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ABSTRACT

AdvancedinthepresentarticleisaTwo-stepproceduredesignedonthemethodsoftheleastsquares
(LS)andinstrumentalvariable(IV)techniquesforsimultaneousestimationofthethreeunknown
parametersL∞,Kandt0,whichrepresenttheindividualgrowthoffishinthevonBertalanffygrowth
equation. For the purposes of the present analysis, specific MATLAB-based software has been
developedthroughsimulateddatasetstotesttheoperationalworkabilityoftheproposedprocedure
andpinpointareasofimprovement.Theresultingparameterestimateshavebeenanalyzedonthe
basisofconsecutivecomparison(theinitialconditionsbeingthesame)betweentheresultsdelivered
bythetwo-stepprocedureforsimultaneousestimationofL∞,Kandt0andtheresultsobtainedvia
themostcommonlyemployedmethodsforestimatinggrowthparameters;first,usehasbeenmadeof
theGulland-and-HoltmethodforestimatingtheasymptoticlengthL∞andthecurvatureparameter
K,followedbythevonBertalanffymethodforestimationoft0.
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INTRodUCTIoN

Determiningthefishgrowthparametersplaysafundamentalrolenotonlyinthecorrectdetectionof
thefishstockageandsizestructure,butalsointheprocessofstockassessmentprocedure,studies
ofthepopulationdynamicsandsustainablestockmanagementintermsoffishstockexploitation
restrictionsorspecificrecommendationsforminimumlimitsonthesize(length)ofspeciestobe
caughtlegally,selectivityofthefishinggearsandequipment,etc.Historicdataongrowthparameters
estimateshasbeensuccessfullyusedasabasisforanalysisofthestockbiologicaldevelopmentover
timeinadditiontotheanalysisoftheimpactofenvironmentalfactors–foodavailability,variabilityin
specificenvironmentalconditions,suchaswatertemperature,theconcentrationofdissolvedoxygen,
thetypesofspeciesinteractionsandothers.Severalfunctionshavebeendevelopedtomodelthegrowth
offish(Gompertzgrowthmodel,Schnute-Richards,logistic,etc.),howeverthevonBertalanffymodel
isthemostpopularandisinthescopeofthepresentmaterial.

ThevonBertalanffymathematicalmodelofindividual-basedapproachtopredictingfishgrowth
expressesthelength L( ) asafunctionoftheageofthefish t( ) :
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where:t istheageoftherespectivefish,L∞ -istheasymptoticlength(ormeanlengthofthecohort
atageequaltoinfinitywhenthestudyreferstopopulationdynamics),K isacurvatureparameter
whichshowshowfastagivenindividualapproachesitsasymptotic(finite)length,t

0
–istheinitial

conditionparameter(determiningthepointinwhichthelengthofthefishis=0)(Cadima,2003,
Sparre&Venema,1998).

Equation(1)hasthreeunknowncoefficientsK ,L∞ and t
0

,tobedeterminedanalyticallyon
thebasisofgivenexperimentaldata (i.e. the lengthandagemeasurementsof thespeciesunder
analysis).AgreatnumberofmethodsforestimatingvonBertalanffygrowthparametershavebeen
successfullyimplementedinpractice,withtheirmaindisadvantagebeingtherequirementforregularity
ofthecorrespondingmeasurements.Failuretocollectandprocessthedataonaregularbasisdistorts
theresultsofthemethodsdiscussedsofarexceptfortheGulland-and-Holtplot,andwhatismore,
theyusuallyprovideestimatesforonly2ofthe3unknownparameters(Sparre&Venema,1998),
withtheexceptionof(Melnikova,2009).

NorbertWinnerandLudwigvonBrtalanffyconclusivelyprovedintheirworkstheexistenceof
closesimilaritiesintheoperationandcontrolofthemachinesandthelivingorganisms.Itfollows,
therefore,thatthecommonprinciples,methodsandapproachesdevelopedfortheanalysisandcontrol
oflargetechnicalsystemscanbesuccessfullymodifiedoradaptedintheresearchandmodelingof
biologicalobjectsandsystems.TheSystemtheoryandmorespecificallythedevelopmentoftheSystem
identificationscientificareaappeartobeverysuitabletheoreticalbasisforfurtherimprovementand
elaborationof theobject/systemmodelingmethodsandprinciples(Eykhoff,1974;Genov,2004;
Hoffman&Frankel,2001;Soderstrom&Stoica,1989).

