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Abstract  

The objective of this work was to optimize and improve broodstock maturation 

and juvenile growth-out protocols in Lusoreef, a company dedicated to the 

commercial production of Lysmata seticaudata. 

In order to choose an adequate diet that provides fast and consistent gonad 

maturation, it was evaluated the effect of three different diets (AMF – Aphytec’s 

maturation feed with minced Cyclop-Eez, GFF – Gamma frozen food and IMD – 

Improvit marine diet) on fertility, embryonic develop duration, maturation period 

and fatty acid profile of eggs, muscle and hepatopancreas samples. GFF treatment 

promoted relatively shorter maturation period (28 ± 6 days), regular and reliable 

spawning events, with good fertility rates (249 ± 165 larvae/ individual spawning) 

and no decrease in larvae production. However, GFF presented some dissimilarities 

from wild-caught shrimps concerning eggs essential fatty acids (EFA) and 

polyunsaturated fatty acid (PUFA) content, which may influence eggs and larvae 

quality. A commercial rotation schedule of parental broodstock was designed to 

occur in periods of 6 months, with a 4 weeks time gap between groups to 

guarantee continuous larvae production. 

To choose a balance diet that promotes high survival and growth rates, it was 

evaluated the effect of three different diets (AF – Algornose feed, AGF – Aphytec’s 

growth feed with minced Cyclop-Eez and DDF – Dainichi dry fed) on growth and 

survival rates of rearing postlarvae. Juvenile fatty acid profile of each treatment 

was evaluated. No significant differences were observed in mortality rates, with 

DDF presenting the highest survival rate (90 ± 4%). DDF treatment promoted the 

fastest growth rates, with a significant higher proportion of Commercial-Small 

(TL>20mm) juveniles (37 ± 3%), 89 days after settlement. DDF provides high 

levels of PUFA and HUFA, including the main essential fatty acids. A count-down 

size selection schedule was designed to evaluate juvenile growth. It should occur 

for the first time around 40 to 45 days after settlement and then every 15 days, 

until all juveniles reach commercial size. 

Keywords  

 Lysmata seticaudata, broodstock maturation, juvenile grow-out, fatty acid profile, 

ornamental shrimps commercial production. 



Resumo 

Nos últimos anos tem havido um grande aumento na procura de espécies 

ornamentais marinhas. Actualmente, cerca de 98% de todas as espécies 

ornamentais marinhas são espécimes selvagens, a maioria provenientes de zonas 

de recifes de coral do Indo-Pacifico. A grande dependência deste mercado da 

apanha de espécimes selvagens conduziu à avaliação de soluções que promovam o 

desenvolvimento sustentável desta indústria e a salvaguarda dos recifes de corais.  

Para algumas espécies, a aquacultura é vista como uma alternativa viável à 

apanha de animais selvagens. A grande procura e o elevado preço de camarões 

ornamentais promoveram o desenvolvimento de sistemas e de protocolos de cultivo 

larvar para estas espécies. A sua coloração, delicadeza, comportamento limpador e 

a capacidade de controlar as populações de alguns organismos indesejáveis, tais 

como parasitas de peixes ou anémonas, tornam as espécies do género Lysmata 

muito desejáveis para o mercado ornamental de aquários de recife.  

Simultaneamente, começou a avaliar-se o potencial ornamental e de aquacultura 

de algumas espécies de águas temperadas e subtropicais. As “qualidades” que se 

procuram nestas espécies são a capacidade para tolerar temperaturas de águas 

tropicais (26º a 30ºC), possuir uma coloração atraente, ter uma função específica 

no aquário e não prejudicar os outros habitantes de aquário de recife. A espécie de 

águas temperadas Lysmata seticaudata revelou um grande potencial para o 

mercado ornamental e para a sua produção comercial. Nos últimos anos, têm sido 

desenvolvidos e optimizados sistemas e protocolos de desenvolvimento larvar para 

esta espécie, obtendo-se bons resultados para a sua produção comercial. 

Paralelamente, tem-se avaliado o potencial reprodutor dos adultos, através do 

estudo da produção de embriões e da perda de ovos, e optimizado protocolos de 

crescimento para juvenis criados em cativeiro. 

Em 2003, surgiu em Portugal uma empresa dedicada à criação comercial de L. 

seticaudata a “Lusoreef, Criação de espécies marinhas Lda.” Nos últimos anos, a 

empresa adquiriu o “know-how” necessário para o “scale-up” da produção a baixo 

custo, através da optimização e melhoramentos dos protocolos de cultivo larval, de 

crescimento juvenil e de maturação de reprodução. Presentemente, a Lusoreef é o 

maior produtor europeu de camarões ornamentais, sendo a optimização dos 

protocolos de cultivo existentes um objectivo recorrente na empresa. 



Este trabalho foi realizado nas instalações da Lusoreef, tendo como ponto de 

partida os constrangimentos nutricionais na produção da empresa. Os objectivos 

deste trabalho têm uma dualidade científica e comercial. Foram delineados 

protocolos experimentais com o objectivo de optimizar os protocolos de maturação 

de reprodutores e de crescimento de juvenis existentes, através da escolha de uma 

dieta equilibrada para ambos os casos. De um ponto de vista comercial, era 

necessário delinear esquemas de rotação de reprodução e de triagem de juvenis. 

Para escolher uma dieta equilibrada que promova uma maturação rápida e 

consistente, foi avaliado o efeito de 3 dietas diferentes (AMF – Ração de maturação 

Aphytec® com flocos de Cyclop-Eez® triturados, GFF – Cubos de comida congelada 

da marca Gamma Brineshrimp+Omega3®, Gamma Brineshrimp+Spirulina® e 

Gamma Mysis® e IMD – pellets congelados Improvit Marine Diet®) nas taxas de 

fertilidade, na duração do desenvolvimento embrionário, no tempo de maturação, 

durante um período experimental de 6 meses. No final, foi avaliado o perfil de 

ácidos gordos de amostras de ovos, músculo e hepatopâncreas de cada tratamento 

e comparados com perfis de animais selvagens apanhados durante a época de 

reprodução (WCC – wild caught control). 

Os resultados desta experiência mostraram que a dieta influencia o tempo de 

maturação e as taxas de fertilidade de L. seticaudata. Todos os tratamentos 

apresentaram uma tendência para a estabilização do número de indivíduos ovados, 

após um período inicial de adaptação. Não se notou um decréscimo significativo no 

número de larvas produzidas durante o período experimental em nenhum 

tratamento. No entanto, GFF apresentou um tempo de maturação mais rápido (28 

± 6 dias) e uma taxa de fertilidade significativamente mais alta do que os outros 

tratamentos (249 ± 165 larvas/individuo que desovou). Do ponto de vista 

nutricional, GFF revelou algumas deficiências a nível de ácidos gordos essenciais e 

do total de ácidos polinsaturados (PUFA), o que pode influenciar a qualidade das 

larvas produzidas. Com base nestes resultados, pode-se propor um esquema de 

rotação de reprodutores com base num período igual a 6 meses, sem que ocorra 

um decréscimo significativo no número de larvas produzidas. Considerando um 

tempo de maturação de cerca de 3 a 4 semanas e para garantir uma produção 

continua de larvas, a substituição dos reprodutores deve ser faseada, por grupos, 

com um período de tempo de 4 semanas entre cada grupo. 

Estudos futuros devem avaliar a qualidade das larvas e pós-larvas produzidas a 

partir de reprodutores alimentados com GFF. Deve-se ainda investigar o potencial 



reprodutor de camarões produzidos em cativeiro, para avaliar a sua capacidade de 

actuarem como reprodutores. 

Para escolher uma dieta equilibrada que promova taxas de sobrevivência e 

crescimento elevadas, foi avaliado o efeito de 3 dietas diferentes (AF – Ração 

Algornose®, AGF – Ração de crescimento Aphytec® com flocos de Cyclop-Eez® 

trituados e DDF – Ração Dainichi®) nas taxas de crescimento e sobrevivência de 

juvenis durante um período experimental de 2 meses. No final, foi avaliado o perfil 

de ácidos gordos dos juvenis de cada tratamento e comparado com o perfil de pós-

larvas (PL), produzidas de igual modo às utilizadas nesta experiência. 

No fim do período experimental, os juvenis apresentavam tamanhos semelhantes 

aos observados em indivíduos selvagens com 1 ano, registando-se taxas de 

crescimento mais elevadas às de populações selvagens em todos os tratamentos. 

DDF destacou-se dos restantes tratamentos a nível nutricional e por promover 

taxas de crescimento significativamente mais rápidas. Aproximadamente 90 dias 

após eclosão, com DDF é possível obter-se uma percentagem de juvenis em 

tamanho comercial que corresponde a quase 50% do número inicial de larvas. DDF 

fornece altos níveis de PUFA e de ácidos gordos altamente insaturados (HUFA), 

incluindo os principais ácidos gordos essenciais, como o ácido eicopentaenóico 

(EPA) e o ácido docosahexaenóico (DHA). Neste tratamento registou-se indivíduos 

ovados no final da experiência, 59 dias após assentamento. A ocorrência de uma 

mudança de fase sexual precoce é desvantajosa do ponto de vista comercial, pois 

uma grande parte da energia disponível é direccionada para a produção de ovos, 

negligenciando-se o crescimento. Interacções sociais, tácteis e visuais parecem 

activar a mudança de fase sexual. Assim, reduzir as taxas de mudança de fase 

sexual sem aumentar os custos de produção não é uma tarefa fácil. Com base nos 

resultados desta experiência, é possível definir um esquema de triagens dos juvenis 

numa produção comercial. A primeira triagem deverá ocorrer 40 a 45 depois do 

assentamento, altura em que deverá existir cerca de 40 a 50% de comerciais 

pequenos (tinny). Novas triagens de 15 em 15 dias, ate todos os juvenis atingirem 

o tamanho e serem vendidos, serão o suficiente para acompanhar as taxas de 

crescimento. 

Estudos futuros devem quantificar as taxas de mudança de fase sexual e avaliar 

o seu impacto nas taxas de crescimento, de modo a que se possa assumir um 

compromisso entre custos de produção e taxas de crescimento e de mudança de 

fase sexual sem comprometer a viabilidade comercial da produção. 



Este trabalho contribuiu para a optimização e melhoramento dos protocolos de 

maturação e crescimento de L. seticaudata existentes na Lusoreef. Somente 

através da constante optimização do “scale-up” da produção é que é possível 

satisfazer a grande procura do mercado por camarões ornamentais e diminuir os 

custos de produção. 

Palavras-Chave  

Lysmata seticaudata, maturação de reprodutores, crescimento de juvenis, perfil de 

ácidos gordos, produção comercial de camarões ornamentais. 
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Experimental and Commercial Production of Lysmata seticaudata 

GGeenneerraall  IInnttrroodduuccttiioonn  

Marine Ornamental Industry 

The marine aquarium trade industry represents a highly value product, estimated 

to have an annual turnover of US $ 200-330 million (Wabnitz et al., 2003). Marine 

ornamental species are collected mainly from the Southeast-Asia and Indo-Pacific 

Ocean. Distribution is focused to supply main consumer markets located in the 

United States of America, European Union and Japan (Wabnitz et al., 2003). 

In the last decade there was a world-wide rising interest in marine aquarium 

industry, which has led to the growth of ornamental trade industry and increased 

demand for marine ornamental species. Although recent efforts by UNEP-WCMC 

(United Nations Environment Programme – World Conservation Monitoring Centre)  

and MAC (Marine Aquarium Council) in creating the Global Marine Aquarium 

Database (GMAD), accurate statistics regarding ornamental trade industry are still 

deficient (Wood, 2001; Corbin et al., 2003; Wabnitz et al.,2003). Wabnitz et al. 

(2003) refers an estimation of annual global trade between 20 to 24 million marine 

ornamental fishes specimens, 11 to 12 million corals and 9 to 10 million others 

marine ornamental invertebrates.  

Actually, about 98% of all marine ornamental species in the market are wild 

collected animals from coral reefs and adjacent areas (Wood, 2001; Corbin et al., 

2003; Wabnitz et al.,2003). These fragile ecosystems are presently at risk due to 

several factors as (1) coastal development, (2) overexploitation and destructive 

fishing methods (3) inland and marine pollution and (4) environmental changes 

(Bryant et al., 1998). 

All theses issues, associated with the ornamental trade dependence of wild 

caught specimens from coral reefs, raise several conservation issues (Wood, 2001; 

Corbin et al., 2003; Wabnitz et al.,2003). The stakeholders involved in the trade – 

collectors, wholesale imports and exports, hobbyists and governments – and 

researchers are concerned about impacts of ornamental collection in reef corals. 

Over-harvesting of target species and consequent reef ecology changes, reef 

degradation, destructive and poison fishing methods and high post-harvest 

mortalities are the main concerns (Wood, 2001; Corbin et al., 2003; Wabnitz et 

al.,2003).  
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Nonetheless, the ornamental aquarium fisheries potentially provide an 

alternative economic activity to coastal reef populations, thus being an important 

source of incoming for national economies and a strong incentive for the 

sustainable management of reefs (Wabnitz et al., 2003). Several wholesale 

importers make strong investments to promote sustainable ornamental aquarium 

fisheries. Financial incentives are attributed for subsistence fishers to collected wild 

specimens in a sustainable way, promoting the use of nets and preservation of fish 

stocks and reef environments. Also, investments in wholesale exporters facilities 

have been made to develop their artificial systems, improving wild-animals quality 

and survival through good maintenance conditions. 

Through resource management and product certification, it is possible to 

promote a sustainable ornamental trade, based on wild-caught specimens by 

recognized non-destructive fishing methods.   

 

Ornamental Marine Aquaculture 

Several reports described the impacts of ornamental fisheries in different 

colleting areas, leading to the evaluation of sustainable solutions that support a 

long-term use and conservation of reef corals (Corbin et al., 2003; Wabnitz et al., 

2003). 

In 2001, several industry stakeholders, government, academic and non-

governmental organization representatives gathered for the second Marine 

Ornamentals Conference (the first was held in 1999) to discuss the marine 

ornamentals trade. Several recommendations arose from this meeting in order to 

provide an efficient management and sustainable development of this industry.  

One of the top recommendations relates to the support and development of 

research on the biology and culture of marine aquarium species (Corbin et al., 

2003). Aquaculture can be a feasible alternative to the wild harvest of some marine 

specimens, helping to sustain the ornamental trade, restore exploited and impacted 

wild populations and minimize future use conflicts (Tlusty, 2002). 

