

the experience at Centro de Maricultura da Calheta, Madeira Island, Portugal, with the 

establishment of a mesocosm hatchery for the production of marine fish larvae. 

Production trials were initiated with gilthead seabream Sparus aurata. This larval 

species presented faster growth in total body length (TL) per day (TL=3.7516e0.0293day, 

R2=0.9404), higher survival rate (SR=31.9%) and comparable swimbladder inflation 

rates (SB=90%) to those of larvae reared with intensive methodologies. High larval 

performance was obtained with two candidate species for aquaculture: the red porgy 

Pagrus pagrus (TL=3.212e0.039day, R2=0.995; SR=15.3%; SB=95.7%) and the white 

seabream Diplodus sargus (TL=3.6355e0.0413day, R2=0.9824; SR=25%; SB=100%). 

Testing of a 110m3 mesocosm rearing tank with white seabream larvae revealed 

limitations associated to larger tanks namely, the amount and quality of live feed 

required daily. First trials with striped jack (Pseudocaranx dentex) larvae resulted in low 

larval survival (0.04%), but the use of a white tank avoided culture management 

constraints related to positive phototropism. The present results suggest that a 

mesocosm using semi-intensive methodologies may contribute to species diversification 

and consequently, to the sustainable development of aquaculture. 

 

 

Key-words: Mesocosm hatchery, fish larvae performance, Sparus aurata, 

Pagrus pagrus, Diplodus sargus, Pseudocaranx dentex. 
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Introduction 

 

Aquaculture is a thriving fishing activity worldwide. In the last 3 decades, 

aquaculture has been the fastest-growing animal producing-food industry with an 

annual growth rate of 7%, and attaining 47% of total fisheries products in 2006 (FAO, 

2009).  

Aquaculture production, particularly fish farming, depends on a “seed” supply of 

known quantity and quality at any time. Once the spawning of a fish species is under 

control and the larviculture protocols have been established there is a tendency to 

intensify production to meet market demand. In the case of marine fishes, culture 

intensification at the hatchery level is characterized by higher larval density in small 

tanks, higher water renewal rate and higher supply of live preys, essentially rotifers and 

Artemia, of adequate quality (Shields, 2001). 

Intensive systems of production involve high investment in facilities and high 

operating costs, the need of skilled staff to run farming technologies, plus the existence 

of lucrative markets, often abroad (Pillay, 1990). This may be dramatic in rural and 

remote areas with limited infrastructure and financial resources, and poor educational 

and training programmes. Also, small to mid-size fish farms aiming for self-sufficiency of 

“seed” may find it economically difficult to establish hatcheries using intensive 

production technology. 

Larvae production in mesocosm under semi-intensive culture methodologies is 

an alternative to larval rearing intensification (Divanach et al., 2000). Semi–intensive 

mesocosm hatcheries evolved from the concept of large enclosures for extensive larval 

production, with the environmental control and feeding conditions typically found in 

intensive systems. Large tank systems with low larval density and high dilution of 

wastes imply a reduced need for water renewal and pumping. In the rearing tank the 

water presents better quality and lower hydrodynamic conditions compared to intensive 

systems. Also, there is production of live feed within the system, supplemented with 

cultured rotifers, Artemia and inert diets at different culture stages (Papandroulakis et 

al., 2005). The output of the production system is a high larval survival rate and good 

larval quality (Roo et al., 2010). Upon reaching juvenile stage all fish are transferred to 

weaning tanks and raised similarly to intensive culture systems. 

Mesocosm is considered the best suited larvae production methodology when 

knowledge of the larval diet and other biological requirements is limited (Kjørsvik et al., 
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1991). Thus, a wide variety of larval fish species have been initially reared in trials using 

semi-intensive mesocosm methods (Ben Khemis et al., 2006; Roo et al., 2010). 

A hatchery using a semi-intensive mesocosm system of 40m3 larval rearing tanks 

was installed at Calheta Mariculture Centre (CMC), Madeira Island, Portugal in 2002, as 

a strategy to develop a local fish farming industry (Andrade and Gouveia, 2008). Sparus 

aurata, a sparid with a well-established mesocosm production was the species initially 

selected for mass production of larvae. Among the candidate species for aquaculture, 

red porgy Pagrus pagrus, white seabream Diplodus sargus and striped jack 

Pseudocaranx dentex were selected to be cultivated using this methodology. The 

knowledge of the biology and culture requirements is at different stages for these 

species, and it was expected that the culture attempts would lead to various results. 

Despite recent advances in culture techniques, red porgy larval rearing still faces 

problems related to light stress (Kolios et al., 1997) and due to the lack of specific 

weaning protocols (Aristizábal et al., 2006; Roo et al., 2010). 

Successful artificial hatching and rearing of striped jack dates from the early 

1970s (Harada et al., 1984). However, most studies of this larval species deal with the 

ontogenic development and behavior regarding schooling, due to the interest for re-

stocking (Masuda, 2009). These works highlight the strong phototropic behavior of the 

larvae at early developmental stages (Masuda and Tsukamoto, 1998). Data on larvae 

culture requirements are largely unknown. 

According to Papandroulakis et al. (2004), white seabream larvae production in 

mesocosm is economically feasible. However, specific protocols for this species need to 

be developed to improve production efficiency and larval quality. 

This paper provides an account of the CMC larviculture of marine fish species 

using semi-intensive mesocosm technology up to 40 days after hatching (DAH). 

Zootechnical aspects of larval rearing are described to illustrate the larvae performance 

and behavior of the different species.   

 

 

Materials and methods 

 

Larval Rearing  

The hatchery at the Calheta Mariculture Centre (CMC) includes 4 fiberglass 

cylinder tanks of 40 m3 volume for larval rearing. 
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Sparus aurata eggs were collected from broodstock tanks and disinfected with 

0.06% formalin for 5 minutes. Approximately 360,000 eggs were transferred into each of 

two 40 m3 tanks for egg incubation and larval rearing according to Divanach and 

Kentouri (2000) (Fig. 1a). 
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Figure. 1 Larval rearing procedures for gilthead seabream (a), white seabream and red porgy in 

mesocosm of semi-intensive culture conditions.  

 

The “green water” technique was used with live phytoplankton (Nannochloropsis 

spp.) kept at 2x105 cells/mL, filtered seawater (10µm) at low exchange rate (10% to 

200% daily) and continuous light (2000 Lx). Enriched rotifers (DHA Protein Selco, INVE 

Aquaculture, Belgium at 0.55g/L seawater for 8 hours) were added twice daily from 3 

days after hatching (DAH) to 26 DAH to maintain a density of 2-4 individuals/mL. Newly 

hatched Artemia were added at 10 DAH, followed by enriched metanauplii (Protein 

Selco, INVE Aquaculture, Belgium at 0.6g/L seawater for 24 hours) 5 days later, added 

twice a day and kept at a density of 0.1-0.5 individuals/mL. Dry diets (Lansy, INVE 
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Aquaculture, Belgium, 100-200µm; 200-300µm) were supplied to larvae from 20 DAH. 

Live prey densities in the larval rearing tanks were estimated as average counts of 3 

sub-samples taken at different depths of the water column according to Kentouri et al., 

1994). 

Air surface cleaners were used to remove surface oil film from 4 DAH, just before 

swim bladder inflation. The tank bottom was siphoned at 1-day intervals from 12 DAH.  

Modifications to the above described culture conditions and procedures were 

introduced to the other species according to their biological requirements and culture 

limitations. Eggs disinfections for instance, were tested and proved to be more efficient 

at 0.03% formalin for 5 minutes. 

For red porgy, lower light intensity (1000lux) was used in the continuous light 

regime (Fig. 1b). A natural photoperiod was used from 19 DAH to 31 DAH. Taking into 

account the late development of the digestive system of this larval species (Darias et 

al., 2007), the introduction of Artemia and dry diets was delayed to 18 DAH and 22 

DAH, respectively.  

White seabream and striped jack larval culture followed environmental conditions 

and feeding schedules similar to those of gilthead seabream (Fig. 1b). Given the striped 

jack larvae phototatic behavior at early stages, we have also tested larval rearing in a 

white tank to evaluate their behavior and distribution in the water column. A final trial 

was performed to evaluate a larger mesocosm tank of 110m3 for larval rearing. About 

750,000 eggs of white seabream were seeded and rearing culture methodologies 

similar to those above were followed.  

Water temperature and oxygen levels were monitored daily by probe (Handy 

Polaris; OxyGuard International A/S, Birkerød, Denmark) and salinity was checked 

using a refractometer (S-10E, Atago, Japan).  

At 40 DAH all specimens were transferred and weaning was completed in 10m3 

tanks. The exception was with P. dentex larvae, collected at 23 DAH, as the trial ended 

due to high mortality. 

 

Larvae Performance 

For growth studies, twenty larvae of each species were sampled every 3 to 5 

days until 35 DAH, when all the populations were at juvenile stage. Photographs of the 

left side of each larva were taken with a SoundVision SV Micro camera (Sound Vision, 

Inc., Newton, MA, USA) mounted on a stereoscopic microscope (Stemi SV11; Carl 
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Zeiss Microimaging Gmbh). Total body length (TL) of larvae was measured to the 

nearest 0,01 mm from the photographs, using Zeiss Ks 3000 software package (Carl 

Zeiss Vision, GmbH, Eching bei München, Germany). TL growth equations were 

estimated by linear regression analysis. 

Swimbladder development and successful inflation is critical in fish ontogeny and 

is a commonly used criteria to assess post-larvae quality Chatain and Corrao, 1992; 

Divanach et al., 1997; Boglione et al., 2001. Before completing metamorphosis to 

juvenile stage each specimen was observed on both sides under a stereomicroscope 

with inversed lighting to evaluate swimbladder development: sparids larvae at 27 DAH 

and striped jack at 23 DAH. The rate of swimbladder inflation (SB) was estimated from 

percentage of population with normal morphological development of this organ, 

according to Divanach et al. (1997). 

 

 

Results 

 

Water parameters remained fairly constant with temperatures at 19.2-21.1ºC for 

sparid larvae tanks and 20.2-21.1ºC for P. dentex larvae tank. Salinity registered 36 ± 1 

parts per thousand, while oxygen levels were in excess of 5.6mg/L in all culture trials. 

Gilthead seabream larvae measured 3.2mm in total length (TL) at hatching (24 

hours after incubation) and 3.4mm TL at mouth opening, at 3 DAH (Fig. 2). Most larvae 

were found to have a well-developed swimbladder (SB=90%). Overall survival rate (SR) 

from egg to post-larvae stage at 40 DAH was 31.9%. 

Red porgy larvae hatched 48 hours after incubation. However, the mouth opened 

and was functional about the same time as gilthead seabream, at 3 DAH. This larval 

species presents slow growth initially, followed by a considerable increase in total length 

(TL) from 8 DAH (Fig. 3), concomitantly with increased food consumption. Larvae were 

distributed in the upper 1.0m of the water column until 14 DAH, and then they migrated 

to lower areas of the rearing tank. Noticeable mortalities occurred at 20-22 DAH (about 

7.3mm – 7.6mm TL) and after 27 DAH (over 8.9mm TL), associated with the addition of 

enriched Artemia and with cannibalism, respectively. Production output was 55,000 

juveniles, that is, a SR of 15.3%. About 95.7% of larvae presented an inflated 

swimbladder. 
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.  

Figure 2. Growth of gilthead seabream larvae in mesocosm compared to intensive rearing reported by 

Çoban et al., 2009. Data are expressed in mm total body length and for the former are given in mean ± 

SD.   

 

 

 

Figure 3. Growth of red porgy larvae in mesocosm. Data are given in mean ± SD and are expressed in 

mm total body length.  
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White seabream recorded faster growth than the other sparids reaching 17.7mm 

TL at 40 DAH (Fig. 4a). At 15-20 DAH the significant TL increase is simultaneous with a 

sudden rise in Artemia consumption. Larvae from the 40m3 rearing tank were larger in 

mean TL and presented lower size dispersion than larvae from the 110m3 tank (Fig. 4a 

and 4b).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4a.  Growth of white seabream larvae in 40 m
3
 mesocosm tank. Data are given in mean ± SD and 

are expressed in mm total body length.  

Figure 4b. Growth of white seabream larvae in 110 m
3
 mesocosm tank. Data are given in mean ± SD and 

are expressed in mm total body length.  
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The SR of 25% in the smaller tank was also higher in comparison with the 17.3% 

obtained from the 110m3 tank. By 30 DAH virtually all larvae had and inflated 

swimbladder. Despite the significant amount of enriched rotifers added daily to the 

110m3 tank, there was an higher residence time for rotifers compared to the 40m3 tank 

(Fig. 5). 

Striped jack larvae from the dark and white tanks hatched simultaneously, 2 days 

after egg incubation. The latter were evenly distributed in the water column, whereas 

the larvae from the dark tank showed a phototatic behavior and occupied the top 5cm of 

the water surface until 6 DAH. Thus, surface oil film cleaning in the dark tank was 

delayed for 2 days. P. dentex larval growth was rapid, compared to that of the sparid 

species (Fig. 6). Mortality was high throughout all the trial, reaching a peak at 23 DAH. 

No larvae survived in the dark tank. A total of one hundred fifty larvae were collected 

from the white tank at this stage and 100% of the sampled specimens had a well-

developed swimbladder. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 5 Total number of rotifers in white seabream rearing tanks at 10 DAH. Higher relative day supply 

of enriched rotifers to 40m
3
 tank denotes lower residence time for this live prey 
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Figure 6. Growth of striped jack larvae in mesocosm. Data are given in mean ± SD and are expressed in 

mm total body length.  

 

Discussion 
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For white seabream equivalent growth performance and larval survival were 

obtained by Papandroulakis et al. (2004) using similar semi-intensive mesocosm 

system and rearing methodologies, although the rearing temperatures were not 

reported. The high rate of swimbladder development (100.0%) agrees with low 

percentage (2%) of total deformities presented by those authors.  

The first trials for rearing striped jack larvae in mesocosm were conditioned by 

the lack of knowledge of its culture requirements. Larval total length at 21 DAH was 

greater than the 6.0 mm TL reported by Harada et al. (1984) and similar to that obtained 

by Masuda and Tsukamoto (1998). The white rearing tank reflects the light uniformly 

and avoids the concentration of larvae at the surface due to their positive phototropism. 

The resulting homogeneous distribution of population in the water column allowed the 

cleaning of surface oil film and therefore, provided better conditions for swimbladder 

inflation.  

The methods modifications essayed for each species made it possible to refine 

the culture protocols for the different species reared under semi-intensive mesocosm 

technology (Fig. 1b). In the case of red porgy larvae, the late entry of Artemia at a lower 

density seemed appropriate to the larval biology. Undigested Artemia in larvae faeces 

as previously reported by Roo et al. (2010) were not detected in our culture trial. The 

development of appropriate formulated microdiets may permit the early weaning of this 

larval species. In fact, Andrade et al. (2011) demonstrated that P. pagrus larvae may 

ingest inert particles at their first exogenous feeding, and may also accept shifts 

between live and inert food. These authors have also calculated the daily ration for this 

larval species at early stages. To mitigate larval size dispersion and to avoid 

cannibalism we suggest the early transfer of post-larvae to shallower tanks to improve 

control over inert diet feeding. 

White seabream larvae present high a demand for enriched Artemia at 7.5mm 

TL, about 15 DAH, that was not previously reported. At least, 2 times the density 

maintained in the tank for S. aurata is needed, simultaneously shortening the amount 

and the schedule time of rotifers. Besides the correct production planning advantages, 

this may diminish risks associated with the uncertain production of rotifers and 

eventually, lower the production costs.  

However, despite the encouraging results obtained with the new candidate 

species for marine aquaculture using a semi-intensive mesocosm, there are still 

technical constraints beyond the rearing methodology.  
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Conversely to intensive larval rearing methodologies, semi-intensive mesocosm 

methods make use of large volume tanks with low water turnover, thereby producing 

more stable environmental culture conditions and negligible water currents. Moreover, 

as the density of live feeds is reasonably constant and match the larvae needs, no 

additional swimming efforts are required of the larvae for the detection and capture of 

prey. Not surprisingly, the mesocosm allows the production of fry of similar morphology 

to the wild counterparts (Andrade et al., 2011; Boglione et al., 2001) and of comparable 

quality as presented in this study.  

However, there are limitations to the size of mesocosm rearing tanks. The use of 

a 110 m3 tank for white seabream larval production presented several problems, mainly 

regarding the live feed. Besides the production difficulties in ensuring high daily input of 

exogenous live prey, the major constraint associated with the large volume is the patchy 

occurrence of prey and the uneven distribution of inert feed. The higher residence time 

of enriched rotifers in the larger tank compared to the 40m3 tank determines the lower 

quality of prey. Roo et al. (2010) also found the co-feeding of inert diet more effective in 

smaller rearing tanks. The consequences for the large mesocosm output are lower 

larval growth performance and higher size dispersion. 

In conclusion, the semi-intensive mesocosm methodology is suitable for mass-

production of fish larvae. The use of large rearing tanks of low larval density, plus the 

variety and constant density of live food sources results in the effective and efficient 

production of high quality fry. In addition, fish larvae are produced at an acceptable cost 

due to the low capital investment and operating costs (Divanach and Kentouri, 2000; 

Papandroulakis et al., 2004). 

The mesocosm hatchery using semi-intensive methodology appears to be a 

strong candidate for the production of fry for stock enhancement purposes and for 

organic farming. Furthermore, this “low technology” approach to fish larvae production 

makes mesocosm hatcheries particularly suitable for small size fish farms (Shields, 

2001; Papandroulakis et al., 2004) and for fry production in regions with little experience 

in aquaculture. This hatchery technique is also adequate for the preliminary studies of 

candidate species for aquaculture, as demonstrated in this study, contributing to the 

diversification of farmed species and ultimately, to the sustainable development of 

aquaculture. 
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Abstract 

 

We studied the morphological development, allometric growth and cannibalistic 

behaviour of red porgy Pagrus pagrus reared in mesocosm semi-intensive culture. The 

study was conducted from hatching to 32 days after hatching (DAH). Red porgy 

ontogeny was characterized by strong positive allometric growth of body depth at anus 

(BDA) to 6.7mm total length (TL) at about 21-22 DAH. BDA combined with standard 

length (SL) in a morphometric index was found to be better correlated with dry weight 

than TL, providing an improved method to estimate larvae growth. Mouth size also 

exhibited strong positive allometric growth at early larval stages which, together with 

inflation of the swim bladder, may have contributed to improve feeding ability, in 

preparation for the high energy demands of metamorphosis. A predictive regression 

model developed for cannibalism underestimated prey size. Cannibalism coincided with 

the development of acidic digestion and below 23% larval size heterogeneity. We 

hypothesize that cannibalism is associated with larval size and condition, but prompted 

by physiological/energetic factors. The bivariate morphometric index developed in this 

study can be used to mitigate cannibalism by controlling larval size variation and 

improving feed supply. The morphological measurements and morphometric indices 

that result from this study provide important tools for improving red porgy larvae culture 

and the economic revenue of commercial hatcheries. 

 

 

Keywords: Red porgy, Pagrus pagrus, larval development, allometric growth, 

cannibalism, mesocosm. 
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Introduction 

 

The red porgy Pagrus pagrus is a widely distributed sparid fish found in the 

Eastern and Western Atlantic Ocean and Mediterranean Sea (Manooch III and 

Huntsman, 1977). The high market value of this species coupled with product 

diversification has generated interest in the aquaculture industry (Basurco and Abellan 

1999; Divanach, 2002). 

Commercial hatcheries have adapted gilthead seabream culture methods for 

semi-intensive and intensive culture and rearing of red porgy larvae (Divanach 2002). 

Despite a plethora of studies covering early life stages (Stephanou et al., 1995; Conides 

and Glamuzina, 2001; Mihelakakis et al., 2001), maturation of the digestive system 

(Roo et al., 1999; Darias et al., 2005; Darias et al., 2007; Suzer et al., 2007), light 

intensity preference (Kolios et al., 1997), rotifer consumption rates (Hernandez Cruz et 

al., 1999; Papandroulakis et al., 2004) and feeding behavior (Andrade et al., 2011), no 

specific production protocols have been developed. Semi-intensive culture in 

mesocosm has been indicated as a suitable method for red porgy larvae production 

(Roo et al., 2010). However, high mortality rates and poor growth performance at 

different larval development stages have been reported.  

Red porgy larvae are initially fed enriched rotifers from 2-3 days after hatching 

(DAH). Addition of enriched Artemia from 5-6.5 mm total length (TL), about 15-20 DAH 

is often associated with depressed growth and increased mortality rates (Kentouri et al., 

1995; Aristizábal and Suaréz, 2006; Roo et al., 2010). Metamorphosis to the juvenile 

stage (from about 8.5 to 10.3 mm TL) is characterized by high length dispersion and low 

variation of body depth at anus level (Mihelakakis et al., 2001), suggesting pronounced 

differential or allometric growth of various body parts. Consequently, the common 

hatchery practice of using length as a single determinant of P. pagrus larval size (Kolios 

et al., 1997; Büke et al., 2005) might be unsuitable for monitoring species growth. 

Further, heterogeneity in fish larval size can promote cannibalism in populations of red 

porgy larvae at about 8-8.5 mm TL (Roo et al., 2010). 

Evaluation of larval fitness, rearing procedures and management decisions in 

commercial hatcheries depend on reliable methods for determining larval size and 

developmental stages. This study describes the morphological development and 

allometric growth patterns of red porgy larvae from hatching to the juvenile life stages in 

a mesocosm under semi-intensive culture conditions. The following morphometric 
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indices and ratios are developed and evaluated for critical larval development stages 

and control of culture practices: 1) a bivariate morphometric index relating body depth 

with total length to improve estimates of larval size; 2) a cannibal to prey length ratio to 

elucidate and prevent future cannibalistic behavior in red porgy culture.  

 

 

Methods 

 

Egg incubation and larval rearing 

A 40 m3 fiberglass cylinder culture tank was seeded with 320,000 eggs obtained 

from spontaneous spawning of wild P. pagrus broodstock kept at Centro de Maricultura 

da Calheta, Madeira Island. The rearing conditions were a 12 hour light regime at 2000 

lx, temperature 18 – 20ºC, dissolved oxygen 7.1 ± 0.6 mg L-1 and salinity 37 ± 0.5 ppt. 

Seawater was filtered (10µm) and daily water changes increased from 10% on day 3 

after hatching to 150% at the end of the experiment. 

We followed the Divanach and Kentouri (2000) larval rearing protocol. Live 

phytoplankton (Nannochloropsis sp.) was added daily (approximate density of 250x103 

cell mL-1). Larval feeding started 2 DAH with enriched rotifers Brachionus plicatilis (DHA 

Protein Selco, INVE Aquaculture, Belgium), supplied twice a day, adjusted to a density 

of 5 rotifers mL-1. From 16 DAH onward, the larvae were fed enriched Artemia nauplii 

(Protein Selco, INVE Aquaculture, Belgium; 20 to 300 nauplii mL-1) together with dried 

feed (Lansy, INVE Aquaculture) at 30 DAH and until the end of the experiment (32 

DAH).  

