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The prop~~~ie~>.9~i:;;or.JE!., commonly used:;grmlth ;curves iU'e describbd; ',Tho results
of fi. ttillG the ,von Bertalonffy· und ;,Gompertzcurves, to, gro\Jth dnta for·tho ".'
sC01.10p Poeten' 'iiwximus·,:c.re .~ontrD.sted. J The. ,von 'l3erta.lanffy:; equation ' gavc';:·
curves'ilhieh ,fittedthe,obseryed"dc.to.:reasonably Hellover: the.cntire.: aga· ""
ranGe. ,The·Gomper.tz::equot:Lon,gave .ieurves r\1hieh~fittedthe:data Nell! over:,,;,::.
the middle :of:'thc,'ngernngc, ::but jSD.ve,;vo.lues of ·äSyr.1ptotic,; size ,\Jhich' \;ere: ",
1r/ell belo\·,'the·' obserVed sizes ,~of seallops 10 or,"moreyenrsold;; "" Atthe· "
lover end of the age range the von Bcrtulnnffy equation gnve n very good
fit iJith :observed,valuesi:Jthedifferent :intercepts on'.:.thc"time,'axis.i '''.' '" ,::'

rcflec.t~nG'd~~r.~rent .spmJ~ingjtimes.,: .The Gompertz etirve' ecnnot :do .. this";a.s : .. ~ ';
. t d . t, t th t· . , , . >" .' , " -,'
~ :, oes ~o. ..;r:!e~ ,e, ,~me ~~9.:; :;:~ ,', .. ', V) ';< .-,;"",:,-: "-~",, .,.,', i ' ..'
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On deerit,~es proprie,tesßc..:quelC],u,es,courbes de' croinco.nce:d'usase courant.'; ,
On met"füi 'c'öntraste .le~resultats de ,:l!ajustD.ge ,des '-courbesde von Bertalanffy
ct de" dörnpcrtz :o.mc. donnee'spC?ur :10. croissanee qu pecten Peeten, maximus. -,;;': .. '~
L' equatfön ,cle von BertalonffY 0. donne" dc's eourbcs qui· s' ajustaient :ussez'.: ",'J;:
bien aux dönnees qu'o'na observe a n'importe' queLpoint 'sur lagm:rraedes', "'1;:::

agas. L'equation da GOl:lpcrtz a danne des courbcs qui s'ajustnicnt bien
, ~ '" ..aux donnees au, milieu ,deIn .GClr:une,.dcs, uZes, ,mnis' elle a donne'des valeurs ::',.',

de faÜ.'lc"-'asYmptotiaue. bie'nnu-dossaus ,des ,tnilles ·observees- pour les -', ~: ~.' "
pectens,,'de' dix nn's: ~t"'au':de·~su~.r".sur ID.pnrtie ,inferieurede .la;:gamme"" (,
des ogos ,'I ~,equatiöri de von Bcrtalanffy s' cst., ajustce tres, bien, uux..valeurs' ''', '.'
obscrvees"les differen'ts.,points d' inte~scction sur;,l' axe du' t'emps: indiquant.n

differentes: frniesons_~,:LD.,:eourbe dc, Gomper.tzne peut, pas en ·faire.'airlSi:"'·'->
parce'qu' €:lle ne ,toueh~'pas l!?\Xe du temps. ,:,;; ,~,~ ,,:.~ L: ' '. ~', "';::' ,,,'
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1r/here. Yt io the oize of th~ o::san.ir.rl, t is chronologieal, ~,i~~"~or..s?~e. ",:,,1
quanhty.· relc::.tcd to chronoloSJ.cal time) nnd e rcprcsents.m ;pareJ:'lctero" .,~.:."

\'lhich. determinc various characteristics of t~ curveo· -,:. These P3raineter'~r~:':~'..
may be.employed to providc precice comparisono bet\lcen' tho gro\'Jth patterns
of different individu~ls of the sume or different species.

A great deal has .hec,ll:~;,~i~c!ri·,·about;the:öppropriciteness"from"n'bi~logical
point of vie,,!, of different· mathematical functions as grolJth descriptors.
In some instances the analytical form of.n function hos been regarded as
describing, or arising from, specific physiological processes occurring
in the growth process being studied;.:: 'Ho\iever,. it is'not the intention
to dincuss such theories here ~ t Suffice". i t ,'-to" say i that:: in6.the'maticnl
functions, whether or not biological significance can be attributed to
them, do provide an obviouoly useful mechonism for describinc and
comparing observed grouth in both plnnts and nnimals. ~.:~~:,;..~.;.~!.:.:..