Aquacultured marine ornamental species account for approximately 2% of 

supplying animals, with only 100 of 800 marine species traded routinely bred in 

captivity. Commercial production has been slowly developed. Only approximately 

21 of these species are commercial feasible as a business project (Tlusty, 2002; 

Corbin et al., 2003).  
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Ornamental fish aquaculture success depends on the reliable production of eggs 

and growth of specimens to juveniles, through larvae development (Holt, 2003). 

Natural or induced – by temperature or photoperiod cycles or even by the use of 

hormones – spawning in aquarium is relatively easy to achieve, but the early life 

stages continue to be the critical bottleneck for captivity breeding (Holt, 2003). 

Rearing larvae systems and developing new live food cultures or larval feeds are 

milestones in which research is now focusing (Tlusty, 2002; Holt, 2003).   

Captive bred animals present some advantages once they are familiarized to 

artificial environment and are more resilient than wild animals. This fact presents 

itself as the key marketing effect of a higher quality product, more adequate to the 

market, sustaining the business and the environment, attracting to the conscious 

hobbyists, who are willing to pay a little extra for these items (Figueiredo & Narciso, 

2006). 

Currently, cultured marine species commercially available resume to clownfish, 

some gobies and dottybacks fishes (Tlusty, 2002), most corals species and marine 

decapods (Holt, 2003).  

 

Marine Decapods Breeding 

Marine tropical decapods, along with corals, are among the most popular 

invertebrates in marine ornamental trade, especially ornamental shrimps from the 

genus Stenopus and Lysmata (Wabnitz et al., 2003). Their striking coloration, 

delicacy and Lysmata’s cleaning behaviour and ability to control some undesirable 

organism, such as anemone pest or fish parasites, make them desirable for the 

aquarist (Calado et al., 2003a). Their great demand and high market price made 

them desirable to be cultured, despite that, the majority of ornamental shrimps 

traded are wild-caught (Calado et al., 2003a). The damaged extension of their 

removal from coral reefs is not yet fully evaluated (Calado et al., 2003a) but there 

is the concern that it may lead to a reduction in reef diversity because of their 

natural ecosystem role of removing parasites from reef fishes (Wabnitz et al., 

2003). 

In recent years, research efforts have been made in order to understand life 

history and develop rearing protocols for ornamental shrimps, mainly for Lysmata 

genus (Calado et al., 2003a; Wabnitz et al., 2003).  These caridean shrimps 

present a unique sexual system, first described by Bauer & Holt (1998) for Lysmata 

wurdemanni but present through all Lysmata genus: protandric simultaneous 
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hermaphroditism. Individuals first matured as male and later in their life function 

simultaneously as male and female, producing viable sperm and oocytes but do not 

self fertilize (Bauer, 2000). Lysmata shrimp present the commercial rearing 

advantage of both members of the reproductive pair being able to produce larvae 

(Bauer, 2000). 

Although the life cycle of several species is described, their relatively long and 

variable larval durations consist in the biggest bottleneck for commercial production 

(Lin et al., 2002; Calado et al., 2003a; Wabnitz et al., 2003). Researcher’s efforts 

have focused on adequate broodstock and larval diets, in order to reduce larval 

durations and increase their aquaculture potential (Lin et al., 2002; Calado et al., 

2003a; Wabnitz et al., 2003).   

A great breakthrough happened with the development of a rearing system for 

ornamental decapod larvae by Calado et al. (2003b). This rearing system, based on 

“planktokreisel” models, allows maintenance of larvae and food in suspension 

through water motion, minimizing mechanical stress to larvae without compromise 

adequate water renewal and recirculation. This larval system also provides a simple 

daily maintenance, the replacement of 150 μm for 500 μm mesh screens allows the 

daily flush of uneaten food and replacement by new one (Calado et al., 2003a,b).   

Through the manipulation of biotic and abiotic factors, it was possible to establish 

a larval culture protocol, capable to produce high quality animals, at low cost, as a 

viable alternative to wild-caught specimens (Figueiredo & Narciso, 2006). Such 

breakthroughs will considerably increase the availability of tank-raised animals in 

the ornamental trade (Calado et al., 2003a).   

Recently, researchers have revealed the ornamental potential of several warm-

temperate and subtropical waters species. The ability to tolerate tropical aquarium 

temperatures (26 to 30ºC), display a striking coloration, performing a specific 

function in the aquarium and be “reef-safe” (not harm other inhabitants of a reef 

aquarium) are the “qualities” to achieve for this species (Calado, 2006). 

 

Lysmata seticaudata  

One European species that presents a great ornamental potential is Monaco 

shrimp Lysmata seticaudata (Risso, 1816), due to its beautiful coloration, fish 

cleaning behaviour and ability to eat the pest glass-anemone Aiptasia (Calado & 

Narciso, 2005; Calado, 2006). Like other Lysmata species, L. seticaudata presents 

simultaneous protandric hermaphroditism (D’Acoz, 2003). Calado et al. (2004) 
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have re-described the larval stages of L. seticaudata, recognizing 9 zoeal and 1 

megalopal stages, thus presenting fewer stages than tropical species of the same 

genus (e.g. 11 larval stages for L. wurdemanni) (Calado et al., 2003a). Therefore, 

larval development (27 days) is also shorter than other tropical species (e.g. larval 

duration to L. wurdemanni 22-110 days; L. debelius 63-158 days; L. amboinensis 

58-140 days) (Lin et al., 2002). New hatched larvae are also larger in size (3,09 to 

3,24 mm Zoea I total length) than the tropical ones (e.g. L. amboinensis 2,7 to 2,8 

mm Zoea I total length) (Calado et al., 2004). All these features make L. 

seticaudata an appealing species for aquaculture.  

The first L. seticaudata rearing trials report 80 days of larval development and 

26,7% survival rate (Calado et al., 2001a). Experimental and commercial scale 

rearing trials performed Calado et al. (2003b) reveal better results: high survival 

and metamorphose rates (61,1 ± 5,2 %), combined with relatively short duration 

of larvae development (27 days). Such improvements were due to development of 

an appropriate rearing system for ornamental decapod crustacean larval 

development. This system provides an adequate water renewal and recirculation 

with minimal mechanical stress to larvae, through water motion (Calado et al. 

2003b). Calado et al. (2005a) significantly improved their results, obtaining larvae 

development duration of 19 days and 88% survival, with a higher culture 

temperature (26ºC), larval density of 20 larvae.L-1 and newly hatched Artemia 

nauplii as an exclusive diet during all larvae development. Production models 

developed by Figueiredo & Narciso (2006) showed that stock density of               

40 larvae.L-1, with newly hatched Artemia nauplii until Zoea V and enriched 

metanauplii from Zoea V forwards, at 26ºC are the most productive conditions for 

L. seticaudata. In both cases, the simple culture conditions make L. seticaudata a 

very attractive species for commercial aquaculture. 

Other works studied embryo fatty acid profile (e.g. Calado et al., 2005b) and 

embryo production (e.g. Calado & Narciso, 2003) in order to complement rearing 

protocols, by providing clues about broodstock and larvae diets and broodstock 

maturation techniques. The first studies on fatty acid profile of L. seticaudata 

embryos suggested a decrease of larval quality in smaller females, due to higher 

consumption rates of essential fatty acid in their embryos (Calado et al., 2001b; 

Calado et al., 2003a). 

The growth and survival rates of juvenile shrimp present less complications than 

larval rearing. Juveniles normally show higher growth rates than wild animals and 
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high survival rates, depending fundamentally on good maintenance and balanced 

diet (Calado et al., 2003a; Calado et al., 2005c; Calado & Dinis, 2007). Since L. 

seticaudata is a gregarious species, high densities of juveniles can be easily 

maintained with minimal mortally (Calado et al., 2003a; Calado & Dinis, 2007). 

However, Calado et al. (2005c) and Calado & Dinis (2007) have noticed precocious 

sex change reversal in juveniles rearing, which can be triggered by social factors 

like density. 

Studies that approached L. seticaudata aquaculture production, addressing the 

several phases of production - larval rearing, parental maturation and juvenile 

growth – have demonstrated this species great potential for ornamental commercial 

production. 

 

Lusoreef  

In 2003, Portuguese “Lusoreef, Criação de espécies marinhas Lda.” started out 

as a company dedicated to the commercial aquaculture production of Lysmata 

seticaudata. Based on the work developed in Laboratório Maritímo da Guia, 

regarding larval rearing systems and larval protocols (e.g. Calado et al., 2003b), 

Lusoreef took a chance on the production of L. seticaudata.  

In the last years, the company acquired the know-how necessary for a low-cost 

scale-up of production through the improvement and optimization of rearing, 

growth and maturation protocols. At the present time, Lusoreef is the biggest 

ornamental shrimp producer in Europe, being able to satisfy over 50% of European 

market demand for peppermint-shrimp.  

Meanwhile, the company began importing ornamental species and aquarium 

related products, turning in to a main distributor in Portugal. A selective work-

partner’s choice, priming for animal quality and good practices, allowed Lusoreef to 

mark a difference from other wholesalers in the area.    

Lusoreef also promotes aquaculture research projects for other ornamental 

species, together with universities and other companies, thus contributing to the 

sustainable development of the ornamental trade and knowledge in the area. 
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OObbjjeeccttiivveess  

The present work took place in Lusoreef’s facilities, having as a starting point the 

company’s real production constraint. Both scientific and commercial objectives 

were contemplated during experimental planning. 

The primary purpose of this work was the optimization of the scale-up production 

and improvement of existing production processes for Lysmata seticaudata in 

Lusoreef. Experimental trials were set up in order to optimize broodstock 

maturation and juvenile growth. 

L. seticaudata parental broodstock maturation was optimized by choosing an 

adequate diet that provides faster and consistent gonad maturation. It was also 

evaluated the effect of different diets on fertility, embryonic development duration, 

maturation time and fatty acid profile of eggs, muscle and hepatopancreas samples.  

Optimization of L. seticaudata juvenile growth was done by choosing an 

adequate diet that provides better growth and survival rates. It was evaluated the 

effect of different diets on growth and survival rates and fatty acid profile of 

juvenile samples.  

From a commercial point of view, a commercial rotation schedule of the parental 

broodstock and juvenile’s size selection count-downs schedules were designed.     
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Abstract 
In ornamental shrimps aquaculture, it is important to provide an adequate commercial diet 
that provides fast and consistent gonad maturation. The present study objective was to 
optimize Lysmata seticaudata parental broodstock maturation protocols. It was evaluated 
the effect of three different diets (AMF – Aphytec’s® maturation feed with minced Cyclop-
Eez®, GFF – Gamma® frozen food and IMD – Improvit® marine diet) on fertility, embryonic 
develop duration, maturation time and fatty acid profile of eggs, muscle and 
hepatopancreas samples. GFF treatment promoted relatively shorter maturation period (28 
± 6 days), regular and reliable spawning events, with good fertility rates (249 ± 165 
larvae/spawning individual) and no decrease in larvae production. However, GFF presented 
some dissimilarities from wild-caught shrimps concerning eggs essential fatty acids (EFA) 
and polyunsaturated fatty acid (PUFA) content, which may influence eggs and larvae 
quality. A commercial rotation schedule of parental broodstock was designed. It can occur in 
periods equal to 6 months, through several groups replacement, with a 4 weeks time gap 
between groups to guarantee a continuous larvae production. 
 
Keywords 
Lysmata seticaudata, Marine ornamental shrimps, Broodstock maturation, Fatty acid profile. 
 

Introduction 

Ornamental marine trade dependence on wild collected specimens, led to the 

evaluation of sustainable solutions that support long-term use and conservation of 

reef corals (Corbin et al., 2003; Wabnitz et al., 2003). At the present time, it is 

considered that for some species, aquaculture can be a feasible alternative to wild 

caught animals (Tlusty, 2002). In the search for an alternative to marine tropical 

shrimp collection, rearing systems and protocols have been developed for these 

popular invertebrates in ornamental trade (Calado et al., 2003a).  

Simultaneously, the ornamental and aquaculture potential of some temperate 

and subtropical water species has been evaluated, with Lysmata seticaudata (Risso, 

                                                 
*  Corresponding author. Tel.: +351 932 327 273. E-mail address: patriciarocha84@gmail.com 
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1816) revealing a great potential for ornamental commercial production (Calado et 

al., 2001a; Calado, 2006). Larval rearing systems (e.g. Calado et al. 2003b) and 

larval rearing protocols (e.g. Calado et al., 2005a; Figueiredo & Narciso, 2006) for 

L. seticaudata have been develop and optimized in the last 6 years, providing good 

results for commercial rearing of this species.  

To guarantee a commercial scale production of L. seticaudata broodstock must 

have regular and reliable spawning events, producing a large number of larvae 

(Calado et al., 2007). Gonad maturation is normally promoted by adequate 

broodstock maintenance (e.g. good water quality, disease and stress free 

environment) complemented with a varied diet (Calado et al., 2003a; Calado et al., 

2007). 

A diet’s nutritional fitness appears to be species dependent (Lin et al., 2002). 

Thus species specific nutrition studies are important to determine such “diet-

fertility-species” interactions. Through the comparison of biochemical composition 

of wild-collected versus laboratory-spawned eggs (i.e. matting occurred in captive 

specimens), it is possible to evaluate and improve suitability of broodstock diets 

(Lin et al., 2002). Egg quality is a very important aspect to ensure larval rearing 

success and it is significantly influence by broodstock nutrition (Calado et al., 

2005b). Lipids are the main energy source during most crustacean embryonic 

development. Egg lipid composition and fatty acid profile are good indicators of egg 

quality and lipid nutritional requirements of the first larval stages (Calado et al., 

2001b; Calado et al., 2005b). 

The first study on fatty acid profile of L. seticaudata embryos indicated a higher 

consumption rate of essential fatty acid in small “female” embryos, suggesting a 

decrease of larval quality of smaller females (Calado et al., 2001b). Later studies, 

revealed a great variability that affects larvae, since there is not a clear utilization 

pattern of fatty acid in different sized adult shrimps on different reproductive 

seasons (Calado et al., 2005b). 

