
How to determine the age and growthof fish?

5ǊΦ DƻǊŀƴ WŀƪǑƛŏ



Theuse of hard parts

Theexaminationof hard parts is the most frequently usedmethod for age
determinationin fish. Partsusedto determinethe agein fish includescales,
otoliths, fin spines, fin rays, cleithra, vertebrae, opercular bones, and
dentarybones.

The use of hard parts is basedon the appearanceof marks,which have
been given a variety of names including annual marks, annual rings, or
annuli(annulusis the singular).



A scale with marked annuli (age 4+)

In the vegetativeperiod,at the time of the activediet, a brighter areais formed due
to the higherconcentrationsof limestone(consistsof a minimumof 50%/ŀ/hїύ.
In the winter period, when the diet is reduced,limestoneconcentrationsare lower
andthe darkerareais formed.
Annulusmarksoneyearat age.



Bony structures (i. e. otoliths, 
cleithra, vertebrae, opercular 
bones, and dentary bones) 
require sacrificing the fish.







Descriptive statistics

Thesamplemeanis the most commonlyusedmeasureof central tendencyand
isexpressedby the equation:
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Statisticsof dispersioncharacterizesthe spreadof samplemeasurementabouta
statistics( Ӷὼ) usedto expresscentral tendency. Commonmeasuresof dispersion
that describethis samplingvariation are the range,samplevariance(ί), and
samplestandarddeviation(ί):
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A statisticcloselyrelated to the standarddeviationis the coefficientof variation
(ὅὠ). Thismeasureprovidesa measureof precisionby expressingthe standard
deviationasa percentageof the samplemean:
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Becausethis measure is not influenced by the magnitude of the original
measurements,it is a usefultool for comparingvariabilitybetweentwo or more
samples. This is especiallytrue if the intervals of the valuesobtained for the
samplesarequite different.



Whythe growth?

Thegrowth isoneof the most important andmostreliableindicatorsof fishhealth,
populationproductivityandhabitatquality.

Birdsand mammalshave limited growth; graduallyincreasingthe body to sexual
maturity, followed by a gradual slow down and at one point complete growth
cessation.

Fish,amphibiansand reptiles have continuousgrowth; it lasts for a lifetime and
varieson the amountof food available,and on climaticconditionsand slow down
with the agingof the animal.



What kind of growth can be?

Å Isometric ςthe mass and length variables are uniform

Å Alometric ςthe Isometric ςthe mass and length variables are uniform

Å Alometric ςthe mass and length variables are not uniform

Å Positive alometric ςfaster fish progression in mass

Å Negative alometric ςfaster fish progression in length

Å mass and length variables are not uniform

Å Positive alometric ςfaster fish progression in mass

Å Negative alometric ςfaster fish progression in length

Å Isometric ςthe mass and length variables are uniform
Å Alometric ςthe mass and length variables are not uniform

Å Positive alometric ςfaster fish progression in mass
Å Negative alometric ςfaster fish progression in length

Å Isometric ςthe mass and length variables are uniform
Å Alometric ςthe mass and length variables are not uniform

Å Positive alometric ςfaster fish progression in mass
Å Negative alometric ςfaster fish progression in length

Isometric ςthe mass and length variables are uniform.
Alometric ςthe mass and length variables are not uniform.
Positive alometric ςfaster progression in mass.
Negative alometric ςfaster progression in length.



The nature of growth

ά ὥɇὒ ὰέὫά ὰέὫὥ ὦὰέὫὒ,

The nature of growth is obtained from the length-mass relationship:

m isa mass
L isa length(standardSLor total TL)
a isa constant
b > 3 meansthat alometricgrowth of fish ispositive
b < 3 meansthat alometricgrowth of fish isnegative
b = 3 meansthat growth is isometric
The functional exponentb (usuallybetween 2.5 and 4.0), which describesthe
curve of the relationship, is generally different among speciesand can be
sensitiveto biotic andabiotic influences,leadingto different valuesof b between
sexesor localities,evenwithin the samespecies.



Length-mass relationship of the Illyrian chub Squalius illyricus
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Different methods to express growth numerically (I)

Absolutegrowth isexpressedby the equation
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whereҟL isabsolutegrowth,Lѕis initial length,andLіis final length.

