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How to determine the age argfowth of fish?
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Theuse of hard parts

Theexaminationof hard partsis the most frequently usedmethod for age
determinationin fish. Partsusedto determinethe agein fishincludescales,
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 nhamesincluding annual marks, annual rings, or
annuli(annulusis the singular)




A scale with markedannuli(age 4+)

In the vegetativeperiod, at the time of the activediet, a brighter areais formed due
to the higherconcentrationsof limestone(consistof aminimumof 50%/ | / h'1 0
In the winter period, when the diet is reduced,limestone concentrationsare lower
andthe darkerareais formed.

Annulusmarksoneyearat age



Bony structures (i. e. otoliths,
cleithra, vertebrae, opercular
bones, and dentary bones)

require sacrificing the fish.
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Descriptive statistics

Thesamplemeanis the most commonlyusedmeasureof centraltendencyand
IS expressedy the equation
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Statisticsof dispersioncharacterizeshe spreadof samplemeasurementabouta
statistics(af usedto expresscentraltendency Commonmeasuresof dispersion

that describethis samplingvariation are the range, samplevariance(i ), and
samplestandarddeviation(l ):
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A statisticcloselyrelated to the standarddeviationis the coefficientof variation
(0 ¢ Thismeasureprovidesa measureof precisionby expressinghe standard
deviationasa percentageof the samplemean
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Becausethis measureis not influenced by the magnitude of the original
measurementsit is a usefultool for comparingvariability betweentwo or more
samples Thisis especiallytrue if the intervals of the valuesobtained for the
samplesare quite different.



Whythe growth?

The growth is one of the mostimportant and mostreliableindicatorsof fish health,
populationproductivityand habitat quality.

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 lastsfor a lifetime and

varieson the amount of food available and on climatic conditionsand slow down
with the agingof the animal

A GROWTH




What kind of growth can be?

Isometricg the mass and length variables are uniform.
Alometricc the mass and length variables are not uniform.
Positive alometrig faster progression in mass.

Negative alometrig faster progression in length.

newly hatched § : ;




The nature of growth

The nature of growth is obtained from the lengtiass relationship:
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m isamass

Lisalength(standardSLor total TD

alisaconstant

b >3 meansthat alometricgrowth of fishis positive

b <3 meansthat alometricgrowth of fishis negative

b =3 meansthat growthisisometric

The functional exponentb (usuallybetween 2.5 and 4.0), which describesthe
curve of the relationship, is generally different among speciesand can be
sensitiveto biotic and abioticinfluences Jeadingto different valuesof b between
sexesr localities,evenwithin the samespecies



Lengtlhkmass relationship of the lllyrian ch8Qualius illyricus

900
800 ml' nTAMmi
700
600
g 500
400

300

200

100
20 25 30 35 40 45

TL[cm]



Different methods to express growth numerically (I)

Absolutegrowth is expressedy the equation

Yo 0 0,
wherekL isabsolutegrowth, Lsis initial length,and i isfinal length.

Relativegrowth is expressedy the equation
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wherek LWrelative growth, Lsis initial length,andLli isfinal length.

Both absolute and relative growth can also be expressedas a rate in terms of
growth per unit time:
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where Gis growth rate either absoluteor relative, tsis initial time, ti is final time,
andLsandl arethe correspondindengthsfor thosetimes.



Different methods to express growth numerically (ll)
In casethat the growth is exponentialover a short period of time (0 ©
P 0 Q wit isbestreported asaninstantaneougate:
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These calculations of growth rates yield an estimate of growth that is
appropriateover short time scales(daysto months) Growth over longertime

periodstends to deviate from these simple, linear, or exponentialestimates
andrequiresmore complexmodels



Backcalculation of length from calcified structures ()

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

If we know the length of the fish, the radius of the calcified structure, and the
radiusto eachannuluswe canusethe equation
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where S'is the radiusat annulusformation, Sisthe overallradius,Listhe lengthat
annulusformation,andListhe fishlengthat capture

Although this relationship generally holds true, fisheries scientistshave noticed
that it often resultsin anunderestimationof lengthwhenscalesare used

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



Backcalculation of length from calcified structures (1)

Workdoneby Fraser(1916 andLee(1920 suggestedhat a correctionfactor a be

addedto the equationto accountfor the delayin scaleformation. The resulting
equation,

where wis the sizeof the individual at the time of scaleformation, providesan
unbiasedestimatein lengthwhen scalesare usedandis referred to asthe Fraser
Leeor intercept-correcteddirect proportion model

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



Growth in length

A number of modelshave beenusedto modellength, but the model developed
by von Bertalanffy (1938 generallyfits fish length data well. It has becomea
standardamongfisheriesscientists Themodelis representedas

a 0 (p Q C ),

wherea islengthattime 6,0 isthe asymptoticlength,0 isa growth coefficient,
ando isatime coefficientat whichlengthwould theoreticallybe O.

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

0 c@ p Qb h ) for the Monkeygoby
0 ox p QN h ) for the Roundgoby
0 cigy p QF h ). for the Bigheadgoby

Highestgrowth coefficienthasbeen determinedfor the Monkey goby

andlowestfor the Roundgoby
The asymptoticlength that can reachthe Monkey goby was smaller
than asymptoticlength of the other two species



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

Fish species  Age n L, L, L; L, L rn
Monkey goby | 23 6,51 7,65 34,46
(Neogobius
fluviatilig Il 28 4,78 8,67 10,46 26,65
Il 16 4,92 7,32 11,09 12,79 14,24
x 67
Mean 5,40 8,00 11,09
Round goby | 14 4,82 5,92 41,14
(Neogobius Il 13 3,80 5,84 8,04 45,50
melanostomus ' ’ ' '
1l 12 3,37 4,64 8,61 10,03 25,51
v 1 3,60 4,69 6,91 10,50 11,88 12,33
X 40
Mean 3,90 5,06 7,76 10,50
Bighead goby | 4 5,08 5,58 30,10
(Ponticola 4 3,57 7,33 8,19 22,39
kessler) S ' ' '
I 4 3,61 5,61 9,69 10,51 7,71
v 2 4,21 6,68 9,77 11,70 12,57 7,17
X 14

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




Von Bertallanfy growth curves and mean total lengths
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