 

Larvae measurements and observations 

Thirty specimens were randomly sampled daily. Photographs of the left side of 

each larva were taken with a SoundVision SV Micro camera mounted on a stereoscopic 

microscope. Morphological observations and morphometric character measurements 

were made from the photographs to the nearest 0.01 mm using Zeiss Ks 300 software 

package (Fig. 1). The following measurements were taken:  total length (TL), from the 

tip of the snout of the lower jaw to the posterior margin of the caudal finfold/fin; standard 

length (SL), from the tip of the snout of the lower jaw to the tip of the notochord/base of 

the caudal fin; body depth at ventral fin (BDV), from the anterior insertion of ventral fin to 

the anterior insertion of dorsal finfold/fin; body depth at anus (BDA), from the anus to 
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the upper limit of the dorsal finfold/fin area; upper jaw length (UJL), from the tip of snout 

to the posterior end of the maxilla. Mouth gape (MG) was calculated from upper jaw 

length (UJL) as follows, MG = UJLx√2 (Shirota, 1970). Pooled dry weights (± 0.01 mg) 

of twenty larvae and their standard length (SL) were measured every 5 days from 15 to 

30 DAH. Dry weight was determined by drying the larvae at 85ºC until attaining constant 

weight. Deformed or curled larvae were excluded from analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Morphometric characters measured in red porgy larvae: UJL, upper jaw length; BDV, body 

depth at ventral fin; BDA, body depth at anus; SL, standard length; TL, total length. 

 

A bivariate morphometric index associating length and body depth was 

developed by the product SLxBDA2, with body depth at anus (BDA) replacing the height 

of myotomal musculature at anus (see Hovenkamp, 1990). Specific growth rate (SGR) 

was calculated as SGR (%day-1) = ((lnTLfinal–lnTLinitial)/days)×100. Size heterogeneity for 

TL was evaluated by the coefficient of variance (CVTL) and % minimum to maximum 

length at age (TLmin/T Lmaxx100). 

The morphometric ratios (R) of each parameter (Y) relative to total length were 

calculated as R = Y/TL to evaluate body shape changes during larval development 

(Koumoundouros et al., 1999) and as a BDA/TL condition index (Theilacker, 1978; Shan 

et al., 2009). After logarithmic transformation of all variables, the allometric growth of 

each parameter (Y) was estimated by linear regression analysis: 

Y = aTLb 

Where a is the axis intercept and b, the growth coefficient. Larval growth patterns 

were evaluated as isometric (b = 1), positive allometric (b > 1) and negative allometric 

UJL 

BDV 

BDA 

SL 

TL 
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(b < 1). The slopes derived from all of the equations were compared using the t-test (P 

< 0.05) (Sokal and Rohlf, 1981). The inflexion points of growth curves were calculated 

using the iteration procedure according to van Snick et al. (1997). 

To predict cannibalism we assumed that a fish larva could successfully engulf a 

conspecific prey item once mouth gape height (MG) equaled or exceeded the maximum 

body depth of the prey (BDV) (Baras, 1999; Baras et al., 2010a; Baras et al., 2010b). 

Linear regression equations were established for larval BDV on TL and for larval MG on 

TL:  

    BDV  =  b1 TLprey + a1; MG  = b2 TLcannibal + a2 

Where b1,  b2  are regression coefficients and a1, a2 the equations intercepts. The 

equations were equalized to create a predictive model relating TLprey to TLcannibal.: 

b1 TLprey + a1 = b2TLcannibal + a2  

TLprey= b TLcannibal+a 

With b = b2/ b1 and a = (a2 - a1) / b1.  The model was validated by comparing 

results with data from first occurrence of cannibalism in the culture trial. Observations 

on larvae cannibalistic behavior were made daily for 5 minutes before the first morning 

meal by an observer sitting 50 cm from the edge of the tank (Puvanendran et al., 2008). 

 

 

Results 

 

Larval development and allometric growth 

Larval length underwent 4 growth phases representing distinct developmental 

stages (Fig. 2). The yolk-sac phase (1-3 DAH, 2.74-3.66 mm TL) had the fastest growth 

rate (SGR = 15.39%) but the preflexion phase (3.80-5.19 mm TL, 4-12 DAH) had a 

slower growth rate (SGR = 4.24%). The flexion phase (5.24-6.15 mm TL, 13-21 DAH) 

had the lowest growth rate (SGR = 2.02%) while the postflexion phase (6.72-8.55 mm 

TL, 22-32 DAH) exhibited a slight increase (SGR = 2.28%) but irregular measured 

mean lengths. 
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Figure 2. Growth in total lenght (TL) of P. pagrus from hatching to 32 days after hatching (DAH). During 

this period growth is defined by TL = 3.215e
0.031DAH

 (r
 
= 0.96, P < 0.05, n = 1051). Growth equations 

presented for different stages of development, according to estimated inflexion points following van Snick 

et al. (1997). 

 

Allometric growth revealed changes in body proportions during larvae 

ontogenetic development. There were 3 UJL growth phases (Fig. 3a) comprising a first 

phase of strong positive allometric growth with high coefficient of elasticity (b = 2.61, up 

to 4.74 mm TL) followed by near isometric growth (b = 1.19, 4.75 to 6.99 mm TL) and 

finally positive allometric growth (b = 1.71, over 7 mm TL).  

BDV growth was biphasic and almost isometric (Figure 3b) comprising both 

slightly negative allometric growth (b = 0.96, up to 6.99mm TL) and positive allometric 

growth (b = 1.21, from 7 mm TL onwards). BDA had 3 phases of allometric growth 

(Figure 3c) represented by a strong positive allometric growth (b = 2.46, up to 4.69 mm 

TL), a positive allometric growth (b = 1.85, 4.7 to 6.69 mm TL) and isometric growth (b = 

1.18, from 6.7 mm TL). 
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Figure 3. Red porgy larvae allometric growth of body parts on total length (TL) for (a) upper jaw length, 

UJL; (b) body depth at ventral fins, BDV; (c) body depth at anus, BDA. Partial growth equations presented 

according to estimated inflexion points, following van Snick et al. (1997) 
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The bivariate index (SLxBDA2) followed the same growth pattern as dry weight 

and was more highly correlated with this measurement (r = 0.97, n = 4, P < 0.05) than 

TL (r = 0.95, n = 4, P < 0.05; Fig. 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Dry weight (mg) and index SLxBDA
2
 (mm

3
±s.d.) variation during red porgy larvae development, 

from 9 to 30 days after hatching (DHA). The bivariate index presented significantly higher correlation with 

weight (r
  
=  0.99, n  =  8, P < 0.05) than total length (r

  
= 0.95, n = 8, P < 0.05).  

 

R values for all morphometric measurements varied according to the allometric 

growth patterns and were significantly different (P < 0.05) in relation to the larval 

developmental phases (Table 1). The R coefficient BDA/TL that was calculated for the 

depressed growth period (27-29 DAH) was lower (R = 0.24 ± 0.02; n = 45) than values 

for the same TL classes (7.00-7.99 mm) of DAH 25 and DAH 26 (R = 0.26 ± 0.03, n = 

37), but not significantly different (P < 0.05). 
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Table 1. Sequence of morphological events and percentage occurrence on first day in early life stages of red porgy in relation to morphometric characters: TL 

(total length), UJL (upper jaw length), BDV (body depth at ventral fins), BDA (body depth at anus). All measurements in mm, followed by the coefficient of 

variation (CV, %). 

  Morphological event 

   

  Swim bladder inflation Notochord flexion Fin rays development 

                

        

DAH (%1st day)  5-8 (47%) 17-19 (76%) 22-28 (49%) 

        

Measurements Y Mean (mm); CV (%) R (Y /TL) Mean (mm); CV (%) R (Y /TL) Mean (mm); CV (%) R (Y /TL) 

        

 TL 3.75; 3.81-4.87; 3.90 - 5.68; 6.48-5.91; 7.37 - 6.72; 7.36-7.69; 5.94 - 

        

 UJL 0.26; 24.35-3.25; 14.29 0.07 0.56; 6.18-0.60; 12.70 0.10 0.69; 10.35-0.82; 15.44 0.10-0.11 

        

 MG 0.37; 24.35-0.49; 14.29 0.10 0.09; 6.18-0.84; 12.70 0.14 0.97; 10.35-1.15; 15.44 0.14-0.15 

        

 BDV - - 1.66; 7.08-1.75; 6.46 0.29-0.30 1.99; 8.83-2.20; 8.66 0.30-0.29 

        

 BDA 0.50; 11.37-0.68; 11.26 0.13-0.14 1.42; 20.91-1.45; 1.44 0.25 1.76; 10.39-1.86; 10.55 0.26-0.24 
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Cannibalism 

The linear regression equations for body depth at ventral fin (BDV) on TLprey 

larvae and mouth gape (MG) on TLcannibal larvae were as follows: 

BDV = 0.331TLprey - 0.262 (r = 0.91, P < 0.05, n = 416) 

MG = 0.173TLcannibal - 0.169 (r = 0.73, P < 0.05, n = 301)  

The derived prey to cannibal size relationship was given by equation: 

TLprey = 0.523TLcannibal + 0.281 

Tank side observations revealed aggressive behavior with fin nipping from 18 

DAH. Cannibalism was first registered at 27 DAH, as larvae reached about 23% of 

maximum size variation (7.35mm mean TL, CVTL = 5.53% and TLmin/TLmax = 77.23%) 

(Fig. 5). Although cannibalism was observed up until the end of trial, MG never reached 

BDV (Table 1).  

 

Figure 5. Red porgy larvae size variation during period of major TL heterogeneity: coefficient of variance 

(CVTL), TLminimum/TLmaximum estimated from data (TLmin/TLmax) and from predictive model (TLprey/TLcann). 

 

 

Discussion 

 

Results for red porgy larval developmental stages and growth in length were 

similar to those previously reported for both intensive and more extensive culture 

conditions (Kentouri et al., 1995; Roo et al., 2010). Body TL growth stages reflected 
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larval allometric growth and developmental patterns. Osse et. al., (1997a, 1997b) state 

that the differential growth of body parts prepares fish larvae for future functional 

requirements. Rapid mouth growth (UJL) observed in red porgy early larval stages was 

associated with improved food capture and ingestion rates (Andrade et al., 2011). 

Marked alterations in body morphometry were characterized by a significant 

increase in body depth at anus level (BDA) at the onset of the larval pre-flexion stage. 

This is due to myotomal musculature growth (Socorro et al., 2001) and developmental 

elongation of the digestive system (Darias et al., 2005). The length to height ratio 

defines swimming drag (Blake, 1983). Consequently, early stage red porgy larval 

locomotion, foraging and predator evasion capacity are directly affected by the marked 

BDA allometric growth. During the two initial BDA growth periods (up to 6.69 mm TL, 

21-22 DAH), an increase of 1% TL produced 2.53% and 1.75% increments in BDA 

respectively. In seabream larvae for the same growth period, a 1% TL increase results 

in 1.52% and 1.06% increments in BDA respectively (Çoban et al., 2009). Swim bladder 

inflation associated with BDA increment may compensate for hydrodynamic constraints 

during the flexion stage, improving swimming and feeding performance. Papandroulakis 

et al. (2004) observed a sharp increase in rotifer consumption rates from 14 to 20 DAH, 

with values up to 4 times greater than values recorded for S. aurata larvae.  

The rapid transition to a deeper body form resulted in a stronger correlation of the 

bivariate morhometric index with dry weight that better described larvae size and growth 

than the single TL measurement. Further testing is needed to validate the index and its 

application in fish hatcheries. 

The relative growth of larval mouth gape (MG) at the post-flexion stage was 

faster than larval BDV (b = 1.71 and b = 1.21, respectively), a tendency that 

theoretically increase the likelihood of cannibalism from 22 DAH onwards. Larval size 

heterogeneity was highest at this age (CVTL decreased from 7.15% to 6.0%; TLmin/TLmax 

increased from 72.79% to 79.49%) and larval behavior became very aggressive. 

Cannibalism was first observed at 27 DAH when larval condition and size variation were 

at their lowest (about 23%). Similar findings have been reported for the orange-spotted 

grouper Epinephelus coioides larvae (Hseu et al., 2003) and the juvenile phase of the 

snakehead, Channus striatus (Qin and Fast, 1996). However, the cannibalism 

prediction model overestimated size heterogeneity for the occurrence of this 

phenomenon. According to the equation, for TLprey between 6 and 10 mm, cannibalism 

may potentially occur once TLprey is approximately 55% the size of TLcannibal. Our 
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predictive model results indicate that cannibalism and prey size in red porgy larvae is 

not solely attributable to cannibal gape.  

The “late” incidence of conspecific predation is apparently concurrent with the 

start of acidic digestion for red porgy larvae, which was reported at 8.5 mm TL by Darias 

et al. (2005). We hypothesize that cannibalism in red porgy larvae is dependent of 

larvae size variation and condition, but triggered by digestive system maturation. An 

ontogenetic shift to a piscivorous diet is more energetically profitable for fish larvae 

(Parazo et al., 1990; Elliott and Hurley, 2000; Masuda et al., 2002) allowing the larger 

red porgy larvae, equipped with a more efficient (acidic) digestive system, to select food 

based on digestibility criteria (Lazzaro, 1987). 

To mitigate cannibalism in cultured red porgy larvae, we suggest even and 

frequent distribution of adequate dry diets to produce a more uniformed size population, 

once maturation of the digestive system has taken place. The morphometric parameters 

and indices resulting from this study allow better control of size variation and the 

introduction of grading at early juvenile stages. Body height and length are commonly 

used to evaluate larval condition in hatcheries (Smith et al., 2005) allowing the 

convenient implementation of the bivariate index developed in the study. 

In conclusion, this study provides important findings on the morphological 

development and growth of P. pagrus larvae in mesocosm of semi-intensive culture 

methodologies. The relation between predator mouth gape and prey body height was 

not a good predictor of cannibalism in red porgy larvae, since this behavior appeared to 

also depend mostly on larval physiological condition and maturation of the digestive 

system. The morphometric indices and the new methodology to estimate red porgy 

larval growth performance will enhance larvae quality and culture practices and improve 

economical revenue for commercial hatcheries.  
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Abstract 

 

The present study provides a description of the morphological, histological 

and histochemical development, and the ecological implications of red porgy 

Pagrus pagrus larvae reared in mesocosm of semi-intensive methodologies, from 

hatching to 30 days after hatching (DAH). Four development stages were defined 

by body total length (TL), growth inflexion points at 3 DAH, 12 DAH and 21 DAH, 

in agreement with major patterns of larval organogenesis. First stage was 

characterized by the highest TL relative growth rate (RGR=7.23 % day-1) as larvae 

elongate their body to escape the culture media viscous forces. Larvae relied on 

the yolk sac reserves rich in proteins, neutral and acidic lipids and carbohydrates 

to fulfil their energy and nutrients requirements. A slight decrease on RGR (4.34 % 

day-1) occurred in the second stage of development, as larvae opened the mouth 

and initiated exogenous feeding. High occurrence of protein inclusions was 

indicative of pinocytosis and intracellular digestion taking place at the posterior 

digestive epithelium. Part of the yolk reserves could still be observed at 5 DAH, 1 

to 2 days later than larvae reared in intensive rearing conditions. In opposition, the 

peak of swim bladder inflation occurred earlier (8-11 DAH) and revealed high 

volume relative to body size (1.44±0.59). A significant decrease in RGR (1.55 % 

day-1) and the notochord flexion characterized the third stage of larval 

development. In response to increased con-specific competition for food larvae 

migrated deeper in the rearing tank from 14 DAH and adopted an aggressive 

behaviour at 17-19 DAH. Gastric glands in the forthcoming stomach were already 

common at 19 DAH. In the last stage of larval development the RGR was 3.62 % 

day-1 and larvae presented high size heterogeneity. A sharp increase of Artemia 

consumption from 26 DAH and cannibalism denoted a change in the digestive 

mode. This was evidenced by the intestinal mucosa increase in folding and 

number of gastric glands. Results suggest that red porgy larvae growth and 

development priorities, and behaviour patterns at early stages are directed to 

increase the number of captured prey. Larvae achieved full maturation of the 

digestive system and switched to a more efficient digestion mode only after fin 

differentiation. Differences found in larval ontogenetic development compared to 

larvae from intensive culture conditions were attributed to the faster larval growth 
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and to the low hydrodynamic conditions in mesocosm of semi-intensive culture 

methodologies. 

 

 

Keywords: Red porgy, Pagrus pagrus, larval organogenesis, fish larva 

behaviour 
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Introduction 

 

Red porgy Pagrus pagrus has been considered a candidate species 

regarding the diversification of marine finfish aquaculture in southern Europe 

(Kentouri et al., 1995; Divanach, 2002). However, fry production has been 

hampered by the lack of knowledge on red porgy larvae biology and culture 

requirements (Papandroulakis et. al, 2004a). This made hatcheries to resort to 

methodologies derived from Sparus aurata intensive culture to initiate red porgy fry 

production (Divanach, 2002).   

In the last decade, mesocosm semi-intensive methodologies have been 

introduced for red porgy larval rearing (Divanach, 2002; Roo et al., 2010). This 

technology has characteristics of extensive culture systems such as, the use of 

large rearing enclosures providing low larval density (5-10 larvae per L), low rate 

of water renewal and the “green water” technique (addition of microalgae), while 

the input and control of diets are according to intensive larviculture (Divanach and 

Kentouri, 2000). The outcome of the more stable water environment and the 

higher prey availability for red porgy in mesocosm is an improvement in larval 

growth performance and survival, as well as in robustness, as indicated by the 

higher larval resistance to acute stress (Roo et al., 2010).  

Studies on red porgy larvae ontogeny, particularly of the digestive system 

and associated organs, have been carried out in laboratory conditions, using small 

size tanks (0.3 to 1.0m3), “clean water” techniques and high larvae densities, up to 

50 larvae per L. First description of histological development of red porgy digestive 

system presented by Roo et al. (1999) revealed a closed association with the 

visual system, necessary for exogenous feeding. According to these authors, 3 

days after hatching (DAH), as yolk-sac reserves are almost depleted, the larvae 

have the mouth and anus opened, starting the differentiation of the gut. At 4 DAH, 

the eye presumptive cone receptors became well developed and pigmentation 

completed coinciding with digestive activity detected in the gut brush border cells. 

In addition, those authors described the formation of eye rods by 20 DAH at 7 mm, 

a significant improvement in the visual capacity and photosensitivity of larvae, 

coincident with the appearance of the first gastric glands in the digestive tract.  

Darias et al. (2007) have recently demonstrated in the exocrine pancreas of 

newly hatched red porgy larvae the synthesis of trypsinogen, the trypsin precursor, 
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and bile salt-activated lipase, digestive enzymes involved in protein and lipid 

digestion, respectively. Thus, the preparation of larvae for exotrophic feeding 

starts well in advance the capture of prey.  

In opposition, red porgy larvae have a late maturation of the digestive 

system compared to other sparids, evidenced by: a) first signs of gastric glands at 

6 mm on 19 DAH; b) their full development and increased number during 26-30 

DAH at 7-8 mm; c) pepsinogen gene expression at 30 DAH; and d) the decrease 

in gastric pH from 35 DAH (about 9 mm) (Darias et al., 2005). Based on the 

morphological and functional development of red porgy digestive tract it was 

suggested that Artemia or inert diets should be supplied to larvae only from 30 

DAH onwards (Darias et al. 2007), eventually a disadvantage at hatchery level for 

the culture of this species.  

Regarding the swim bladder, an important organ for the hydrostatic balance 

of larvae, Socorro (2006) observed the differentiation from the gut is initiated at 3 

DAH, with a period of higher inflation beginning by 8 DAH, at about 3.9 mm. 

Fish larvae development has a strong intrinsic adaptable nature depending 

on genetic and environmental factors (Gisbert and Doroshov, 2007). In culture 

conditions, several studies suggested that gut maturation and related enzymatic 

activities in fish larvae can be influenced by factors such as temperature (Önal et 

al., 2008; Zambonino Infante and Cahu, 2001), salinity (Moutou et al., 2004; 

Guiffard-Mena and Charmantier, 2006), photoperiod (Elbal et al., 2004), presence 

of microalgae (Reiten et al., 1997) and live food (Kolkovsky et al., 1997), food 

composition and amount of nutrients (Gatesoupe et al., 1997; Zambonino Infante 

and Cahu, 1999; Cahu et al., 2000; Cahu and Zambonino Infante, 2001), onset of 

exogenous feeding (Gisbert et al., 2004; Sarasquete et al., 1995), weaning (Cahu 

and Zambonino Infante, 1994), developmental stage (Péres et al., 1996), larvae 

nutritional condition and starvation (Kjørsvik et al., 1991).  

Although mesocosm of semi-intensive methodologies is considered the 

most adequate rearing method for red porgy larvae production (Roo et al., 2010) 

and similar to natural environment, no information is available on the 

organogenesis of this species at these culture conditions. Therefore, the aim of 

this work was to study red porgy larvae organogenesis under mesocosm semi-

intensive culture, by describing larvae morphological, histological and 
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histochemical development (including a first account for lipids) and ecological 

implications during the first month after hatching.  

   

 

Materials and methods 

 

Egg incubation and larval rearing 

Larvae rearing protocol was adapted from Divanach and Kentouri (2000) 

methods for mesocosm semi-intensive culture. A fiberglass cylinder culture tank of 

40 m3 volume and 2.10 m height was seeded with 320 000 eggs obtained from 

spontaneous spawnings of wild P. pagrus broodstock kept at Centro de 

Maricultura da Calheta, Madeira Island. Filtered seawater (10 µm) was added daily 

at a rate of 10 to 150% exchange, starting on 3 DAH. A light regime of 12 hours 

light, at 2000 lx at the water surface was provided by fluorescent lamps. 

Phytoplankton (Nannochloropsis sp.) was added daily and the density kept about 

250x103 cell ml-1. First feeding of larvae was initiated 3 DAH with enriched rotifers 

Brachionus plicatilis (DHA Protein Selco, INVE Aquaculture, Belgium) and the 

density kept at 5 rotifers ml-1. From 16 DAH the larvae were fed enriched Artemia 

metanauplii (Protein Selco, INVE Aquaculture, Belgium), from 20 to 300 nauplii ml-

1 and a co-feeding regime with dried diets (Lansy, INVE Aquaculture) started at 30 

DAH to the end of the trial,  at 33 DAH. Larvae culture occurred at temperatures 

and dissolved oxygen of 18.7±0.5 ºC and 7.1±0.6 mgl-1, respectively. Salinity was 

stable at 36±0.5. 

 

Sampling and methodologies  

Fifteen specimens were sampled daily at random from the rearing tank, for 

morphological, biometrical, histological and histochemical analysis. Deformed or 

curled larvae were excluded from analysis. 

Photographs of the left side of each larva were taken with a SoundVision SV 

Micro camera mounted on a stereoscopic microscope. Morphological observations 

and body measurements to the nearest 0.01 mm were performed from the 

photographs using the software package Zeiss Ks 300. The morphometric characters 

measured were (Fig.1): larvae total length (TL - the tip of the snout of the lower jaw to 

the posterior margin of the caudal fin), larvae standard length (SL - from the tip of the 
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snout of the lower jaw to the end of the notochord), larvae height (H – myotome 

height at anus level), swim bladder maximum length (lmax) and maximum height 

(hmax). 

The inflexion points of the growth curve were determined by iteration 

procedure according to van Snick et al. (1997). Relative growth rate (RGR, %day-1) 

between inflexion points was calculated as, (eg - 1) x 100, with g = (ln final weight – ln 

initial weight) / time, following Ricker (1958). 

The swim bladder volume (Vsb) was calculated by the spheroid equation 

(Hunter and Sanchez, 1976): 

Vsb = 4/3 π (Lmax /2)( Hmax)
2 

The ratio of a measurement to the independent variable is often applied to 

eliminate allometric effects of body size in morphological analysis (Lleonart et al., 

2000). In this study the relative size of the swim bladder to larval size (or volume) 

was used. Larvae volume was estimated as SL x H2, once this bivariate 

measurement has higher correlation with dry weight than length (Hovenkamp, 1990). 

For the histological and histochemical studies the larvae were fixed in Bouin‟s 

solution, then dehydrated and embedded in paraffin wax. Sagittal sections of 4-6 μm 

thickness were stained with haematoxylin-eosin (H&E) for histological study.  

