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Understanding nutrition-reproduction interactions and determining the 

nutritional requirements for successful maturation and spawning are needed to enable 

year-round, large volume hatchery production (Harrison, 1990; Watanabe, 1995). The 

egg fatty acid (FA) profile, particularly of recently spawned eggs, has already elucidated 

information about species life history, feeding ecology and habitats (Cahu et al., 1986, 

1994; Narciso, 2000; Rosa et al., 2007). The fatty acid profile of Armases cinereum 

eggs confirmed the species omnivore feeding and detritivore behaviour (Figueiredo et 

al., 2008b). For potential aquaculture species with a relatively unknown ecology, the 

egg FA analysis can provide valuable information through trophic markers as the DHA: 

EPA ratio and proportions of 18:1n-9 and odd-saturated FA that reflect adult feeding 

habits (e.g. herbivore versus carnivore) (Auel et al., 2002; Scott et al., 2002; Dalsgaard 

et al., 2003; Volkman et al., 1998; Rosa et al., 2007; Figueiredo and Narciso, 2008; 

Figueiredo et al., 2008a,b). Utilizing FA trophic markers, one may potentially develop a 

broodstock diet similar to the natural diet, particularly in lipid and EFA content, to 

enhance egg and larval quality (Primavera et al., 1979; Harrison, 1990; Abi-ayad et al., 

1995; D’Abramo, 1997; Anger, 1998). Also, trophic markers may be used to infer a 

species preferred habitat (e.g. bottom feeding detritivore versus open water carnivore), 

which could aid in determining broodstock tank size/shape and substrate requirements 

(Figueiredo et al., unpublished – chapter III). The egg fatty acid profile of the spider 

crab Maja brachydactyla revealed that this species (or population sampled) in more 

herbivorous than previously thought (Figueiredo & Narciso, 2008); this could be a 

helpful information to develop a broodstock diet for this species. 

Additionally, the differential FA consumption within eggs through embryonic 

development may also elucidate the nutritional requirements of the broodstock diet, as 

constituents acquired from the diet are incorporated into the oocytes and egg yolk. 

However, despite being plausible, to our knowledge no available data exists to verify 

this hypothesis. The egg fatty acid consumption during embryogenesis should be 

studied in wild stocks (eggs spawned and matured in nature) and assessed with 

standardized and controlled experiments across a range of species to validate this 

hypothesis (Figueiredo et al., unpublished – chapter III). 

The recently spawned egg FA profile of many marine species has also been 

suggested as a possible reference for formulating larval diets. While a diet with a 

nutritional composition similar to newly spawned eggs should be adequate for the 

larvae after the onset of exogenous feeding (Rainuzzo et al., 1997), it might be 



insufficient to determine the optimal FA composition of the larval diet as certain FA are 

preferentially consumed during embryogenesis. We hypothesize the larval diet 

composition should be based upon the consumption of FA through embryogenesis. The 

most consumed FA during embryonic development appear to be those that are most 

necessary for successful development while the FA that are not consumed do not appear 

to be as necessary. This was exemplified using DHA as a case-study (Figueiredo et al., 

unpublished – chapter III). Available data suggests the higher the consumption of DHA 

during embryonic development of crustaceans and fish, the greater the requirement of a 

DHA-rich larval diet (Figueiredo & Narciso, 2008; Figueiredo et al., 2008a; Figueiredo 

et al., unpublished – chapter III). Also, if no significant consumption of DHA occurs 

during embryogenesis, larval survival and growth do not appear to be significantly 

affected when fed a DHA deficient prey (Figueiredo et al., 2008b; Figueiredo et al., 

unpublished – chapter III). Therefore, it seems that a FA may not be required in the 

larval diet of species that do not significantly consume that FA during embryogenesis. 

However, the available data is still insufficient to validate this hypothesis. We suggest a 

set of standardized and controlled experiments across a range of species be conducted to 

validate this hypothesis. As larval requirements differ between species (Sargent et al., 

1989), a larval diet will be species specific.  

While the egg FA profile may be utilized to determine the larval nutritional 

requirements, incorporating these nutrients into the larvae through the larval diet (often 

a live prey item) remains problematic. Artemia nauplii are the most commonly used 

prey in the culture of marine larvae. However, a great number of species cannot be 

successfully raised with newly hatched Artemia nauplii due to its low content of certain 

essential fatty acids, particularly DHA. Since Artemia is a non-selective, continuous 

filter-feeder, the nauplii can be enriched with EFA. However, the enrichment procedure 

has disadvantages, such as Artemia nauplii mortality and naupliar growth during the 

enrichment period, which can be problematic for mouth gape limited larvae, such as 

fish. To improve the Artemia enrichment protocol, the effects of temperature, salinity 

and enrichment time (and their interactions) on percent survival, nauplii size, and fatty 

acid profile of enriched Artemia nauplii were tested (Figueiredo et al., unpublished – 

chapter IV). Results showed increased temperatures promoted greater incorporation of 

fatty acids, particularly DHA, but also resulted in higher mortality and growth rates. 