Several important questions regarding parental broodstock maturation arise from 

a commercial point of view. Parental maturation, egg quality and larvae availability 

are key factors depending on broodstock diet. It is important to provide an 

adequate broodstock diet to decrease production costs and increase annual 

production. Evaluating broodstock senescent it is also a very important issue. 

Gonad exhaustion is a problem that can occur when decapod crustacean are 

submitted to frequent larval release. A company must know how long a 
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reproductive pair can hold on, before it reduces larvae number, larvae quality and 

releasing frequency.  

The primary goal of this work was to optimize L. seticaudata parental broodstock 

maturation, by choosing an adequate commercial diet that provides fast and 

consistent gonad maturation. It was evaluated the effect of different diets on 

fertility, embryonic develop duration, maturation time and fatty acid profile of eggs, 

muscle and hepatopancreas samples. A commercial rotation schedule of parental 

broodstock was the final objective of this study. 

 

Materials and Methods 

This work was performed in Lusoreef, Criação de espécies marinhas Lda., a 

company dedicated to the commercial production of Lysmata seticaudata, hosted in 

the Algarve, Portugal. All laboratory analysis were performed in Laboratório 

Marítimo da Guia, Portugal.  

Parental broodstock sampling 

Wild collected specimens of Lysmata seticaudata were obtained under the 

permission of Lusoreefs broodstock collecting licence. Collecting took place in the 

south of Portugal (Algarve), during November and December of 2006, using baited 

traps in nocturnal period. Shrimps were classified according to Dohrn (1950) Total 

Length criteria (TL – distance between the rostrum anterior end and the telson 

posterior edge) in Small (40-44 mm TL), Medium (48-52 mm TL) and Large (58-62 

mm TL). 

Broodstock commercial culture system 

Sampled shrimps from all TL classes were randomly selected for a 6 month 

experiment, in one of Lusoreef’s 1000 L recirculating water system for broodstock 

maintenance (detailing described in Cyrne, 2006). A random experimental design 

was used to assign each treatment (Diet) to one of nine 23 L plastic rectangular 

tanks, with 0,24 m2 bottom area and water flux of 138 L.hour-1. Each tank is 

divided by a mesh to separate broodstock from new spawned larvae. Larvae are 

attracted to the light and broodstock are kept separated in a darker region, unable 

to cross the mesh. 

Water filtration is obtained by a biological tower filtration (bioballs), a protein 

skimmer Shuran® JetSkim 200 and 55 watts U.V. sterilizer unit Tropical Marine 
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Centre®. Artificial water is prepared using purified freshwater from a reverse 

osmosis unit mixed with Tropic Marin® Pro-Reef Salt, according to manufacturer 

instructions. Temperature and salinity were monitored daily, with average values 

(± Standard Deviation) of 25,6 ± 1,3ºC and 35 ± 1 respectively. Ammonia and 

nitrite were kept at minimal levels of 0,01 and 0,05 ppm respectively. Nitrates and 

pH showed average values (± Standard Deviation) of 63 ± 32 ppm and 8,2 ± 0,1 

respectively. Nitrates were controlled with routine water changes. 

Experimental maintenance and feeding 

Non-ovigerous shrimps were distributed into 9 tanks, according the experimental 

design of 3 Diets x 3 Replicates (tanks) x 8 Shrimps, adding a total of 72 shrimps. 

Following the feeding protocols of Lusoreef, shrimps were feed 4 times a day (9h, 

12h, 15h and 18h), in equivalent dosages for each diet. The experimental diets 

tested were (1) Aphytec’s® maturation feed with minced Cyclop-Eez® flakes added 

(AMF); (2) Gamma® frozen food mixture, compose by “Mysis”, “Brineshrimp + 

Omega3” and “Brineshrimp + Spirulina” (GFF); and (3) Gamma Improvit® Marine 

Diet frozen pellets, made of brineshrimp, krill, seaweed and astaxanthin (IMD). 

Food was reduced accordingly to recorded mortality during the trial. The tanks 

were daily siphoned and weekly water changes of 10% occurred.  

The number of newly hatched larvae was recorded daily in each replicate, 

together with the maturation stage of the eggs of each reproductive shrimp. 

Fertility was evaluated by the number of larvae with positive phototaxia (only these 

ones were colleted and counted) per number of spawning shrimps (determine a 

posteriori according to daily maturation stage register). Visual classification of the 

eggs was based on it is color – Stage I, early embryos, presented a dark green 

color and Stage III, pre-hatching embryos, presented a light, pink/red color. 

Intermediate stage II was not considered because it is difficult to be visual 

distinguished from stage I. It was considered a Stage I+II maturation stage for 

statistical analysis of embryogenesis period.  

Sampling procedure 

At the end of the experimental period, live shrimps were cataloged, according to 

its diet and egg maturation stage, and frozen. In order to evaluate the fatty acid 

profile of the experimental shrimps, wild shrimps were collected in June 2007, 

during the reproductive season, in the same way as previously described. Wild-
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caught control (WCC) shrimps were also classified according to egg maturation 

stage and frozen after collection.  

The egg maturation classification was confirmed a posteriori with the auxiliary of 

a ZEISS Stemi 2000-C magnifying glass and ANON EOS 350D camera. Weight and total 

Carapace Length were measured with a scale (precision of 0,001 g) and electronic 

calipers (precision of 0,05 mm). Eggs, muscle and hepatopancreas of each shrimp 

were sampled in triplicate, for each diet and egg maturation stage.  

Fatty acid analysis  

Total lipids extraction followed Bligh and Dyer (1959) method. The distribution of 

fatty acids was made according to Cohen et al. (1988). Fatty acid methyl esters 

were analyzed in a Varian 3400 gas chromatograph, equipped with an auto-sampler 

and fitted with a flame ionization detector. The separation was carried out with 

helium as carrier gas in a fused silica capillary column (Chrompack CPSil/88, 50 

mx0,32 mm i.d.), programmed from 180ºC to 200ºC at 4ºC min-1, held for 10 min 

at 200ºC and heated to 210ºC for 14,5 min at 0,68ºC min-1, with a detector at 

250ºC. A split injector (100:1) at 250ºC was used. Fatty acid methyl esters were 

identified by comparing their retention time with those of chromatographic Sigma 

standards. Peak areas were determined using the Varian software and the 

quantification was done using C19:0 (10 mg.ml-1) as internal standard. 

Statistical analysis 

Data transformation xarcsin was used, whenever necessary, to correct the 

deviation from normality that percentages or proportions normally present, in order 

to fulfil normality assumptions of statistical tests (Zar, 1996). 

Significant differences between diets and maturation stages in (1) biometrical 

data, (2) maturation sequence, (3) embryonic development duration and in the (4) 

fatty acid profile of eggs, muscle and hepatopancreas samples were determined by 

one-way ANOVA, after checking the assumptions. Factorial ANOVA was used to 

analyse significant different between fecundity, considering Diet and Time factors, 

after checking the assumptions. 

When significant differences occurred (p-value<0,05), a posteriori Tukey’s 

multiple comparison test was used (Zar, 1996). All statistical tests were realized in 

STATISTICA® software. 
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Results 

Biometrics – weight and carapace length  

At the end of the experimental trial, no significant differences were detected in 

shrimp’s weight and carapace length (p-value>0,05). Diet and maturation stage did 

not significantly affect shrimp’s biometrics (Table 1). 

Maturation stage temporal sequence 

Figure 1 illustrates the temporal sequence of ovigerous simultaneous 

hermaphroditic shrimp trough all experimental trial. Significant differences were 

detected in the time sequence of ovigerous individuals (p-value<0,01), but no 

significant diet influence was recorded (p-value>0,05). The first month is 

significantly different from the others. No ovigerous individuals occurred during 1st-

2nd weeks. During 3rd-4th weeks, ovigerous individuals (average ± standard 

deviation) were significantly lower from the rest - AMF 23 ± 20%, GFF 20 ±19% 

and IMD 19 ± 10%. All treatments revealed a stabilization tendency, after the 2nd 

month. At the end of the experimental period, all treatments presented similar 

results, with GFF showing the highest value of ovigerous individuals (79 ± 15%). 

 

 

 

Diet
Maturation 

Stage

I 0,758 ± 0,286 9,69 ± 1,23
III 0,645 ± 0,005 9,91 ± 0,05

I 1,108 ± 0,434 11,74 ± 1,39
III 0,973 ± 0,373 10,75 ± 1,45

I 0,904 ± 0,252 8,05 ± 2,29
III 0,722 ± 0,005 9,95 ± 0,05

I 1,168 ± 0,449 9,67 ± 1,6
III 1,202 ± 0,965 10,58 ± 3,07

IMD

WCC

Weight (g)
Carapace 

Lenght (cm)

AMF

GFF

 
Table 1: Mean (± standard deviation) of weight (g) and carapace length (cm) of adult 
Lysmata seticaudata at the end of the experimental period in each treatment: AMF – 
Aphytec’s maturation feed; GFF – Gamma frozen food; IMD – Improvit marine diet; WWC – 
Wild-caught control shrimps. 
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Fig. 1: Mean (± standard deviation) of time evolution (weeks) of ovigerous Lysmata 
seticaudata individuals (%) for each treatment: AMF – Aphytec’s maturation feed; GFF – 
Gamma frozen food; IMD – Improvit marine diet.  

 

Fertility analysis and first spawn 

 An adjustment period to the closed system was seen in all treatments, with 

gonad maturation occurring and no larvae being produced (Fig.2). The first spawn 

occurrence was significantly influenced by diet (p-value<0,05), with a significantly 

longer maturation time found in IMD (58 ± 9 days). GFF was the first treatment to 

produce larvae (28 ± 6 days) but was not significantly different from AMF (38 ± 10 

days). 

Shrimps fertility was significantly affected by diet (p-value<0,01) and time (p-

value<0,05), although none significant interaction between diet*time factors was 

detected (p-value>0,05). GFF treatment (249 ± 165 larvae/spawning individual) 

was the significant different treatment at diet level, with higher fertility ratios from 

AMF (94 ± 77 larvae/spawning individual) and IMD (102 ± 109 larvae/spawning 

individual). Few significant differences occurred at time level, with the 1st-2nd and 

3rd-4th weeks being significantly different from the 15th-16th weeks.  
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Fig. 2: Mean (± standard deviation) of time evolution (weeks) of Lysmata seticaudata 
fecundity (number of larvae/spawning individual) for each treatment: AMF – Aphytec’s 
maturation feed; GFF – Gamma frozen food; IMD – Improvit marine diet. 

 

Embryogenesis duration  

Stage I+II and Stage III durations, as well the total embryonic development 

duration were significantly influenced by diet (p-value<0,005 for all variables) 

(Table 2). GFF presents a significant lower duration of stage I+II (8,8 ± 2,9 days) 

from the others treatments, that contributes to it is significant lower embryogenesis 

duration (12,1 ± 3,1 days). 

 

 

Stage I+II 10,3 ± 2,9 a 8,8 ± 2,9 b 10,2 ± 2,8 a

Stage III 3,5 ± 2,2 a 3,3 ± 2,0 ab 2,5 ± 1,5 b

Total 13,9 ± 2,7 a 12,1 ± 3,1 b 12,7 ± 2,8 ab

IMDGFFAMF

 
Table 2: Mean (± standard deviation) of Stage I+II, Stage III and Total embryogenesis 
duration of Lysmata seticaudata: AMF – Aphytec’s maturation feed; GFF – Gamma frozen 
food; IMD – Improvit marine diet. Different superscript letters within the same row 
represent significant differences (p-value<0,05).  
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Fatty acid profile 

Experimental diets 

All experimental diets presented similar total lipid content (% dry weight), with 

no significant differences recorded (p-value>0,05) (Table 3). Significant differences 

were found on the fatty acid profile of the experimental diets (p-value<0,01) (Table 

3).  

“Brineshrimp+Spirulina” GFF component presented a significant lower content of 

saturated fatty acid (SFA) from other diets (17,84 ± 1,32%). All treatment 

displayed similar high levels of SFA C16:0 (from 12, ± 0,97% to 17,17 ± 0,12%) 

and monounsaturated fatty acid (MUFA) C18:1 (n-9) (from 6,68 ± 0,48% to 21,06 

± 0,57%). “Mysis” GFF component and IMD treatment are distinguished by a 

significant higher proportion of polyunsaturated fatty acid (PUFA) (45,86 ± 1,20% 

and 43,55 ± 0,50% respectively). IMD has a significant higher content of linoleic 

acid (LOA) (18,32 ± 0,22%) and the lowest level of linolenic (LA) (2,03 ± 0,02%). 

“Brineshrimp+Spirulina” and “Brineshrimp+Omega3” GFF components revealed 

significant higher levels of LA (14,60 ± 1,03% and 13,03 ± 2,82% respectively).  

“Brineshrimp+Spirulina” presented a significant lower content of 

highlyunsaturated fatty acid (HUFA) (4,93 ± 0,21%). Eicosapentaenoic acid (EPA) 

and docosahexaenoic acid (DHA) lower levels (0,53 ± 0,09% and 0,18 ± 0,06% 

respectively) of “Brineshrimp+Spirulina” reflect in DHA/EPA and EPA/ARA 

(arachidonic acid) lower ratios (0,34 ± 0,06 and 1,19 ± 0,22 respectively). Mysis 

component of GFF displayed a significant higher HUFA (31,51 ± 0,47%) and DHA 

(14,07 ± 0,22%) levels. AMF revealed a superior DHA/EPA (1,18 ± 0,10) and 

EPA/ARA ratio (33,69 ± 7,10), together with IMD (1,05 ± 0,01 and 41,65 ± 2,30 

respectively). 

 

Eggs 

Diet significantly influenced egg’s total lipid content (p-value<0,05). IMD 

presented a significant lowest lipid content than AMF (16,92 ± 11,6% and 48,60 ± 

27,2% respectively). GFF and WCC displayed 37,68 ± 16,9% and 22,76 ± 8,9% 

respectively. In terms of total lipids, no significant lipid consumption was register 

regarding egg maturation stage. 

Eggs fatty acid profile revealed significant differences between diets (p-

value<0,05) and between diet*egg maturation stage interaction (p-value<0,05) 

(Table 4).  
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All treatments revealed similar SFA content (from 17,13 ± 3,57% to 25,34 ± 

1,52%). WCC-I displayed the highest MUFA, PUFA and HUFA contents (27,87 ± 

2,36%, 34,08 ± 0,80% and 28,62 ± 2,12% respectively) and AMF-III the lowest 

(10,97 ± 3,61%, 13,61 ± 17,02% and 3,49 ± 1,07% respectively). 