Relativegrowth isexpressedby the equation
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whereҟLעrelativegrowth,Lѕis initial length,andLіis final length.

Both absoluteand relative growth can also be expressedas a rate in terms of
growth per unit time:
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whereG is growth rate either absoluteor relative, tѕis initial time, tіis final time,
andLѕandLіarethe correspondinglengthsfor thosetimes.



Different methods to express growth numerically (II)

In casethat the growth is exponentialover a short period of time (ὸ ὸ
ρώὩὥὶit isbestreportedasaninstantaneousrate:
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These calculations of growth rates yield an estimate of growth that is
appropriateover short time scales(daysto months). Growth over longer time
periods tends to deviate from these simple, linear, or exponentialestimates
andrequiresmorecomplexmodels.



Back-calculation of length from calcified structures (I)

If we assumethat the growth of calcifiedstructuresis proportional to the overall
fish growth, a direct proportion method can be used to back-calculatesize at
annulusformation.

If we know the length of the fish, the radius of the calcifiedstructure, and the
radiusto eachannulus,we canusethe equation
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whereSַײis the radiusat annulusformation,Sis the overallradius,Lַײis the lengthat
annulusformation,andL is the fish lengthat capture.

Although this relationship generallyholds true, fisheriesscientistshave noticed
that it often resultsin anunderestimationof lengthwhenscalesareused.

A tactic assumptionof proportionality is that scalesare formed early in the
development. For many species,this is not true. Scalesmay not form in some
speciesuntil an individualreachesthe lengthof 5 cmor greater.



Back-calculation of length from calcified structures (II)

Workdoneby Fraser(1916) andLee(1920) suggestedthat a correctionfactor a be
addedto the equation to accountfor the delay in scaleformation. Theresulting
equation,
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whereὥis the sizeof the individualat the time of scaleformation, providesan
unbiasedestimatein lengthwhenscalesare usedand is referred to asthe Fraser-
Leeor intercept-correcteddirect proportionmodel.

While this formula is widely used, it may not be the most preciseestimate of
lengthat age.



Growth in length

A numberof modelshavebeenusedto model length,but the model developed
by von Bertalanffy (1938) generallyfits fish length data well. It has becomea
standardamongfisheriesscientists. Themodelis representedas

ὰ ὒ ρ Ὡ ,

whereὰis lengthat timeὸ,ὒ is the asymptoticlength,ὑisa growth coefficient,
andὸ isa time coefficientat whichlengthwould theoreticallybe0.

Most statistical and graphics software packagesnow contain programs that
calculatenonlinear regressionparameterssuch as those in the von Bertalanffy
growth equation.



Examples of von Bertalanffy growth equations

ὒ ςσȟω ρ Ὡ ȟ ȟ ), for the Monkeygoby

ὒ σχȟτ ρ Ὡ ȟ ȟ ), for the Roundgoby

ὒ ςψȟχ ρ Ὡ ȟ ȟ ), for the Bigheadgoby

Highestgrowth coefficienthasbeendeterminedfor the Monkeygoby
andlowestfor the Roundgoby.
The asymptotic length that can reach the Monkey goby was smaller
than asymptoticlengthof the other two species.



Back calculated and von Bertalanffy total lengths of                                    
Monkey goby, Round goby and Bighead goby

Fish species Age n L1 L2 L3 L4 Lt rL

Monkey goby

(Neogobius

fluviatilis)

I 23 6,51 7,65 34,46

II 28 4,78 8,67 10,46 26,65

III 16 4,92 7,32 11,09 12,79 14,24

× 67

Mean 5,40 8,00 11,09

Round goby

(Neogobius

melanostomus)

I 14 4,82 5,92 41,14

II 13 3,80 5,84 8,04 45,50

III 12 3,37 4,64 8,61 10,03 25,51

IV 1 3,60 4,69 6,91 10,50 11,88 12,33

× 40

Mean 3,90 5,06 7,76 10,50

Bighead goby

(Ponticola

kessleri)

I 4 5,08 5,58 30,10

II 4 3,57 7,33 8,19 22,39

III 4 3,61 5,61 9,69 10,51 7,71

IV 2 4,21 6,68 9,77 11,70 12,57 7,17

× 14

Mean 4,12 6,54 9,73 11,70
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