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uC&llOp Pecten maximus:cre contrasted. The wvon Bertalanffy equatlon gavel~
curves’ whlch fitted the observed .data- reasonably well over.the entireiage -
range. .The Gompertz equatlon gavecurvesivhich.fitted the .data wellrover:-.
the middle;of the, age range, . ~but jgave values of -asyuptotic.size .vhich' here-’i
well below the obuerved sizes.of scallops 10 or-more.years.olds v At .the. - .
lowver end of the age range the von Bertalanffy eguation gave a very good §
fit with.observed.values;;the.different:intercepts on.the-time axis: A R
reflectlng dlfferent ‘spawning:times. ;.The Gompertz curve cennotido. thls as

it doeu not neet the tlne ax1s.;; ST e v it dn PR R TR s *n
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et de Gonpcrtz aux donneeo pour 1a cr01gsance du pecten Pecten maY1NUS.\'?::~
L'equatlon de’ von Bertalunffy a donne des courbeo qui - s'ajustaient ‘assez - E
b1en aux données qu'on a observé a n 1mporte quel. point sur la gomme.des
. dges. L'équation de Gompertz a donné des courbes qui s agust'uent bien
aux donneeg‘qu milieu de la gamme.des ages, mais elle a donne des valeurs -
de tallle aoymptotloue bJen au-dessous des .tailles -observees pour les. . -: "
pectenu de dix ans. et au-dessu . Sur la partie inférieure .de lairgamme’ : v 0
des ages l'equatlon de von Bertalanffy s'est, ajustdée trés.bien: aux.valeurs --.°
observées, les dllferento polntg d'intersection sur~l'axe du temps: 1nd1quant"
dlfférentes frqlesons.J La.courbe. de. Gompertz ne. peut pau en falre alnul RS

parce qu elle ne touche-pas 1llaxe du: tempu.;:; L
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Introduction
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w Observationu on the ulééhof énihais'or plants ht dlfferent utages of-thelr
life hlstory cun be used to fit-a; mathemutlc“lly formulated” relatlonshlp

Sr W ey

! descrlblng grouth 1n .size., Such .curves: are ez prc sible.in:the form < - iis"
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where Y, is the size of the organism, t is chronologlcal tzme (or some o
quantity: related to chronological time) and @ rcpresents m parametere‘f“t“ﬁ
which determine various characteristics of thé curve. * THese parametérs . =
may be employed to provide precise comparisons between the grouth patterns

of different individuals of the same or dlfferent species,

A great deal has been® wrltten ‘about: the: ‘appropriateness,’ from a blologlcal
point of view, of different mathematical functions as growth descriptors.
In some instances the analytical form of.a function has been regarded as
describing, or arlolng from, specific physlolO5lcal processes occurring
in the growth process being studieds: However, it is'not the intention

to discuss such theories here. ;Suffice‘it.to’say! ‘that™ hathematical
functions, whether or not biological significance can be attributed to
them, do provide an obviously useful mechanism for describing and . .
comparing observed growth in both plaonts and animals. ERBREESA

Having said thisj:houever, onc.can:irecognise and" usefullj dlstlngulsh between
two general classes of .curves,” ‘namely - thoee vhose-use *is- 51mply to summarlae
a given set.of.dataiand those which'it is-intended uhall have &' meanxng f:*

beyond .the’irange ‘of the data used'intheir estimation. 'In thé former “f{j”f
situationy: conolderatlon of . properties‘of-the chosen curve’outside’ ‘the T”V“Tf
observed. range.of .the:data pls ays no-part in the-choicé"of. curve.v‘In the ™ ifﬂ
latter: caee‘uuch considerations® may be all 1moortant I ""i"” fL ,
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Undoubtedly the searchfor curves whlch have a practlcal' nd theoretlcal if“_
51gn1f1cance(w1der thanthe particular set-of data which ‘forr’ thelr basis "~
is a pralseworthy scientific objective. It may,- hOuever, "bé an unattulneble

goal. Growth is an cxtremely complicated process and to express all 1tg.”.\“
complexitieu vithin a single mathematical function is likely to result .= %.%
in an extrenmely compllcated function with a very large number of parametero_“
vhose estimation 'in practice:would:be: hlghly dlfflcult,~1f not entlrely C
-impossible. ;. The .search .for-such a: functlon also- mllltateu agalnst another .
important, SClentlflc pr1n01ple, nauely - the principle- of parglmony. 'Thlu ﬁﬂf“
simply. states.that e ‘shouldralilays choose: the, smallest’ p0551b1e number of” b
paranetengfor adequate repreeentatlon.‘u:” R R ;‘ u“x
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Perhaps the best that can be hoped.for, therefore, 19 to eek the ulmnleut"*i
function which-will fit the- data adequately and’ whlch “will-posscss some™
of the more -obvious: propertles vhich a.sensible ‘curve ‘should™ hdve."Here
again,conflict can: :easily ‘arise. betucen thebe crlterla, for ‘instance’ beceuuei
of;,the nature;of: the observed. dataz% A'curve’ uhich’ may' ‘sUitably repreuent Sl
observatlons over .a restricted part:of the total nrowth cycle (eg over the +