Specific histochemical reactions for carbohydrates were: PAS to demonstrate 

neutral mucosubstances and/or glycoproteins (magenta-stained), and glycogen 

(Diastasa-PAS), Alcian blue pH 2.5 for acidic (carboxylated and sulphated) 

mucosubstances, and Alcian blue pH 1.0 and 0.5 for sulphated acid mucosubstances 

(blue-stained). Bromophenol blue staining was used to detect proteins in general. 

Histochemical reactions for proteins rich in amino acids were: ninhydrin-Schiff for 

lysine, Millon's reaction (Hg-sulphate-sulphuric acid-sodium nitrate) for tyrosine, 1,2-

Napthoquinone-4-sulphonic acid salt sodium (NQS) for arginine, ferric ferricyanide Fe 

III for cysteine, and thioglycolatepotassium ferricyanide Fe III for cystine. The staining 

intensities were evaluated in the sections with a scale of 0 to 3 (0=no staining; 

1=weak; 2: moderate; 3=strong). Methods used for carbohydrate, protein and lipid 

reactions were taken from monographs by Martoja and Martoja-Pierson (1970), 

Pearse (1985), and Bancroft and Stevens (1990). 
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Results 

 

Red porgy presented four growth phases defined by three inflexion points at 3 

DAH, 12 DAH and 21 DAH (Fig. 1). Larval growth phases and behaviour were in 

agreement with major patterns of morphological, histological and histochemical 

characterization.   

 

Figure 1. Growth in total lenght (TL) of Pagrus pagrus from hatching to 32 days after hatching (DAH). 

During this period growth is defined by TL=3.3983e
0.0297DAH

 (r
2
=0.91; P<0.05; n=417). Growth equations 

presented for different stages of development according to estimated inflexion points, following van Snick 

et al. (1997). 

 

Stage I - From hatching to 3 DAH, at 3.2-3.6 mm TL 

During the yolk-sac period the relative growth rate (RGR) at 7.23 % day-1 was 

the highest of the whole study period. Larvae were all stage static at the top 1 m of 

water column.  

Immediately after hatching the larvae presented the yolk-sac consisting of a 

matrix enclosed by a monostratified layer of cuboid cells. One oil globule with positive 

reaction to Red O (neutral lipids) was present in the acidophilic yolk, becoming a red 

point by the end of the yolk sac reabsorption at 5 DAH.  

The yolk matrix was diastase PAS-negative (presence of glycogen), 1,2-

naphthoquinone-4-sulphonic acid, sodium salt (NQS) positive (with proteins rich in 

arginine) and reaction positive with mercury sulphate/sulphuric acid/sodium nitrate 
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(proteins rich in tyrosine). There was also positive but weak reactions to ferric-

ferricyanide and reduction thioglycolate (with proteins rich in cystine and cysteine). 

and to p-dimethylaminobenzaldehyde (proteins rich in tryptophan) and ninhydrin-

Schiff-positive (with proteins rich in lysine) (Table 1). 

 

Table 1. Histochemical distribution of proteins, carbohydrates and lipids of Pagrus pagrus larvae 

development. The values separated by “-” represent the variation of the colour intensity observed in the 

structures during the first month of larval life until 30 DAH.  

 

 

 

The outside layer of yolk-sac had positive reactions to Nile-blue, PAS-positive 

concanavallin A, indicating the presence of phospholipids, neutral mucosubstances 

and glycoproteins, respectively. A granular acidophilic zone was observed between 

yolk sac and larval body with affinity to orange G and light green that are precursor 

cells of liver and a basophilic zone, with precursor cells of pancreas. 

 

 

 

 Yolk 
sac/ 
Oil 
globule   

Liver Pancreas Brush 
border 

Eosophagus 
epithelium 
 

Intestine 
epithelium 
 

 Mucous 
cells  

      Anterior Posterior Esophagus Intestine 

Proteins in general 2 2 3 2-3  2-3 2-3 0-1 0-1 

Proteins rich in 
tryptophan 
 

0-1 1 1 1 0-1 1 1 0 0 

Proteins rich in tyrosine 2 2 3 1-3 1-2 1-2 1-2 0-2 0 

Proteins rich in arginine 2 1 2 1-2 1-2 1-2 1-2 0-2 0 

Proteins rich in lysine 0-1 1 2 1-2 1-2 1-2 1-2 1-2 0 

Cysteine residues 0-1 1 1 1 1 1 1 0-3 0-3 

Cystine residues 0-1 1 1 1 1 1 1 0-1 0-3 

Neutral 
mucosubstances 
 

0-1 0 1 1 0-1 0-1 0-1 1-3 0-2 

Carboxylated 
mucosubstances 
 

0-1 1 1 2 0-1 0-1 0-1 1-3 0-3 

Sulphated 
mucosubstances 
 

2 1 1 2-3 0-1 0-1 0-1 0-3 0-3 

Glycogen 0-1 0 0 0 0 0 0 0 0 

Neutral Lipids 0-2 2 2 1-2 2-3 2 2 0-3 0-3 

Neutral and acid lipids 0-2 2-3 3 3 2-3 2-3 2-3 0-1 0-1 



  Larval organogenesis of red porgy 

 65 

Primordial gills are detected at 2 DAH (Fig. 2) at the time the posterior part of 

digestive tube opened, forming the anus.  

 

 

Figure 2. Branchial archs in 3 DAH Pagrus pagrus larvae (H&E). Scale bar 10 µm. 

 

By the third day after hatching the digestive tract presented an increase in 

length and folding. Simultaneously, the digestive tract becomes differentiated in 4 

segments: oesophagus, anterior intestine, intermediate and posterior intestine (Fig. 

3).  

 

         

 

Figure 3. Histological appearance of the digestive tract in Pagrus pagrus larvae from hatching (a) to 3 

DAH (b) (H&E).  Scale bars 50 µm (a) and 25 µm (b); N =  notochord; DT =  digestive tract; YS = yolk 

sac ; AI = anterior intestine; II = intermediate intestine; PI = posterior intestine; A = anus. 

 

It is during this phase that the primordial swim bladder initiated differentiation 

from the dorsal wall of the digestive tube (Table 2). 

 

N 

YS 

DT 

N 

A 

PI 

II 

AI 

(a) (b) 
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Table 2 - Histochemical distribution of proteins, carbohydrates and lipids of Pagrus pagrus swim bladder. 

The values separated by “-” represent the variation of the color intensity observed in the structures during 

the first month of larval life. 

 Gas Gland Rete mirabile Epithelial layer 

    

Proteins in general 3 1 1 

Proteins rich in tryptophan 1 0 1 

Proteins rich in tyrosine 2 2 1 

Proteins rich in arginine 2 1 1 

Proteins rich in lysine 2 1 1 

Cysteine residues 2 1 0 

Cystine residues 2 1 1 

Neutral mucosubstances 1 1 1 

Carboxylated mucosubstances 1 1 1 

Sulphated mucosubstances 3 2 2 

Glycogen 0 0 0 

Neutral Lipids 2 1 1 

 

 

Stage II - From 4 DAH to 12 DAH, at >3.6-5.0 mm TL 

Larval growth was almost inexistent during the first 5 DAH. Still, the average 

value of RGR for stage II was 4.34 % day-1. 

Larvae were active and begun external feeding. One of the most obvious 

morphological events at this phase was the swim bladder development and inflation. 

By 8 DAH at 4.2 mm TL, about 92% of the larvae have initiated swim bladder inflation 

(Table 3). Between 8 and 11 DAH (4.2-4.6 mm TL) the swim bladder volume had the 

most considerable increment, reaching 3.4 times the previous relative size. During 

this period, while larval body volume had a considerable geometric increment, TL 

had a low linear increase.   

This was a stage of major changes at histological and at histochemical level. 

Although most larvae opened mouth at 3 DAH only a few had rotifers in the digestive 

tube. A diminished yolk-sac was still visible at 5 DAH.  The eyes attained a larger 

size at 4 DAH while at tissue level there was an increasing number of cone cells. The 

first pharyngeal and mandibular teeth were apparent at 4 DAH. 
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Table 3. Pagrus pagrus larvae size in total length (mm±s.d.) and volume (mm
3
±s.d.) and swim bladder 

absolute and relative volumes (mm
3
±s.d.) from 5 DAH to 17 DAH.  

 Days after hatching    

 5 8 11 14 17 

 (n=12) (n=14) (n=14) (n=14) (n=14) 

Larvae size      

      TL (mm±s.d.) 3.67±0.14 4.40±0.10 4.64±0.28 5.27±0.20 5.92±0.38 

      Volume (mm
3
±s.d.) 0.81±0.04 1.67±0.50 4.29±0.54 7.86±2.40 10.43±3.38 

Swim bladder       

      % larvae inflated 33 92 100 100 100 

      Volume (10
-3

 mm
3
±s.d.) 0.26±0.11 0.66±0.06 6.36±3.03 17.22±5.20 29.94±5.48 

Swim bladder / larvae size 0.32±0.13 0.42±0.14 1.44±0.59 2.23±0.41 3.02±0.83 

 

First digestive mucous cells were detected containing neutral and/or acid 

mucosubstances (Table 1). Until 9 DAH (about 4.5 mm TL) stronger reaction was 

observed at the oesophagus. At this larval age the epithelium of anterior intestine 

contained proteins rich in lisine (stained positive with ninhydrin-Schiff) and there was 

an increase of proteins rich in tyrosine (stained positive with mercury 

sulphate/sulphuric acid/sodium nitrate). Reaction to protein rich lysine decreased at 

30 DAH, about 8mm TL.  

Concerning the associated organs of the digestive system, by 4 DAH the 

presence of glycogen (stained with PAS, Diastasa-PAS) and neutral and acidic lipids 

(stained by Nilo Blue) was evidenced in the liver, whereas proteins, stained by 

bromophenol blue were more intense in exocrine pancreas. The gall bladder was 

functional at this age.   

 

Stage III -   From 13 to 21 DAH, >5.0-6.4 mm TL 

Larval TL growth was the lowest registered during this study resulting in a 

RGR of 1.55 % day-1.  

By 14 DAH (5.4 mm TL) conspicuous larger size larvae moved deeper and 

stand along the tank wall, leaving the top water layer (1 m) where the majority of 

population resides. Aggressive behaviour including fin nipping characterized larvae 

behaviour at 17-19 DAH. With notochord flexion at 17-20 DAH to the end of this 

developmental stage larvae become lethargic presenting low feeding activity. 

Notochord flexion was one the most obvious morphological differentiations at 

this stage, occurring from 17 to 20 DAH within a TL range of 5.7-6.0 mm. At this 

stage most organs exhibit an increase in tissue structure and number (Fig. 4). At 
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histological level the most relevant event was the occurrence of gastric glands at 

19 DAH. 

 

Stage IV - From 22 to 33 DAH, >6.4 mm TL 

The RGR for this period was 3.62 % day-1 and larvae presented high size 

heterogeneity.  

Larvae behaviour was characterized by a sudden increase in swimming 

activity and food consumption from 25-26 DAH, exhibiting about 2-3 fold the Artemia 

consumed in previous period. Cannibalism with full engulfment of prey occurred from 

28 DAH (about 8.2 mm TL) onwards. Smaller larvae tended to aggregate at the 

margins of the tank. From 21 to 27 DAH, the finfold gives place to pairs of fin rays. 

In the forthcoming stomach area the intestinal mucosa evidenced increase of 

folding and number of gastric glands. In the posterior intestine supranuclear vacuoles 

rich in proteins, carbohydrates (including glycogen) and particularly lipids were 

observed from early stage increasing in number and becoming abundant by 30 DAH 

(Table 1). 

 

 

 

 Figure 4. Digestive tract of 22 DAH Pagrus pagrus larvae. Tooth (arrow) and mucous cells (   ) at 

buccal cavity (H&E) (a). Stomach, anterior intestine and accessory digestive organs (Bromophenol 

Blue) (b). Scale bars 25µm; S = stomach; L = liver; P = pancreas; AI = anterior intestine; E = 

oesophagus.  
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Discussion and conclusions 

 

Larval growth in mesocosm and development of the digestive system 

Larval growth in TL in this study was comparable to previously reported for semi-

intensive mesocosm and intensive rearing methodologies by Roo et al. (2010), despite 

the warmer (+ 1ºC) rearing water mean temperature. Larvae were 5.5 % and 16.3 % 

bigger in TL mean sizes, respectively, at 20 DAH and 30 DAH when compared to 

values for P. pagrus reported by Darias et al. (2007), in their organogenesis studies 

using intensive rearing methodologies, at similar temperatures (Table 4).  

Red porgy growth patterns reflected the differential growth of body parts, which is 

a function of the organs and tissues development, and the nutrients and energy 

allocated for growth.  

 

 

Table 4. Larval growth and development parameters for Pagrus pagrus in mesocosm (this study) and in 

intensive culture conditions (Darias et al., 2007). 

Parameter Mesocosm  Intensive culture  

Growth rate (% TL day
-1

) 2.97 2.59  

Length at transformation to juvenile 

(mm – DAH)  

7.13 mm – 25 DAH 7.12 mm – 30 DAH 

Mouth and anus opening 3 DAH 3 DAH 

Swimbladder inflation (DAH) 8-14 (8-11 max. inflation) 12-15 

Mucous cells (DAH) 6-11 6-15 

Gastric glands (DAH) 19 19 

Intestinal folding (DAH) 23 - 

Fins differentiation (DAH) 21-27 - 

 

At yolk-sac stage larvae experienced the fastest growth of the several 

developmental phases. Newly hatched red porgy larvae presented undifferentiated gut 

and accessory organs. Larvae relied on the yolk sac reserves rich in proteins, neutral 

and acidic lipids and carbohydrates to fulfil their energy and nutrients requirements. 

At the start of the exogenous feeding, 2nd stage of development, growth was 

almost null until 5 DAH where larvae were consuming their endogenous reserves. Once 

a significant part of the population succeeds in catching, ingesting and digesting prey, 

growth was promoted for the first time (Yúfera and Darias, 2007). 
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The differentiation of the gut occurred at 3 - 4 DAH, being concomitant with the 

mouth and anus opening, and the establishment of exogenous feeding, similarly to 

reported in intensive rearing (Roo et al., 1999; Darias et al., 2007). Larvae still 

presented a tenuous yolk-sac at 5 DAH, whereas in intensive rearing the yolk-sac was  

adsorbed 3 DAH, at 21.5±0.5 ºC (Roo et al. 1999) and 4 DAH, at 19.5±0.5 ºC (Darias et 

al., 2007). A delayed consumption of yolk-sac reserves for two distinct sparid larvae 

reared in mesocosm was previously reported by Papandroulakis et al. (2004b). 

Probably, fish larvae require less energy for locomotion in the low hydrodynamics 

conditions of mesocosm rearing tank compared to intensive culture.  

Oesophageal epithelium cells developed rapidly with the transition from 

endogenous to exogenous feeding, producing neutral mucous from 3 DAH. These 

secreted mucins were suggested to protect the mucosa against bacteria and physical or 

chemical damage (Allen, 1989).  

Larvae had an incipient non-functional stomach at this early stage. They rely 

mainly on pancreas and intestine for the digestion and absorption of nutrients, with 

pinocytosis and intracellular digestion as the main mechanisms for protein absorption 

(Govoni et al., 1986). The high occurrence of protein supranuclear inclusions was 

indicative of both these processes taking place at the epithelium cells of posterior 

intestine. This type of inclusion is also observed in the posterior intestine of S. aurata 

(Sarasquete et al., 1995), of Pseudosciaena crocea, a scianid (Mai et al., 2005) and of 

cod Gadus morhua (Kjorsvik et al., 1991). Increased folding of intestinal mucosa will 

increase absorption area enhancing the mixing of digestive juices (Grau et al., 1992; 

Arellano et al., 1999) and nutrient absorption.   

Neutral lipid vacuoles observed in the epithelial cells of the mucosa of red 

porgy from 3 DAH onwards, suggest that the anterior intestine was involved in the 

absorption and storage of lipids, as previously reported for cod fish larvae by Kjorsvik 

et al. (1991). Live prey are normally enriched with lipids emulsions to fulfil fish larvae 

requirements on essential fatty acids, one of most important factors affecting growth, 

survival, neural tissue development (Izquierdo, 1996) and vision (Benítez-Santana et 

al., 2007). Previous studies have demonstrated that red porgy larvae in particular 

have high requirements of docosahexaenoic acid at early stages and shortages of 

this essential fatty acid may originate skeletal anomalies (Roo et al., 2009). Lipid 

vacuoles were present in hepatocytes from 6-7 DAH, reflecting fish larvae ability to 

store energy, which number increased with larval growth/development.  
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Most larvae initiated swim bladder inflation within 5 and 8 DAH achieving 100 

% inflation, similarly to previous reported for this species using intensive rearing 

methods (Mihelakakis et al., 2001). A peak of swim bladder relative volume increase 

occurred between 8 and 11 DAH (maximum), four days in advance that observed by 

Darias et al. (2007).  This allows mesocosm reared larvae at earlier stages to 

improve locomotion capacity and to increase ability to capture live feed.  

A significant decrease in growth rate and the notochord flexion characterize 

the 3th phase of larval development. Larvae lethargic behaviour towards the end of 

this phase translates the priority mobilization of energy to the dramatic increase in 

size and complexity of most body tissues and organs. 

The presence of neutral mucosubstances within cells and brush border of 

anterior and posterior digestive epithelium preceded the development of gastric glands 

at 20 DAH, Both events occurred about the same larval age reported in intensive culture 

by Darias et al., 2007 (Table 4). The mucosubstances most important role is to protect 

the digestive mucosa from the hydrochloric acid and enzyme secretions to be produced 

by gastric glands (Hachero-Cruzado, 2009). 

A slight inflection in larvae TL growth characterizes the final (4th) phase of larval 

development. Larvae evolve towards the external morphology of a juvenile fish, 

particularly with fin ray differentiation occurring from 21 to 27 DAH, 6.5 to 8.2 mm. In 

intensive culture conditions at mean temperature 1-2ºC higher this study, the 

transformation is reported to occur between 23 to 32 DAH, about 8.57 to 10.28 mm TL 

(Mihelakakis et al., 2001).  

Gastric glands increased in number until the end of this study (30 DAH) in the 

stomach. Based on the gastric glands morphological development and the detection 

of pepsinogen expression at this age, Darias et al. (2007) considered that larvae 

acquire the acid digestion mode and suggested the introduction of Artemia in larval 

diet.  

In our trial, 25-26 DAH (about 7.3 mm TL) larvae presented a sharp rise in 

Artemia consumption, followed by cannibalism of con-specific larvae from 28 DAH 

(8.2 mm TL). Although the choice of larger prey may be related to larval size, the 

apparent full digestion of both Artemia and larvae suggest that the onset of acidic 

digestion might have started. 

Supranuclear vacuoles were abundant in the enterocytes of posterior intestine 

until the end of this larval stage. Lipids seemed to be absorbed mainly by the 
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posterior intestine, similarly as described for turbot Scophthalmus maximus (Koven et 

al., 1994), for Senegal sole Solea senegalensis (Morais et al., 2006) and brill 

Scophtalmus rhombus (Hachero-Cruzado et al., 2009). In S. aurata larvae the 

supranuclear vacuoles observed are of protein nature (García et al., 1997). The 

above mentioned physiological changes occurred with a concomitant increment of 

body reserves (glycogen and neutral lipids) at liver level. 

 

Setting of development priorities in red porgy larvae 

The acquisition of an acidic mode of digestion by 30 DAH red porgy larvae 

marks the transformation of larvae to juvenile (Darias et al., 2007). This enhances 

fish larvae digestive capacity and widens the type of food larvae is able to digest, 

what might have explained increase consumption and full digestion of Artemia, as 

well as the occurrence of cannibalism by larger and juvenile like fish at late 4th 

developmental phase.  

In red porgy larvae the digestive system maturation is a long transitional 

period (from 19-20 to about 30 DAH) and arguably occurring later in their ontogeny 

than in most other sparids (review by Yufera et al., 2011). Considering fish larvae 

growth and developmental patterns are set according priority functions and prepare 

them for future needs (Osse et al., 1997ab), red porgy larvae will have to establish a 

sequence of developmental and behaviour patterns to cope with the high energy 

demands from metamorphosis, noticed by a slow growth rate (stage 4 of 

development). 

At yolk-sac stage, red porgy larvae registered the fastest growth rate in length 

from the larval period. An elongated body increases Reynolds number (a ratio 

between inertial and viscosity forces), diminishing the effects of friction (Müller and 

Videler, 1996; Osse and van den Boogaart, 1999). Consequently, energy losses for 

larvae locomotion will be minimized and swimming performance improved. In fact, 

Andrade et al. (2011) reported that red porgy larvae at early second stage of 

development, from 3 DAH to 4 DAH, were able to increase by 55% their swimming 

speed. According to these authors, the simultaneous 20% increase in mouth gape 

over the same period of time prepares larvae to prey capture. 

The most striking feature in the second stage of development is the 

swimbladder significant increase in volume, to about 1.4 times that of S. aurata 

larvae of same size (Soares, 1995). Improvements in larvae displacement in the 
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water column are expected with ecological relevance, particularly for larvae reared in 

mesocosm. Larvae will be able to explore the variety of habitats and new foraging 

areas of the large mesocosm tanks, lowering con-specific competition for food. 

Simultaneously, larvae were strengthening their musculature with noticeable 

increment of myotomal height, followed by notochord flexion at 17 DAH, towards the 

end of the 3rd stage of development. Both morphological transformations are referred 

by Blaxter (1988) to increase fish larva swimming performance and provide energy 

savings. Consequent improvement in prey capture performance may explain cultured 

red porgy larvae sharp increase of rotifer consumption rates, up to 4 times those of 

S. aurata larvae, from about 14 DAH to 20 DAH (Papandroulakis et al., 2004a). 

Finally, regarding the locomotion organs, finfold differentiation to unpaired fins 

occurred from 21 to 27 DAH (about 6.5-8.2 mm TL). According to Fukuara (1985) fins 

and musculature raise exponentially the swimming speed of Pagrus major larvae. 

The enhanced swimming capabilities provided by fins will enable larvae to cover a 

wider area and to improve prey capture efficiencies (Gisbert et al., 2002; Sala et al., 

2005). Moreover, from 20 to 30 DAH there is a significant improvement in red porgy 

larval vision with the rod photoreceptors development (Roo, et al., 1999), that is likely 

to increase prey detection under low light intensity, in concordance with observation 

of larvae migration from surface to the bottom of the tanks. 

Red porgy larval digestive system will have to adapt to the higher levels of 

ingested food. Pancreatic enzymes lipase and trypsin, involved in lipid and protein 

digestion respectively, are reported to have a sharp increase of specific activity 

between 5-7 mm TL (Suzer et al., 2007), about 12-23 DAH in our study. In addition, 

the anterior intestine ought to add area for food-enzyme mixing and uptake of 

nutrients, as it was observed with intestine increasing folding and length by 23 DAH. 

An increasing number of supranuclear vacuoles rich in carbohydrates, proteins and 

particularly lipids is observed at the posterior intestine and suggest a nutrient shift to 

provide energy for growth. 

From early 4th stage of development, the liver presented increasing body 

reserves denoting that larvae have assembled the development steps to succeed in 

the detection, capture and ingestion of prey, and stored the energy needed for 

transformation to juvenile.       
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Conclusions 

In advance to a demanding transformation to juvenile stage, red porgy larvae 

seemed to have set a sequence of developmental events in favour of an increase of 

the number of captured prey and their assimilation, only switching to a novel and 

more efficient digestion after fin development. This is in agreement with previous 

suggestion that fish larvae have priorities established in their life history in order to 

develop swimming and feeding organs to escape predation and starvation (Osse et 

al., 1997a). 