Having said this~ :ho\lover, one .can :recognise and·:usefullY~distind.tish:bet\lcer;,
h:o general closses of~curves,:;namely·those; \lhose"use :is: similly tosumrnarize'
a civen set.of,.datU;and~those\lhich :it iS"intcnded chull"hn:ire u:·meariing·)l •. ·.·:,·,
beyond .tho.;range,:of,the data used~in~their:cstimationo-:'In'the former ':'~':"W~'

d tuation, :consid~ration of~.properties'· of:.·the chonen' curve': öüt'Bidethe : :;.,,:.:':
observcd. range ,cf ",the~dutu pl~ys no -part in the·:choice'· of, curve. :, 'In·the·~ ,"~" .­
lotter:case.,such:considerations::maybc nil' important. ,: ,;',: ,,' .,... I.' ,',' ,:."

. \ ~. . . ~ . '" I'f " .' . ~::. ':.' I:: 1.:;": .. \':~ ,~., : "\ dC":':!' ~'.] J .~_ .: .. ~.'.' .l::' ',.; :~:";' .. IL "..... " .. Il" ~. .•

Undoubtedly:.the search tfor curves \Ihicb.· havc':a'practicul;arid~tlieciretic:ü' ~ y:
sienificance (·\·Jider . thon"' tho purticulur' 'set' of 'dritä:\:hich :'fo'rrii ':their bäsis.:· '.':: ':'~
is a praiso\lorthy scientific objective. It may; :ho\1cv"er, 'b'e' an undttuinable'~
goal. Gr01Jo!th in an e;~tremely complicated process and to express all its , ..
complexitics \Jithin a sincle r.lathemntic!l1. function is likcly to result ,.:'~:;";';.:~

in un extrencly complicated function \:Iith u very large.number of parameters.
\!hose estimation 'inpractice \Jould :be ·highly cfifficult~:ii'not' ·entirely'·;·l,: ;':~

·imposs~ble.;;.'The.seorch~or'such ~l ~function clco .iniii~cites agains.f:'arlother;',
important.scientific 'principlc'~" nCJi1ely ·:the principle' ·of,·pari.;i~ori.y~1.";Thii:;·;', ~"
sinply. stätes":.'that":'ic 'shciuld ~ali.jays· ch605e ·the.srilalleGt~·p·ossiblc'nul'nber"of ;;' d,

parDJ:1eters forndequate .rcpres'entatiön~·'-<!.: ; >. ";' :.'~'J,), LC ~;J' : '.' ;.':.1\ :,::.1.: ':'.;."~'
.•.. , , :"'" '1,''; .1.> c J ; '.>~;:~~) :...'; ',;;'::": ., .:;~"1·"":,.~i: ~';, ~ .. ;-.:.:; p:"l ..' ,.;'.', e

Perhap~.th~··b~-;t ~th~t: c~~ l?ehoped efor;' t!lcreforc', .:i's~ to lb~:eii;tn~: sir.blerit;~:·:~'
function .lJhich·lIill~fit the dutü :adequately and!ühich ~\lill·posscsG>som'e·"c~.: :',
01' the more 'obviousproperties ~;hich a.'sensible ;ctirve";should·have .. : Here";':·y,·:
aGD.in:..conflict cun :easily urise" betue'en .these' .criterrri~ 'for inshinc'e' bccaune '
ofj,the n:::J.ture; of' the obs'erv'ed, dat&~'~' A', curvc' uhich' innY"stiH'ably :represent' ... :­
observntions .overu restricted>.part: of the totl:u':-'grci\-ith cycle (c~ over', the' :.:.:
very carly stages of life) hiill in all likelihooU· qUickl'y; become mcaniilßli:;sD '.:
if extrupoluted beyond that restrictcd rang'eo . , .

