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Parameter estimation using data fitting
From the kinetic model representation, we estimate the parameter
values from the experimental data time series (Vera et al, 2006,
Hormiga et al. 2008). The fit problem is turned into an optimization
problem using a objective a function to minimize the distances
between the experimental data points and model results (D). To
find the best fit is a global optimization problem and requires a
special optimizer like the SGA or the modified GA.

Simple and modified Genetic Algorithm
Simple Genetic Algorithm (SGA) is an optimization method inspired in the natural selection
process (Holland et al., 1975). The parameter space is explored by means crossover and
mutation of the population elements, which are previously coded as binary strings. The initial
population is generated by random exploration of the search space. The best individuals of the
population are selected in the considered iteration using the value of the objective function (D).
In the modified SGA, an additional fast climbing and stochastic algorithm is applied to the best
solutions in each iteration.
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Octopus vulgaris represents a highly valued species of great commercial interest. However the
industrial culture has proven unfeasible until now due to paralarvae, first stage growth phase,
high mortality (Iglesias et al., 2007). One of the main causes of this problem is the diet since
there is a lack of knowledge on the nutritional requirements of this species. Most likely, a
nutritional imbalance in the protein and lipid profile of the artificial feeding protocol may be
responsible for this high mortality (Villanueva and Norman, 2008). Therefore, it is necessary to
establish an optimal nutritional regime based on the nutrient metabolism throughout the
ontogenic process as well as the effects of diet composition. In order to deal with this
evaluation we have considered the integration, in a mathematical model describing the species
growth, of the available information on the nutritional requirements.
The model is aiming to predict the time evolution of paralarve nutritional composition in terms
of the protein and diet lipid fractions. Also it integrates paralarvae and adult nutrient
composition data from closely related cephalopod species (i.e. cuttlefish, F) in order to
dilucidate the best diet. By comparing the model predictions with the experimental results, we
are able to present an optimal diet composition that should assure the maximal survival.

TP, NL and PL contents have been obtained from:
1. O. vulgaris eggs and paralarvae: Quintana et al. (2005, 2006)

2. O. vulgaris juveniles: Navarro and Villanueva (2003)

3. Artemia (prey): Quintana et al. (2006)

4. Spider crab zoea (prey): Navarro and Villanueva (2000)

5. Cuttlefish eggs: Sykes et al. (2009)
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(A) Diets for the broodstock and paralarvae, (B) Differents stages of Octopus Vulgaris growth, (C) Selected model variables (TP, NL & PL).

(G) Model diagram: The dark arrows represent the variable
transformations. Green arrows are the diet supply. Excrections are
represented by the red arrows.

(H) Data fitting for cuttlefish eggs variables Total Protein (TP), Neutral Lipids
(NL), and Polar Lipids (PL)

Model development

The objective is to construct a dynamic phenomenologic model for the variables TP, PL and
NL. These variables represents 90% of the body mass at the egg, paralarvae and juveniles
stages (B). Accordingly, a GMA model (E & G) describing the transformation between these
variables and the interchange with the culture media was constructed. The high mortality in
Octopus Vulgaris paralarvae impairs data adquisistion of the selected variables, so we use a
similar specie (cuttlefish, F) to calibrate the model. The fluxes from the culture media to the
organism (G), are equal to zero when both species are in the egg stage, but in the paralarvae
phase of Octopus vulgaris are given by the composition of the feed.

RESULTS

Predictions on Octopus Vulgaris
After the model calibration it’s possible to
introduce the data from the specimen of
interest. The initial variables values
correspond to the yolk composition. The
uptake paralarvae stage fluxes are the
composition of the diet respect the mean
time of feed.

The GMA P-L formalism is a good tool to build phenomenologic models and simulate the
behaviour of complex organism using only macroscopic data measures.

Our model predicts that the industrial diet with the nearest composition to the optimal one is
spider crab zoea. This result has been validated by some experimental data (Navarro and
Villanueva (2003). It is thus suggested that any culture feeding material matching the optimal
composition would produced better paralarvae survival rates.
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Common octopus (Octopus vulgaris) is one of the main candidates to the aquaculture
diversification, but the culture of this specimen present significant difficulties, mainly related
with a inadequate first stages diet. With the aim of analyse and predict optimal diet
composition to ensure the maximal survival we have developed a model which integrates data
from the different growth phases of Octopus Vulgaris, the main body composition on the first
stages of similar species and the nutritional composition of the diet supplied in captivity.
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(D) Objective Function for fata fitting. This funtion calculates de quadratic distance between the experimental (y) and simulated values (x) at each time point (i). By
using normalized data (y) and error (σ ), results are the total distance for each time point (i) and curve (j). (E) GMA equations, Xi are the variables, cij the elements
of the stochometric matrix, γj the flux (j) rate constants and gjk the kinetic orders with the variable Xk and flux γj.

Cephalopod Crustacean Fish

TP 8.30% -7.80% -5.60%

PL -29.20% -22.10% -30.50%

NL -23.90% -17.60% -24.70%

Cephalopod Crustacean Fish

TP 5.10% 0.29% 3.40%

PL -13.20% -8.50% -12.40%

NL -3.90% -4.10% -3.10%

Paralarvae diet: 
Artemia

Paralarvae diet: 
Spider crab zoea

(I.1)

(I.2)

Broodstock diet

Broodstock diet

Artemia Spider crab zoea

TP -7.60% -19%

PL -42.30% -8%

NL 23.90% -12.70%

Optimal diet relative to the 
common diets when the 
Broodstock are feeding with 
Crustacean

(I.3)
(I.1) Predicted Relative Composition of juveniles when paralarvae are
feed with artemia for differents broodstock diets. (I.2) Predicted
Relative Composition of juveniles when paralarvae are feed with spider
crab zoea for differents broodstock diets. (I.3) Predicted Optimal diet
deviation from the artemia and spider crab zoea composition when
crustacean is the broodstock diet.

CONCLUSIONS

(H)

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4TM3N6K-2&_user=1595683&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000053937&_version=1&_urlVersion=0&_userid=1595683&md5=05b2ddc4f0064f8fccc695daa9f6d7b1�

	Slide Number 1