Larval TL growth and ontogenetic development in red porgy reared under 

mesocosm of semi-intensive methodologies were faster compared to larvae from 

intensive rearing methods. Mesocosm rearing methodologies promoted the delay in 

the consumption of larval yolk-sac reserves and a precocious swim bladder inflation 

that may have broaden the energy conservation and ecological strategies and 

improved larvae performance.  

Knowledge of red porgy larvae ontogenetic development and associated 

behavioural patterns presented in this study will be useful to improve larval rearing 

techniques and production management in mesocosm of semi-intensive culture 

methodologies. 

 

 

References 

 

Allen, A., 1989. Gastrointestinal mucus. In: Schultz, S.G., Forte, J.G, Raumer, B.B. 

(Eds.), Handbook of Physiology, Bethesda, MD: American Physiological Society, 

pp.359-382. 

Andrade, C.A.P., Brazão, I.P.G., Nogueira, N., Ferreira, M.P., Dillinger, T., Dinis, M.T. 

and Narciso, L. 2011. Red porgy (Pagrus pagrus) larval feeding performance and 

behavior at the onset of exogenous feeding, Journal of Experimental Marine 

Biology and Ecology 407: 377-381. 

Arellano, J., Dinis, M.T. and Sarasquete, C., 1999. Histomorphological and 

histochemical characteristics of the intestine of the Senegal sole, Solea 

senegalensis. European Journal of Histochemistry 43: 121-133. 

Bancroft, J.D. and Stevens, A., 1990. Theory and Practice of Histological Techniques. 

Churchill Livingstone, Edimburgh, pp. 726  



  Larval organogenesis of red porgy 

 75 

Benítez-Santana, T., Masuda, R., Juárez Carrillo, E., Ganuza, E., Valencia, A., 

Hernández-Cruz, C.M. and Izquierdo, M.S., 2007. Dietary n-3 HUFA deficiency 

induces a reduced visual response in gilthead seabream Sparus aurata larvae. 

Aquaculture. 264: 408- 417. 

Blaxter, J. H. S., 1988. Pattern and variety in development. In: Hoar W. S. and Randall 

D. J. (Eds.), Fish Physiology, Vol. XI A , Academic Press, London, pp. 1-58. 

Cahu, C. L. and Zambonino Infante, J. L., 1994. Early weaning of sea bass 

(Dicentrachus labrax) larvae with a compound diet: effect on digestive enzymes. 

Comparative Biochemistry and Physiology 109 A (2): 213-222. 

Cahu, C. L., Zambonino Infante, J. L., Corraze, G. and Coves, D., 2000. Dietary lipid 

levels affect fatty acid composition and hydrolase activities of intestinal 

brushborder membrane in seabass. Fish Physiology and Biochemistry 23: 165-

172. 

Cahu, C.L. and, Zambonino Infante, J.L., 2001. Substitution of live food by formulated 

diets in marine fish larvae. Aquaculture. 200, 161-180. 

Divanach, P., 2002. Recent developments in the domestication of new Mediterranean 

species. In: Basurco B., and Saroglia, M. (Eds.). Aquaculture Society Special 

Publication, Nº 32, Seafarming today and tomorrow, Belgium, pp. 35-41 

Divanach, P. and Kentouri, M., 2000. Hatchery techniques for specific diversification in 

Mediterranean finfish larviculture. In: Basurco, B. (Ed.), Cahier Options 

Mediterranennes, Vol. 47, Mediterranean Marine Aquaculture Finfish Species 

Diversification, C.I.H.E.A.M., Zaragoza, Spain, pp. 75-87. 

Darias, M. J., Murray, H. M., Martinez- Rodriguez, G., Cardenas, S. and Yúfera, M., 

2005. .Gene expression of pepsinogen during the larval development of red 

porgy (Pagrus pagrus). Aquaculture 248: 245-252. 

Darias, M. J., Ortiz-Delgado, J. B., Sarasquete, C., Martínez-Rodriguez, G. and Yúfera, 

M., 2007. Larval organogenesis of Pagrus pagrus L., 1758 with special attention 

to the digestive system development. Histology and Histopathology 22: 753-768. 

Elbal, M.T., García-Hernández, M.P., Lozano, M.T. and Agulleiro, B., 2004. 

Development of the digestive tract of gilthead sea bream (Sparus aurata L.). Light 

and electron microscopic studies. Aquaculture 234: 215–238.  

Fukuhara, O., 1985. Functional morphology and behaviour of early life stages of red 

seabream. Bulletin of Japanese Society of Scientific Fisheries 51: 731-743. 



Larval organogenesis of red porgy 

 76 

Gatesoupe F.J., Zambonino Infante, J.L., Cahu, C. and Quazuguel, P., 1997. Early 

weaning of seabass larvae Dicentrarchus labrax: the effect on microbiota, with 

particular attention to iron supply and exoenzymes. Aquaculture 158: 117-127. 

Gisbert, E., Merino, G.  Muguet, J. B., Bush, D., Piedrahita, R. H., and Conklin, D. E., 

2002. Morphological development and allometric growth patterns in hatchery-

reared California halibut larvae. Journal of Fish Biology 61: 1217-1229. 

Gisbert, E., Piedrahita, R.H. and Conklin, D.E., 2004. Ontogenetic development of the 

digestive system in California halibut (Paralychthys californicus) with notes on 

feeding practices. Aquaculture 232: 455-470. 

Gisbert, E. and Doroshov, S. I., 2006. Allometric growth in green sturgeon larvae. 

Journal of Applied Ichtyology 22(1): 202-207. 

Govoni, J.J., Boechlert, G.W. and Watanabe, Y., 1986. The physiology of digestion in 

fish larvae. Environmental Biology of Fishes 16: 59–77. 

González de Canales, M.L., Gutiérrez, M., Segner, H. and Sarasquete, C., 1997. 

Histología, histoquímica y alteraciones patológicas en el desarrollo larvario de  

dorada Sparus aurata, L. y lenguado, Solea senegalensis, K. In: Muñoz Cueto, 

J.A., González de Canales, M.L., Mancera, J.M., Piñuela, C., Sarasquete, C. 

(Eds.), Estado actualy perspectivas en acuicultura: Histofisiología, histopatología 

y biotoxicología. Servicio de Publicaciones de la Universidad de Cádiz, pp. 175-

223. in spanish.  

Grau, A., Crespo, S., Sarasquete, M.C. and González de Canales, M.L., 1992. The 

digestive tract of the amberjack, Seriola dumerili Risso: A light and scanning 

electron microscope study. Journal of Fish Biology 41: 287-303. 

Giffard-Mena, I., Charmantier, G., Grousset, E. and Aujoulat, F., 2006. Digestive tract 

ontogeny of Dicentrarchus labrax: Implication in osmoregulation. Development, 

Growth & Differentiation 48 (3): 139–151. 

Hachero-Cruzado, I., Ortiz-Delgado, J. B., Borrega, B., Herrera, M., Navas, J.I. and 

Sarrasquete, C., 2009. Larval organogenesis of flatfish brill Scophthalmus 

rhombus L: Histological and histochemical aspects. Aquaculture 286: 138-149.  

Hovenkamp, F., 1990. Growth differences in larval plaice Pleuronectes platessa in 

Southern Bight of the North Sea as indicated by otholit increments and RNA/DNA 

ratios. Marine Ecology Progress Series 58: 205-215. 

Hunter, J.R. and Sanchez, C., 1976. Diel changes in swimbladder inflation of larvae of 

the northern anchovy, Engraulix mordax. Fisheries Bulletin 74 (4): 847-855. 

http://onlinelibrary.wiley.com/doi/10.1111/dgd.2006.48.issue-3/issuetoc


  Larval organogenesis of red porgy 

 77 

Izquierdo, M. S. 1996. Essential fatty acids requirements of cultured marine fish larvae. 

Aquaculture Nutrition 2: 183-191. 

Kentouri, M., Pavlides, M.,  Papandroulakis, N. and Divanach, P., 1995. Culture of the 

red porgy, Pagrus pagrus in Crete. Present knowledge, problems and 

perspectives. In: Valls, M., Akrout, H. (Eds.), Cahier Options Mediterranennes, 

Vol. 16, Mediterranean Marine Aquaculture Finfish Species Diversification, 

C.I.H.E.A.M., Zaragoza, Spain, pp. 65-78. 

Kjørsvik, E., van der Meeren, T., Kryvi, H., Arnfinnson, J. and Kvenseth, P.G., 1991. 

Early development of the digestive tract of cod larvae, Gadus morhua L., during 

start-feeding and starvation, Journal of Fish Biology 38: 1-15. 

Kolkovski, S., Ariel, A. and Tandler, A., 1997. Visual and chemical cues stimulate 

microdiet ingestion in marine sea bream larvae. Aquaculture International. 5: 527-

536. 

Koven, W. M., Henderson, R. J.  and Sargent J. R., 1994. Lipid digestion in turbot 

(Scopthalmus maximus). I. Lipid class and fatty acid composition of digesta from 

different segments of the digestive tract. Fish Physiology and Biochemistry 13 (4): 

275-283  

Lleonart, J., Salat, J. and Torres, J., 2000. Removing allometric effects of body size in 

morphological analysis. Journal of Theoretical  Biology 205: 85-93. 

Mai, K., Yu, H., Duan, Q., Gisbert, E., Zambonino-Infante, J.L. and Cahu, C.L., 2005. A 

histological approach of Pseudosciaena crocea larvae and juveniles. Journal of 

Fish Biology 67: 1094-1106. 

Martoja, R. and Martoja-Pierson, M. 1970. Técnicas de Histologia Animal. Toray 

Masson S.A., Barcelona, pp. 350. 

Mihelakakis, A., Yoshimatsu, T. and Tsolkas, C., 2001. Spawning in captivity and early 

life history of cultured red porgy, Pagrus pagrus. Aquaculture 199: 333-352.  

Morais, S., Caballero, M.J., Conceição, L.E.C., Izquierdo, M.S. and Dinis, M.T., 2006. 

Dietary neutral lipid level and source in Senegalese sole (Solea senegalensis) 

larvae: Effect on growth, lipid metabolism and digestive capacity Comparative 

Biochemistry and Physiology 144 B: 57–69 

Moutou, K.A., P. Panagiotaki and Z. Mamuris, 2004. Effects of salinity on digestive 

protease activity in the euryhaline sparid Sparus aurata L.: A preliminary study. 

Aquaculture Research 35: 912-914. 

http://www.springerlink.com/content/?Author=W.+M.+Koven
http://www.springerlink.com/content/?Author=R.+J.+Henderson
http://www.springerlink.com/content/?Author=J.+R.+Sargent
http://www.springerlink.com/content/0920-1742/
http://www.springerlink.com/content/0920-1742/13/4/


Larval organogenesis of red porgy 

 78 

Müller, U. and Videler, J., 1996. Inertia as a “safe harbour”: do fish larvae increase 

lenght growth to escape viscous drag? Reviews in Fish Biology and Fisheries 6: 

353-360. 

Önal, U., Langdon, C. and Çelik, I., 2008. Ontogeny of the digestive tracto f larval 

percula clownfish, Amphiprion percula (Lacépède 1802): a histological 

perspective. Aquaculture Research 39: 1077-1086. 

Osse, J. W. M., and van den Boogaart J. G. M., 1997a. Size of flatfish larvae at 

transformation, functional demands and historical constraints. Journal of Sea 

Research 37:229-239.  

Osse, J. W. M., van den Boogaart, J. G. M., van Snik, G. M. J. and van der Sluys, L. 

1997b. Priorities during early growth of fish larvae. Aquaculture 155: 249-258. 

Osse, J. W. M., van den Boogaart, J. G. M., 1999. Dynamic morphology of fish larvae, 

structural implications of friction forces in swimming, feeding and ventilation. 

Journal of Fish Biology 55 A: 156-174. 

Papandroulakis, N., Kentouri, M.  and Divanach, P., 2004a. Biological performance of 

red porgy (Pagrus pagrus) larvae under intensive rearing conditions with the use 

of an automated feeding system. Aquaculture International 12: 191-203. 

Papandroulakis, N., Kentouri, M., Maingot, E. and  Divanach, P., 2004b. Mesocosms: a 

reliable technology for larval rearing of Diplodus puntazzo and Diplodus sargus 

sargus. Aquaculture International 12: 345-355. 

Pearse, A.G.E. 1985. Histochemistry. Theorethical and Applied – Vol. 2 Analytical 

Technology. Churchill Livingston, New York, pp. 1055. 

Péres, A., Cahu, C.L., Zambonino-Infante, J.L., Le Gall, M.M., Quazuguel, P., 1996. 

Amylase and trypsin responses to intake of dietray carbohydrate and protein 

depend on the developmental stage in sea bass (Dicentrarchus labrax) larvae. 

Fish Physiology and Biochemistry 15: 237-242. 

Ricker, W.E., 1958. Handbook of computations for biological statistics on fish 

populations. Bulletin Fisheries Research Board of Canada 119: 1-300. 

Reitan, K.I., Rainuzzo, J.R.  and Olsen, Y., 1994. Influence of lipid composition of live 

feed on growth, survival and pigmentation of turbot larvae. Aquaculture 

International 2: 33-48. 

Roo, E.J., Socorro, J., Izquierdo, M.S., Caballero, M.J., Hernández-Cruz, C.M., 

Fernández, A. and Fernández-Palacios, H., 1999. Development of red porgy 



  Larval organogenesis of red porgy 

 79 

Pagrus pagrus visual system in relation with changes in the digestive tract and 

larval feeding habits. Aquaculture 179: 499-512. 

Roo, E.J., Hernández-Cruz, C.M., Socorro, J.A., Fernández-Palacios, H.,  Montero, D.  

and  Izquierdo, M.S., 2009. Effect of DHA content in rotifers on the occurrence of 

skeletal deformities in red porgy Pagrus pagrus (Linnaeus, 1758). Aquaculture 

287: 84-93. 

Roo, E.J., Hernández-Cruz, C.M., Socorro, J.A., Fernández-Palacios, H. and Izquierdo, 

M.S., 2010. Advances in rearing techniques of red porgy Pagrus pagrus, 

(Linnaeus, 1758): comparison between intensive and semi-intensive larval 

rearing systems. Aquaculture 41: 433-449. Rosenlund, G., Stoss, J., Talbot, C., 

1997. Co-feeding marine fish larvae with inert and live diets. Aquaculture 155: 

183-191. 

Sala, R., Santamaria, C.A. and Crespo, S., 2005. Growth of organ systems of Dentex 

dentex (L) and Psetta maxima (L) during larval development. Journal of Fish 

Biology 66: 315-326. 

Sarasquete, C., Polo, A. and Yúfera, M., 1995. Histological and histochemical study 

during larval development of Sparus aurata L. Aquaculture 130: 79–92. 

Soares, F. M. B., 1995. Formação e desenvolvimento da bexiga gasosa em larvas de 

dourada (Sparus aurata Linnaeus 1758). Dissertação apresentada à 

Universidade do Algarve para obter o Grau de Doutor, Unidade de Ciências e 

Tecnologias dos Recursos Aquáticos, Universidade do Algarve, pp. 214.  

Socorro, J., H. 2006. Estudio comparado del desarrollo embrionario y larvario del 

bocinegro (Pagrus pagrus) y de la sama de pluma (Dentex gibbosus). Ph. D. 

Thesis, University of Las Palmas de Gran Canaria, Las Palmas, Spain, pp. 256. 

Suzer, C., Kamaci, H.O., Çoban, D., Saka, S., Firat, K., Öskara, B., Öskara, A., 2007. 

Digestive enzyme activity of the red porgy (Pagrus pagrus, L.) during larval 

development under culture conditions. Aquaculture Research 38: 1778-1785. 

van Snick, G.M.J., van den Boogaart, J.G.M. and Osse, J.W.M., 1997. Larval growth 

patterns in Cyprinus carpio and Clarias gariepinus with attention to the finfold. 

Journal of Fish Biology 50:1339-1352. 

Zambonino Infante, J.L. and C.L. Cahu, 1999. High dietary lipid levels enhance 

digestive tract maturation and improve Dicentrarchus labrax larval development. 

Journal of Nutrition 129: 1195-1200. 



Larval organogenesis of red porgy 

 80 

 Zambonino Infante, J.L. and Cahu, C.L., 2001. Ontogeny of the digestive tract of 

marine fish larvae. Comparative Biochemistry and Physiology 130C: 477-487. 

Yúfera, M., Darias, M.J., 2007. The onset of exogenous feeding in marine fish larva. 

Aquaculture 268: 53–63. 

Yúfera, M., Conceição, L.E.C., Battaglene, S., Fushimi, H. and Kotani, T. 2011. Early 

Development and Metabolism. In: M. Pavlidis and C. Mylonas (Eds.). Sparidae: 

Biology and aquaculture of gilthead sea bream and other species. Wiley-

Blackwell, Oxford. UK, pp. 133-168. 



 

 

 

CHAPTER 5 

 

 

Red porgy (Pagrus pagrus) larvae feeding behaviour at the onset of 

exogenous feeding 

 

 

 

Carlos A. P. Andrade, Iolanda P. Brazão, Natacha Nogueira, Marilyn P. 

Ferreira, Thomas Dillinger, Maria T. Dinis and Luís Narciso 

 

 

 

 

 

Journal of Experimental Marine Biology and Ecology, 2111, 407: 377-381 

 

 

 

 





  Red porgy larvae feeding behaviour 

 83 

Abstract 

 

The feeding performance and behaviour at the onset of exogenous feeding, 3 to 

4 days after hatching (DAH), was studied in red porgy Pagrus pagrus larvae. Similar 

feeding efficiency and intensity were achieved for two feeding treatments (live or freeze-

dried rotifers) suggesting that prey movement is not decisive for their detection and 

capture and demonstrating that at first feeding red porgy larvae can ingest inert food. 

Larvae feeding performance was not affected by a diet shift between treatments. Based 

on maximum rotifers consumption and gut evacuation time at 18 ºC, the daily ration was 

estimated as 14.035 µg, considering 14 hours of feeding and a 25% egg:female rotifer 

ratio. Larval swimming activity measured by video recording showed a close association 

with gut fullness and similar swimming patterns for 3 and 4 DAH larvae. However, 20.3 

% larger mouth gape and 54.6 % higher swimming speed of the older larvae should 

provide a better feeding performance and more energy needed for growth.  

 

 

Keywords: onset exogenous feeding; larvae feeding behaviour; daily ration; red 

porgy; Pagrus pagrus  
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Introduction 

 

It is well established that first feeding marine fish larvae depend on the visual 

system to detect the potential food particles (Blaxter, 1986). Chemical attractants 

produced by prey (Kolkovski et al., 1997) and prey movement enhancing its 

conspicuousness (Blaxter, 1969) also stimulate the feeding behaviour, though the latter 

may contribute for an evasive behaviour avoiding capture. 

It is believed that fish larvae are attracted and may ingest inert particles at mouth 

opening, although this has been documented for a restricted number of species (Howell 

et al., 1998; Cahu and Infante, 2001). Once the particle is captured the fish larva has to 

evaluate its suitability for ingestion. The size of the particle related to mouth gape is a 

major criterion for food selection by the larva (Shirota, 1970; Hyatt, 1979; Dabrowski 

and Bardena, 1984; Cunha and Planas, 1999). Food texture can also help the 

palatability of the particle (Fernández-Diaz, et al., 1994), while taste seems to develop 

at later stages of larvae (Yúfera and Darias, 2007). Previous experiments with food 

items may prove valuable for the larvae, providing the advantage of an early 

identification of a sought after prey (Vinyard, 1980; Cox and Pankhurst, 2000) or the 

dismissal to pursuit and capture unwanted particles. 

Since the search and “handling” of food have an energy cost, at early stages 

larvae have to develop swimming activity patterns that conserve energy directed to 

support priority functions. These are considered to be growth and simultaneous 

development of the feeding and swimming systems that enable larvae to escape 

predation and avoid starvation (Osse et al., 1997). Moreover, fish will display a feeding 

behaviour adjusted to the individual recent feeding history, including stomach fullness 

(Salvanes and Hart, 1998). Thereby, the description of larval feeding performance and 

rhythms is relevant to understand foraging behaviour and conditions needed to survive.  

Red porgy Pagrus pagrus is a sparid fish of commercial relevance with a 

geographical distribution area from Eastern to Western Atlantic and Mediterranean Sea 

(Potts and Manooch, 2002) and a growing interest for aquaculture (Mihelakakis et al., 

2001; Roo et al., 2010). Red porgy larvae are pelagic and at 3 to 4 days after hatching 

(DAH) initiate exotrophic feeding. At this stage the larva has the yolk-sac reserves 

almost depleted, the mouth and anus opened, eyes became well developed and 

pigmented, and the first digestive activity is detected in the gut (Roo et al., 1999), by the 

action of  trypsin and lipase enzymes produced in exocrine pancreas (Darias et al., 

2007).  
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Despite the wellknown morphological and physiological development of larvae 

early stages, scarce information is available on red porgy larvae feeding performance 

and behaviour at first feeding. In this study, we have evaluated the prey acceptability 

(live and inert prey); feed efficiency (prey consumption and the evacuation rate) and 

swimming activity of red porgy larvae at the onset of exogenous feeding, as these 

criterion may help to determine larvae quality and consequently larval performance 

during ontogeny. 

  

 

Materials and Methods 

 

Larvae source and food 

P. pagrus fertilized eggs were obtained from natural spawning of wild broodstock 

kept in captivity at Centro de Maricultura da Calheta, Madeira Island, Portugal. The 

eggs were incubated and the yolk sac larvae kept in a 200L cylindro-conical tank, with 

flow-through seawater and gentle aeration. Temperature, was kept at 18±0.2 ºC during 

the experience, the light intensity and photoperiod were respectively, 600 lux and 

14L:10D. All seawater used was previously filtered (1 µm) and UV treated. 

A small rotifer strain of Brachionus rotundiformis, with lorica length ranging from 

101 to 174 µm, was used in the experiments, to avoid delay in start feeding and low 

feeding incidence (Polo et al., 1992). Rotifers were enriched with DHA Protein Selco, 

(INVE Aquaculture, Belgium), according to the manufacturer instructions. Once 

harvested, rotifers were either supplied directly to the trial tanks or freeze dried for 24 

hours. Once rehydrated the freeze-dried rotifers would have the same physical and 

chemical characteristics as the live individuals, but no movement.  

 

 

Experimental protocols 

 

Experiment 1: Acceptability of inert food. This experiment was conducted in two 

trials. At 3 DAH, larvae were placed in six 2L plastic conical tanks at an initial density of 

100 larvae L-1 with no water renewal. Two feeding regimes were tested in triplicate: live 

and freeze dried rotifers. Prey density was 5 rotifers mL-1 recommended for P. pagrus 

larvae (Hernández-Cruz et al., 1999). Six hours later all larvae from each tank were 

collected with a wide mouthed glass beaker (25 ml) and placed inside a net (350 µm 
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mesh) semi-submerged in a beaker (500 ml) with clean seawater. The larvae were then 

transferred and placed separately in clean seawater, in six other conical tanks. The 

following day, 4 DAH, having confirmed total gut evacuation, a second trial was 

performed by switching over the diet regimes between the two larvae groups. For the 2 

trials 10 larvae were sampled from each tank at 1h, 3h and 6h after feeding. 

Experiment 2: Larval gut evacuation and consumption. Both were assessed by 

counting number of rotifers in gut of 20 larvae randomly sampled, every 10 minutes. For 

gut evacuation approximately 1000 unfed larvae 3 DAH were stocked for 1 hour into a 

100 L tank, at a 5 rotifer mL-1 density. Then, all larvae were collected, washed with 

filtered seawater (as described in Experiment 1) and placed in a similar tank with no 

food added.  