•. ~tj.f ::4..:.'Lt",·,:::::.:_......... _'.""'.. n._."":-:_ .. : ..
It has already been noted thut simple functiono, such as first a~d. sccop( .,'
degree polynor.lia.ls in time, provide convenient, easy to :.fit summaries,..:.·,..:'_·:·:­
perfectly adequate in rJany situations for maldng comparisons .beb"reen ·avera~.

gro\-lth,patterns, in· different')groupn .of.·indiv:l.duals.·... ·; Such' compariso'nscijay"' :. '.. ~.

be made~:usinglstruightfor\-lard anälytois of.'vurianc.c techniques/'or, :·where.' '.:.~ ..
appropriate"by using;developm'ents of.;these techniques~:propos'edby:Handcl':- :. J

(1961, 1971) and odapted by Bnee, Acuff und tiibson (1979)0 Polynonials .. "
cunnot be recomnended Hithout reservation. They are not, for exrunple,-:J
generally successful at describing the cntire groHth cyclc, usually
givinc poor fits ut the upper limits of gro\lth.
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\Jhen the whole, or a largo part, of the grm,!th curve is to~be"modelled .;:,:.~,;'.. "'.:
0. moro elaborate functionaJ. form is likcly to be required. Threo~parameter.. ,'"
functions: arc.·oft,en~usod to' describe' bioI6Cic·al...·ero\.Jth~ 'thc', i10st>frequently;":~:

omp19:.~~" .~{irf:':,o~:J.j ~:>~"l;;': o.~;~;~~: \ :;" ~;:~·,·j:~.:':>.\"~;'/;r:~.~.~i>~'.)~; :".~.:::. :::;: .:» "~;,;..:..:' .;.~'~ .~~~;~.
the ~'~-;;:Be~tai;~ffy:.;:.y. '::; Y~~=·(.1 '.;. be-kt.)I;;~ ..,~)Of (,'F'; .,:.,::.!: .. :.' ~'''G~ ,;::('2) • (:':':~:'.

,:l:ct'1 :.;: ;,1')' <i o~i,~'{i) ·c~. .:~, \. ::"J.L Lr: .. : ~~r":~~': ';~" r:~." ::":.~ ~.' ~~'~ :",:"~ '::'~~,; ':':'~"':j :~~:::,:;,~ '::
the Gompertz: ~··L'l::::t:::.Y·· ::;':Y"exp (':'be~'" )"" _ ' ~ -- . '(3) " .' .

. -. .' •._~.\:_~,l(~ •.•i:-'.~.r):.,·;_ ' .. :;~:~.,j".f~:':~ ;.:i.1 '~:(J J~.~·,.j_c·J:.:.~.~j,,::J ("l:.,.."~'i.r.:"~".;: )",i,!:':.; (~~'''.~'':.'.',~:,''.;, ··.·~'1:
':.':':..:.~~...~·liU _ - - - . ... . "

the logistic : Y
t

:: Yeo {1 + exp (-(b+kt»)} "(4)·J'····· -"

J" . ,. .... -" ,,",'. ." - ,,' .... " ' .... , (. '. ;'

These curves·,are.~spcciri1"casosöFa.·3fa.milY·del'ivablelfrom a~'generalized' ... ~ ..
growth 6urve,for~\Jhich the::rate':of gro\'ith':ik'defined~byf!:;" ;.: ,.::. : ...... !J...~ :::~~.:~'; ':

~~ :"'~ji~~::t1i3~~;~i',;;~i,i:~:'.~.:-' (~~ r:~::",;; c;~~ ';_,~~;~;}.~:"~;~,:~. ~•.~~~~{?t :,';I~:~)
Both the Gompertz curvc and the .logistic..curvc ..have.~pOl.nts of-l.nflexion•.:' ,".-;
In the 6'il's'e' of' th~ 100gi'sti'c A curve' thispöi'nt occurs prcciselY'.half-uuy ~ .. ~ j~..;:~(~
bch'ecn . zerrö'and. Y;';' and 'tlie' cux.v·c. ii.i symmetrieal' about .this,value •...( .Gro\'lth: -:!.
rates \rhicha.'r'c s~etric'in ';thfs' v:ay are,' unusual ...:, On ..thc other 'handthe'· .. '.U

point of' iri~l.exi.on '.of.tl1c'Gor.ipe,rtz·.<:uF:ve- ,.oCC)l!'s a~..Y "': Yo:!e,ond: the" cul'vo~,:' .:~:
in not nymmetric'about :the ",1')oirit·. of inflexion.... , ForJJhis.,reason thc' GOllipertz' i. '