SFA C16:0 presented a similar high percentage in all treatments (from 10,98 ± 

2,28% to 16,07 ± 0,66%), except in AMF-III (3,98 ± 3,58%). AMF presented the 

highest 18:1 (n-9) levels in Stage I (15,95 ± 0,39%) and the lowest in Stage III 

(5,73 ± 0,90%). IMD revealed significant higher LOA levels (9,08 ± 0,87% to 

Stage I and 9,48 ± 0,03% to Stage III). WCC revealed lower LOA and LA levels 

than other treatments, but AMF Stage III displayed the lowest values (1,56 ± 

0,90% and 0,35 ± 0,22% for LOA and LA respectively). ARA showed similar levels 

in all treatments (from 0,52 ± 0,21% to 1,44 ± 0,03%). WCC shrimps displayed 

significant higher EPA (12,34 ± 1,25 % to Stage I and 10,73 ± 4,02% to Stage III) 

and DHA levels (10,72 ± 0,87% to Stage I and 7,62 ± 2,30% to Stage III) than 

other treatments. This reflects in decreasing DHA/EPA ratios of WCC shrimps (0,88 

± 0,14 to Stage I and 0,72 ± 0,06 to Stage III) and in increasing EPA/ARA ratios 

(26,47 ± 10,66 to Stage I and 17,86 ± 2,71 to Stage III). 

 

Muscle 

Muscle total lipid content was significantly influence by diet (p-value<0,05) and 

maturation stage (p-value<0,05). AMF presented a significantly higher lipid content 

than GFF (17,00 ± 14,2% and 5,20 ± 5,1% respectively), other treatments 

presented in between value (8,06 ± 2,8% and 9,50 ± 4,1% for WCC). Muscle 

samples of shrimps with eggs in Stage I presented a significant lower lipid content 

from the ones in Stage III (6,1 ± 3,8% and 13,8 ± 10,4% respectively).  

Muscle fatty acid profile revealed significant differences between diets (p-

value<0,05) and between diets*maturation stage interaction (p-value<0,05) (Table 

5). 

All treatments presented similar SFA (from 10,24 ± 0,39% to 21,12 ± 2,34%) 

and MUFA proportions (from 8,48 ± 0,84% to 22,09 ± 3,67%). Regarding SFA 

C16:0 and MUFA C18:1 (n-9), IMD-III displayed significant lower levels (5,78 ± 

0,54% and 3,89 ± 0,82% respectively) than other diets, with WCC-III displaying 

the highest levels (13,55 ± 1,45% and 10, 25 ± 2,62% respectively). WCC shrimps 

and GFF treatment presented significant higher PUFA and HUFA proportions than 

other treatments. No significant differences were recorded regarding LOA, LA, ARA 
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and DHA. WCC presented the higher EPA levels (5,21 ± 1,45% to Stage I and 9,97 

± 4,02% to Stage III). AMF-III and IMD-III presented higher DHA/EPA (1,21 ± 

0,31% and 1,28 ± 0,34% respectively) significantly different of WWC-III (0,43 ± 

0,36). All treatment presented similar EPA/ARA ratios.  

 

Hepatopancreas 

Hepatopancreas total lipid content was not influence by diet (p-value>0,05) 

neither by maturation stage (p-value>0,05). All treatments presented a similar lipid 

content, varying from 34,87 ± 10,92% in GFF to 42,76 ± 26,90% in AMF. The fatty 

acid profile only revealed significant differences between diets (p-value<0,05) 

(Table 6).  

WWC presented a significant higher content in SFA (22,90 ± 3,64%) from other 

treatments. All diets presented similar MUFA, PUFA and HUFA proportions. No 

significant differences were found regarding SFA C16:0, EPA and DHA levels. AMF 

revealed a higher level of C18:1 (n-9) (15,16 ± 3,33%) significantly different of 

WCC level (8,38 ± 1,15%). IMD presented a higher level of LOA (9,07 ± 4,51%) 

and GFF a significant higher LA level (4,68 ± 1,40%). WCC presented the lowest 

ARA content (0,62 ± 0,14%), that reflects in the significant higher EPA/ARA ratio 

(4,49 ± 5,04). All treatments presented DHA/EPA ratio inferior to 1, with AMF 

displaying the higher ratio (0,55 ± 0,61) significantly different from WCC (0,42 ± 

0,46). 

 

Discussion 

Broodstock diet plays a major role in shrimp’s reproduction. It is known that diet 

nutritional suitability is species dependent (Lin et al., 2002), affecting in different 

ways different reproduction aspects, as a result of its nutritional profile and 

broodstock nutritional requirements.  

In this case, diet seems to influence maturation time and fertility rates of 

Lysmata seticaudata. All treatments presented a similar behaviour regarding time 

evolution of ovigerous individuals, with a stabilization tendency occurring after an 

initial adaptation period. No significant decrease in produced larvae occurred during 

the experimental period in any treatment, but some fluctuations were observed in 

AMF and IMD. However, GFF presented a faster maturation time (28 ± 6 days) and 

a significant higher fertility rate (249 ± 165 larvae/spawning individual) than other 

treatments.  Similar to what is described to L. debelius, where an increase on 



Experimental and Commercial Production of Lysmata seticaudata 

 

14:0 5,57% ± 1,87% a 3,41% ± 0,09% bd 1,75% ± 0,18% cd 0,87% ± 0,17% c 2,00% ± 0,25% d 4,34% ± 0,07% ab

16:0 12,25% ± 4,19% 15,72% ± 0,35% 13,74% ± 1,02% 12,08% ± 0,97% 15,65% ± 0,84% 17,17% ± 0,12%
18:0 1,73% ± 1,50% 1,94% ± 0,03% 4,07% ± 0,55% 3,85% ± 0,09% 2,16% ± 0,32% 3,01% ± 0,02%

ΣSFA 21,28% ± 3,18% a 23,99% ± 0,53% b 20,98% ± 1,46% a 17,84% ± 1,32% c 21,28% ± 1,52% ac 26,25% ± 0,04% b

Σbranched 0,80% ± 0,07% a 4,25% ± 0,07% b 2,51% ± 0,10% c 2,44% ± 0,19% c 2,15% ± 0,43% c 0,66% ± 0,03% a

16:1n-7 3,26% ± 2,68% a 8,51% ± 0,17% b 3,40% ± 0,34% ab 2,52% ± 0,22% a 4,75% ± 0,17% ab 4,90% ± 0,04% ab

18:1n-9 10,33% ± 8,94% 21,06% ± 0,57% 15,60% ± 2,81% 15,33% ± 1,02% 6,68% ± 0,48% 11,27% ± 0,02%
18:1n-7 1,43% ± 1,24% a 2,45% ± 0,23% ab 4,73% ± 0,64% b 4,50% ± 0,16% b 2,85% ± 0,20% ab 2,36% ± 0,01% ab

20:1n-9 6,86% ± 0,09% a 0,85% ± 0,65% bc 0,80% ± 0,36% bc 0,43% ± 0,11% b 0,76% ± 0,25% bc 1,95% ± 0,06% c

20:1n-7 0,09% ± 0,01% 0,19% ± 0,06% 0,10% ± 0,08% 0,09% ± 0,01% 0,15% ± 0,05% 0,22% ± 0,00%
22:1n-11 7,85% ± 0,87% a 0,02% ± 0,03% b 0,65% ± 0,43% c 0,21% ± 0,11% bc 0,39% ± 0,44% bc 2,14% ± 0,12% d

ΣMUFA 30,84% ± 13,93% 35,60% ± 0,62% 25,98% ± 4,47% 23,83% ± 1,66% 17,45% ± 1,43% 23,84% ± 0,26%

18:2n-6 9,62% ± 1,60% a 4,94% ± 0,13% b 7,09% ± 1,47% ab 7,27% ± 0,45% a 2,17% ± 0,26% c 18,32% ± 0,22% d

18:3n-3 3,83% ± 3,04% ac 6,25% ± 0,12% a 13,03% ± 2,82% b 14,60% ± 1,03% b 4,77% ± 0,16% ac 2,03% ± 0,02% c

18:4n-3 2,23% ± 0,22% ac 2,37% ± 0,04% a 2,28% ± 0,65% a 2,30% ± 0,21% a 5,78% ± 0,52% b 1,41% ± 0,02% c

20:4n-6 0,21% ± 0,05% a 0,39% ± 0,01% b 0,46% ± 0,07% b 0,44% ± 0,01% b 0,58% ± 0,16% b 0,20% ± 0,01% a

20:4n-3 0,97% ± 0,76% a 1,51% ± 0,06% ac 3,18% ± 0,86% b 3,42% ± 0,19% b 2,55% ± 0,01% bc 0,75% ± 0,01% a

20:5n-3 6,91% ± 0,17% a 7,86% ± 0,16% b 2,16% ± 0,31% c 0,53% ± 0,09% d 12,58% ± 0,11% e 8,20% ± 0,14% b

22:6n-3 8,14% ± 0,88% a 6,04% ± 0,16% b 1,02% ± 0,53% c 0,18% ± 0,06% d 14,07% ± 0,22% e 8,59% ± 0,06% a

ΣPUFA 34,45% ± 4,24% ab 33,53% ± 0,66% ad 31,01% ± 5,45% bc 30,13% ± 1,81% c 45,86% ± 1,20% d 43,55% ± 0,50% d

ΣHUFA 17,38% ± 0,55% a 17,54% ± 0,33% b 7,24% ± 0,34% c 4,93% ± 0,21% d 31,51% ± 0,47% e 19,52% ± 0,30% b

Σn-3/Σn-6 2,30 ± 0,09 a 4,22 ± 0,10 bc 2,95 ± 0,16 b 2,76 ± 0,02 c 11,18 ± 0,43 d 1,18 ± 0,01 e

DHA/EPA 1,18 ± 0,10 a 0,77 ± 0,03 b 0,46 ± 0,17 c 0,34 ± 0,06 c 1,12 ± 0,02 a 1,05 ± 0,01 ab

EPA/ARA 33,69 ± 7,10 ae 20,23 ± 0,27 b 4,87 ± 1,54 c 1,19 ± 0,22 d 22,73 ± 5,52 ab 41,65 ± 2,30 e

Lipids (%DW) 7,57% ± 0,98% 13,94% ± 2,08% 6,77% ± 5,40% 10,24% ± 7,22% 9,81% ± 1,53% 7,07% ± 0,67%

IMDGFFAMF
MysisCyclop-Eezaphytec's feed Omg3 Spr

 
Table 3 Fatty acid composition (% dry weight) and lipid content (% dry weight) of experimental diets components for each treatment: AMF – 
Aphytec’s maturation feed, compose by Aphytec’s feed and Cyclop-Eez; GFF – Gamma frozen food, composed by Omg3 – 
Brineshrimp+Omega3, Spr – Brineshrimp+Spirulina and Mysis; IMD – Improvit marine diet. Values are means (± standard deviation) of 
triplicate samples. Different superscript letters within the same row represent significant differences (p-value < 0,05). 
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14:0 1,25% ± 0,22% ab 1,53% a 0,90% ab 1,02% ± 0,30% a 1,30% ± 0,66% ab 1,14% ± 0,15% ab 1,19% ± 0,05% ab 2,78% ± 0,70% b 2,05% ± 0,78% ab

16:0 12,46% ± 0,78% a 3,98% ± 3,58% b 11,84% ± 1,11% a 11,42% ± 2,58% a 11,71% ± 1,14% a 12,41% ± 0,33% a 16,07% ± 0,66% a 10,98% ± 2,28% a

18:0 4,43% ± 0,42% a 1,66% ± 0,89% b 4,12% ± 0,36% a 3,56% ± 0,29% a 4,66% ± 0,87% a 5,56% ± 0,15% a 4,89% ± 0,07% a 4,17% ± 0,60% a

ΣSFA 19,01% ± 0,84% 18,79% ± 16,23% 17,72% ± 1,67% 17,13% ± 3,57% 18,18% ± 2,00% 20,00% ± 0,37% 25,34% ± 1,52% 18,51% ± 3,72%

Σbranched 0,95% ± 0,20% 13,61% ± 17,02% 1,19% ± 0,17% 0,95% ± 0,13% 0,38% ± 0,10% 0,47% ± 0,17% 1,35% ± 0,26% 1,18% ± 0,20%

16:1n-7 3,12% ± 0,08% a 0,86% ± 1,06% b 3,06% ± 0,54% a 2,18% ± 0,83% ab 2,22% ± 0,29% ab 1,93% ± 0,18% ab 8,25% ± 1,92% c 4,67% ± 0,85% ac

18:1n-9 15,95% ± 0,39% a 5,73% ± 3,51% bc 13,02% ± 2,00% ac 9,29% ± 1,52% cd 9,24% ± 0,14% cd 10,49% ± 0,10% acd 10,82% ± 1,29% ad 6,73% ± 1,33% bd

18:1n-7 3,12% ± 0,22% a 0,43% ± 0,48% b 4,47% ± 0,44% a 3,30% ± 0,41% a 2,54% ± 0,15% a 2,72% ± 0,08% a 3,53% ± 0,59% a 3,20% ± 0,81% a

20:1n-9 1,87% ± 0,28% 1,10% ± 0,67% 0,71% ± 0,34% 0,72% ± 0,62% 0,75% ± 0,07% 0,67% ± 0,01% 1,44% ± 0,59% 0,74% ± 0,30%
20:1n-7 0,12% ± 0,06% abc 0,00% ± 0,00% a 0,15% ± 0,02% bc 0,09% ± 0,09% ab 0,07% ± 0,06% ab 0,11% ± 0,00% abc 0,43% ± 0,07% c 0,34% ± 0,15% c

22:1n-11 1,68% ± 0,33% a 1,47% ± 0,81% ab 0,40% ± 0,17% ab 0,62% ± 0,96% ab 0,44% ± 0,04% ab 0,35% ± 0,02% ab 0,53% ± 0,27% ab 0,19% ± 0,02% b

ΣMUFA 27,07% ± 0,59% ac 10,97% ± 3,61% b 22,87% ± 3,28% ac 17,12% ± 4,31% ab 17,13% ± 1,44% ab 17,26% ± 0,17% ab 27,87% ± 2,36% c 17,86% ± 3,67% ac