Regarding the food consumption evaluation, another group of 1000 larvae of 

same age and condition were stocked into a 100 L tank at a 5 rotifer mL-1 density.  

Experiment 3: Larval swimming activity at 3 and 4 DAH was determined from 

video footage. Ten larvae were sampled from a 100 L culture tank 1 hour before feeding 

and at 1, 3, 6 hours after feeding at rotifer density of 5 mL-1. The larvae were placed in a 

Petri dish with 4mm depth filtered seawater and a light intensity of 600 lux (OHM, 

HD8366) from top. A single camera videotaping from top approach was followed with 

the digital camera (Sony DCR-PC 10E PAC) placed 40 cm above the Petri dish and 

adjusted to cover the whole surface area of the dish and to register larval transects. The 

recordings were made after 5 minutes from transfer to allow larvae adaptation. Distance 

covered by each larva was measured from snout, frame by frame, using graph paper 

(1.0 mm scale) in the background of the Petri dish. Swimming speed (mm s-1) was 

calculated as distance travelled per time during 5 minutes, including pauses and body 

movements, and transformed to body total lengths per second (BL s-1) following 

Chesney (2008). 

 

Sampling and analysis of gut content 

The larvae were collected with a 500 µm mesh, washed with 1µm filtered 

seawater, placed in a microscope slide and kept in a freezer at -2.0 ºC, to preserve gut 

content (Carton, 2005). 

Ten larvae from 1 h, on both days, were digitally photographed (Canon Power 

Shot A640) and Zeiss KS 300 image analysis software used for measurements of 

standard length (SL - tip of the upper jaw to the end of the notochord) and upper jaw 
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length (UJL - tip of snout to the posterior end of the maxilla). Mouth height (MH), 

considering a 90º opening angle, was calculated as follows, MH = UJL*√2 (Shirota, 

1970). 

Gut contents were examined under a stereomicroscope and individual rotifers 

identified as whole organism or by the undigested mastax (Downing and Litvak, 2001).  

Larvae feeding performance in the inert diet trials were evaluated by the feeding 

incidence (percentage of total number of fed larvae) and the feeding intensity (average 

number of rotifers in the stomach at each sampling period).  

Gut evacuation was described by best-fit regression model of decreasing gut 

contents over time. Mean gut evacuation time (GET) was estimated from this regression 

model. 

Maximum consumption (CMAX) was determined by the highest mean number of 

rotifers in the gut. Consumption in rotifer numbers was converted to dry mass (MD, µg) 

using Yúfera et al. (1997) equation for B. rotundiformis, reared at 25º C,  

MD=85+209F0.218 , with F as egg:female ratio. Using Cmax and GET the daily ration (µg) 

at 18 ºC can be estimated as, HFxCMAXxGET, where HF is hours of feeding (Wuenschel 

and Werner, 2004). 

 

Statistical analysis 

Data are reported as mean values ± SD. All data were submitted to Kolgomorov-

Smirnov test to assess normal distribution (Sokal and Rohlf, 1981). Student´s t-test was 

performed for larvae measurements. Feeding intensity data were compared between 

treatments at sampling periods by Kruskal-Wallis test (Sokal and Rohlf, 1981). Feeding 

incidence differences between treatments at the different sampling periods were 

evaluated by χ2 test. Differences were reported as statistically significant when p<0.05. 

Man-Whitney test was used to determine differences among sampling periods of larvae 

activity, as distance travelled in 5 minutes (Sokal and Rohlf, 1981). Statistical analysis 

performed using SPSS for Windows, v12.0.1 (SPSS, Chicago, IL, USA).  

 

 

Results 

 

On the first experiment at 3 DAH there was an increase over time of the 

percentage of larvae with rotifers in the gut in both treatments (Fig. 1).  
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Figure 1. Feeding incidence (mean ± SD) at different periods of day for first feeding red porgy larvae 

(3DAH) with live rotifers (LR) and freeze dried rotifers (FDR). n=3 replicates, 10 larvae per replicate. 

Asterisk indicates significant differences between pair of treatments (p<0.05). 

 

The feeding incidence was highest (80.0%) at 6h for the larvae fed on live 

rotifers, while for larvae fed freeze-dried rotifers a peak (76.0%) was reached at 3h. At 

this latter stage, feeding incidence was higher and significantly different (p<0.05) for the 

larvae supplied with freeze-dried rotifers. Feeding intensities were only significantly 

different (p<0.05) between treatments at 3h (Fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Feeding intensity (mean ±SD) at different periods of the day for first feeding red porgy larvae 

(3DAH) with live rotifers (LR) or freeze dried rotifers (FDR). n=3 replicates, 10 larvae per replicate. 

Asterisk indicates significant differences between pair of treatments (p<0.05). 
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By the end of the trial the larvae were unevenly distributed by the inert rotifer 

tanks, and it was observed that almost 70% of the population occupied the top half 

layer. Four DAH larvae presented larger body and mouth sizes than 3 DAH larvae 

(Table 1). While SL increased by 7.5% with no significant differences (p>0.05), MH had 

a remarkable and significant increment of 20.3% over the same period of time (p<0.05).  

 

Table 1. Standard length (SL), upper jaw length (UJL) and mouth height (MH) for 3 DAH and 4 DAH red 

porgy larvae. Data represent mean ± SD. n=10 larvae per day- 

      

            

  Age (days after hatching)    

      

    3   4   

      

SL (mm)  3.458 ± 0.253 3.716 ± 0.168 

      

UJL (mm)  0.359±0.023 0.432±0.026 

      

MH (mm)  0.508 ± 0.032 0.611 ± 0.037 

            

      
 

The diet shift, at 4 DAH, did not show any significant differences in feeding 

incidence and feeding intensity for live and freeze-dried rotifers. Feeding incidences 

were notably higher (93.0-96.6%) than values from the first trial and very similar for both 

diet regimes, at all time periods (Fig. 3).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Feeding incidence (mean ±SD) at different periods of the day for 4DAH red porgy larvae after 

exchange of diets: live rotifers (LR) and freeze dried rotifers (FDR). n=3 replicates, 10 larvae per 

replicate. 
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Feeding intensity of these older larvae was relatively constant for both treatments 

with the lowest levels at the intermediate sampling period (Fig. 4).  

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Feeding intensity (mean ± SD) at different times of day for 4DAH red porgy larvae after 

exchange of diets: live rotifers (LR) and freeze dried rotifers (FDR). n=3 replicates, 10 larvae per 

replicate. 

During the first hour, the treatment with live rotifers had approximately a 2 fold 

increase (1.2 rotifers per larva) while the treatment with freeze-dried rotifers reached 

almost a 3 fold increase (1.07 rotifers per larva) when comparing with values obtained 

the previous trial at the same time.  

On experiment 2, the number of rotifers in gut increased over time, following a 

sigmoid curve of consumption, to reach a maximum value (CMAX) of 3.22 individuals at 

100 minutes (Fig. 5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Rotifers intake (mean ± SD) for 3 DAH red porgy larvae at first feeding. Gut content (GC) 

equation fitted according to consumption in time 
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High variability of larvae individual number of rotifers in gut seemed to have contributed 

for the wavering pattern of consumption, as the highest coefficient of variation coincided 

with a decrease of number of rotifers in the gut at 50 minutes. 

A polynomial regression model for larvae evacuation provided a good fit to the 

data (r2=0.95). The gut evacuation time (GET) was about 80 minutes after gut fullness 

(Fig. 6). The daily ration for red porgy at first feeding was estimated for 18 ºC as 14.035 

µg, with F =0.25 and HF=14 hours. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Gut emptying, as percentage of initial number of rotifers (mean ± SD) for 3 DAH red porgy 

larvae. Gut content (GC) equation fitted to full gut evacuation time (GET). 

 

On experiment 3, larval swimming registered by video was characterized by 

straight short bursts. Larvae at 3 and 4 DAH presented similar pattern of activity and a 

good fit of data with polynomial models (Fig. 7).  

Older larvae however, showed higher activity for same period of time and lower 

mobility range was reached with larvae still active. For 3 DAH larvae the swimming 

speed varied between 0.47 BLs-1 (1 hour before feeding and 6 hours after feeding) and 

0.03 BLs-1 (3 hours after feeding). For 4 DAH larvae it varied between 0.87 BLs-1 (1 

hour before feeding) and 0.25 BLs-1 (3 hours after feeding). The period between peaks 

of activity (longer distance travelled during 5 minutes) was about 7 hours. 
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Figure 7. Evolution of mean distance (BL; SD) travelled by red porgy larvae during 5 minutes, at 1 hour 

before feeding and 1, 3, and 6 hours after feeding. Polynomial equations represented for 3 DAH and 4 

DAH red porgy larvae. 

 

 

Discussion 

 

During ontogenic development fish larvae go through morphological and 
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(Georgalas et al., 2007).  

The results of the present study on red porgy larvae feeding behaviour and 

performance reflected the short-term variation as well as, the larval morphological 

development or differential growth within 24 hours of establishment of exogenous 

feeding.  

Until now, most studies evaluating larval feeding behaviour and related swimming 

activity have dealt with variations on larvae age and prey density (Munk, 1995; Munk 
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from food availability, therefore allowing for a description of the energy conservation 

strategy of red porgy at the onset of larval exogenous feeding. Swimming activity of 3 

days old fasted larvae was characterized by higher speed or distance travelled previous 

to first exogenous meal and related to the search for food and starvation level. 
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Swimming speed at 0.47 BL s-1 at 3 DAH was within the range of 0.37 BL s-1 for cod 

Gadus morhua (Peck et al., 2006), 0.41 BL s-1 for Northern anchovy Engraulis mordax 

(Hunter, 1972), 0.48 BL s-1 for Atlantic herring Clupea harengus (Rosenthal and 

Hempel, 1970) and 0.5 BL s-1 for bay anchovy Anchoa mitchilli (Chesney, 2008). 

However, differences on experimental conditions, such as light intensity, temperature 

and the absence of prey encounters for larvae in our experiment, makes the 

comparison between species difficult, since bursting speed to catch prey and stopping 

time to handle it were not considered. For instance, the sparid gilthead seabream 

(Sparus aurata) cruising speed with no stops is approximately 5 BL s-1, whereas burst 

speed is over 10 fold this number (Benítez-Santana et al., 2007). 

Increasing consumption of prey satisfy the larval energetic needs and decreases 

the speed and distance travelled 1 hour after feeding. CMAX was approximately 3 rotifers 

per larva after 100 minutes. This satiation level is similar to reported for  S. aurata 

larvae (Polo et al., 1992), but lower than 4 rotifers registered for milkfish, Chanos 

chanos larvae (Eda et al., 1990), larval spotted sand bass, Paralabrax 

maculatofasciatus (Peña and Dumas, 2005) and the tongue sole Cynoglossus 

semilaevis (Ai-Jun et al., 2006). On the other hand GET was 30% higher when 

compared with tongue sole (Ai-Jun et al., 2006), but only 44.4% of the time required to 

emptying gut for sand goby Oxyeleotris marmoratus (Amornsakum et al., 2003). 

Although limited by few sampling points, the daily swimming activity of red porgy 

larvae at first feeding suggested a cycle in excess of 7 hours between feeding activity 

peaks, which is in agreement with the long consumption phase (still high with 2 rotifers 

per larvae at 130min) and high GET. By comparison, the tongue sole has a day feeding 

cycle of 6 hours between feeding activity peaks, having approximately a total 120 

minutes for filling and 60 minutes for emptying the gut. This feeding mode characterized 

by high activity to satiation, followed by low activity until complete gut evacuation 

suggests separate meals for first day feeding larvae. Taking into account the day 

feeding schedule (specially the long satiation time and separate meals) it is possible 

that the calculated daily ration for red porgy first feeding larvae has been overestimated. 

P. pagrus larvae consumed inert food, as freeze-dried rotifers, at the onset of 

exogenous feeding, but it is unlikely that it would influence food consumption patterns. 

Similar feeding performances were obtained for P. pagrus larvae fed live or freeze-dried 

rotifers in the two trials of consecutive days, evidencing the same morphological 

characteristics and nutritive quality of the food items. Freeze-dried rotifers consumption 
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was significantly higher at 3h on the first day trial, although effects of a possible uneven 

distribution of the inert food may be considered. Apparently prey vibratory movements 

played no relevant role in larval feeding, possibly due to the low visual acuteness of the 

larvae at this stage. In fact it is only at 20 DAH with the formation of the retina rods that 

P. pagrus larvae improve considerably their visual capacity and photosensitivity (Roo et 

al., 1999). 

Larvae increase significantly swimming speed from 3 to 4 DAH (approximately 

54.6%). The older larvae have no stopping or resting stage on consumption and 

evacuation phases, suggesting that higher energetic needs promote a modification of 

the feeding model to a continuous feeder. This was concurrent with larval growth in 

terms of total length and mouth enlargement at the same period of time, which might be 

related to an improved efficiency in searching and capture of prey as previously 

described for other species, such as for sea bass (Georgalas et al., 2007). Actually, the 

diet shift in experiment 1 (live rotifers vs. freeze-dried rotifers) at 4 DAH resulted in 

higher values for feeding intensity and incidence from the first feeding hour for both 

treatments, when compared with those obtained at 6h from the previous day. Also, 

bearing in mind the usual negative feeding responses and consequently, poor growth 

during weaning to inert diets (Lazo et al., 2000), this could be advantageous for the 

culture of red porgy. 

In conclusion, this study shows that red porgy feeding performance and 

behaviour at the onset of exogenous feeding is not affected by the movement of prey 

(rotifers) or by diet shifts between live and freeze-dried rotifers. Maximum rotifers 

consumption and gut evacuation time for red porgy larvae at first feeding and at 18 ºC 

were estimated as 3.22 rotifers and 80 minutes, respectively. The daily ration at this 

early stage was estimated as 14.035 µg, considering 14 hours of feeding and a 25% 

egg:female rotifer ratio. Larvae at 3 DAH and 4 DAH showed similar activity patterns 

and suggest a close association with gut fullness. Nevertheless, larvae at 4 DAH have 

20.3 % larger mouth gape and 54.6 % higher swimming speed and are likely to achieve 

better foraging success and consequently have more energy needed for growth.  
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Abstract 

 

Red porgy (Pagrus pagrus, LINNAEUS, 1758) larvae were produced under 

mesocosm semi-intensive culture conditions provided with adaptations from 

methodology previously used for rearing other sparids. A shift from 24 to 12 hours light 

photoperiod was introduced at 19 DAH, simultaneously with a late and low density 

supply of Artemia salina (LEACH, 1819). Also, new methods were applied to improve 

control over larvae populations and culture conditions. 

Results indicated high egg hatching rate (72±15.52%) and good larvae 

performance, as determined by growth of the majority of the population (TL = 

3.208e0.035 DAH; r² = 0.9756; n=200), survival (16%) and functional swimbladder (90%). 

Rotifers density in the rearing tank was evaluated throughout the culture trial and 

pointed to persistent higher food availability than larvae consumption rate. This 

represents a relevant tool to provide larvae with adequate live feed supply in culture 

conditions. Further studies on the biology and ecology of the species can be carried out 

without larval food limitations. 

 

 

Key words: Pagrus pagrus larvae, red porgy larvae, mesocosm culture, live food 

balance. 
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Introduction 

 

Most marine hatcheries make use of intensive technologies for mass production 

of fish larvae, with larval rearing tanks from 0.5 to 10m3 in volume and larval densities 

up to 150 individuals per litre. 

In recent years mesocosm semi-intensive culture systems have been introduced, 

relying on the environmental stability of large rearing tanks, the use of “green water” 

technique and low larval density in order to produce good quality fish larvae, at an 

affordable cost (DIVANACH, 2002; BEN KHEMIS et al., 2006).  

In 2002 a mesocosm hatchery was installed at Centro de Maricultura da Calheta 

(CMC), Madeira Island, following facilities and methods described by DIVANACH & 

KENTOURI (2000). Fish larvae production was initiated with gilthead sea bream Sparus 

aurata LINNAEUS, 1758. Since then the rearing methodology has been adapted for 

production trials and the study of the biology and the culture requirements of several 

local species, including red porgy Pagrus pagrus, LINNAEUS 1758 (ANDRADE et al., 

2010). 

Red porgy is a common fish from the Atlantic Ocean and Mediterranean Sea, 

and a promising species for aquaculture (DIVANACH, 2002). An improved knowledge of 

the larval biology of this species has been crucial for developing adequate rearing 

methodology. According to KOLIOS et al. (1997) the larvae are sensitive to stress 

caused by light over 80 lux intensity at about 20 days after hatching (DAH). This is 

possibly due to the apparition of eye rods improving the visual capacity and the 

photosensitivity of larvae (ROO, 1999). At this stage the switch from rotifers to Artemia 

salina (LEACH, 1819), a larger prey, will result in depressed growth and mortalities 

(ARISTIZÁBAL & SUARÉZ, 2006).  Most red porgy larvae will not be able to digest 

Artemia before 30 DAH due to a late maturation of the digestive system compared to 

other sparids (DARIAS et al., 2007). Also, unbalances of essential fatty acids of red 

porgy larval diets may cause severe skeletal anomalies and affect growth performance 

(ROO et al., 2009). ROO et al. (2010) overcame partly these larval culture constraints 

implementing a shift of light regime from continuous light to 12 hours light and also, with 

the supply Artemia at early stage but lower densities.  

Fish larvae produced using mesocosm semi-intensive methodology generally 

present higher growth performance and lower deformities incidence, partly due to 

constant live feed availability (BEN KHEMIS et al., 2006; ROO et al. 2010). However, 
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large scale rearing tank systems, as used in mesocosm semi-intensive culture, have a 

counter part in the difficulty to control environmental, dietary and health factors 

(SHIELDS, 2001). Rotifers, the first larval prey, present a particular management 

challenge as the daily supply will have to take into account the population dynamics in 

the rearing tank. Due to the higher residual time in large rearing tanks there is an 

intrinsic rotifer population growth. 

This work describes red porgy larvae production in a semi-intensive mesocosm 

system until 30 days after hatching (DAH). The rearing methodology was adapted 

concerning the light regime and live food supply to meet the specific red porgy larvae 

requirements. New approaches to evaluate the eggs hatching rate and rotifers 

population density in the culture tank were made in order to optimize production 

management and ultimately, the larvae performance. 

 

 

Material and Methods 

 

The rearing trial was performed in a fiberglass cylinder culture tank with 40 m3 

water volume. The tank was stocked with 320,000 eggs obtained from spontaneous 

spawning of wild P. pagrus broodstock kept at CMC. Filtered seawater (10 µm) was 

used and provided with a gentle aeration. Daily water renewal started at 3 DAH 

increasing from 10 to 150% at the end of trial. An initial photoperiod of 24 hours light, at 

1000 lux at the water surface was provided by fluorescent lamps, switched to 12 hours 

light at 19 DAH. 

Regarding the rearing protocol a “green water” technique was used by adding the 

microalgae Nannochloropsis oculata (HIBBERD, 1981) daily and the density kept at 

250x103 cell ml-1 (Table 1). Larval feeding was initiated 2 DAH with enriched rotifers 

Brachionus plicatilis (MUELLER, 1786) (DHA Protein Selco, INVE Aquaculture, 

Belgium). Rotifers were supplied twice a day and kept at a density of 2-4 rotifers ml-1. 

Artemia was supplied at low densities from 19 DAH (Table 1). Larvae were fed Artemia 

nauplii and enriched metanauplii (Protein Selco, INVE Aquaculture, Belgium), at 5 to 

300 nauplii l-1. Co-feeding with dried diets (Lansy, INVE Aquaculture, Belgium) was 

initiated simultaneously with enriched Artemia. Water temperature and oxygen were 

measured daily by probe (OxyGuard, Handy Polaris), as well as salinity by 

refractometer (Atago, S-10E). Standard methods were followed for the determination of 
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total ammonia nitrogen, TAN (KOROLEF, 1983) and nitrite nitrogen, N-NO2 (APHA, 

1998) at 2 to 4 days intervals. 

 

Table 1. Feeding regime used in the culture of red porgy larvae under semi-intensive mesocosm protocol. 

 
 

Eggs hatching rate was determined using 3 cylinder mesh (100 µm) baskets of 

500ml placed floating at the surface of the mesocosm tank. Each mesh basket was 

inoculated with 100 eggs of same batch as the culture tank and the mean hatching rate 

(±standard deviation) calculated as percentage of larvae hatched at the end of the 

incubation period.  

About twenty larvae were collected every 3 days and photographed from left side 

with a SoundVision SV Micro camera mounted on a stereoscopic microscope. Larvae 

total length was measured to the nearest 0.01 mm from the photographs using Zeiss Ks 

300 software package. Deformed or curled larvae were excluded from sampling. Larvae 

mortality was estimated from cumulative number of larvae siphoned daily from bottom of 

the tank. Differences of size among larvae groups from the centre and from the margin 

of the tank were tested by ANOVA, and considered statistically significant at p<0.05. 

Statistical testing was carried out using SPSS for Windows, v12.0.1 (SPSS, Chicago, IL, 

USA). 

Rotifers availability (RA) in the culture tank per ml was evaluated as: 

RA = RR + RS + RG – RL 

with RR as number of rotifers remaining in tank, per ml; RS as the number of 

rotifers supplied per day, per ml; RG the culture tank intrinsic population growth, per ml; 

RL the rotifer losses by the water outlet (daily number of rotifers trapped by a 55 µm 

mesh bag). Mean rotifers density was estimated from 3 samples from the entire water 

column following KENTOURI et al. (1994). 

RG was estimated as the product of the rotifers density by the specific growth 

rate.  Rotifers growth rate varies with population density. Thus, the specific growth rate 

was determined for cultures at different starting densities (3, 4 and 5 rotifers per ml) and 

similar culture conditions to the larval trial, including fertility rate (20%), although in the 

Days -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
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absence of fish larvae. For RG calculation we used the specific growth rate 

corresponding to the nearest rotifer population density. The specific growth rate (µ) was 

calculated following SUANTIKA et al. (2003): 

µ = (LnNt – LnN0) / t 

with Nt as rotifer density after culture period t (day); N0 as initial rotifer density.    

Rotifers daily consumption by red porgy larvae was calculated as the difference 

between estimated RA and the rotifers count in tank, per ml. 

 

 

Results 

 

Larvae hatching occurred between 60 to 72 hours from spawning, at 18.5º C. 

Mean hatching rate was 72.00±15.52%.  

Larval rearing conditions occurred at temperatures and dissolved oxygen of 18.5-

19.7 ºC and 6.9±0.5 mg l-1, respectively. Salinity was stable at 36±0.5 ‰. Total 

ammonia nitrogen and nitrites nitrogen concentration in the culture tank were low, 

presenting a similar increasing pattern with maximum values of 0.2 mg l-1 at 16 DAH 

and approximately 0.02 mg l-1 at 12 DAH, respectively (Fig. 1). 

 

 

Figure 1. Total ammonia nitrogen (TAN) and nitrites nitrogen (N-NO2) in mg per l in the rearing water 

during the mesocosm larval culture trial. 
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Rotifer population specific growth in the absence of larvae was 0.27 at 2 rotifer 

ml-1, 0.31 at 3 rotifers ml-1 and 0.32 at 4 rotifers ml-1. 

Larvae exogenous feeding started at 3 DAH (Fig. 2).  

 

 

Figure 2. Estimated rotifers availability and red porgy larvae consumption per day in mesocosm tank until 

23 days after hatching. 

 

A trend of increasing rotifer consumption to a maximum 3 rotifers ml-1 was noticed a 7 

and 11 DAH. From then, larvae decreased significantly rotifer consumption to about 0.5 

rotifers ml-1 at 17 DAH. Naturally occurring copepods (CALANOIDA: ACARTIIDAE) 

were frequently detected on the tank walls from 9 DAH until 24 DAH. Swimbladder 

inflation was initiated at 5 DAH and a second period inflation occurred from 12 to 17 

DAH. Approximately 90% of larvae had functional swimbladder by the end of trial. 