< •. ).'1".'" l"'q.,.J.\".t. 1 ~.~. ,' •.'- ,,~ •

curve mc.y 'be' dmore n.ttractive function than the loeistic for describine "~:" L;~

ero\·/th. Gro\Jth in lcngth, as Bevcrton and Holt (1957) h~ve pointcd out,
docs not usuully sho;! Ci point of,inflcxion, and henco,.neithcrof·(thcse::::,' \'.<',; .. ,.:

curv'es 'is': likE~lytoprovidf{ar'cn:sonnble r;10dcl of.linear grO\'Jth~-: The:;;;::.:"~"'":..'"
Gomperti:curve hD.s~, hoüever,':becri' sbi;'r'ie(.l bi;ßomo; \:r'itcrs as' a possiblc· .. : .: ,"
alternDtive' tö: the .von· Bertalanffy, curvc':;for reprcsen,tinCGro1:!th: in: thc-; •. '.::".:;::

size o~.,~~~:fi,~fdG·~J·.'-'<~':::'-",,:':'~-}.' ;\,.~-:~'~:~~-',~.~~:_::.~;...' ';:.:~:,.,~:.~ .}~~~ ;'~,~:';~.~" ; ,~".:.:,::~;,,:' :J~'~":
Thc von Bertalo.nfi'y c'urv'e has' no point of inflexion. It \las derivcd from
considcrc.tions of, thc phyEJiologic2.1, processen detcrmining the; groHth:in. '1,L .-~

ueight.of an: '8:nimal,·.'the l:tfter' beine, uSGumed, to i obey; the" differentinl·',c~f:·. ;:i.'·
cqü'ati~~'{~ ;.:;,;\:~,;L~.:·~:;.i'~ ~~~) ~:~ ":.~.: .~_,:' ·,·CO'~'.i '.', :.' ',.. ':; >:';; i·'.'. '''' ::)', .~": ;'.' r _ :".~.c·

I } ~r .. .., t·!" ~.~ '."~.;J,., .;,; '~:.i.~." .;-"'~':'> '~".;'~'-.~"
' .... ~i '"f ..:..., ... -;. l."\'\'. :-, ".~'~""::.l. ...... _~ c.' ; ..... , ... '

h iJ _ P '~J~ ,~ .. ~.~;.:~;.. "-.~,~ .. ~:.:- ':1.~ .... ~"' ...

Of the three parameters, involved in these ;curvcs, ~k, thc gro\Jth.'conntant;',.:, '.:.:;
is related to'the'rD:t'e',o':Cero\Jth':6i theanimal and,exF:esses thc rate' at'· -,·;~";':>l
uhich Y((I' i ts . fin6.1 .size, - iS' ·upprö·[i:ched. The ~ constant b; has 'no! biological~'~.. ,.~ }
significancc.. In thG von Bertalunffy curve the value of t corresponding
to Yt = 0 is t = (ln b)/k, the point uhere the curve cuts the ;.t;1?~.~axis,..:~}!· ~:.:.;.
but the Gomper~z and locistic curve do not touch the time axis at any
finite value of' t. .... . 'ON<' ..• .. r'J'i~·. !"," .(.: ':") ·.,~.~.L:·.' ,:::',:

.. :~"·i' .. : ,.. ;:: :-:. •.: ..c..~: .~.~ .. ~.-,.~ ",.: ..~", - .... ~. -.~'''A.. -
. ' ,.~._ ... ,:t ;.· ..:1· :"', .... ~~ ,':.l,~j ..;.:~; ,.:.,.:1" C\.\.\\.'~.'~':~<' :~:::'""': ..i \ '" "'l;·i":~·»:'

The von Bert1.lanffy)··cur,ve· nas"proved·-nilitable.:for .. descr,ibing D.Ilimc~ groHth,;';~';:

pcrticulDrly' civer~ tne:-"iil.ter stagcs~ ";'Ihile', per:hnps bccause ·of.the greater.·.,':";·t ','!

flexibility of its shapo for smaller valucs of t, the Go~per~z curve might
in soce instanccs provide a more sutisfactory description of"thc earlient' .. ·d.
stages of gro\Jth. The logistic curve, owing to its symmetry, is generally ,
unnuitable for describing animal grouth over thc \!hole life c;ycle.:J ~ ..::' .:..... :
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There is a high' decree ofl corrclo.tion,bct1i;een. overall length,';breadth' und:' ' .. ,
thick~ess of' th~ shell bf PeCte-nrnaXimus o.nd also bet\ICen the overall length .',
and breadth of tho flat vulve (cdefficient of corrolation =0.995) (Mason,
1957). ,These conclusions 1rlere reachedas,a r,.sult,of examining.sca.llops·'··!i J

of all ag'es from 0+ (one gro\lth period completed) to 13+ (fourteen periods
completed). The annual incrernent of: any .one ?f.' these dimensions will,'·' ;. .~.!:';

therefore', give a reliable indication of the rate of gro\o,th from one year
to anot~~~~ {: (~:>I.n!"")· :"::> '.' I ; .,,; I. ,I . :',~;;'.:i. . L . ,"