18:2n-6 6,16% ± 0,38% a 1,56% ± 0,90% be 5,40% ± 0,42% ac 3,25% ± 0,35% ce 9,08% ± 0,87% d 9,48% ± 0,03% d 1,65% ± 0,29% e 1,70% ± 0,59% e

18:3n-3 1,82% ± 0,47% ad 0,35% ± 0,22% bd 7,31% ± 1,34% c 3,30% ± 0,42% a 1,02% ± 0,23% d 0,85% ± 0,02% d 0,91% ± 0,61% d 0,70% ± 0,18% d

18:4n-3 0,28% ± 0,22% 0,28% ± 0,34% 0,62% ± 0,18% 0,21% ± 0,23% 0,21% ± 0,07% 0,35% ± 0,04% 0,77% ± 0,69% 0,60% ± 0,10%
20:4n-6 0,79% ± 0,05% 1,30% ± 1,91% 0,91% ± 0,14% 0,70% ± 0,13% 1,27% ± 0,32% 1,44% ± 0,03% 0,52% ± 0,21% 0,60% ± 0,18%
20:4n-3 1,21% ± 0,07% ab 0,22% ± 0,09% a 1,99% ± 0,29% ab 1,71% ± 0,23% ab 0,87% ± 0,14% ab 1,03% ± 0,03% ab 2,13% ± 1,87% ab 2,81% ± 0,86% b

20:5n-3 7,03% ± 0,32% ad 1,04% ± 0,41% b 5,74% ± 0,91% a 5,39% ± 1,24% a 5,56% ± 0,65% a 6,65% ± 0,09% ad 12,34% ± 1,25% cd 10,73% ± 4,02% d

22:6n-3 7,86% ± 0,13% ac 0,84% ± 0,56% b 5,29% ± 1,28% a 6,18% ± 1,39% a 5,21% ± 0,19% a 6,56% ± 0,41% a 10,72% ± 0,87% c 7,62% ± 2,30% ac

ΣPUFA 27,03% ± 0,68% ac 5,94% ± 0,19% b 28,70% ± 1,68% ac 22,10% ± 3,04% a 25,20% ± 2,72% ac 27,79% ± 0,61% ac 34,08% ± 0,80% c 28,86% ± 8,40% ac

ΣHUFA 17,78% ± 0,28% ac 3,49% ± 1,07% b 14,69% ± 2,65% a 14,51% ± 3,15% a 14,24% ± 1,92% a 16,33% ± 0,52% a 28,62% ± 2,12% c 23,98% ± 8,07% ac

Σn-3/Σn-6 1,63 ± 0,26 abc 0,72 ± 0,43 ac 2,38 ± 0,27 bd 2,67 ± 0,33 bcd 0,73 ± 0,16 ac 0,85 ± 0,04 c 5,66 ± 0,57 d 5,50 ± 1,25 e

DHA/EPA 1,12 ± 0,07 ab 0,72 ± 0,31 a 0,91 ± 0,08 ab 1,15 ± 0,09 b 0,95 ± 0,12 ab 0,99 ± 0,05 ab 0,88 ± 0,14 ab 0,72 ± 0,06 ab

EPA/ARA 8,87 ± 0,75 ac 4,26 ± 3,58 a 6,35 ± 0,85 a 7,71 ± 0,81 ac 4,45 ± 0,53 a 4,63 ± 0,09 a 26,47 ± 10,66 bc 17,86 ± 2,71 c

Lipids (%DW) 39,74% ± 31,48% 57,47% ± 24,89% 40,00% ± 17,37% 24,06% ± 19,92% 19,08% ± 17,64% 14,77% ± 2,95% 27,88% ± 9,93% 17,65% ± 4,65%

AMF
I III I

WCC
I IIIIII I III

IMDGFF

 
Table 4 Fatty acid composition (% dry weight) and lipid content (% dry weight) of Lysmata seticaudata eggs at different stages of embryonic 
development (I and III) from each treatment: AMF – Aphytec’s maturation feed; GFF – Gamma frozen food; IMD – Improvit marine diet; WCC 
– Wild-caught control. Values are means (± standard deviation) of triplicate samples. Different superscript letters within the same row 
represent significant differences (p-value<0,05).   
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14:0 1,65% ± 0,50% 1,24% ± 0,37% 1,81% ± 1,27% 1,25% ± 0,15% 1,72% ± 1,01% 1,09% ± 0,07% 1,47% ± 0,46% 2,12% ± 0,12%
16:0 9,74% ± 1,54% ab 8,69% ± 3,73% ab 12,09% ± 3,60% ab 9,79% ± 0,61% ab 11,47% ± 3,46% ab 5,78% ± 0,54% a 9,77% ± 2,81% ab 13,55% ± 1,45% b

18:0 3,51% ± 0,57% ab 3,00% ± 0,75% ab 4,14% ± 1,09% a 3,61% ± 0,11% ab 3,99% ± 0,38% a 2,27% ± 0,02% b 2,89% ± 0,72% ab 4,23% ± 0,54% a

ΣSFA 16,09% ± 2,44% 13,96% ± 4,90% 19,44% ± 5,84% 15,76% ± 0,63% 18,57% ± 4,96% 10,24% ± 0,39% 15,06% ± 4,07% 21,12% ± 2,34%

Σbranched 1,21% ± 0,69% 0,92% ± 0,95% 1,78% ± 0,88% 1,05% ± 0,55% 1,46% ± 1,46% 0,70% ± 0,35% 0,69% ± 0,09% 1,11% ± 0,75%

16:1n-7 2,47% ± 0,43% ab 2,34% ± 1,18% ab 3,68% ± 2,44% ab 2,55% ± 0,17% ab 3,35% ± 1,92% ab 1,53% ± 0,30% a 3,62% ± 1,39% ab 5,01% ± 0,19% b

18:1n-9 9,16% ± 1,27% a 8,24% ± 1,80% ab 9,05% ± 2,23% a 9,28% ± 1,60% a 9,68% ± 2,24% a 3,89% ± 0,82% b 6,81% ± 1,55% ab 10,25% ± 2,62% a

18:1n-7 3,60% ± 1,26% 3,11% ± 1,53% 4,17% ± 1,33% 3,88% ± 0,88% 3,94% ± 2,06% 1,47% ± 0,07% 2,71% ± 0,76% 4,07% ± 1,28%
20:1n-9 0,63% ± 0,09% 0,54% ± 0,03% 1,19% ± 1,34% 0,79% ± 0,20% 1,05% ± 0,60% 0,41% ± 0,02% 0,59% ± 0,20% 0,80% ± 0,04%
22:1n-11 0,26% ± 0,30% 0,36% ± 0,31% 0,81% ± 1,12% 0,55% ± 0,30% 0,76% ± 0,39% 0,51% ± 0,12% 0,19% ± 0,22% 0,38% ± 0,12%

ΣMUFA 17,24% ± 3,05% 15,59% ± 4,25% 21,45% ± 7,45% 17,89% ± 2,76% 20,30% ± 7,43% 8,48% ± 0,84% 15,01% ± 4,23% 22,09% ± 3,67%

18:2n-6 2,86% ± 0,90% 2,46% ± 1,41% 2,66% ± 1,11% 3,48% ± 0,61% 4,73% ± 1,21% 2,07% ± 0,08% 1,98% ± 0,62% 3,19% ± 2,03%
18:3n-3 2,36% ± 1,65% 1,72% ± 1,85% 2,56% ± 1,49% 2,03% ± 0,98% 1,07% ± 0,75% 0,23% ± 0,06% 0,85% ± 0,49% 1,87% ± 2,36%
18:4n-3 0,19% ± 0,17% 0,66% ± 0,32% 0,20% ± 0,18% 0,22% ± 0,03% 0,18% ± 0,16% 0,57% ± 0,50% 0,13% ± 0,12% 0,37% ± 0,06%
20:4n-6 0,53% ± 0,13% 0,26% ± 0,31% 0,60% ± 0,23% 0,55% ± 0,02% 0,73% ± 0,08% 0,33% ± 0,01% 0,43% ± 0,12% 0,59% ± 0,38%
20:4n-3 1,28% ± 0,21% ab 0,99% ± 0,70% ab 1,66% ± 0,51% a 1,33% ± 0,27% ab 1,09% ± 0,06% ab 0,49% ± 0,23% b 1,27% ± 0,13% ab 2,01% ± 0,76% a

20:5n-3 3,82% ± 0,42% a 3,36% ± 1,96% a 4,87% ± 1,50% ab 3,58% ± 0,07% a 4,56% ± 1,34% ab 2,01% ± 0,90% a 5,21% ± 1,45% ab 9,97% ± 4,02% b

22:6n-3 3,33% ± 0,32% 3,65% ± 0,97% 4,40% ± 0,72% 3,03% ± 0,15% 4,01% ± 1,64% 2,43% ± 0,61% 4,23% ± 0,83% 3,36% ± 2,73%
ΣPUFA 15,09% ± 3,24% ab 14,04% ± 7,18% ab 18,82% ± 5,28% a 15,12% ± 1,54% ab 17,91% ± 3,08% ab 9,01% ± 1,23% b 15,49% ± 3,49% ab 23,76% ± 1,69% a

ΣHUFA 8,96% ± 0,82% ab 8,42% ± 4,20% ab 12,19% ± 3,24% a 8,54% ± 0,48% ab 10,90% ± 2,76% ab 5,35% ± 1,77% b 11,44% ± 2,71% ab 16,81% ± 2,48% a

Σn-3/Σn-6 2,15 ± 0,38 2,89 ± 0,67 2,74 ± 0,39 1,66 ± 0,44 1,30 ± 0,13 1,73 ± 0,24 3,08 ± 0,86 2,37 ± 0,56

DHA/EPA 0,87 ± 0,01 ab 1,21 ± 0,31 a 0,94 ± 0,20 ab 0,85 ± 0,05 ab 0,86 ± 0,18 ab 1,28 ± 0,34 a 0,83 ± 0,07 ab 0,43 ± 0,36 b

EPA/ARA 7,61 ± 2,53 7,01 ± 6,17 8,26 ± 0,83 6,45 ± 0,19 6,49 ± 2,68 6,07 ± 2,84 12,28 ± 3,05 22,66 ± 14,38

Lipids (%DW) 4,24% ± 3,77% a 29,76% ± 1,75% b 4,72% ± 2,85% a 1,39% ± 7,44% a 6,37% ± 2,83% a 9,75% ± 1,63% a 8,87% ± 5,52% a 10,12% ± 3,35% a

AMF
I III I

WCC
I IIIIII I III

IMDGFF

 
Table 5 Fatty acid composition (% dry weight) and lipid content (% dry weight) of Lysmata seticaudata muscle at different stages of 
embryonic development (I and III) from each treatment: AMF – Aphytec’s maturation feed; GFF – Gamma frozen food; IMD – Improvit marine 
diet; WCC – Wild-caught control. Values are means (± standard deviation) of triplicate samples. Different superscript letters within the same 
row represent significant differences (p-value<0,05). 
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14:0 2,15% ± 0,31% ab 2,09% ± 0,99% a 2,41% ± 0,41% ab 3,28% ± 0,68% b

16:0 11,87% ± 1,54% 14,14% ± 2,47% 13,39% ± 0,94% 13,81% ± 2,27%
18:0 3,71% ± 0,50% a 4,47% ± 0,61% ab 5,30% ± 1,46% b 4,18% ± 0,68% a

ΣSFA 18,86% ± 1,99% a 22,25% ± 3,29% ab 22,32% ± 1,14% ab 22,90% ± 3,64% b

Σbranched 8,09% ± 16,29% 3,05% ± 0,47% 1,10% ± 0,71% 2,07% ± 1,15%

16:1n-7 3,40% ± 0,43% 4,35% ± 1,62% 3,39% ± 0,71% 5,31% ± 1,63%
18:1n-9 15,16% ± 3,33% a 13,25% ± 1,85% ab 11,51% ± 1,39% b 8,38% ± 1,15% c

18:1n-7 4,16% ± 0,53% a 6,60% ± 1,15% b 4,01% ± 0,55% a 4,05% ± 1,16% a

20:1n-9 2,80% ± 1,08% a 1,04% ± 0,57% b 1,24% ± 0,28% b 1,41% ± 1,00% b

22:1n-11 2,72% ± 1,29% a 0,52% ± 0,67% b 0,83% ± 0,20% ab 0,83% ± 0,93% b

ΣMUFA 24,69% ± 13,33% 27,82% ± 4,26% 23,26% ± 2,91% 22,78% ± 5,13%

18:2n-6 5,13% ± 0,96% ab 4,70% ± 1,30% ab 9,07% ± 4,51% a 2,48% ± 0,94% b

18:3n-3 1,53% ± 0,51% a 4,68% ± 1,40% b 1,15% ± 0,30% a 1,33% ± 0,66% a

18:4n-3 0,35% ± 0,13% 0,41% ± 0,07% 0,32% ± 0,13% 0,41% ± 0,14%
20:4n-6 0,84% ± 0,22% a 0,93% ± 0,22% ab 1,26% ± 0,39% b 0,62% ± 0,14% a

20:4n-3 0,91% ± 0,23% a 1,73% ± 0,41% b 0,90% ± 0,08% a 1,36% ± 0,26% b

20:5n-3 4,13% ± 1,02% 4,57% ± 1,38% 4,65% ± 0,88% 5,59% ± 2,77%
22:6n-3 4,89% ± 1,42% 4,18% ± 1,16% 4,55% ± 1,35% 4,26% ± 1,56%

ΣPUFA 19,34% ± 4,31% 22,91% ± 4,84% 23,60% ± 6,11% 17,98% ± 5,58%
ΣHUFA 11,68% ± 2,91% 11,99% ± 3,01% 12,04% ± 2,49% 12,60% ± 4,96%

Σn-3/Σn-6 0,62 ± 0,70 0,99 ± 1,09 1,56 ± 3,27 1,59 ± 1,79

DHA/EPA 0,55 ± 0,61 a 0,48 ± 0,53 b 0,45 ± 0,50 ab 0,42 ± 0,46 b

EPA/ARA 2,65 ± 3,09 ab 2,28 ± 2,57 ab 2,10 ± 2,59 a 4,49 ± 5,04 b

Lipids (%DW) 42,76% ± 26,90% 34,87% ± 10,92% 40,08% ± 17,21% 40,44% ± 17,73%

WWCIMDGFFAMF

 
Table 6 Fatty acid composition (% dry weight) and lipid content (% dry weight) of 
Lysmata seticaudata hepatopancreas from each treatment: AMF – Aphytec’s maturation 
feed; GFF – Gamma frozen food; IMD – Improvit marine diet; WCC – Wild-caught 
control. Values are means (± standard deviation) of triplicate samples. Different 
superscript letters within the same row represent significant differences (p-value<0,05). 

 
larvae production can be obtained with a diet changing (Lin et al., 2002), L. 

seticaudata reproductive performance also can be improved by diet 

manipulation. Fertility rates observed in present work are apparently low when 

compared with results from embryo production of wild shrimps populations. 