Larvae presented initially a linear growth (Fig. 3). A period of virtually no growth 

was detected at 27 DAH, concurrent with cannibalistic behaviour by larger larvae 

situated at the centre of tank. At this stage significant differences on larvae growth were 

found between larvae concentrated in the centre of the culture tank and from the tank 

margin (p<0.05). Mortality was noticeable between 20 and 22 DAH and a second period 
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of mortality was registered from 28 DAH to the end of trial. Total larvae survival at the 

end of the trial period was 16%.  

 

 

 

Figure 3. Total length (TL) of red porgy larvae during mesocosm rearing trial. Growth curves for 

populations in the tank margin (TL = 0.1732 DAH + 2.9718; n = 200; r
2
 = 0.983; p<0.05) and centre of the 

tank (TL = 3.208e
0.035 DAH

; n=200;
 
r² = 0.9756; p<0.05). 

 

 

Discussion 

 

In this study the mesocosm methodology was adapted for the rearing of red 

porgy, according to the environmental and feeding requirements of the species. 

The hatching rate of eggs determined for the mesh bags was lower than 90-95% 

obtained by BÜKE et al. (2005), although these authors used incubators at 13-80 times 

lower egg density than the present study. The high hatching rate is indicative of good 

egg quality and incubation conditions, potential sources of constraints for larval studies.  

Timing of larvae developmental events such as opening of mouth and 

swimbladder inflation coincided with earlier description for intensive culture (KOLIOS et 

al., 1997; BÜKE et al., 2005) and semi-intensive culture (ROO et al., 2010). 
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Red porgy larval growth performance was similar to reported from intensive 

culture (KOLIOS et al., 1997; MIHELAKAKIS et al., 2001; BÜKE et al., 2005) and semi-

intensive culture (ROO et al., 2010). Red porgy larvae tend to present a high size 

variation from 20 DAH onwards as previously mentioned by MIHELAKAKIS et al. 

(2001). Differences in size are the main cause of cannibalism among larvae, which on 

the other hand have an effect on the size variation (KESTEMONT et al., 2003). Actually, 

by 27 DAH two distinct populations of larvae occurred in the tank. Smaller larvae were 

by the tank margin, whereas the larger larvae (TL approximately 9% higher) occupied 

the central part of the tank. This pattern of larvae distribution seemed to have resulted 

from the cannibalistic pressure by larger larvae.  

It is unlikely that feeding unbalances have originated population size variation at 

early development stages. In fact, rotifers availability in the culture tank was always 

higher (over 0.5 rotifers ml-1) than required for the larvae consumption. Peaks of 

consumption were associated with higher growth periods. However, nutritional 

deficiencies rather than food availability has already been suggested as the cause for P. 

pagrus larvae high incidence of column deformities (ROO et al., 2009) and consequent 

detrimental impact on growth. 

Decreasing consumption of rotifers was observed from 11 DAH in opposition to 

previously reported by PAPANDROULAKIS et al. (2004) for intensive culture conditions. 

This may be explained by the competition from other live preys in tank, such as the 

accidental presence copepods and the Artemia supply from 19 DAH. Fortuitous 

occurrence of copepods in mesocosm semi-intensive culture has been reported and is 

considered an advantage of this rearing technology (PAPANDROULAKIS et al., 2005). 

At 20 DAH the larvae lethargic behaviour and mortality might have also contributed to 

reduce rotifer consumption. 

Larval survival of 16% at 30 DAH was higher than 5-12% reported by ROO et al. 

(2010) for intensive culture, but within the range of 15-25% survival obtained by BÜKE 

et al. (2005). 

TAN and nitrite nitrogen levels followed the increasing food consumption and 

metabolism of larvae when switching to exogenous feeding. From 23 DAH both nitrogen 

compounds lowered drastically by water dilution as a result of increasing water renewal 

rate and bottom of tank siphoning. Since ammonium nitrogen is 2-4% of TAN 

(PERSON-LE RUYET, 1997) the maximum TAN value registered corresponded to 

0.004-0.008 mg l-1 of NH3-N. Therefore, both amonium nitrogen and nitrite nitrogen 
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were bellow critical levels of 0.024 mg l-1 and 200 mg l-1 respectively for seabream larval 

culture (Parra & Yúfera, 1999). 

Concerning the adaptation of mesocosm rearing methodologies for red porgy, 

the shift to 12 hours light photoperiod at 19 DAH avoided the formation of larvae swirls 

at the tank surface, a sign of larval stress. This has been associated to long light 

photoperiods in previous trials. The abundant microalgae in mesocosm culture and its 

shade effect seemed to have prevented high mortalities caused by high light intensity, 

as previously reported by Kolios et al. (1997). No evidence of indigested food was 

detected in the sampled larvae confirming low densities of Artemia may be supplied at 

early developmental stages.   

  

 

Conclusions 

 

Based on the present results it is concluded that the adaptation of mesocosm 

semi-intensive methodology has ensured high growth and survival rates of P. pagrus 

larvae. Larval size heterogeneity and occurrence of cannibalism by the end of trial 

emphasized the need for the early size sorting of this species. This may be facilitated by 

the different spatial distribution of two population size classes within the rearing tank. 

Advances in the evaluation of egg hatching rate and live food (rotifers) density improved 

control over the larvae population in the large rearing tanks. Future research work and 

P. pagrus larvae production trials may benefit from methods that prevent risks of food 

limitations in culture conditions. 
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Abstract 

 

Red porgy, Pagrus pagrus is a candidate species for aquaculture diversification. 

The aim of the present work was to assess whether an early supply of enriched Artemia 

(D1) or a direct step to dry diets (D3) would be advantageous weaning strategies for red 

porgy larvae, compared to a later supply of Artemia followed by dry diets (D2). Direct 

weaning to dry diet resulted in significantly lower growth, survival, pancreatic (trypsin 

and lipase) and intestinal (alkaline phosphatase) enzyme-specific activity, with the 

exception of leucine-alanine peptidase. The direct weaning strategy presented severe 

nutritional restrictions from early weaning stages with an associated delay of the 

maturation of digestive system. The 2-step strategy presented in D1 and D2 resulted in 

comparable results in most parameters, including survival. Weaning using enriched 

Artemia as an intermediate step is confirmed as the most adequate strategy for red 

porgy larvae. Digestive enzymes and selected fatty acids correlated well with 

performance responses to dietary regimes, thereby supporting the use of these 

parameters as sensitive and reliable indicators of red porgy nutritional or physiological 

status during larval stages.  

 

 

Keywords: Pagrus pagrus, weaning, physiological status, digestive enzymes, 

fatty acids, nucleic acids 
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Introduction 

 

Most marine fish larvae depend on live feed for the initial life stages. In marine 

hatcheries the production of live prey is considered a somewhat unpredictable, 

expensive task with results of variable nutritional quality (Person-Le Ruyet 1989; Rao 

2003; Callan et al. 2003; Carvalho 2006). Therefore, weaning fish larvae as soon as 

possible to artificial diets is a major goal in commercial operations. 

Weaning should ensure that mortality due to cannibalism, delayed development 

of active feeding behaviour and starvation are kept to a minimum, while maintaining 

good growth rates (Fletcher et al. 2007). Knowledge of the nutritional condition or 

physiological status of the fish larvae is also critical to interpret the adequacy of the diet 

regimes (Cunha et al. 2003; Gisbert et al. 2004). The choice of methods to evaluate 

larval nutritional condition vary according to the duration of experiments, with 

morphometric parameters and lipid analysis oriented for trials on a weekly basis,  

whereas nucleic acid ratios and enzyme activity are utilized when the time scale is in 

days or hours, respectively (Suthers 2000).   

Red porgy, Pagrus pagrus is a sparid fish regarded as a strong candidate 

species for the diversification of the fish farming industry in southern Europe (Basurco 

and Abellan 1999; Divanach 2002). A major constraint on the farming success of red 

porgy has been the low survival rate during larval culture, due to the scant knowledge of 

the biology of the species and inadequate technology for the mass production of larvae 

(Papandroulakis et. al. 2004). 

Rearing methods used for red porgy larvae were adapted from sea bream 

culture (Divanach 2002). Recent advances have promoted improvements of red porgy 

larvae performance under production conditions. Rod cells in the eye were found to 

develop at about 7.0 mm TL by 20 DAH, improving retina sensitivity (Roo et al. 1999) 

and instigated a reduction to a 12-hour photoperiod (Roo et al. 2010). Larval live feed 

demand rises sharply from 14 DAH at about 5.6 mm TL and their needs can be met at 

an exponential rate of 0.159 ± 0.007 mg feed/larvae (Papandroulakis et. al. 2004). Poor 

larvae growth performance with rotifers enriched at a docosahexaenoic acid (DHA) to 

eicosapentaenoic acid (EPA) ratio lower than 1 (Hernández-Cruz et al. 1999) and 

associated skeletal deformities (Roo et al. 2009) have prompted the need to produce 

new and more efficient enrichment protocols and/or diets high in DHA (Roo et al. 2009; 

Roo et al. 2010). Nevertheless, red porgy culture still has its challenges during the 
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transformation period from larval to juvenile stage and in the weaning to an inert diet, 

with high size heterogeneity from 20 DAH, TL range 6-8 mm (Mihelakakis et al. 2001) 

and consequent high mortalities due to cannibalism by 30 DAH at 8-8.5 mm TL (Roo et 

al. 2010). 

Weaning protocols for large-scale production of red porgy larvae fall into two 

main categories in regard to the feed schedule: a) an early supply of enriched Artemia 

and/or inert diets, starting 15 to 20 DAH at about 5-6.5 mm TL (Kentouri et al. 1995; 

Kolios et al. 1997; Papandroulakis et. al. 2004; Roo et al. 2010); b) a delayed 

introduction of enriched Artemia and inert diets, after 25 DAH at about 7-12.0 mm TL 

(Mihelakakis et al. 2001; Büke et al. 2005; Aristizábal and Suárez 2006). 

The significant development of gastric glands of the digestive tract from 26 DAH 

at about 7.5 mm TL (Darias et al 2005; Darias et al. 2007) and pepsin-specific activity 

detected at 28 DAH at approximately 13 mm TL (Suzer et al. 2007) is evidence of late 

maturation of the red porgy digestive system compared to that of other sparids, which is 

a strong argument for using a delayed weaning strategy. This also concurs with 

observations by Roo et al. (2010) of undigested Artemia evacuated by larvae at 20 DAH 

at 6-7 mm TL. 

Conversely, weaning protocols for red porgy larvae were partially evaluated in 

terms of growth and survival by Aristizábal and Suárez (2006) showing better results for 

an early co-feeding regime with a commercial dry diet. However, this study did not 

present data on the physiological condition of larvae, nor give any indication of energy 

allocation and nutrients in larval tissues.  

The present study aimed to assess P. pagrus larvae performance and nutritional 

condition over different feeding schedules, with early or delayed introduction of Artemia 

and commercial starting diet. Growth parameters and survival, complemented by 

enzyme activity, major fatty acids composition (FA), protein content and nucleic acid 

ratios were used a) to evaluate effects of diet shifts, b) to compare results from different 

feeding schedules and finally, c) to determine the most sensitive variables for future 

works.  
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Materials and Methods 

 

Source of Larvae 

Red porgy eggs were obtained from spontaneous spawning of wild broodstock. 

The eggs were incubated and the larvae were reared in a 40 m3 fiberglass cylinder 

culture tank according to standard methods in use at Centro de Maricultura da Calheta 

hatchery, Madeira Island adapted from Divanach and Kentouri (2000). The seawater 

was filtered (10 µm) before entering the tank and provided with gentle aeration. 

Increasing daily water changes of 10 to 150% were maintained starting on 3 DAH. A 

light regime of 12 hours of light, at 2000 lx at the water surface was provided by 

fluorescent lamps. Nannochloropsis sp. was added daily to keep a density of 250x103 

cell/mL. The first feeding of larvae was initiated 3 DAH with enriched rotifers supplied 

twice a day and maintained at a density of 5/mL.  

 

Experimental Procedures 

Two days before the larvae reached 20 DAH they were transferred to 12 trial 

tanks (100 L volume cylinder tanks), at a stocking density of 20/L. The tanks were 

supplied with filtered water (10 µm) of 20.5 ± 0.5 C and flow rate of about 3 L/min. All 

tanks had a 24-hour light regime and light intensity at the water surface, measured with 

a photometer (Model HD8366; Delta OHM SRL, Padova, Italy), was maintained at 400 

lx. Rotifers were supplied as previously mentioned. Oxygen saturation was measured 

daily by probe (Model Handy Polaris; OxyGuard International A/S, Birkerød, Denmark) 

and registered a minimum of 91%. Salinity registered 36 ± 1 parts per thousand. The 

tank bottoms were siphoned every day (10-15% water volume renewal) before the first 

feeding and dead larvae were counted. Total ammonia nitrogen was measured daily by 

using the indophenol method (Korolef 1983) and it was consistently bellow 0.42 TAN 

mg/L. Following Person-Le Ruyet (1997) this corresponded to 0.008–0.017 mg NH3/L, 

thus bellow the critical level of 0.024 mg NH3/L for seabream larval culture 

recommended by Parra and Yúfera (1999). 

The trial consisted of three treatments or dietary regimes for the larvae (see Fig. 

1), with three replicates each:  (D1), the control group, which consist of rotifers and 

Artemia from 20 DAH, followed by inert diets from 30 DAH to 35 DAH, the end of trial; 

(D2) a delayed feeding regime starting with rotifers from 20 DAH, followed by Artemia 

from 25 DAH and inert diets from 30 DAH; (D3) a direct shift strategy with inert diets 

and enriched rotifers from 20 DAH . Changes of diet allowed for a phasing out period of 
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3 days to allow for larvae adaptation to a new diet. Feeding included rotifers added 

twice a day in order to maintain a density of 5 /mL as recommended for P. pagrus 

(Hernández-Cruz et al. 1999; Roo et al. 2010). Artemia was added at increasing 

densities 1-5 metanauplii/mL/d. The artificial diet on the first day was supplied according 

to the daily ration of rotifers dry weight at 20 DAH, i.e., 0.28 mg/larva (Papandroulakis et 

al. 2004) and at 15%  larvae biomass/day  the following days (Roo et al. 2010). 

 

 

 

FIGURE 1. Schematic representation of the feeding regimes used in red porgy weaning trial. Developmental 

stages and body sizes (mm TL) according to Mihelakakis, et al. (2001). 

 

Rotifers, Brachionus rotundiformis T. and Artemia metanauplii (EG Artemia cysts, 

INVE Aquaculture NV, Dendermonde, Belgium) were enriched with DHA-Protein Selco 

(INVE Aquaculture NV, Dendermonde Belgium) at 0.55 g/L seawater for 8 hours and 

Protein Selco (INVE Aquaculture NV, Dendermonde Belgium) at 0.6 g/L seawater for 24 

hours respectively, according to the manufacturers‟ instructions. Inert diets provided 

were 100-200 µm initially and 200-400 µm from 30 DAH (Proton, INVE Aquaculture). 

 

Sampling and Measurements 

Three pools of twenty larvae each were sampled at random in each tank at day 

20, 25, 30 and 35 after hatching, before diet transition. One pool of samples was used 

to photograph the left side of each larva with a Sound Vision SV Micro camera (Sound 

Vision, Inc., Newton, MA, USA) mounted on a stereoscopic microscope (Model Stemi 

SV11; Carl Zeiss Microimaging Gmbh, Göttingen, Germany). Total body length (TL) 

was measured to the nearest 0.01 mm from the photographs using Zeiss Ks 300 v. 3.0 

software package (Carl Zeiss Vision, GmbH, Eching bei München, Germany). After 

being measured the larvae were frozen at -20 C, freeze-dried and the dry weight (DW) 

measured, with a ± 0.001 mg precision. Three samples of rotifers and Artemia were 

collected for routine quality assessment at 20 and 25 DAH (N = 6). 
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Lipids and Essential Fatty Acids 

The live diets and the larvae were analysed for lipid content and essential fatty 

acids. Total lipids were extracted with a chloroform-methanol mixture (1/2, volume 

basis) containing 0.01% Butylated hydroxytoluene (BHT) and quantified by gravimetric 

method, according to Bligh & Dyer (1959). Methyl esters fatty acids (FAMEs) were 

prepared according to the Lepage and Roy (1986) method. The FAMEs quantitative 

analyses were performed by Gas Chromatograph (Model 8700; Perkin Elmer Ltd., 

Beaconsfield, UK). 

 

Digestive Enzyme Assays and RNA, DNA Determinations 

Red porgy larvae were dissected on ice to isolate the abdominal segments of the 

digestive tract for enzymatic assays. Abdominal segments were homogenized in 5 

volumes (1 g/5 mL) of ice-cold distilled water. Trypsin, amylase, alkaline phosphatase 

and leucine-alanine peptidase activities were measured using the following substrates, 

respectively: Nα-benzoyl-DL-arginine-p-nitroanilide, Bapna (Holm et al. 1988), starch 

(Métais and Bieth 1968), p-nitrophenylphosphate, pNPP (Bessey et al. 1946) and 

leucine-alanine (Nicholson and Kim 1975). Lipase activity was assayed according to a 

spectrophotometric method (Hitachi U-2000 Spectrophotometer, Hitachi High 

Technologies Corporation, Japan) slightly modified from Iijima et al. (1998), using as 

substrate p-nitrophenyl myristate (Sigma) dissolved in dimethylsulfoxid (DMSO, Merck-

Schuchardt) 65.8mM.  Enzyme-specific activities were expressed as µmoles of 

substrate hydrolysed per min per mg of protein (i.e. U mg/protein) at 37 C for alkaline 

phosphatase and leucine-alanine peptidase, and 25 C for trypsin. Amylase-specific 

activity was expressed as the equivalent enzyme activity that was required to hydrolyse 

1 mg of starch in 30 min at 37 C per mg of protein. Protein was determined by the 

Bradford method (Bradford 1976).  

RNA and DNA contents were determined in the whole larval body using the dual 

wavelength absorbance method (Ashford and Pain 1985). 

 

Data Analysis 

Results were given as mean  ±  standard deviation (SD). Relative growth rate 

(RGR, %/d) was calculated between sampling points as, (eg - 1) x 100, with g = (ln final 

weight – ln initial weight)/time, following Ricker (1958). Coefficient of variance (CV) was 

calculated for both TL and DW as percentage for each treatment. As red porgy larvae at 
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35 DAH have isometric growth (Mihelakakis at al. 2001; Socorro et al. 2001), the 

condition factor (K) was determined at the end of the experiment as, (weight / total 

length3) x 100. Percent Survival in each tank (S%) was calculated as (Number of larvae 

at sampling/(Number of larvae at start – Number of larvae sampled from previous 

count)) x 100, where Number of larvae at sampling = Number of larvae at start – 

cumulative mortality over the sampling period. Data from each treatment (morphometric 

variables, growth, survival, larval chemical composition and enzymatic activity) were 

compared by one-way analysis of variance (ANOVA). The effects of independent 

variables “age”, “diet” or the interaction of variables were tested by two-way ANOVA. 

The assumptions of normality adjustment and homogeneity of variance were checked 

using Kolmogomorov-Smirnov‟s and Levene‟s tests respectively and a significance level 

of 0.05 (Zar 1996). When significant differences were found Tukey‟s HSD multiple test 

was performed.  All statistical analyses were carried out using SPSS for Windows, 

v12.0.1 (SPSS, Chicago, IL, USA). 

 

 

Results 

 

Biochemical Composition of Diets 

Among the different tested feeds, enriched Artemia presented the highest 

content of protein and lipids (Table 1).  

 

TABLE 1. Proximate composition of protein and lipids (g/kg dry weight, DW) of enriched rotifers, Artemia 

and dry feeds (Proton; INVE Aquaculture NV, Belgium) offered to red porgy larvae during the experiment. 

    Total protein 

(%DW) 

  Total lipid 

(%DW) Diets     

Enriched rotifers  51.31 ± 4.46  21.38 ± 2.83 

Enriched Artemia  55.62 ± 3.78  23.98 ± 2.04 

Dry diet   54     15   

 

The fatty acid (FA) composition of enriched rotifers and Artemia was very similar, 

with a high content of unsaturated FA which may be the result of the same type of 

enrichment products and protocols (Table 2).  
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TABLE 2. Fatty acid composition (% total fatty acids) of enriched rotifers (enrichment product : DHA-

Protein Selco ; INVE Aquaculture, NV, Belgium) and Artemia (enrichment product: Protein Selco ; INVE 

Aquaculture, NV, Belgium). Values are means (N = 3) ± SD. If followed by different superscript letters 

within a row were significantly different (P < 0.05). 

Fatty acid   Enriched rotifers   Enriched Artemia 

14:0   0.80 ± 0.22     0.48 ± 0.31   

16:0   13.81 ± 1.23     12.58 ± 1.01   

16:1   3.51 ± 0.31     3.21 ± 0.25   

18:0   7.64 ± 1.30     6.34 ± 1.19   

18:1   32.92 ± 2.96     26.96 ± 3.28   

18:2n-6   6.20 ± 0.11     6.09 ± 0.56   

18:3n-3   17.09 ± 1.77 
a
    25.86 ± 2.42 

b
  

18:4n-3   1.63 ± 0.06 
a
    5.48 ± 0.44 

b
  

20:1   1.17 ± 0.09     1.25 ± 0.11   

20:4n-6 (ARA)   0.70 ± 0.19     0.63 ± 0.12   

20:5n-3 (EPA)   5.78 ± 1.93     6.29 ± 1.43   

22:5n-3   0.17 ± 0.01     0.14 ± 0.02   

22:6n-3 (DHA)   4.18 ± 0.35     3.48 ± 0.26   

 SFA   24.85 ± 2.23     22.60 ± 1.99   

 MUFA   37.60 ± 3.19 
a
    30.95 ± 3.54 

b
  

 PUFA   36.10 ± 2.84     44.95 ± 4.98   

 HUFA   27.05 ± 2.49 
a
    36.21 ± 3.34 

b
  

 ∑ n-3   29.20 ± 3.54     36.80 ± 5.95   

 ∑ n-6   6.89 ± 0.70     6.16 ± 0.24   

 n-3/n-6   4.24 ± 0.72     5.92 ± 1.15   

 DHA/EPA   0.72 ± 0.08     0.54 ± 0.09   

 EPA/AA     8.32 ± 0.36 
a
 

 
 

 
   10.01 ± 1.07 

b
   

 

Larvae Performance 

The larvae fed actively in the three treatments since the beginning of the 

experiment. Since different items of the diet were differently coloured it was possible to 

confirm their presence in the stomachs.  
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TABLE 3. Mean dry weight (mg), total length (mm), relative growth rate (RGR, %/d), coefficient of variation 

(CV) for weight (%) length (%), survival (%) and condition factor (K) of red porgy larvae reared under the 3 

diet treatments (D1, D2, D3) at 20, 25, 30 and 35 days after hatching. Values are means (N = 3) ± SD. If 

followed by different superscript letters within a row were significantly different (P < 0.05). 