"

, .
. J ~ ..\

Based on the dato. ,of Hason., (1957), annual~'gro\Jth of.· scallops ·taken .off~',: ''',;.<~'
• t " I' I·· ... ,&..\" .~ .......; - -,. '.. ". • ~ l

Port Erin;'Isle'of H.::.n,,\/as plotted'.and"von Bertalanffy and Gompertz:. I -=, ,'".;:;':;

curves \'1ere: fitted, using the-foiloiiing' t\~O measurements: - (i) the distance
(B) of successive groHth rings on the nat vo.lve from the, umbo meo.sured·~ ~'.("
at rightangles to the hinge line, und (i:i;J tho overall lellctl1 '(L)" of ,n

scallops of verious ages during the \dnter. cessation .of grouth during ' , . '.
t\Jo 1rJinters .1950-51 and ·'1951':'52. ' .Since',foaen' ·gro\.ith r'ingreprosc'nts: the' ~ ;": ...'~
position of .. the, edge: cif·the ohell\ at"the,'end of'·äil. äririualgro':'1th 'peri'od, ."~.~.+'::,
it is:possible ito 'measure':directly'on:the sl1ell··o.f ..anyscallop' the '.~~~. " . .,;;.~~
brendth ,of.:the·' Hat .vulva "at ·the· .end Of..~~~h· g~..a\~th'pcr,i,od~ o~.~ts"·li.fe;:., ~;':::"~ ~
In the" cecond mcthod D. sco.llop t'Jith no "gro\~th"ring' has" completed i ts' . . . _... ;..
first. gi'o\~th.period, "one ;uith one -ring 'hD:s'c'ompleted t\io. periods~"'and.C,.~ "~'" .~~

so on•.;:~ :.: ~~:,:~: '.;':: :i.... ';" .•. :. '~.:~' J:: ~./:~: )'>"; ':(~"l~ ~ .~J;.~ ::'; :.~~~.: ,:.". ~~~ "e :'> J::'; 'IJ.·';.~.;' .,-i'~:· .>. ;. ";; ',:'.~ ~;,~::.: :;
Hason (1957) I.found ·tllO.t thc' breudth cif ·tlm· firat gro\'lth.1:?arid.· f;iJ.v·e· 0. bimodal,: ....
distributiori; the Greo.t.majority of'Dcallopn h~xvinc 0. .small·band (-<28inin .ijide),
o.nd 0. minority a l<.U'ce~·first: band C~28i:ill).-i·He pootulo.ted;.th~t: thiswas'.o :1-;- .•

result of:thc:occurrence':of t\-JO;ri~.in:·cpn\.jninßsenchycar;' in spriiig.cil...d· .. ·: ,.:~;:

autumn, the fCHer sprins spmmed öcallops having longer to Sro\J thaIl the" " ..
c:utumn spa\1ned before the first uinter ceosation of gro\lth •

.::';i ; ";~,,.,:, .... ,::. ..':.;'::: ....~c ,::;:.c<,,:'" '.:''':~: ,: ....::'" ,:' ,.~ :;,;~.,~:,; .:O':~:.:.. '
In the preparo.tion.of grouthlcurves, 'dat::l·from~thes~·.so..;.called·sp~~nr; , ".';' ~""

and autumnspa\:ned '. scallops' \~,ere; treatcd" sepörat'Eüy~' _I. Atitwnn' spll.\lned . scällOps ;.',
\lith eleven or feuer rings only "lere used because of difficulties arising'" ."
from the crouding togcther of rings in older scallops. Fe\] spring öpmmed
scallops •. 1i:ith more thon seven rings ,-:ere found. ... \ ,.