Salinity was less influential with regards to FA incorporation and mortality, but 

influenced growth; decreased salinities appeared to promote reduced growth rates. The 



data collected were then used to create an Artemia enrichment model that predicted the 

survival, total length and fatty acid composition of nauplii enriched with varying 

combinations of temperature, salinity and enrichment time. The model allowed us to 

predict the optimal combination of variables to produce a prey with the desired 

properties (a specific total length and fatty acid profile), while minimizing mortality 

(Figueiredo et al., unpublished – chapter IV). The model will hopefully be beneficial to 

the aquaculture industry since it might allow the production of adequate prey for species 

which have not been successfully cultured yet. 

Besides diet, various abiotic and biotic factors are important to the success of 

larval culture. Traditionally, only survivorship to the juvenile stage and growth were 

used as evaluation criteria to optimize a larval culture protocol (Penha-Lopes et al., 

2005). However, to effectively address larval culture issues, other criteria such as 

larval duration and synchrony of metamorphosis should be included (Figueiredo and 

Narciso, 2006). Determining the optimal abiotic and biotic conditions to raise an 

animal at each stage of development is difficult since it is not feasible to test one 

factor over its entire range. Instead, researchers often select a few values within a 

range and those values that yield the greatest survivorship, synchronism, and/or 

growth are considered optimum. A comparison between treatments with an analysis 

of variance (identifies significant differences between treatments) is not adequate to 

choose optimal culture conditions because there are no guaranties the optimum level 

was tested. To determine the best conditions, response curves that reflect the effect of 

an independent variable (factor) on a dependent variable (e.g. survival or total length) 

throughout the entire range of levels of the factor should be designed from available 

data. Response curves also allow the determination of the optimum level, i.e., the 

level of the factor that maximizes the dependent variable, such as growth and 

survival, even if that level was not experimentally tested (Kuehl, 1994).  

However, optimal conditions from the biological perspective do not necessarily 

imply higher productivity. Although lower stocking densities result in higher larval 

survivorship, they can be disadvantageous from a production perspective. For example, 

while survivorship decreases with increasing stocking density, the number of postlarvae 

obtained might increase with increased stocking density (until the optimum point). 

Therefore, higher stocking densities are usually more productive from the production 

rather than the biological perspective (Figueiredo & Narciso, 2006; Figueiredo et al., 

2008c). Productivity models should be developed and provided to the aquaculturists for 



the selection of the most viable conditions to culture target species and predict 

productivity. Productivity models were developed for Lysmata seticaudata larval 

culture (Figueiredo & Narciso, 2006) and Mithraculus forceps larval and juvenile 

culture (Penha-Lopes et al., 2007; Figueiredo et al., 2008c). All models developed 

allowed a significant increase in culture productivity, and consequently to the 

optimization of their commercial culture protocols. Models were also used to determine 

the impact of exposing larvae to short term starvation on productivity. The Mithraculus 

forceps starvation model suggested that there is no significant impact on culture 

productivity (Figueiredo et al., 2008c); however, to safely adapt this strategy, we would 

have to evaluate this strategy from an economic perspective (culture costs/savings and 

sale profit). 

The ultimate measure of economic viability of a commercial operation is its 

profit (Yu et al., 2006). In aquaculture the objective is to achieve high productivity at 

low cost, thus, there is a widespread interest in predicting product yield as well as 

culture profitability. For example, higher temperature generally enhances larval growth 

rate and decreases larval duration, but promotes higher mortality. However, by reducing 

the larval duration, we can minimize the time the animals spend at a critical period of 

development (i.e. the larval stage) while increasing the number of larval cohorts 

cultured in a period of time. Thus, the option for one strategy should not be evaluated 

without including farm operation costs and profit (Figueiredo et al., 2008d).  

Models have been increasingly applied in aquaculture (Nunes and Parsons, 

2006) since they constitute an important tool to determine the most profitable protocol 

(combinations of abiotic and biotic conditions such as temperature, stocking density, 

prey density, and farm characteristics like number and size of tanks) to culture a target 

species to commercial size (Yu et al. 2006). A model can support management 

decisions by allowing the producers to perform simulations of different culture 

scenarios according to the specificity of the facility and its operation costs (Hanson et 

al., 1985; Yi, 1998; Zhu et al., 1998; Hernández et al., 2003; Christensen et al., 2004; 

Forsberg and Guttormsen, 2005; Halachmi et al., 2005; Figueiredo and Narciso, 2006; 

Halachmi, 2006; Yu et al., 2006; Grant et al., 2007; Penha-Lopes et al., 2007; 

Figueiredo et al., 2008d). As an example, a productivity and profitability model for the 

ornamental crab, Mithraculus forceps, was developed (Figueiredo et al., 2008d). The 

model integrated previously collected data and produced expected forecasts of M. 

forceps larval and juvenile culture utilizing different combinations of temperature, 



stocking density, and prey density. This information was combined with facility 

characteristics (number and volume of tanks), operation costs (feed, labor and 

maintenance costs) and sale profit to produce a model that could be used as an 

aquaculture management tool. Models developed for Mithraculus forceps allowed a 

significant increase in culture productivity and will hopefully contribute to enhance the 

commercial culture of this species.  

The implementation of predictive models to the culture of a wider range of 

species would allow the improvement of aquaculture efficiency and profitability while 

minimizing wild collection. Nevertheless, these models should not be static. After being 

designed, available and future data should be incorporated to validate the model 

prognoses (Jorgensen and Bendoricchio, 2001) and improve model forecasts. 
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