TheLeastSquaresMethod(LSM)techniquesarewell-knownandwidelyappliedinvarious
scientificareasforexperimentaldataprocessinganditssubsequentfittingtoamodel(Stigler,1981;
Walter&Pronzato,1997).TheLSMisastandardapproachinregressionanalysistoapproximate
thesolutionofoverdeterminedsystems,i.e.,setsofequationsinwhichthenumberofequationsis
muchhigherthantheparametersunknown.“Leastsquares”meansthattheoverallsolutionminimizes
thesumof thesquaresof theresidualsmadein theresultsofeverysingleequation.It iswidely
practiced inengineering forsolving regulatorsynthesisproblemsandsystemmodeling,wherea
varietyofLSMmodificationshavebeendevelopedaimingatobtaininggeneralimprovementofthe
accuracyinparameterestimates.TheLSMalsotakesplaceinmodelingandparameterestimation
of biological objects. Its wide applicability is generally assumed to be associated with normal
distributionofinputdatausedforanalysisprovidedthatthenumberofdatashouldexceedthenumber
oftheunknown(estimated)parameters.Thepresentarticleproposesatwo-stepproceduredesigned
onthemethodsofleastsquaresandinstrumentalvariablesforsimultaneousestimationofthethree
unknownparametersinvonBertalanffygrowthmodelequation-L∞ ,K and t

0
.

BACKGRoUNd

Forthepurposesofthepresentanalysisanddevelopmentofthemethodproposedandthecorresponding
algorithm,thevonBertalanffygrowthequationwillbere-statedasfollows:

L t L L e
K t t( ) = −∞ ∞

− −( )0  (2)



 

 

31 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/two-step-procedure-based-on-the-least-

squares-and-instrumental-variable-methods-for-

simultaneous-estimation-of-von-bertalanffy-growth-

parameters/223869

Related Content

Rice Crop Disease Prediction Using Machine Learning Technique
Bharati Pateland Aakanksha Sharaff (2021). International Journal of Agricultural and

Environmental Information Systems (pp. 1-15).

www.irma-international.org/article/rice-crop-disease-prediction-using-machine-learning-

technique/280312

Assessing Environment-Climate Impacts in the Nile Basin for Decision-

making
Farid El-Daoushy (2011). Green Technologies: Concepts, Methodologies, Tools and

Applications  (pp. 694-712).

www.irma-international.org/chapter/assessing-environment-climate-impacts-nile/51726

One-Dimensional Mathematical Models to Simulate Deciduous Tree Ignition
 (2021). Forest Fire Danger Prediction Using Deterministic-Probabilistic Approach

(pp. 63-73).

www.irma-international.org/chapter/one-dimensional-mathematical-models-to-simulate-

deciduous-tree-ignition/278983

LLC Converter Based PV Water Pumping System With Enhanced User

Safety Approach
Anuradha Tomar (2021). International Journal of Agricultural and Environmental

Information Systems (pp. 1-12).

www.irma-international.org/article/llc-converter-based-pv-water-pumping-system-with-enhanced-

user-safety-approach/274050

Developing an Economic Estimation System for Vertical Farms
Yiming Shao, Tim Heathand Yan Zhu (2016). International Journal of Agricultural and

Environmental Information Systems (pp. 26-51).

www.irma-international.org/article/developing-an-economic-estimation-system-for-vertical-

farms/158094

http://www.igi-global.com/article/two-step-procedure-based-on-the-least-squares-and-instrumental-variable-methods-for-simultaneous-estimation-of-von-bertalanffy-growth-parameters/223869
http://www.igi-global.com/article/two-step-procedure-based-on-the-least-squares-and-instrumental-variable-methods-for-simultaneous-estimation-of-von-bertalanffy-growth-parameters/223869
http://www.igi-global.com/article/two-step-procedure-based-on-the-least-squares-and-instrumental-variable-methods-for-simultaneous-estimation-of-von-bertalanffy-growth-parameters/223869
http://www.igi-global.com/article/two-step-procedure-based-on-the-least-squares-and-instrumental-variable-methods-for-simultaneous-estimation-of-von-bertalanffy-growth-parameters/223869
http://www.igi-global.com/article/two-step-procedure-based-on-the-least-squares-and-instrumental-variable-methods-for-simultaneous-estimation-of-von-bertalanffy-growth-parameters/223869
http://www.irma-international.org/article/rice-crop-disease-prediction-using-machine-learning-technique/280312
http://www.irma-international.org/article/rice-crop-disease-prediction-using-machine-learning-technique/280312
http://www.irma-international.org/chapter/assessing-environment-climate-impacts-nile/51726
http://www.irma-international.org/chapter/one-dimensional-mathematical-models-to-simulate-deciduous-tree-ignition/278983
http://www.irma-international.org/chapter/one-dimensional-mathematical-models-to-simulate-deciduous-tree-ignition/278983
http://www.irma-international.org/article/llc-converter-based-pv-water-pumping-system-with-enhanced-user-safety-approach/274050
http://www.irma-international.org/article/llc-converter-based-pv-water-pumping-system-with-enhanced-user-safety-approach/274050
http://www.irma-international.org/article/developing-an-economic-estimation-system-for-vertical-farms/158094
http://www.irma-international.org/article/developing-an-economic-estimation-system-for-vertical-farms/158094