Calado & Narciso (2003) recorded average values from 645 ± 187 to 1649 ± 131 

embryos pre-hatching per simultaneous hermaphroditic shrimp. Such comparison 

must be viewed with caution, since in this work were counted larvae that 

presented a strong positive phototaxia and not embryos. Nevertheless, it shows 

that there is a great reproductive potential in L. seticaudata that is not being 

fully reached in captivity.  

Although no clear pattern of fertility is noticed, GFF also presented more 

regular and reliable spawning events. Additionally, GFF apparently promotes a 

shorter embryonic period, promoting more frequent spawning events. These 

results should be viewed with caution, once maturation stages were visually 
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identified. It is known that abiotic factors, such as temperature, influence 

embryogenesis. In this case, culture temperature is higher than the one that 

naturally occurs in this specie habitat, which may have influenced the results. 

Through the biochemical analysis of wild embryos and specimens, it is possible 

to formulate suitable maturation diets. Since lipids are the primary energy source 

during embryogenesis, a significant decrease in lipid content of crustacean 

embryos has been recorded for several species, including L. seticaudata. Calado 

et al. (2005b) registered a significant lipid consumption rate in wild embryos of 

L. seticaudata varying from 59,6% to 66,5%. Values considerably superior to 

lipid decrease recorded in this work for WCC (10,2%). With the exception of 

AMF, all other treatments presented a lower lipid content in Stage III, with IMD 

presenting a 4,3% and GFF a 15,9% decrease in total lipid content. Although not 

statistical significant, such decrease still has a biological meaning, representing 

an energy consumption during embryogenesis.   

The fatty acid composition of wild eggs allows evaluating lipid nutritional 

requirements of newly hatched larvae and assessing broodstock diets suitability 

(Lin et al., 2002). In order to guarantee egg and larval quality, the biochemical 

profile of reared laboratory embryos should be similar to wild ones (Calado et al., 

2005b). Essential fatty acids (EFA), such as ARA, EPA and DHA, are usually 

present in considerable amounts in crustacean embryos, positively influencing 

egg and larval quality (Calado et al., 2005b). Such preferential accumulation is 

not so notorious in L. seticaudata (Calado et al., 2005b). Even so, WCC 

presented significant higher levels of EPA and DHA, revealing some nutritional 

deficit in EFA of experimental diets. 

Muscle tissues usually present low lipid content, including mainly structural 

lipids. Hepatopancreas is a reserve organ, rich in lipid that later would be direct 

to eggs yolk composition. It was expected that no significant differences occurred 

in muscle samples and that the contrary would be detected in hepatopancreas 

samples. However, muscle fatty acid profile revealed significant differences at 

diet*maturation stage that are not easily explained. As expected, diet influenced 

fatty acid profile of hepatopancreas. Regarding EFA in hepatopancreas, an 

excessive level of ARA is noticed in IMD, but all other EFA present similar values 

to WCC.  

Ovarian maturation takes up a considerable amount of energy, so it was 

expectable that no significant growth occurred during this experimental trial. 

When broodstock is maintained under stable conditions and provided with a 
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mixed diet, the first embryos are produced after 2 to 3 weeks (Calado et al., 

2007). This work results support this idea. GFF was the treatment that provided 

a most mixed diet, trough the combination of 3 different types of frozen food, 

and began producing larvae on the 3th-4th week. However, at nutritional level, 

GFF revealed not being a balanced diet. PUFA are important for maturation and 

reproduction of crustacean and high dietary content of EPA and DHA improve the 

hatchability and quality of decapod larvae (Rosa et al., 2005). GFF presents 

dissimilarities from WCC, regarding eggs EFA and PUFA content that may 

influence eggs quality. 

Several problems emerge when maturation occurs under non-adequate 

conditions, like the production of a reduced number of larvae, abortive-molting, 

curly larvae and larval mortality after hatching (Calado et al., 2007). Such signs 

were not observed in this work. However, IMD treatment spawns for the first 

time during 7th-8th week but it presents ovigerous individuals since the 3rd-4th 

week. Such eggs brood lost and general low fertility rates are probably due to 

unbalanced diets and/or to parental cannibalism. 

The results here presented are extremely interesting from a commercial point 

of view. GFF promotes a relatively shorter maturation period, regular and reliable 

spawning events, with good fertility rates and no decrease in larvae production 

during the experimental period. Although not registered, reproductive breakdown 

eventually occurs due to frequent spawning events. When larvae production 

decreases significantly, it is common practice to sell and replace broodstock by 

new wild caught shrimps or by reared young simultaneous hermaphroditic 

individuals. According to this experimental work conditions, broodstock rotation 

may occur in period equal to 6 months without any decrease in larvae 

production, when fed on GFF. To guarantee a continuous larvae production, 

broodstock replacement should not be done all at once. Broodstock should be 

divided in groups and gradually replaced, in order to assure larvae production 

during maturation time. Considering a 2 to 4 weeks maturation time, broodstock 

rotation schedule should present a time gap of at least 4 weeks between groups 

replacement. This should be carefully planed particularly during winter-autumn 

season, when wild populations are no longer in reproductive season. 
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Conclusion 

The present work described a commercially methodology of broodstock 

maintenance for L. seticaudata. For the first time, an experimental protocol was 

design to meet real commercial hatchery necessities, providing more trustworthy 

results. Through fatty acid analysis it was possible to better evaluate different 

diets effects on this species reproductive performance. GFF promoted good 

results, enhancing broodstock reproductive potential but presented some deficit 

in eggs EFA level. Future studies should evaluated quality of larvae and 

postlarvae produced by broodstock fed on GFF. Studies similar to the present 

one should also assess reproductive performance of F2 generation shrimps, in 

order to evaluate their ability to act as broodstock to prevent dependence on wild 

populations. 
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Abstract 
A balance diet during ornamental shrimps juvenile growth that promotes high survival and growth 
rates is essential to costs minimization. The present works objective was to optimize Lysmata 
seticaudata juvenile rearing protocols, by choosing an adequate diet that provides high growth and 
survival rates. It was evaluated the effect of three different diets (AF – Algornose feed, AGF – 
Aphytec’s growth feed with minced Cyclop-Eez and DDF – Dainichi dry fed) on growth and 
survival rates of rearing postlarvae. Rearing juvenile fatty acid profile of each treatment 
was also evaluated. No significant differences were observed in mortality rates, with DDF 
presenting the highest survival rate (90 ± 4%). DDF treatment promoted the fastest growth 
rates, with a significant higher proportion of Commercial-Small (TL>20mm) juveniles (37 ± 3%), 
89 days after settlement. DDF provides high levels of PUFA and HUFA, including the main essential 
fatty acids (ARA, EPA, DHA). A count-down size selection schedule was designed to evaluate 
juvenile growth in a commercial production unit. It should occur for the first time around 40 to 45 
days after settlement and then every 15 days, until all juveniles reach commercial size. 
 
Keywords 
Lysmata seticaudata, Marine ornamental shrimps, Juvenile grow-out, Fatty acid profile. 
 

Introduction 

Ornamental aquaculture is considered to be a sustainable alternative to help to 

sustain the ornamental trade and support long-term use and conservation of reef 

corals (Tlusty, 2002; Corbin et al., 2003; Wabnitz et al., 2003). In recent years, 

researchers have been developing rearing systems and protocols for marine 

tropical shrimps, which are among the most popular invertebrates in ornamental 

trade (Calado et al., 2003a). Species of the genus Lysmata present a great 

demand and a highly market price, which allowed for the development of rearing 

systems and protocols for this species (Calado et al., 2003a). 

Great improvements have occurred, but artificially reared tropical species still 

cannot fulfil ornamental trade demand. In the search for new solutions to 

minimize wild tropical marine shrimp captures, the ornamental and aquaculture 
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potential of some temperate and subtropical water species began to be evaluated 

(Calado et al., 2001; Calado, 2006).  

Lysmata seticaudata (Risso, 1816) revealed a great potential for ornamental 

commercial production, with larval protocols (e.g. Calado et al., 2003b; Calado et 

al., 2005a; Figueiredo & Narciso, 2006) being developed and optimized in the 

last years. Calado et al. (2005a) significantly improved larval rearing results for 

this species, obtaining shorter larvae development duration (19 days) and high 

survival rates (88%).  

Juvenile growth of ornamental shrimps generally present high survival rates, 

when compared to larval rearing, depending essentially on good maintenance 

and balanced diets. Juvenile Lysmata shrimps are easily fed on a variety of 

commercial pellets or frozen foods (Calado et al., 2003a). Calado et al. (2005b) 

tested several diets for juvenile L. seticaudata, obtaining good survival and 

growth results with gilthead seabream feed. Captive-breed juvenile shrimps 

normally show higher growth rates than wild co-specifics, with sex change 

occurring prematurely (Calado et al., 2005b; Calado & Dinis, 2007). 

Most species are suitable for sale at 30 – 40 mm total length, around 3 month 

(e.g. L. wurdemanni) to 6 month (e.g. L. debelius) after hatching (Calado et al., 

2003a). L. seticaudata commercial juveniles (TL > 20 mm) can be obtained 

around 3 to 4 month after hatching. Rearing system for juvenile growth is not a 

concern for gregarious species, like L. seticaudata, since high densities of 

juveniles can be maintained with minimal mortality (Calado et al., 2003a). 

From a commercial point of view, basic nutrition studies are essential to 

determine a balanced juvenile diet. An appropriate and appealing diet contributes 

to costs minimization and high survival and growth rates.  

The main objective of this work is to optimize Lysmata seticaudata juvenile 

rearing protocols, by choosing an adequate diet that provides high growth and 

survival rates, through the evaluation of fatty acid profile of L. seticaudata 

juveniles. The design of a count-down size selection schedule for evaluating 

juvenile growth in a commercial production is the final objective. 

 

Materials and Methods 

This work was performed in Lusoreef, Criação de espécies marinhas Lda., a 

company dedicated to the commercial production of Lysmata seticaudata, located 
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in the Algarve, Portugal. All laboratory analysis were performed in Laboratório 

Marítimo da Guia, Portugal.   

Postlarvae origin – larval development conditions 

Lysmata seticaudata postlarvae were raised at Lusoreef’s facilities. Based on 

the commercial scale mass larval rearing system described by Calado et al. 

(2003b), Lusorref system has larger tanks (300l) and a significant improvement 

at filtration level – biological filtration (bio-balls), 1 μm mechanical filters, protein 

skimmer Shuran Jetskim 200®, 220 watts U.V. sterilizer and sand filter (for more 

details see Cyrne, 2006). Artificial water was used, prepared with purified 

freshwater from a reverse osmosis unit mixed with Tropic Marin® Reef Salt, 

according to manufacturer instructions. The tanks are lighted from above, with 

fluorescent light, controlled by timers, with a 14L:10D photoperiod. Temperature 

and salinity were monitored daily, with average values (± Standard Deviation) of 

26 ± 1ºC and 35 ± 1 respectively. Ammonia and nitrite are also checked daily 

and kept at minimal levels of 0,01 and 0,05 respectively. Nitrates and pH showed 

average values of 36 ± 23 and 8,1 ± 0,1. 

Larval density of 17 larvae.L-1 was used. Newly hatched Artemia nauplii were 

provided daily through all larval development (density 6000 nauplii.L-1), after 

Zoea V a frozen squid supplement is added. Final countdown was made 

according to Lusoreef protocols about 10-15 days after the appearance of the 1st 

postlarvae. 

Experimental culture system 

Postlarvae were transferred to a grow-out indoor 30000 L recirculation water 

system, in Lusoreef facilities. A random experimental design was used to assign 

each dietary treatment to nine 37 L rectangular plastic tanks, with 0,18 m2 

bottom area, with a water exchange flux of 222 L.hour-1. The system includes 

biological filtration (bio-balls), an U.V. sterilizer and a protein skimmer, Schuran® 

AQ400. It is used artificial water, from reverse osmosis water and with Tropic 

Marin® Reef Salt. Temperature and salinity were monitored daily, with average 

values (± Standard Deviation) of 26 ± 1ºC and 35 ± 1 respectively. Ammonia 

and nitrite were kept at minimal levels of 0,01 and 0,05 respectively and pH 

showed average values of 8,2 ± 0,1. 
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Experimental maintenance and feeding 

Postlarvae were distributed according the experimental design of 3 Diets x 3 

Replicates (tanks) x 100 Postlarvae = 900 postlarvae, for a 2 months 

experimental trial. All tanks contained PVC shelters for shrimps. Following the 

feedings protocols of Lusoreef, shrimps were fed 4 times a day (9h, 12h, 15h 

and 18h), in equal dosages for each diet. The experimental diets tested were (1) 

Algornose® feed (AF), (2) Aphytech’s® grow-up feed with minced Cyclop-Eez® 

added (AGF) and (3) Dainichi® dry feed (DDF). Feeding was reduced according to 

the recorded mortality during the trial. The tanks were daily siphoned. 

Periodical count-down with size evaluation were made around every 15 days, 

according to the company dynamics, occurring at the 17th, 37th and 59th days 

after settlement (DAS). Juveniles were classified, from a commercial viewpoint, 

according their Total Length (TL – distance between the rostrum anterior end 

and the telson posterior edge) in Non-Commercial (TL < 15 mm), Commercial-

Tiny with 15 < TL < 20 mm and Commercial-Small with TL > 20 mm.  

Sampling procedure 

At the end of the experimental period, juveniles were cataloged, according to 

their diet and TL class, and frozen. In order to evaluate the fatty acid profile of 

the experimental juveniles, postlarvae were collected from another batch. These 

were raised in the same conditions already described and were used as a control 

starting point, since was not possible to collect wild shrimps of the TL classes 

defined. Triplicates samples of juveniles were prepared for each diet and TL 

class. 