 

    Treatments 

    D1   D2   D3 

20 DAH                

  Dry weight (mg)  0.06 ± 0.01   0.06 ± 0.01   0.06 ± 0.01  

  Total lenght (mm)  6.48 ± 0.21   6.48 ± 0.21   6.48 ± 0.21  

  CV (weight)  12.86    12.86    12.86   

  CV (lenght)  3.47    3.47    3.47   

25 DAH                

  Dry weight (mg)  0.19 ± 0.02 
a
  0.16 ± 0.01 

a
  0.12 ± 0.02 

b
 

  Total lenght (mm)  8.69 ± 0.18 
a
  8.62 ± 0.33 

a
  7.61 ± 0.12 

b
 

  RGR (%/d)  28.08 ± 2.29 
a
  23.78 ± 1.55 

b
  16.04 ± 4.05 

c
 

  CV (weight)  9.12    6.25    17.84   

  CV (lenght)  2.02    3.80    1.55   

  Survival (%)  77.00 ± 2.90 
a
  85.77 ± 4.83 

a
  62.72 ± 2.57 

b
 

30 DAH                

  Dry weight (mg)  0.24 ± 0.01 
a
  0.21 ± 0.03 

ab
 0.15 ± 0.02 

b
 

  Total lenght (mm)  10.91 ± 0.50 
a
  10.41 ± 0.52 

ab
 8.18 ± 0.16 

b
 

  RGR (%/d)  4.55 ± 2.51   5.11 ± 2.24   5.84 ± 6.55  

  CV (weight)  4.88    15.55    13.58   

  CV (lenght)  4.59    4.98    1.91   

  Survival (%)  92.38 ± 0.71   92.32 ± 0.56   93.11 ± 1.93  

35 DAH                

  Dry weight (mg)  0.30 ± 0.02 
a
  0.28 ± 0.05 

a
  0.17 ± 0.04 

b
 

  Total lenght (mm)  13.14 ± 0.57 
a
  12.62 ± 0.82 

a
  8.98 ± 0.62 

b
 

  RGR (%/d)  4.86 ± 2.33   6.49 ± 0.53   5.89 ± 0.54  

  CV (weight)  6.67    16.30    24.25   

  CV (lenght)  4.32    6.51    6.85   

  Survival (%)  97.67 ± 0.52 
a
  96.15 ± 0.97 

a
  75.51 ± 0.79 

b
 

  Cumulative survival (%)  69.47 ± 2.36 
a
  76.18 ± 5.54 

a
  44.12 ± 2.76 

b
 

  Condition factor (K)   0.01       0.01       0.02     

 

Larvae under feeding regimes D1 and D2 presented better growth performance 

(P < 0.05; one-way ANOVA) compared to D3 (Table 3), with no significant differences 

between the first two diet regimes throughout the trial. Early supplementation of Artemia 
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in D2 did not significantly affect the relative growth rate (RGR) when compared with 

regime D1, but it had a significant effect on larval survival twenty five days after 

hatching (P < 0.05; one-way ANOVA). The coefficient of variation (CV) of dry weight 

(DW) and total length (TL) was also similar in both treatments at 25 DAH, but significant 

differences were detected in the subsequent sampling days (30 DAH and 35 DAH) (P < 

0.05; one-way ANOVA). Larvae under feeding regimes D1 and D2 also presented 

comparable condition factors (K). Inversely, a direct shift to inert diet and enriched 

rotifers (D3) decreased RGR, leading to size heterogeneity (significantly higher CVDW) 

at 25 DAH and lower survival than the other diet regimes (P < 0.05; one-way ANOVA). 

Rotifers persisted in D3 tanks for 3 days after their use was discontinued. Final survival 

was over 40% for all treatments.  

 

Biochemical Composition of Larvae 

Total protein was not significantly different for the 3 treatments, apart from 35 

DAH, when D3 larvae had a higher content, followed by D2 and D1 larvae, respectively 

(Table 4). Two-way ANOVA detected significant effects of age rather than diet regime 

on protein contents.  

On the other hand, total FA and several FA classes varied and were significantly 

influenced by the 3 diet regimes. D3 presented significantly lower total FA, MUFA, total 

n-6, EPA and ARA than the other 2 diet regimes (P < 0.05; ANOVA). These results are 

in accordance with the higher contents of these FA in live prey.  The exception to this 

lower FA pattern is at 35 DAH, when differences between treatments were not 

significant. An opposite trend occurred with DHA, as D3 had significantly higher 

contents than D1 and D2 (P < 0.05; ANOVA), but no significant differences were 

detected at 35 DAH. Other FA classes such as total SFA and total PUFA presented no 

significant differences between treatments or sampling ages.  
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Table 4. Protein composition (g/kg dry weight (DW)) and total (FA) and selected fatty acids (ng FA/µg DW) of whole-body red porgy larvae from D1, D2 and D3 treatments at 20, 

25, 30 and 35 days after hatching (DAH). Values are means (N = 3) ± SD. If followed by different superscript letters within a row were significantly different (P < 0.05). 

DAH  

hatching 

20 25 30 35 

Treatment  D1  D2  D3  D1  D2  D3  D1  D2  D3  D1  D2  D3 

% Protein 61.98±8.52  61.94±8.95  63.35±3.24  53.00±5.19  38.62±3.57  30.78±4.79  41.95±7.05  48.28±7.48  39.49±13.44  53.00±5.19  38.62±3.57  30.78±4.79 

16:0 10.04±0.45 
a
 7.19±0.32 

b
 9.08±0.40  5.84±1.26  5.34±0.35  5.36±0.63  6.99±0.32  6.30±0.77  6.8±0.73  5.84±1.26  5.34±0.35  5.36±0.63 

16:1n-7 4.10±0.75  2.51±0.57  3.94±0.77  1.64±0.34  1.38±0.13  1.47±0.13 
b
 2.77±0.17  2.27±0.40  1.46±0.73  1.64±0.34  1.38±0.13  1.47±0.13 

18:0 6.03±0.12  4.99±0.47  5.76±0.54  4.33±0.72  3.92±0.38  4.28±0.27  4.9±0.39  4.65±0.38  5.1±0.15  4.33±0.72  3.92±0.38  4.28±0.27 

18:1n-9 8.79±0.97  6.36±0.47  8.16±1.11  6.80±1.22  5.41±0.66  6.17±0.26 
c
 9.43±0.84  7.97±1.07  6.4±2.75  6.80±1.22  5.41±0.66  6.17±0.26 

18:1n-7 2.63±0.39  3.09±0.28  2.22±0.20 
b
 3.49±0.45  3.00±0.24  3.25±0.17 

b
 5.2±0.28 

a
 4.48±0.56 

a
 2.59±2.20 

b
 3.49±0.45  3.00±0.24  3.25±0.17 

18:2n-6 5.65±0.52  3.59±0.26  5.62±0.47 
a
 2.90±0.55  2.32±0.08  2.36±0.13  3.49±0.22 

a
 2.9±0.41 

b
 3.44±0.22 

a
 2.90±0.55  2.32±0.08  2.36±0.13 

18:3n-3 2.64±0.5  1.43±0.36  2.58±0.39  3.34±0.42  2.62±0.12  2.99±0.16  6.17±0.76  4.83±0.91  2.33±3.08  3.34±0.42  2.62±0.12  2.99±0.16 

20:1n-11 0.16±0.04  0.11±0.01  0.16±0.03  0.06±0.01  0.03±0.00  0.04±0.00  0.07±0.01  0.07±0.01  0.07±0.01  0.06±0.01  0.03±0.00  0.04±0.00 

20:1n-9 1.10±0.13  0.73±0.06  1.11±0.18  0.47±0.11  0.36±0.04  0.40±0.01  0.55±0.02  0.5±0.03  0.59±0.02  0.47±0.11  0.36±0.04  0.40±0.01 

20:4n-6  2.09±0.04  2.77±0.01  1.96±0.23  2.54±0.05  2.58±0.11  2.49±0.11  3.08±0.14  3.03±0.30  2.15±0.93  2.54±0.05  2.58±0.11  2.49±0.11 

20:5n-3 5.70±0.67 
a
 7.08±0.38 

b
 4.89±0.38 

b
 6.46±0.57  5.72±0.31  6.04±0.38 

b
 8.95±0.24 

a
 8.02±0.87 

a
 5.55±3.04 

b
 6.46±0.57  5.72±0.31  6.04±0.38 

22:6n-3     HA) 10.67±0.42  8.00±1.99  10.41±1.45 
b
 7.60±1.68  6.38±0.41  6.07±0.57 

b
 5.6±0.51 

a
 5.67±0.51 

a
 11.68±4.57 

b
 7.60±1.68  6.38±0.41  6.07±0.57 

  Total FA 74.22±5.06 
a
 60.65±0.74 

b
 68.86±4.08 

b
 55.45±8.5  48.58±3.27  50.58±2.63 

b
 69.16±3.64 

a
 62±6.28 

a
 58.38±8.92 

b
 55.45±8.5  48.58±3.27  50.58±2.63 

  PUFA 31.56±1.25 
a
 26.34±1.32 

b
 30.18±2.57  25.17±3.72  21.61±1.19  22.21±1.32  29.93±1.79  26.96±3.02  28.42±2.05  25.17±3.72  21.61±1.19  22.21±1.32 

  SFA 18.18±0.87 
a
 13.89±0.55 

b
 16.44±0.75 

a
 15.70±1.56  15.13±0.91  13.72±0.52  13.44±0.74  12.42±1.29  12.93±0.27  11.31±2.19  10.25±0.76  10.58±0.97 

  MUFA 19.72±3.10  16.10±1.79  17.73±2.55  23.17±1.93 
a
 20.17±2.40 

a
 11.03±0.48 

b
 21.36±1.33 

a
 18.48±2.54 

a
 12.75±6.97 

b
 14.58±2.55  12.17±1.39  13.31±0.70 

  ∑n-3 22.95±0.84  19.32±1.42  21.78±2.06  23.18±1.03  20.17±2.50  20.76±0.8  22.8±1.41  20.46±2.26  22.03±1.38  19.14±3.07  16.17±0.95  16.78±1.10 

  ∑n-6 7.75±0.49  6.36±0.26  7.58±0.51  6.98±0.53  20.17±2.60  5.85±0.22 
b
 6.56±0.35  5.93±0.70  5.59±0.89  5.44±0.60  4.89±0.18  4.85±0.23 

  n3/n6 2.97±0.09  3.05±0.35  2.87±0.17  3.33±0.2  20.17±2.70  3.55±0.05  3.47±0.03  3.45±0.03  3.98±0.39  5.44±0.70  3.30±0.13  3.45±0.10 

  DHA/EPA 1.90±0.31  1.14±0.35  2.13±0.18  20.58±0.11 
a
 20.17±2.80 

a
 3.02±0.14 

b
 0.63±0.04 

a
 0.71±0.04 

a
 2.76±1.80 

b
 5.44±0.80  1.12±0.04  1.00±0.04 

  EPA/ARA 2.72±0.32  2.56±0.15  2.49±0.17  3.51±0.16  20.17±2.90  2.39±0.11  2.91±0.06  2.65±0.05  2.58±0.26  5.44±0.90  2.22±0.05  2.43±0.05 
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Larval Enzymatic Activity 

 
 

Figure 2. Enzymatic specific (mU/mg protein) and segmental (mU/segment) activity of the enzymes 

trypsin, lipase, amylase, alkaline phosphatase and leucine-alanine peptidase in red porgy larvae for the 3 
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diet treatments (D1, D2, D3) at 20, 25, 30 and 35 days after hatching. Values are means (N = 3) ± SD. 

Columns with different superscript letters were significantly different (P < 0.05). 

 

No significant differences were found in trypsin-specific activity for D1, D2 and D3 

larvae at 25 DAH (Fig. 2). In later sampling points, D1 and D2 larvae remained stable 

and showed significantly higher trypsin-specific activity than D3. Segmental activity 

increased during the experiment for D1 and D3 larvae, but it was relatively constant for 

D3. Again for lipase, the specific and segmental activity as well showed an increasing 

pattern for D1 and D2 treatments with slightly higher values D1 at 30 DAH and about 

the same levels for D3 treatment. In contrast, amylase-specific and segmental activity 

decreased in all treatments, showing a significantly higher activity for D1 treatment at 30 

DAH (P < 0.05; ANOVA). Alkaline phosphatase-specific and segmental activity 

presented no significant differences between treatments at 25 DAH, but increased 

onwards for D1 and D2 treatments, while in D3 it was lower at 35 DAH. Finally, the 

activity of leucine-alanine peptidase for D1 and D2 treatments presented a decreasing 

pattern at the specific level, but increasing for segmental activity. D3 treatment had 

increasing patterns for specific and segmental activity and was significantly higher at 35 

DAH (P < 0.05; ANOVA). 

 

RNA/DNA and RNA/Protein Indices 

RNA/DNA index was not affected by different diet regimes (Table 5). This ratio 

had a pronounced and significant similar peak for the 3 treatments at 30 DAH (P < 0.05; 

ANOVA). At 35 DAH all diet treatments presented no significant differences. (P < 0.05; 

ANOVA). A similar trend was found for RNA/protein index. 

 

Table 5. RNA/DNA (µg/µg) and RNA/Protein ratios (µg/µg) in red porgy larvae for the 3 diet treatments 

(D1, D2, D3) at 20, 25, 30 and 35 days after hatching (DAH). Values are means ( N = 3) ± SD. If followed 

by different superscript letters within a row were significantly different (P < 0.05). 

    Treatments 

    D1 D2 D3 

DAH   RNA/DNA   RNA/Protein RNA/DNA   RNA/Protein  RNA/DNA  RNA/Protein  

20  2.365 ± 0.253  0.002 ± 0.000  2.475 ± 0.201  0.002 ± 0.001  2.293 ± 0.153  0.002 ± 0.001  

25  4.354 ± 0.920  0.033 ± 0.007 
a
 4.310 ± 0.303  0.022 ± 0.003 

a
 3.481 ± 0.465  0.012 ± 0.003 

b
 

30  22.215 ± 6.076  0.104 ± 0.039  21.741 ± 3.757  0.104 ± 0.040  19.794 ± 10.800  0.144 ± 0.110  

35   4.838 ± 1.689   0.021 ± 0.004   3.619 ± 0.559   0.030 ± 0.009   3.614 ± 1.671   0.033 ± 0.001   
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Discussion 

 

It is generally accepted that the adaptation of fish larvae to dry diets demands 

protocols to adapt to a period of drastic morphological, physiological and behavioural 

changes and to their nutritional and environmental requirements (Rao 2003). 

The evaluation of 3 weaning regimes for P. pagrus made in the present study 

revealed that age or development stage is the most important independent variable 

affecting growth performance and nutritional condition of larvae. This emphasizes the 

difficulties in dealing with diet essays during fish larval stages. 

Red porgy larvae showed a distinct response to diet feeds and schedules, 

whether considering a two-step weaning regime with enriched Artemia as intermediate 

live feed or direct step weaning from live rotifers to dry diet. 

 

Two-Step Weaning Treatments 

The early introduction of Artemia did not significantly influence growth rates, as 

previously reported for cod larvae weaning by Baskerville-Bridges and Kling (2000). 

Larvae from diet regimes supplied with Artemia had higher TL growth rates than those 

reported from laboratory conditions (Mihelakakis et al. 2001; Socorro et al. 2001; Darias 

et al. 2007; Suzer et al. 2007) and from semi-intensive or intensive production methods, 

although of smaller size (Kentouri et al. 1995; Roo et al. 2010). Survival was 

considerably high at 69.74% for D1 and 76.18% for D2, since in large-scale production 

conditions, it may vary from about 60% and 70% for mesocosm and intensive culture, 

respectively, according to estimates by Roo et al. (2010). Significant differences in 

mortality between D1 and D2 were only observed at 25 DAH, possibly due to larvae 

difficulties faced by larvae in digesting Artemia at that early stage in the former diet 

treatment, as previously mentioned by Roo et al. (2010).  

In both treatments, the live feeds rich in protein and FA modulated the pancreatic 

enzymes involved in their digestion by maintaining trypsin-specific activity at high levels 

and increasing lipase-specific activity, respectively. Ribeiro et al. (2008) studying 

blackspot seabream larvae, observed similar trend of constant values for trypsin-

specific activity with the sequence of 3 diets used. On the other hand, amylase 

decreased activity even when inert diet, usually a high carbohydrate source, was added. 

This is a common occurrence with other marine species, denoting an apparent 
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importance, though poorly understood, of this enzyme at earlier larval stages (Moyano 

et al. 1996; Ribeiro et al. 1999; Zambonino Infante and Cahu 2001; Ribeiro et al. 2008).  

D1 and D2 treatments did not evidence an abrupt decrease of cytosolic enzymes, 

such as leucinealanine peptidase, with a simultaneous sharp increase in alkaline 

phosphatase of the brush border membrane, the general pattern of variation of 

enzymes during fish larvae development (Cahu and Zambonino Infante 2001) and 

previously described for P. pagrus (Suzer at al. 2007). Whether the more subtle trend 

was an adaptive response to the diet regimes needs to be further investigated. 

However, this may suggest there is an overlap period of adaptation with both pancreatic 

and intestinal enzymes and associated forms of digestion, before the shift to dominant 

luminal digestion characteristic of adult fish. A combined mechanism for intra- and 

extra-cellular digestion was previously suggested for red porgy based on histological 

evidence (Darias et al. 2007). Peak responses of the enzymes were later than reported 

by Suzer at al. (2007). However, there were differences in the diet regimes, including 

the first Artemia supply 5 days later than reported by those authors. In addition, larvae 

from our study were smaller in size at the same age, thus less developed (Roselund et 

al. 1997), and consequently were expected to have a later maturation of the digestive 

enzymes.  

 

One-Step Direct Weaning Treatment 

 Early weaning of larvae with a co-feeding regime of inert diet (D3) depressed 

growth, caused a sudden high size heterogeneity (expressed as CVweight at 25 DAH) 

and higher mortalities over the several weaning stages.  Furthermore, the size 

heterogeneity of larvae may increase agonistic interactions and cannibalism later than 

35 days after hatching. D3 is not an appropriate feeding regime for red porgy larvae. 

The growth performance results partly agree with Aristizábal and Suárez (2006), but 

denote relative higher mortalities with direct supply of inert diet compared to the other 

diet regimes. Taking into account the different artificial diet and more scattered data 

from those authors, comparisons of results should be treated with caution. 

Several constraints have been reported using dry compound diets in weaning, 

such as the difficulties of larvae in learning and catching feed (Appelbaum 1985), a low 

diet acceptance by larvae (Yúfera et al. 2000; Cuvier-Péres at al. 2001), or dry diets 

considered as a second choice in a co-feeding regime with live prey (Fernández-Diaz et 

al. 1994). However, these limitations can hardly explain the growth performance results 
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in this study.  In fact, D3 larvae were observed actively feeding and dry diet was 

observed in their gut. It is more likely that the compound diet ingested contributed to the 

reduction of rotifer consumption and together with the limited capacity of fish larvae to 

digest artificial diet at 20 DAH, may have left larvae with less energy and nutrients 

available for growth. 

According to Ryan et al. (2007) Murray cod juveniles of 1 g during weaning and 

under such nutritional limitations firstly utilize accumulated fat resources to support 

metabolic activity to survive and then, once the feeding situation is improved, use again 

dietary lipid source for growth. Our results seem to evidence selected FA mobilization 

and priority use for catabolism by larvae as a response to the nutritional constraints 

imposed by D3 treatment in these two phases.  

In the first phase, until 25 DAH, there was a dry weight reduction simultaneous 

with the decrease of total FA, priority mobilization of (n-6) in relation to (n-3) PUFA and 

conservation of total PUFA, which are signs of larvae starvation previously detected in 

red seabream by Tandler et al. (1989) and in gilthead seabream by Rainuzzo et al. 

(1994) . DHA was conserved in line with what was reported by those authors, and the 

percentage of total EFA was maintained. DHA is a component of cell membrane 

structure and essential for the development of neural and visual systems (Sargent 1995; 

Izquierdo 1996). The lack of available essential FA, EPA and ARA in particular was 

insufficient to sustain good growth and survival as previously suggested by several 

authors (Izquierdo et al. 1989; Reitan et al. 1994; Bell et al. 1995; Rainuzzo et al. 1997). 

The proportions of different essential FA and their ratios were closer to those of 35 DAH 

larvae reared in an intensive system than to those of larvae reared in a mesocosm as 

reported by Roo et al. (2010). These balances within PUFA contributed to the absence 

of significant differences in this FA class during the trial. Conversely, MUFA were 

mobilized from 25 DAH, as these FA are more easily transported and energetically 

more profitable than long chain PUFA according to Rueda et. al (1997). In contrast to 

major FA, protein was conserved by larvae and protein synthesis, as indicated by 

RNA/DNA and RNA/Protein ratios, which did not vary significantly with diet treatments 

and seemed more dependent on age or development stage. Taken together, these data 

suggest that in the first weaning period, lipid store mobilization contributed to main 

protein metabolism homeosthasis. 

 In the second phase, 25-30 DAH, the biology of the species had a main role in 

larvae response to D3 treatment. The maturation of the digestive system takes place 
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during this period (Darias et al. 2007) and larvae would then be able to digest dry diet. 

FA increased to levels not significantly different from those of other treatments at the 

end of trial. Consequently, growth was promoted and survival was not significantly 

different from other treatments already at 30 DAH. 

Suboptimal maintenance rations are likely to originate size heterogeneity in 

cultured fish larvae, which may cause and/or be an effect of cannibalism and size-

dependent mortality (Kestemont et al. 2003). D3 larvae population went from the 

highest CVweight at 25 DAH to the lowest among treatments at 30 DAH, a period of high 

cannibalistic behaviour according to Roo et al. (2010). Cannibalism is likely to have 

removed the smaller and less fit larvae. This generates size selective mortality and 

consequently, an overestimation of the population growth rate (Folkvord 1997). In our 

experiment we only observed partial cannibalism (fin nipping) independently of the 

treatment. Since we did not measure dead larvae, we were unable to verify the 

occurrence and potential effects of size selective mortality caused by cannibalism. 

However, the putative effects of cannibalism on D3 larvae, re-establishing FA 

composition and condition at 35 DAH might not be negligible. 

Direct feeding with dry diet had a detrimental effect in the larvae physiological 

condition. There was a general trend of significant deterioration of enzymatic activity, 

decreasing (trypsin) or maintaining (lipase) the early pancreatic enzyme activity at 

specific level and preventing the rise of sequent intestinal enzyme-specific activity 

(alkaline phosphatase), all indicative of inadequate diet (Cahu and Zambonino Infante 

2001) or even larvae starvation (Bolasina et al. 2006). Concurrently, the exception to 

this situation was the increase of leucine-alanine peptidase, a brush border enzyme 

previously suggested as being indicative of delayed maturation (Ribeiro et al. 2002). 

Higher RNA ratios at 35 DAH for D3 could eventually be considered another indication 

of a delayed development relative to the other diet treatments.  

 

Concluding Remarks 

Age or developmental stage is determinant in growth, survival and physiological 

parameters of red porgy larvae. Diet regime through diet item and schedule may affect 

the performance and physiological status of larvae by modulating the digestive enzyme 

activity and FA composition. 

Artemia supplied at 20 DAH to red porgy larvae promoted better growth and 

nutritional condition, but these parameters were not significantly different from those of 
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rotifer-fed larvae. Given the significantly higher mortality at this stage Artemia should be 

supplied at low feeding levels. This strategy is likely to attenuate problems associated 

with the more unpredictable rotifer production, but costs need to be evaluated. The 

supply of inert diet should be adopted from 30 DAH onwards, when larvae are 

physiologically prepared to digest more complex feed items. However, the relatively 

high survival in treatment D3 encourages the development of optimized diets for early 

weaning of red porgy. These should take into account: 1) adequate particle size (100-

200 µm and 200-400 µm) used for the larval size range 6.5 to 11.0 mm; 2) water 

stability to avoid water quality problems; 3) nutritionally well-balanced ingredients 

providing high protein, high energy, and high HUFA levels including DHA; 4) high 

digestibility assured by ingredient selection and adequate diet production technology. 