•

Data from scallopn of different year-classes are grouped" togethcr, thus, ... ".' [~,j

especio.lly ,'in. the. first;'method;' mas1dng 'o.ily, pos:::ible' variation' in gro\lth ~ .';"~..,..",
from year' to year. P" .....J.,.
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which is equivalent to (2). Hcnce Stcven's method may be used to fit the
Gompcrtz curveby fittinG a von Bortolanffy curve to thc natural logarithms
of tho observed leneths. This procedure assumes, of course, that thc variance
of the lognrithm of the lcnGth is constant over thc range, not that of the
length itsolf. Tllcrefore, the two models contrasted here differ in respect
of both thoir functional forms and their error structures. Fitting procedures
appropriatc to other assumpticns ubout thc error structures are currently
under consideration by the authors.

Results und Conclunions

The von Bertalnnffy equation gnve curVClJ uhich fittcd thc obscrved data
reasonably \Jell over the entirc nge range, und thc culculated values of LC»
und Be:? agreed "ell \lith thc observed values of Land D in older scallops.
\ihile thc Gompertz cquution gavc curves \::uch fitted the observed data over
oo:.>t of the ace runee, the calculco.ted values of Le.> and Beo \lere ...:ell belm'!
the observed values of L und B for scallops 10 or more yours old. Ho\'/cvcr,
since on most exploited grounds few scallops older than nino yours ure tcl~en,

this probably is not serious from thc point of Vie\l of population dynamics.

At the lower end of the curves, too, the von Bertalanffy equation eave a
very good fit \lith obscrved values, thc intercept (t ) on thc tir.1c axis being
consistently lcrger in autumn sp~\mcd than in springOspawncd scsllops,
roflecting the fact that spring spauncd scallops grew for almost a complete
growing period und li7ed for almost a ycur before laying down tho first
erO\/th ring, ""hereas autumn spmmed scallops greu for a correspondingly shorter
time before doing so. The Gompertz curve did not reflect the difference in
spmmil1g times because it doos not meet the time oxis. There is no evidenee
that the annual erollth of Poeten maximus can be menningfully rcpresented
by a si~aoid curve like thc Gompcrtz.
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Tablc I

Gro"rth
rings

Mcan distances of thc cro\'1th rin[{.o froiU thc unbo
(Uat valve) oLPort Erin sca110ps

Mean distancc (r..m)
Autunm spawned Sprine spa~med

1
2
3.
4
5
6
7
8
9

10
11

19.0
48.0
76.4
91+.6

104.9
112.3
1111-.2
119.2
121.6
123.9
126.1

36.2
65.8
88.1

101.8
109.1
113.1~

111+.6

Tablc II

No. of
cooplcted
r;rowth bands

Lcngth of Port Erin scallops at thc end of
successive annual gro\-rth periods

Mean lenGth (mtJ)
Auturnn spa~IDed Spring spo.'iIDcd

1 21.2 37.5
2 53.5 73.3
3 87.7 98.0
l~ 108.1 111+.7
5 118.6 118.9

e 6 128.0 1:;4.4
7 131.8 134.2
8 136.8 11-10.8
9 137.9

10 1!.j·2.8
11 142.1
12 148.1



FiGUre 1 • . Mean distances (B)'of Crowth rings of Port Erin scallops frorn
the tilllbo Ce) spring spawned, x autwun spawned), and fit ted von
Bertalanffy and Gompertz annual gro~~h curves.

".- ... . ..,. . .,

. •• .. _~~.:.....A-__ ..... ..~

-'--~,,,.,.-- -

Parameters of fitted curves:-

Bco k t o b

Spring spawned
von Bertalanffy 121mm 0.476 0.27
Gompertz 116mm 0.719 2.394

Autumn spawned
von Bertalanffy 128mm 0.380 0.62

e Gompertz 122mm 0.677 3.648

Functional forms:-
~ (1 _ e-k(t-to»von Bertalanffy Yt =

Gompertz Yt
( -kt= :a:o exp - be )

. ..~,.. .' .'

Fie;ure 2. Length .(L) pf Port Erin scallops at thc end of successive annual
crowth periods C. spring spawned, x auttmm spa'l.med), and fitted
von Bertalanffy and GoQpertz annual ~rov~h curves•

.Parameters of fitted curves;-

Lo k to b

Spring SPawned
von Bertalanffy 146mm 0.396 0.24
Gompertz 138mm 0.661 2.512-Autumn spawned ,
von Bertalanffy 147mm 0.372 0.62
Gompertz 141mm 0.658 3.651

Functional forms:-
L co (1 _ e-k(t-to»von Bertalanffy Yt =

-ktGompertz Yt = L coexp (-be )
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