Fatty acid analysis  

Total lipids extraction followed Bligh and Dyer (1959) method. The distribution 

of fatty acids was made according to Cohen et al. (1988). Fatty acid methyl 

esters were analyzed in a Varian 3400 gas chromatograph, equipped with an 

auto-sampler and fitted with a flame ionization detector. The separation was 

carried out with helium as carrier gas in a fused silica capillary column 

(Chrompack CPSil/88, 50 mx0,32 mm i.d.), programmed from 180ºC to 200ºC 

at 4ºC min-1, held for 10 min at 200ºC and heated to 210ºC for 14,5 min at 

0,68ºC min-1, with a detector at 250ºC. A split injector (100:1) at 250ºC was 

used. Fatty acid methyl esters were identified by comparing their retention time 

with those of chromatographic Sigma standards. Peak areas were determined 
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using the Varian software and the quantification was done using C19:0 (10 

mg.ml-1) as internal standard. 

Statistical analysis 

Data transformation xarcsin was used, whenever necessary, to correct the 

deviation from normality that percentages or proportions normally present, in 

order to fulfil normality assumptions of statistical tests (Zar, 1996).  

Significant differences between diets in the fatty acid profile of juvenile’s 

samples were determined by one-way ANOVA, after checking the assumptions. 

Significant differences between growth rates of the different treatments were 

evaluated by a factorial-ANOVA, after checking the assumptions.  

From the final results, production extrapolations were made in order to define 

which diet it is more appropriate. Production results (larval development + 

juvenile growth) were evaluated from the initial larval production by one-way 

ANOVA. 

When significant differences occurred (p-value<0,05), a posterior Tukey’s 

multiple comparison test was used (Zar, 1996). In all analysis it was used the 

STATISTICA® software. 

 

Results 

Larval development 

Lusoreef’s batches presented an average 82 ± 15% survival rate to postlarvae 

stage, after 28 ± 3 days after hatching (DAH). The first postlarvae was recorded 

around the 17 ± 1 DAH. 

Survival and growth rates 

No significant difference was detected in survival rates at the end of the 

experience. However, DDF feed showed a higher final survival rate (90 ± 4%) 

than the AGF and AF (87 ± 6% and 88 ± 7% respectively).  

The Figure 1 presents the average percentage of juveniles in each size class at 

each countdown event of each treatment, representing juvenile growth during 

the 59 days of experiment. Mortality was not represented in this chart. Juvenile 

growth was significantly influence by diet (p-value<0,001) and time (p-

value<0,001) factors, with also significant diet*time interactions detected (p-

value<0,001). 
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Fig. 1 Percentage (%) of juvenile Lysmata seticaudata in each size class (NC – Non-
comercial TL<15mm, C-T – Commercial tinny 15<TL<20mm and C-S Commercial-Small 
TL>20mm), in each treatment (AF – Algornose feed, AGF – Aphytec’s growth feed and 
DDF – Dainichi dry feed) during experimental period.  
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The percentage of Non-Commercial shrimps presented significant differences 

at diet (p-value<0,001) and time (p-value<0,001) factors, with also significant 

diet*time interactions detected (p-value<0,05), represented in Table 1. AF diet is 

responsible for differences detected at diet factor, presenting a higher 

percentage (± SD) of non-commercial shrimps (61 ± 33%) than AGF (53 ± 

38%) and DDF (50 ± 39%). At time level, every countdown day is significantly 

different from each other (100 ± 0% for the 17th DAS; 64,79 ± 6,89% for the 

37th DAS and 41,56 ± 8,38% for the 59th DAS), as a consequence of non-

commercial decrease along time. 

The percentage of shrimps achieving Commercial-Tinny size were significantly 

affected by time (p-value<0,001) and diet*time interactions (p-value<0,001) 

(Table 1). The 17th DAS was significantly different from the others countdown-

days for the absence of Commercial-tinny shrimps (35,21 ± 6,89% for the 37th 

DAS and 33,89 ± 7,03% for the 59th day). At diet level, AF, AGF and DDF 

showed similar results (27,10 ± 17,94%, 23,81 ± 16,93% and 21,93 ± 

16,26%), with no significant differences revealed (p-value>0,05). 

The percentage of shrimps reaching Commercial-Small size was significantly 

influence by diet (p-value<0,001) and significantly different in time (p-

value<0,001). Significant diet*time interactions were detected (p-value<0,001) 

(Table 1). All treatments presented significant differences referring to the 

percentage of commercial-small size shrimp. AF revealed a lower commercial-

small percentage (23 ± 19 %) than AGF (46 ± 28%) and DDF (56 ± 26%). The 

59th DAS, when Commercial-Small shrimps were detected, was significantly 

different from the others.  

Although, it was not recorded, shrimps in simultaneous hermaphrodite phase 

occurred in the 59th day countdown in DDF Commercial-Small class. Those were 

not used in fatty acid analysis.  

Production estimation 

Figure 2 illustrates final commercial production final results with the initial 

larval rearing data. This results were significant influence by diet (p-value<0,05). 

AF presented a significant higher percentage of Non-Commercial shrimps (37 ± 

1%) from other treatments (27 ± 4% for AGF; 27 ± 3% for DDF). All treatments 

displayed a significant different Commercial-Small percentage, with DDF 

revealing the higher value (27 ± 1%) (7 ± 2% for AF and 19 ± 3% for AGF). No 

 - 36 - 



Dissertação de Mestrado em Pescas e Aquacultura  

significant differences were found in Commercial-Tinny percentage and the 

overall mortality rates. 

 

Day Diet

AF 100 ± 0% a 0 ± 0% a 0 ± 0% a

AGF 100 ± 0% a 0 ± 0% a 0 ± 0% a

DDF 100 ± 0% a 0 ± 0% a 0 ± 0% a

AF 73 ± 2% b 27 ± 2% b 0 ± 0% a

AGF 64 ± 4% bc 36 ± 4% bc 0 ± 0% a

DDF 58 ± 3% cd 42 ± 3% c 0 ± 0% a

AF 51 ± 1% d 39 ± 3% c 10 ± 2% b

AGF 38 ± 8% e 36 ± 6% bc 27 ± 2% c

DDF 36 ± 4% e 27 ± 6% b 37 ± 3% d

NC C-T C-S

17th 

37th 

59th 

 
Table 1 Percentage (%) of juvenile Lysmata seticaudata in each size class (NC – Non-
comercial TL<15mm, C-T – Commercial tinny 15<TL<20mm and C-S Commercial-Small 
TL>20mm), in each treatment (AF – Algornose feed, AGF – Aphytec’s growth feed and 
DDF – Dainichi dry feed) during experimental period. Mortality is not represented. 
Different superscript letters within the same column represent significant differences (p-
value<0,05). 
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Fig. 2 Commercial juvenile Lysmata seticaudata production estimation from initial larval 
batch production data, for each treatment (AF – Algornose feed, AGF – Aphytec’s growth 
feed and DDF – Dainichi dry feed). Initial larvae number is given as 100% reference to 
all other values. 
 

Fatty acid profile 

Experimental feeds 

The total lipid content (% dry weight) (± SD) presented in DDF (8,17 ± 

1,12%) and AGF (6,42 ± 1,32%) are significantly lower (p-value<0,05) than AF 

(14,69 ± 2,13%) and Cyclop-eez (13,94 ± 2,08%). 

Fatty acid profile level of experimental feeds presented significant differences 

(p-value<0,001) (Table 2). All diets presented distinct DHA/EPA and EPA/ARA 

ratios. Cyclop-eeze component of AGF treatment displayed a different higher n-

3/n-6 ratio (2,97 ± 0,08). A significant lower level of linolenic acid (LA) (18:2 n-
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6) (4,94 ± 0,13%), a significant higher level of linoleic acid (LOA) (18:3 n-3) 

(6,25 ± 0,12%) and Arachidonic Acid (ARA) (20:4 n-6) (0,39 ± 0,01%) was also 

displayed by Ciclop-Eez. DDF presented the higher level of Eicosapentaenoic Acid 

(EPA) (20:5 n-3) (11,81 ± 1,09%) and AGF the highest level of Docosahexaenoic 

Acid (DHA) (22:6 n-3). AF revealed the highest monounsaturated (MUFA) 

fraction (44,87 ± 0,35%) and the lowest polyunsaturated  (PUFA) fraction (27,50 

± 0,07%). DDF presented a higher distinct content of highly unsaturated (HUFA) 

fraction (22,42 ± 1,91%). 

 

16:0 14,87% ± 0,13% 13,34% ± 0,23% 15,72% ± 0,35% 13,50% ± 9,63%
18:0 2,23% ± 0,02% ab 2,71% ± 0,06% a 1,94% ± 0,03% b 3,30% ± 0,43% c

ΣSFA 24,01% ± 0,22% 21,44% ± 0,29% 23,99% ± 0,53% 24,70% ± 8,09%

Σbranched 0,84% ± 0,02% a 0,75% ± 0,06% a 4,25% ± 0,07% b 0,89% ± 0,27% a

16:1n-7 4,74% ± 0,06% a 4,24% ± 0,09% a 8,51% ± 0,17% b 8,40% ± 0,98% b

18:1n-9 12,87% ± 0,08% a 12,46% ± 0,23% a 21,06% ± 0,57% b 14,38% ± 1,76% a

18:1n-7 2,04% ± 0,02% a 1,89% ± 0,07% a 2,45% ± 0,23% a 3,56% ± 0,50% b

20:1n-9 10,15% ± 0,09% a 6,59% ± 0,14% b 0,85% ± 0,65% c 2,38% ± 0,40% d

20:1n-7 0,15% ± 0,01% ab 0,10% ± 0,01% a 0,19% ± 0,06% bc 0,28% ± 0,04% c

22:1n-11 13,71% ± 0,05% a 7,68% ± 0,19% b 0,02% ± 0,03% c 1,32% ± 0,33% d

ΣMUFA 44,87% ± 0,35% a 33,75% ± 0,64% b 35,60% ± 0,62% b 31,33% ± 4,11% b

18:2n-6 10,48% ± 0,04% a 12,86% ± 0,28% b 4,94% ± 0,13% c 11,62% ± 1,64% ab

18:3n-3 1,45% ± 0,00% a 1,82% ± 0,02% b 6,25% ± 0,12% c 1,90% ± 0,24% b

18:4n-3 1,94% ± 0,06% a 2,48% ± 0,06% b 2,37% ± 0,04% b 1,35% ± 0,14% c

20:4n-6 0,19% ± 0,00% a 0,21% ± 0,00% a 0,39% ± 0,01% b 0,29% ± 0,03% c

20:5n-3 4,67% ± 0,04% a 7,40% ± 0,17% b 7,86% ± 0,16% b 11,81% ± 1,09% c

22:5n-3 1,41% ± 0,06% a 1,38% ± 0,55% a 0,42% ± 0,01% b 1,40% ± 0,15% a

22:6n-3 5,36% ± 0,06% a 10,63% ± 0,10% b 6,04% ± 0,16% ac 6,77% ± 0,70% c

ΣPUFA 27,50% ± 0,07% a 39,18% ± 0,97% b 33,53% ± 0,66% b 39,71% ± 4,02% b

ΣHUFA 12,26% ± 0,08% a 20,67% ± 0,96% b 17,54% ± 0,33% bc 22,42% ± 1,91% c

Σn-3/Σn-6 1,02 ± 0,02 a 1,27 ± 0,05 a 2,97 ± 0,08 b 1,09 ± 0,05 a

DHA/EPA 1,15 ± 0,01 a 1,44 ± 0,03 b 0,77 ± 0,03 c 0,57 ± 0,04 d

EPA/ARA 24,72 ± 0,72 a 36,08 ± 0,55 b 20,23 ± 0,27 c 40,66 ± 1,82 d

Lipids (%DW) 14,69% ± 2,13% a 6,42% ± 1,32% b 13,94% ± 2,08% a 8,17% ± 1,12% b

AGF AF DDFAphytec feed Cyclop-Eez

 
Table 2 Fatty acid composition (% dry weight) and lipid content (% dry weight) of 
experimental diets components for each treatment (AF – Algornose feed, AGF – 
Aphytec’s growth feed and DDF – Dainichi dry feed). Values are means (± standard 
deviation) of triplicate samples. Different superscript letters within the same row 
represent significant differences (p-value<0,05). 
 

Juveniles and Postlarvae  

The total lipid content (% dry weight) (± SD) of juveniles presented no 

significant differences (p-value>0,05) (AF 10,23 ± 3,69%, AGF 8,69 ± 4,28% 

and DDF 11,39 ± 5,5%. 

No significant differences were detected in juvenile’s fatty acid profile at Diet 

(p-value>0,05) and Size (p-value>0,05) factors, neither diet*size interactions 

(p-value>0,05). Juvenile’s and postlarvae fatty acid profiles presented significant 

differences (p-value<0,05) represented in Table 3. Postlarvae displayed a 
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significant lower DHA/EPA ratio (0,53 ± 0,16) and significant higher EPA/ARA 

ratio (20,80 ± 3,39). No significant differences were noticed in n-3/n-6 ratio and 

in saturated (SFA) and MUFA fractions. DDF showed the highest PUFA (29,35 ± 

9,17%) and HUFA (20,34 ± 8,77%) content. No significant difference were 

noticed in EPA and DHA contents, but DDF presented the highest percentage 

(6,36 ± 1,59% and 6,59 ± 1,73% respectively). Postlarvae presented the higher 

LOA (3,05 ± 0,77%) and the lower LA (5,04 ± 0,90%) and ARA (0,30 ± 0,02%) 

contents. DDF presented significant higher LA (7,23 ± 1,43%) and ARA (1,30 ± 

0,32%) contents.  