Enzymatic activity and FA were sensitive parameters for the detection of the 

influence of the diets in red porgy larvae at different physiological levels over the 

duration of the experiment and should be considered for future works. The different 

results and complementary information obtained from the several methods used 

corroborate previous suggestions by Cunha et al. (2003) and Roselund et al. (1997) to 

combine approaches in the evaluation of the nutritional condition, in order to take into 

account the species-specific biological and ecological response to diet changes. 
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Red porgy larvae ontogenetic development to juvenile stage 

  

Fish larvae development and allometric growth show high plasticity depending on 

genotype and environment (Gisbert and Doroshov, 2006), including culture conditions. 

This thesis presents a systematic and integrated study of red porgy larval allometric 

growth (Chapter 3), histological, histochemical (Chapter 4) and physiological traits 

(Chaper 7), and associated larval ecology under culture conditions (Chapter 4; Chapter 

6). This work was undertaken using larvae reared in mesocosm, regarded as the most 

appropriate culture method for the study of new candidate species for aquaculture 

(Kjørsvik et al., 1991; Divanach and Kentouri, 2000) and for red porgy larvae mass-

production (Roo et al., 2010). 

Red porgy larvae development is characterized by a sequence of ontogenetic 

features, functions and behaviours distinct from other sparids that seems to prepare 

larvae for the late maturation of the digestive system and transformation to juvenile 

stage (Chapter 4). For red porgy larvae reared in mesocosm the development 

milestones are anticipated compared to intensive culture, reflecting the larvae faster 

growth under the former culture methodology, plus the large size and low 

hydrodynamics of the culture environment (Chapter 1). In mesocosm larvae are allowed 

to choose the habitat according to their developmental stage and environmental 

preferences, which for red porgy seemed to promote early ontogenetic differentiation. 

Red porgy larvae ontogeny presented four developmental phases as follows 

(Chapter 4; Fig.1): 

 

First phase of larval development, from hatching to 3 DAH (3.2-3.6 mm TL) 

During this phase, the yolk sac larvae are motionless, occurring from the water 

surface to about 1 m depth.  

Larvae present strong positive TL allometric growth and the highest relative 

growth rate (RGR) of the study period. Elongated and streamlined shape increases 

Reynolds number (a ratio between inertial and viscosity forces), diminishing the 

effects of friction. This allows larvae to better escape predation and for prey capture 

(Osse et al., 1997). 
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Figure 1. Pagrus pagrus larvae development, growth, quality descriptors and specific culture methods in 
mesocosm semi-intensive culture conditions. Relative growth rate (RGR, %day

-1
) was estimated between 

total length inflexions points. Development milestones include histomorphological events, such as 
presence of yolk sac (YS), swimbladder inflation (SB), notochord flexion (NF), fin rays differentiation (FR) 
and gastric glands development (GG), and also behavior patterns such as, onset of exotrophic feeding 
(EF), migration (M) and cannibalism (C). Larvae biometric quality descriptors (mm) at 21 and 32 DAH are: 
bivariate morphometric index (BMI, mm

3
), mouth gape (MG, mm), body depth at ventral fin (BDV, mm), 

body depth at anus (BDA, mm). Biochemical quality descriptors at 20 and 30 DAH refers to the specific 
activity (mU/mg protein) of selected enzymes trypsine (Try), lipase (Lip) and alkaline phosphatase (AlP), 
and to total fatty acids (ƩFA), monounsaturated fatty acids (MUFA), total n-6 fatty acids (Ʃn-6), 
eicosopentaenoic acid (EPA) and arachidonic acid (ARA). Tank management include light regime (L) in 
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hours of light to hours of dark (L:D) and water renewal rate (%day
-1

). Diet regime refers to microalgae 
Nannochloropsis oculata density (MC, cells mL

-1
), initial daily rate of rotifers (µg larvae

-1
) and following 

days (rotifers mL
-1

), enriched Artemia density (EA, individuals mL
-1

) and dry diets (DD, % larvae biomass 
day

-1
). 

 

Primordial gills are detected at 2 days after hatching (DAH), by the time the 

posterior part of digestive tube opens forming the anus. The primordial swim bladder 

initiates differentiation from the dorsal wall of the digestive tube. At 3 DAH the 

digestive tract presents an increase in length and folding, becoming differentiated in 

4 segments as previously referred by Roo et al. (1999), for intensive rearing 

conditions: oesophagus, foregut, midgut and hindgut. Precursor cells of liver and 

pancreas are observed between yolk sac and larval body. 

During this phase the high energy and nutrients requirements are fulfil by 

mobilization of the yolk sac reserves rich in proteins, neutral and acidic lipids and 

carbohydrates. 

 

Second phase, at >3.6-5.0 mm TL (about 3 DAH to 12 DAH) 

Larvae initiate external feeding and larvae swimming activity increases daily, 

significantly. For instance, at 4 DAH larvae are able to cover 55% more the distance 

from previous day (Chapter 5).  

TL growth is negligible during the first 5 days of this phase. In contrast, the mouth 

complex has a significant development, with strong positive allometric growth of mouth 

gape, while the first pharyngeal and mandible teeth become apparent. The most 

remarkable histomorphological development is the swim bladder development and 

inflation, having a most significant increment in relative size from 8 and 11 DAH (4.2-4.6 

mm TL), about 1.4 times the volume of S. aurata swim bladder of same size according 

to Soares (1995).  

There are major changes at histological and histochemical level. The eyes 

increase size and number of cone cells at tissue level, improving vision acuity and 

preparing larvae low light or deeper environment. First digestive mucous cells are 

detected in the digestive tube containing neutral and/or acid muco-substances. The 

activity of associated organs of the digestive system is evident by 4 DAH, with the 

presence of glycogen and neutral and acidic lipids in the liver, whereas proteins were 

abundant in exocrine pancreas. The gall bladder becomes functional at this age. Until 9 

DAH (about 4.5 mm TL) high histochemical activity is observed at the oesophagus. 

Nutrient absorption is evidenced by supranuclear lipidic vacuoles in the enterocytes.  
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Despite developing basic digestive capacity, the larvae continue using 

endogenous reserves as a diminishing yolk-sac is still visible at 5 DAH.  In intensive 

culture, at similar rearing temperatures, the complete exhaustion of yolk-sac occurs 

earlier, at mouth opening from 3 DAH (Darias et al., 2007) to 4 DAH (Büke et al., 2005), 

possibly to due to the extra energy spent to counteract higher turbulence and stronger 

water currents made by aeration devices and the water input in smaller rearing tanks. 

 

The third phase, >5.0-6.4 mm (13 to 21 DAH, TL) 

At early stages, from 14 DAH (5.4 mm TL) onwards, the larger larvae move to 

deeper areas in the rearing tank (2 or more meters of depth). Larvae are able to explore 

different habitats due to the cumulative morphophysiological developments initiated at 

previous phases from the respiratory, visual, feeding and swimming systems. This is 

illustrated with larvae feeding on natural occurring copepods on the tank walls from 10 

DAH.  

This is the period of slowest TL growth. Body depth at ventral fins presents 

isometric growth, contrasting with continued positive allometric growth from body depth 

at anus. This is related to myotomal musculature growth and elongation of the digestive 

system at the lower end of the abdominal cavity. The more robust myotomal 

musculature and the notochord flexion at 17 DAH (Chapter 3; Chapter 4) will increase 

fish larva swimming performance and provide energy savings according to Blaxter 

(1988).  

There is an increase in tissue structure of most organs. Larval vision improves 

considerably from 20 DAH with the formation of eye rods as reported by Roo (1999), 

concomitant with first occurrence of gastric glands in the stomach. The specific activity 

obtained for the pancreatic enzymes lipase and amylase at this stage (Chapter 7) are 

higher than reported by Suzer et al. (2007) from larvae of intensive culture, in opposition 

to the lower level for trypsin. This may reflect a diet richer in proteins with the earlier 

introduction of Artemia by those authors.  

 

Fourth phase, > 6.4 mm TL (from about 21 to 33 DAH) 

Relative growth of larvae approaches isometry. However, TL presents a slight 

growth rate increase and high heterogeneity. Body depth at anus shows isometric 

growth and narrow variation (Chapter 3).  
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Finfold differentiation to unpaired fins occurs from 21 DAH (6.5 mm TL) to 27 

DAH (8.2 mm). Fins and musculature raise exponentially the swimming speed of larvae 

(Fukuara, 1985), enabling further the larvae to cover a wider foraging area, as well as to 

improve the prey capture efficiencies (Gisbert et al., 2002; Sala et al., 2005).  

The stomach area shows a significant increase of the mucosa folding and on the 

number of gastric glands by 30 DAH. At this stage the young fish has the external 

features of a juvenile red porgy, but also has functional gastric glands, able to secret 

pepsin and hydrochloric acid for a more efficient digestion (Darias et al., 2007). This is 

also evidenced by the patterns of variation of enzyme activity in the weaning 

experimental treatment of similar feeding protocol to mesocosm (Chapter 7). There was 

a significant increase in alkaline phosphatase activity of larvae from 30 DAH with the 

inverse pattern occurring in leucine-alanine peptidase activity from 25 DAH. Considering 

the pattern of variation of alkaline phosphatase alkaline brush border activity is 

comparable to the alkaline phosphatase activity of the sample homogenate (Cahu et al., 

2000; Ribeiro et al., 2002), the above mention inversion of patterns denotes a change of 

digestion mode (Cahu and Zambonino Infante, 2001). However, supranuclear vacuoles 

rich in proteins, carbohydrates (including glycogen) and particularly lipids are still 

abundant in the posterior intestine and indicative of pynocitosis at this age (Chapter 4). 

This seems to indicate an overlapping period of adaptation with both digestion modes 

as previously suggested by Darias et al., (2007).  

The significantly high ratio RNA/DNA from the weaning treatment larval group at 

30 DAH also shows the increase of gene expression and production of different 

proteins, including enzymes, related to the functional changes occurring during this 

phase of development (Chapter 7). 

 

 

Red porgy larval feeding performance and behaviour patterns 

 

The most critical factor responsible for heavy mortalities in aquaculture is the 

availability of the correct type of live feed in appropriate densities (Rao, 2003). 

Therefore, larval husbandry conditions are largely determined by the knowledge of the 

larval species feeding performance and behaviour at early life stages.  
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During ontogenetic development fish larvae go through morphological and 

physiological changes that relate to their feeding behaviour and performance 

(Georgalas et al., 2007) (Fig. 1).  

Red porgy larvae accept inert feed at distinct developmental phases, namely at 

first external feeding (Chapter 5) and again later, at 20 DAH, during co-feeding with 

rotifers (Chapter 7), demonstrating that prey movement is not decisive for their 

detection, capture and ingestion by red porgy larvae. 

At the onset of exogenous feeding larvae fed live or freeze-dried rotifers have 

similar feeding performance (feeding intensity and efficiency) and this pattern was not 

affected by a diet shift between treatments the following day (Chapter 5). Whether 

considering live or inert prey, the first feeding mode of larvae is characterized by high 

activity to satiation, followed by low activity until full gut evacuation. This explains the 

larvae low food intake at first feeding previously attributed to a “learning delay” by Roo 

et al. (1999). However, next day larvae have 20.3 % larger mouth gape and 54.6 % 

higher swimming speed, enhancing their foraging capacity. Larvae consumption and 

evacuation phases turn to no stop or resting type, thereby suggesting higher energetic 

needs promotes a changing mode to continuous feeding from second day of feeding 

onwards. 

With swim bladder inflation larvae improve swimming performance by allowing 

neutral buoyancy (Georgalas et al., 2007). Unexpectedly, rotifers consumption by larvae 

decreases slightly from 11 DAH (Chapter 6) in opposition to previously reported by 

Papandroulakis et al. (2004) for intensive culture conditions. Competition from other live 

preys in tank, such as the accidental presence copepods and the Artemia supply from 

19 DAH could affect rotifers consumption and may explain these differences. 

Following first signs of aggressive fin nipping at 17-18 DAH, there is a 

remarkable decrease in swimming activity at 19 DAH, with a concomitant decline in 

rotifers consumption.  

The advent of acidic digestion, typical of adult fish, enhances larvae digestive 

capacity and expands the type of food the larvae are able to digest. In fact, at mm TL 

(26 DAH) red porgy larvae have a sudden increase of about 2-3 fold of Artemia 

consumption (Chapter 6). 

Moreover, from 28 DAH (8.2 mm TL) cannibalism with full engulfment of prey is 

frequent, leaving smaller larvae to search the margins of the tank for safety. Despite 

higher larval size variation from 22 DAH (about 6.0mm± TL) cannibalism in red porgy 
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only occurs at this later stage (Chapter 3). The ratio predator mouth gape to prey body 

height determines conspecific predation in different species (Baras, 1999; Baras et al. 

2010a; Baras et al. 2010b). However, in red porgy larvae other factors seem to be 

involved in this aggressive behaviour such as 1) the incidence of conspecific predation 

is apparently concurrent with the advent of acidic digestion for red porgy larvae in this 

thesis and reported in the literature (Suzer et al., 2007; Darias et al., 2005); 2) an 

ontogenic shift to a piscivorous diet is more energetically profitable for fish larvae 

(Parazo et al., 1990; Elliott and Hurley, 2000; Masuda et al., 2002); and 3) fish larvae 

may select food items based on digestibility criteria (Lazzaro, 1987). In the case of red 

porgy larvae, conspecific prey engulfment depends of larvae size variation, but the 

larvae physiological condition and maturation stage of the digestive system seem to 

have a more determinant role in the on-set of cannibalism. 

 

 

Advances in red porgy rearing methodologies 

  

The experimental studies developed in this thesis gave a better insight to red 

porgy larval biology and addressed larvae environmental and feeding requirements with 

significant implications for aquaculture. 

Mesocosm of semi-intensive methodologies promotes better red porgy larvae 

performance. The large volume tank of low water exchange rate (8-150 % per day) and 

gentle aeration avoid turbulence of the culture medium and may spare larvae of loss of 

energy for swimming compared to other culture methodologies (Chapter 2). Continuous 

presence of good quality live rotifers from exogenous and endogenous sources, 

complemented by accidental occurrence of wild zooplankton is advantageous to larvae 

as suggested by Divanach and Kentouri (2000). 

Following contributions to the knowledge of larval biology and testing of different 

husbandry conditions, our research suggests improvements in the mesocosm rearing 

methodologies to match red porgy larvae requirements (Fig. 1). Regarding the 

management of environmental parameters in mesocosm rearing tanks, the introduction 

of natural photoperiod from larval hatching to 18 DAH and the reduction of light intensity 

thereafter to about half the previous level (1000 lux) avoided larvae swirls at the surface 

indicative of stress, previously mentioned by Kolios et al. (1997) (Chapter 2).  
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Tank management should also take into consideration the larvae swim bladder 

development and inflation to a considerable higher volume than S. aurata (Chapter 4). 

The consequent dispersion and even distribution of larvae in the water column, from 5.4 

mm (approximately 14 DAH) recommends at this stage: low water influx bellow tank 

surface water to avoid strong currents; the distribution of feeds at lower depths by 

adding live prey through pipes at this level and using denser inert feeds. However, to 

cope with the significant increment of ammonia nitrogen and nitrites in water at this 

stage (Chapter 6), bottom siphoning and increase of water exchange rate are 

recommended. 

Concerning live feed management, the change of feeding mode on the second 

day of exotrophic feeding (Chapter 5) suggests high density of prey (4-6 rotifers/ml) 

should be maintained in red porgy larvae rearing tanks from 4 DAH onwards. The daily 

feeding ration estimated from maximum rotifers consumption and gut evacuation is a 

helpful tool for the management of this live prey. Once approaching the maturation of 

the digestive system, by 26 DAH, Artemia consumption rise sharply demanding 2 to 3 

fold the density of previous day.  

Meeting larvae live feed demands enables to reduce stress effects in red porgy 

larval rearing (Papandroulakis et al., 2004) and enhances a better larvae performance. 

Knowledge of daily feeding ration (Chapter 5) and rotifers balance in large scale 

mesocosm tank (Chapter 6) allowed for the refinement of the feeding schedule, in order 

to provide larvae with the required density and timing of feeding, allowing to improve the 

planning and management of the live feed production chain (Chapter 1).  

Diet shifts between live and freeze-dried rotifers promoted no changes of feeding 

patterns (feeding intensity and efficiency) at early stages (Chapter 5). Although 

nutritional studies are needed, the potential direct output is the introduction of preserved 

rotifers in larval feeding protocols, lowering the risks of live food production crashes. 

Moreover, taking into account the usual negative feeding responses and consequently, 

low larvae performance during weaning to inert diets (Lazo et al., 2000), this could be 

advantageous for the culture of red porgy larvae. This is a first approach to establish the 

feeding behaviour of larvae towards inert diets, which according to Rao (2003) usually 

complement the nutritional studies needed to develop acceptable microdiets. 

Previous attempts to establish a weaning protocol for red porgy larvae were 

limited to single large scale culture trials (Roo et al., 2010) or inconclusive, due to lack 

of sufficient indicators of larval performance (Aristizábal and Suárez, 2006). Significant 
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progress was made in this thesis with small scale experimental design and using 

biochemical indicators of the physiological status of larvae (Chapter 7). Early weaning 

with low density of Artemia (5-15 individuals/L) as an intermediate step seems the most 

appropriate feeding regime. Larvae also accept formulated diets, although limited to co-

feeding regimes with live feed. These findings were successfully applied to large scale 

mesocosm trials. 

The progressive increase of live prey or inert diets size with increasing larval size 

emphasizes the choice of appropriate food size. Mouth gape is generally considered for 

selection of food size (Cunha and Planas, 1999) and the description made of its 

allometric growth is a most valuable tool for feeding management. 

The period of metamorphosis to juvenile stage enhances problems related to 

larval population size dispersal. Larvae size dispersion favours cannibalism (Baras 

1999; Baras et al. 2010a; Baras et al. 2010b). Although, in red porgy the relation 

between predator mouth gape and prey body height was not a good predictor of 

cannibalism, as opposite to previously reported for other species such as, orange-

spotted grouper Epinephelus coioides larvae (Hseu et al. 2003) and  juvenile 

snakehead, Channus striatus (Qin and Fast 1996). Our experimental results suggest 

this behaviour depends also of larval physiological condition and might be triggered by 

the maturation of the digestive system, and lack of suitable food particles of the 

preferred size (Chapter 3). 

Better feeding procedures are needed to prevent larval size dispersion at this 

stage. Food has to be evenly distributed at the surface, but also reach the bottom of the 

rearing tank, once a large number of larvae migrate to lower tank depths from 14 DAH 

onwards (Chapter 6). This is expectedly more effective if post-larvae are transferred 

earlier to shallower and smaller weaning tanks. In our studies, larvae and post-larvae 

specimens were frequently moved alive from tanks, either for experiments or for juvenile 

production tanks, showing no acute stress or heavy mortalities, frequently observed at 

these stages in other species. 

Enhanced control of larval size will contribute for this task, particularly using the 

bivariate morphometric index developed in this thesis (Chapter 3) relating larvae 

standard length (SL) with body depth at anus level (BDA) that is, SLxBDA2. 

During the mesocosm trials, the persistent high percentage of first day 

occurrence of development milestones such as, swim bladder inflation, notochord 

flexion and fins rays development denoted synchronous larval development and 
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together with the low larval size dispersion is indicative of good culture practices 

(Chapter 3). 

 

 

Red porgy larval quality descriptors 

 

The establishment of criteria for the early and effective definition of larval quality 

is of upmost relevance for hatchery management and consequently, for business 

profitability (Koumoundouros et al., 1995). These criteria may determine the fate of a 

production cycle or otherwise, be used to evaluate culture conditions and as scope to 

improve rearing methodologies.   

Fish larvae quality descriptors are species specific. For red porgy larvae the 

bivariate morphometric index was proved to be better correlated with larval volume than 

length as single parameter (Chapter 3). Growth models incorporating body depth along 

with total length have been considered more sensitive to predict growth and the 

nutritional status of fish (Jones et al., 1999), but previous applications to fish larvae was 

restricted to wild fisheries studies (Hovenkamp, 1990; Hovenkamp and Witte, 1991). 

Moreover, once the larvae standard length and body height are already measurements 

commonly used in hatcheries, the adoption of the new index will not involve any time 

spending or extra costs.   

The weaning experiment (Chapter 7) revealed that several digestive enzymes 

(trypsin, lipase and alkaline phosphatase) and fatty acids (total FA, MUFA, total n-6, 

EPA and ARA) levels correlate well with larvae performance responses to different 

dietary regimes. Therefore, these parameters are sensitive and reliable indicators of 

short term physiological status of red porgy larvae. 

The two types of quality evaluation tools of larval quality - morphometric and 

biochemical - are complementary and more useful if combined and applied in studies to 

describe larvae nutritional condition (Cunha et al., 2003; Roselund et al., 1997). This is 

a complex task of most relevance for future research works of red porgy larvae, given 

the pronounced changes occurring during larvae ontogeny of this species, particularly in 

the course of maturation of the digestive system and the weaning stages to inert diets.  

Moreover, in commercial hatcheries the present techniques used to check “seed” 

quality involve analyses of deformities (skeletal, operculum) and swim bladder inflation 

of large number of juvenile fish. The larvae quality descriptors developed in this thesis 
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(Chapter 3; Chapter 7) make use of a small pool of specimens at precocious stages of 

the production cycle and will contribute to improve management decisions and 

eventually, for considerable cost savings (Fig. 1).    

 

 

Concluding remarks 

 

Red porgy is a candidate species to diversify marine aquaculture production and 

contribute to the sustainable development of marine aquaculture. Limitations on the 

mass rearing production of red porgy larvae have been a bottleneck for the large-scale 

culture of this species (Papandroulakis et al., 2004; Roo et al., 2010). 

The research work undertaken in this thesis contributed for a better knowledge of 

red porgy larvae biology at different milestones of their ontogeny. Results from large 

mesocosm tank trials and small scale experiments reveal that larvae development and 

allometric growth, feeding behaviour and performance, cannibalism, and digestive 

system maturation clearly differentiate this species from other sparid larvae. This 

requires appropriate rearing methodologies for improving larval growth and survival to 

achieve the successful mass rearing of larvae.  

The need for standardized reporting procedures for assessing larval quality and 

enable comparison of results, as well as for production control was also in the scope of 

this work. Thereby, red porgy larvae biometric indices were determined at critical stages 

of development in mesocosm culture conditions. Moreover, specific methods were 

developed for the evaluation of larval size and growth, and for complementary 

biochemical indices to establish the nutritional condition of larvae.  

Despite the advances in red porgy larval culture there are still aspects of the 

larvae nutrition that need to be further elucidated. Progress in this field would contribute 

for improving larval quality with benefits to commercial hatchery production efficiency 

and to research. 

Although quality analysis descriptors for red porgy were identified in the course of 

the thesis, most experiments were initiated with larvae of unknown quality. As larvae 

condition at hatching depends of egg quality, it would be important to identify the 

broodfish dietary factors that affect egg quality. Consequently, implement the most 

appropriate feeding regimes. 
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The definition of the nutritional requirements red porgy larvae at different life 

stages is a pre-requisite for future formulation of specific enrichment products and 

methodologies for live prey or even, for the formulation of microdiets. Better feeding and 

nutrition of larvae may reduce larval size dispersion and con-specific predation. As a 

regression model relating mouth gape to body size was unable to predict this frequent 

cause of mortality, the hypotheses needs to be addressed: is cannibalism triggered by 

the maturation of the digestive system and/or lack of suitable food particles of the 

preferred size? 

Weather formulated feeds may totally or partly substitute the live feed in red 

porgy larval culture is another topic of the most importance to reduce dependence on 

live prey. Finally, the introduction of formulated diets at early larval stages needs 

evaluation from the point of view of larvae performance, water quality impact and cost-

effectiveness. This may lead to new challenges regarding tank design and culture 

management. 
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