 

14:0 2,34% ± 0,30% a 1,67% ± 0,23% b 1,99% ± 0,29% ab 2,57% ± 0,73% a

16:0 11,74% ± 0,97% 12,91% ± 2,66% 12,01% ± 1,38% 12,45% ± 0,76%
18:0 3,46% ± 0,43% a 5,55% ± 1,46% b 5,31% ± 0,91% b 3,77% ± 0,37% ab

ΣSFA 18,69% ± 1,52% 21,83% ± 4,32% 20,67% ± 2,61% 20,65% ± 0,85%

Σbranched 0,99% ± 0,24% 1,47% ± 0,31% 1,36% ± 0,40% 1,16% ± 0,15%

16:1n-7 2,67% ± 0,30% ab 2,06% ± 0,85% a 3,16% ± 0,37% b 5,88% ± 0,61% c

18:1n-9 12,30% ± 0,88% 11,30% ± 3,44% 11,30% ± 1,56% 12,25% ± 0,63%
18:1n-7 3,68% ± 0,49% 3,33% ± 1,87% 5,69% ± 0,65% 5,86% ± 1,35%
20:1n-9 4,89% ± 0,47% a 1,69% ± 0,86% b 1,59% ± 0,24% b 2,22% ± 0,70% b

20:1n-7 0,08% ± 0,01% 0,33% ± 0,44% 0,27% ± 0,07% 0,33% ± 0,08%
20:1n-5 0,03% ± 0,04% 5,57% ± 8,43% 0,11% ± 0,09% 0,39% ± 0,39%
22:1n-11 5,74% ± 0,67% a 1,22% ± 1,20% b 0,78% ± 0,15% b 2,23% ± 0,84% b

ΣMUFA 30,28% ± 2,18% 27,86% ± 6,09% 24,36% ± 3,08% 31,13% ± 0,32%

18:2n-6 6,38% ± 0,88% ab 3,84% ± 2,32% a 7,23% ± 1,43% b 5,04% ± 0,90% ab

18:3n-3 0,61% ± 0,16% a 0,52% ± 0,34% a 0,66% ± 0,21% a 3,05% ± 0,77% b

18:4n-3 0,24% ± 0,07% a 0,23% ± 0,22% a 0,18% ± 0,09% a 0,89% ± 0,33% b

20:4n-6 0,82% ± 0,07% a 0,91% ± 0,24% a 1,30% ± 0,32% b 0,30% ± 0,02% c

20:5n-3 4,23% ± 0,74% 4,15% ± 2,69% 6,36% ± 1,59% 6,28% ± 0,90%
22:6n-3 5,48% ± 0,89% 5,20% ± 3,29% 6,59% ± 1,73% 3,21% ± 0,48%

ΣPUFA 20,20% ± 2,51% ab 17,80% ± 9,26% a 29,35% ± 9,17% b 24,83% ± 0,26% ab

ΣHUFA 12,08% ± 1,70% a 12,32% ± 6,28% a 20,34% ± 8,77% b 12,10% ± 0,75% ab

Σn-3/Σn-6 1,05 ± 0,14 1,36 ± 0,51 1,02 ± 0,35 1,72 ± 0,06

DHA/EPA 1,30 ± 0,10 a 1,23 ± 0,12 a 1,03 ± 0,04 b 0,53 ± 0,16 c

EPA/ARA 5,16 ± 0,81 a 4,54 ± 2,67 a 4,87 ± 0,36 a 20,80 ± 3,39 b

Lipids (%DW) 10,23% ± 3,69% 8,69% ± 4,28% 11,39% ± 11,00% 7,65% ± 1,60%

DDF PLAF AGF

 
Table 3 Fatty acid composition (% dry weight) and lipid content (% dry weight) of 
Lysmata seticaudata juveniles, 59 days after settlement, from each treatment (AF – 
Algornose feed, AGF – Aphytec’s growth feed, DDF – Dainichi dry feed and PL - 
Postlarvae). Values are means (± standard deviation) of triplicate samples. Different 
superscript letters within the same row represent significant differences (p-value<0,05). 
 

Discussion 

The majority of Lysmata seticaudata rearing studies concern small scale 

systems, in which larvae development duration of 19 days and survival rates of 

88% are the best results obtained (with 20 larvae.L-1 at 26ºC) (Calado et al., 

2005a). For a commercial scale rearing system, Calado et al. (2003b) results 

point to a 52,4 ± 4,6% survival rate (at 22ºC and 25 larvae.L-1). According to 
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the work methodologies developed by Cyrne (2006), the higher rearing 

temperature (26ºC) and squid supplement after Zoea V significantly contributed 

to Lusoreef’s significant progress to 82% survival rate to postlarvae and larval 

duration of 17 days (with 17 larvae.L-1). Scale-up counterbalances the smaller 

survival rate and larval density (when compare to small scale tanks), being 

considerably more advantageous from a commercial point of view: one 

commercial tank production equals 23 small scale tanks. 

Production models developed by Figueiredo & Narciso (2006) suggest that 

stock density of 40 larvae.L-1 at 26ºC are the most productive conditions for L. 

seticaudata larval rearing. Such it is accurate for small scale tanks (10l), for 

which the models were developed. According to Lusoreef experience, higher 

larval densities (e.g. 40 larvae.L-1) still are not trustworthy for commercial scale 

tanks, occurring high mortality rates after Zoea IV. 

Similar to previous studies (e.g. Calado et al., 2005b; Calado & Dinis, 2007), 

in this work experimental growth rates are higher than those recorded in wild 

specimens. TL of 24-25 mm is typical of 1 year old wild shrimps (Dorhn, 1950) 

but such TL appears in all treatments approximately 2 months after settlement.  

AGF and DDF presented faster growth rates, with approximately 63% juveniles 

presenting a commercial size at the end of experimental period. Calado & Dinis 

(2007) results recorded 33,0 ± 3,3% shrimps reaching commercial size (here 

defined as TL > 20 mm), in similar conditions (temperature 26ºC, density 100 

individuals) during the same time period (2 months). Experimental feeds 

analysed in this work seem to be more suitable of juvenile growth of L. 

seticaudata. 

The rearing temperature (26ºC) also seems to influence the faster growth 

rates once high temperatures promote higher metabolic rates. Additionally, it has 

been suggested that temperature could be one of the abiotic factors that 

influence sex change in Lysmata genus (Zhang & Lin, 2005). According to 

Couturier-Bhaud (1974a,b) ecological studies, wild L. seticaudata specimens 

change to simultaneous hermaphrodites 18 months after settling, exhibiting 

around 42 to 45mm. Nonetheless, significant earlier sex change has been 

reported in breeding cultured specimens (Calado et al., 2005b; Calado & Dinis, 

2007). Social interactions are pointed as the main factor influencing sex change 

in Lysmata species (Bauer & Holt, 1998; Zhang & Lin, 2005; Calado & Dinis, 

2007). Calado & Dinis (2007) results indicate that visual and/or tactile 

interactions activate sexual phase change.  

 - 40 - 



Dissertação de Mestrado em Pescas e Aquacultura  

In this study, DDF presented the fastest growth rates and precocious sex 

change occurred in specimens with approximately 3 months old. Social 

interaction and temperature, together with diet influenced sex change. Ovarian 

maturation in captive crustaceans it is only triggered if a suitable diet is supplied, 

once it depends on cholesterol reserves to synthesize steroid hormones (Calado 

et al., 2005b). Essential fatty acids (EFA) are considered to be indicators of egg 

and larval quality. Usually there is a preferential retention of ARA, EPA and DHA 

during marine invertebrates embryogenesis. Apparently, such does not happen 

for L. seticaudata, according to Calado et al. (2005c). So nutritional requirements 

for occyte production in this species probably are not very demanding, explaining 

why precocious sex change is so usual in juvenile growth cultures. 

However, the occurrence of precocious sex change it is disadvantageous in a 

commercial culture. Simultaneous hermaphrodites direct a considerable portion 

of their energy to occyte production, neglecting their growth, promoting slower 

growth rates. Individual shrimp culture it is a way to avoid precocious sex 

change, since no social interactions take place (Calado & Dinis, 2007). Through 

diet manipulation, it would be possible to promote high growth survival rates and 

decrease precocious sex change, by excluding essential nutrients to ovarian 

maturation (Calado & Dinis, 2007). In both ways, reducing precocious sex 

change involves higher production costs. A commitment between cost and 

survival and growth rates must occur in order to assure commercial viability.  

In general, juveniles reflected their experimental growth diet fatty acid profile, 

presenting significant differences of postlarvae profile. In some fatty acids it is 

recorded a significant decrease during juvenile growth (e.g. 16:1 (n-7), 16:4 (n-

1) and LA). It is also noticed an increase in ARA and DHA levels. 

A useful tool for formulation of suitable juvenile grow-out diets is the 

biochemical analyses of wild organisms to assess nutritional deficiencies (Calado 

et al., 2005a). Since decapods tissues present very low contents of fatty acid 

C20:3 (n-9), the accumulation of MUFA is used as an indicator of EFA deficiency 

(Calado et al., 2005a,c). No significant differences were found regarding MUFA 

levels of experimental treatments. DDF treatment presented the lowest MUFA 

levels and the highest EFA (namely ARA, EPA and DHA), PUFA and HUFA levels. 

PUFA are important for maturation and reproduction of crustaceans (Rosa et al., 

2005), DDF’s PUFA higher levels may also influenced sex change in this 

treatment. Apparently DDF provides all EFA in reasonably proportions, promoting 

high survival and growth rates. Since it was not possible to compare rearing 
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juveniles with wild ones, it was not possible to evaluate any unbalance regarding 

excess EFA. 

Analysing production estimations, AGF and DDF presented similar final results 

regarding total juvenile commercial production (44% and 47% respectively). 

However, DDF promotes faster growth rates, exhibiting a significant higher 

proportion of Commercial-Small juveniles (27 ± 1%). DDF results detached itself 

from others regarding nutritional and growth-out aspects. From a commercial 

point of view this is extremely attractive. Almost 50% of an initial larval batch 

can achieve juvenile commercial size with approximately 3 months old. 

Considering these results, no count-down to size evaluation is needed during 

the first month after settlement. The first size evaluation can be made around 40 

to 45 DAS, where it should be around 40 to 50% of commercial-tinny juveniles. 

New count-downs every 15 days should be sufficient to continue to evaluate 

juvenile growth rates. Reducing size evaluations implies the reduction of animals 

handling which promotes a cost decrease. Future studies should quantify sex 

phase change in these experimental diets, in order to assess their impact in 

growth rates and in production costs.  

 

Conclusion 

The present work allowed for the first time to quantify a real commercial 

production of Lysmata seticaudata, integrating larval and juvenile production 

data. The results only confirm and support previous studies, enhancing this 

species culture potential. In 3 months, it is possible to raise almost half a larval 

batch in to commercial juveniles. DDF appears to be a suitable diet to juvenile 

growth. However, precocious sex change must be quantified and reduced. A 

better comprehension of the physiological mechanisms implicated in sex change 

will help to develop methods and protocols culture that delay ovarian maturation, 

promoting faster growth rates. 
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FFiinnaall  CCoonncclluussiioonnss    

Diets nutritional suitability is an essential aspect during all productions phases 

– broodstock maturation, larval development and juvenile growth – so basic 

nutrition studies are always important tools to improve production results. The 

present work was characterized by an experimental approach to real nutritional 

constrains in commercial production of Lysmata seticaudata. The main objectives 

were to optimize broodstock maturation and juvenile growth protocols by 

choosing suitable diets, through fertility and growth rates analysis combined with 

fatty acid profiles comparison. Scheduling broodstock rotation and periodical 

juvenile size selections count-downs were practical features regarding production 

protocols that had to be defined. 

Broodstock maturation experiment revealed diets influence in maturation time 

and fertility rates of L. seticaudata. Gamma® frozen food (GFF) treatment 

promoted relatively shorter maturation period, regular and reliable spawning 

events, with good fertility rates and no decrease in larvae production, fullfilling 

the hatchery needs. However, GFF presented some dissimilarities from wild-

caught shrimps concerning eggs essential fatty acids (EFA) and polyunsaturated 

fatty acid (PUFA) content, which may influence eggs and larvae quality. An 

evaluation on larval development is necessary to assess larvae and postlarvae 

quality, in order to guarantee GFF suitability has broodstock maturation diet. 

Following Lusoreef’s methodologies (26ºC, 17 larvae.L-1, daily new hatchly 

Artemia nauplii and squid supplement after Zoea V), it is possible to achieve an 

82% survival rate to postlarvae stage, 28 days after hatching (DAH). Production 

scale-up implies a balance between rearing conditions and survival rates 

obtained. Larval densities and survival rates of commercial scale tanks are 

smaller than the ones of small scale tanks. However, it is preferable to keep such 

lower larval density because the larger initial larvae number counterbalances the 

smaller survival rates, being considerably more advantageous from a commercial 

point of view. 

In the juvenile growth-out experiment, Dainichi® dry food (DDF) treatment 

promoted the fastest growth rates, with a significant higher proportion of 

Commercial-Small (TL>20mm) juveniles. With DDF it is possible to have almost 

50% of an initial larval batch with a juvenile commercial size approximately 90 

DAH. DDF provides high levels of PUFA and HUFA, including the main EFA, which 
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may promote precocious sex change. The occurrence of precocious sex change is 

disadvantageous, once a considerable portion of energy will be directed to occyte 

production, neglecting growth rates. Visual and tactile interactions seem to 

activate sexual phase change. Reducing precocious sex change without 

increasing production costs is not an easy task. It is necessary to quantify sex 

change rates and evaluate their impact in growth rates. Only then it is possible 

to define a commitment between cost and growth and sex change rates, assuring 

commercial viability.  

The present work contributed to the improvement of maturation and juvenile 

growth-out protocols in Lusoreef and to the definition the broodstock rotation 

and juvenile count-down schedules. Broodstock rotation should occur in periods 

equal to 6 months, through several groups replacement, with a 4 weeks time gap 

between groups to guarantee a continuous larvae production. Broodstock 

replacement by captive rearing shrimps should be analysed and reproductive 

performance evaluate, in order to prevent the need of using wild caught animals. 

Juvenile size evaluation count-downs should occur for the first time 40 to 45 

days after settlement and then every 15 days until all juveniles reach commercial 

size.  

Ornamental shrimps are a highly valued product, which still have significant 

production costs. Production scale-up is essential to supply their great demand 

on ornamental trade and decrease production costs. From a commercial point of 

view, production costs are always extremely important factors that contribute to 

decisions regarding methodologies protocols. Maintaining constant production 

rates, from larval production and rearing to juvenile growth rates, is crucial in 

order to assure commercial viability. Periodical count-down events help to 

assessing production rates and problems detection. If the results are significantly 

lower than production estimation, it may indicate that there is a problem. Finally, 

production estimations are also fundamental for stock management in order to 

predict juvenile commercial production, considering actual larval output. 
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