if extrapolated beyond that restrlcted range.
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It has already been noted that simple functions, such as first and second o
degree polynonials in time, provide convenient, easy toifit Qummarles,~-~*~~
perfectly adequate in many situations for making comparisons, between averagp
growth}pattern° in.different:groups.of’ 1nd1v1duals.='Such comparlsong nay"
be made:using! stralghtrorward analyelu of- variance technlqueu, or, where
appropriate,.by using: developments of:these technlqueu propoued by Mandel”"
(1961, 1971) and adapted by Snee, acuff and Gibson (1979). Polynomials, .
cannot be recommended without reservation. They are not, for example,--’ ;°
generally successful at describing the entire grouth cycle, usually

giving poor fits at the upper limits of growth.
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When the whole, or a large part, of the growth curve is té‘be”modelledaﬁheﬁlvw
a more elaborate functional form is likely to be required. Three-parameter
functions;are.-ofteniused to: deucrlbc blolovlcal growth, the most frcquently
employed belng ool SRR ; '
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the von: Bertalanffy
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- ‘ » fFoas of
the logistic g = Yo {1 + exp (~(b+kt))} (&)~
These curves-aredspecial-cases of a’ famlly derlvable from a gene;all;cdq s
growth curve:for:which the: rate of growth 1s deflned byt SRR
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Both the Gompertz curvo and the loglutlc curve have p01nts of - 1nflex1cn.¢» oo
In the case of the lo 1Stlc curve thlo p01nt occurs precisely-half-uay... iJl500
between'zero and Yw and the curve lu symmctrlcal about.this value. f.Growth: =+
rates vhich are symmctrlc in thlu way are, unusual, ;- On-the other:hand- the.:-hﬁ
polnt of" 1nfley1cn “of the Gompertz curve .occurs at Y ..= Yo/e.and the:curvel. .
is not cymmetrlc about the’ n01nt of 1nflex1on.. For, this. reason the’ Gcmpertz"

curve mey ‘be' & more’ attractive “function than the logistic for describing .ut
grouwthe Grovwth in length, as Beverton and Holt (1957) have pointed out
does not usually shou a point of, Ainflexion, and. hence. neither of «these!!
curves is’ llkely to prcv1de a rcaucnable modcl ol linear growth: The: .,Jicva_;
UOmpertz curve has,.however, ‘been’ utudled by,uonc writers as a pOSulble RPN
alternative' to' the von Bcrtalanffy curvc for rcpreuentlng grovth 1n the‘ B il

size of pectlnld y '_’“jj)“n'-. D, TR e
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The von Bertalanffy durve has no p01nt of inflexion. It vas derived from )
considerations of, the. phyulologlcgl processes determining the: growthiin, a0 0

veight cf‘au anlmal, the lntter belng ascumed to; obey the dlfferentlal RSP SHR
equation] 't oer iDL e RPN RSP
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On cxpre951ng J (welght) 1n terms cf length fhe von Bertalanffy equatlon 1s

obtained: " o e T,
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whlch Y. 1ts;f1n l ulZO, is approached. .
significance.' In the von Bertalanffy curve the value of t corresponding

to Y, = 0is t_ = (1n b)/k, the point where the curve cuts the'time'axis,;jjihﬂ
but Ehe Gomper% and loglstlc curve do not touch the time axis at any

finite value oi t.'~ - :
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The von Bertalanffy curve hau proved uultable for deucnlblng anlnal growth,> =0
particularly over' the’ ‘later stages, \hlle, perhaps because ‘of .the greater.. it
flexibility of its shape for smaller values of t, the Gompertz curve might
in some instances provide a more satisfactory deucrlptlon of 'the earliest

stages of grouth. The logistic curve, owing to its symmetry, is generally

unsuitable for describing animal grouth over the whole life cycle.u - 11 .o -« .-
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There is a hlgh degree oflcorfelatlon betheen overall length,,breadth and
thickness of the shell bf Pecten meximus and also between the overall 1ength
and breadth of the flat valve (coefficient of correlation = 0.595) (Mason,
1957) . .These conclusions were reached as.a r.sult; of examining.scallops:¥ “it?
of all ages from O+ (one grouth period completed) to 13+ (fourteen perlods
completed). The annual increment of any .one of.these dimensions will,™:"
therefore, give a reliable indication of the rate of growth from one year
to another.' 1008

ST

R
7o cisoi oL

.,Qu-f! Gl '; ,-,;

Based on the data of Mason,(1957), annual-growth of.scallops. taken.off-u .-
Port Erin, Isle ‘of Man, . mas plotted and ,von Bertalanffy and Gompertz it Adinil
curves were- fitted, using the follow1ng two measurements:- (i) the distance

(B) of successive growth rings on the flat valve from the umbo measured . . i
at right angles to the hinge line, and (i) the overall length ‘(L) of *. o
scallops of verious ages during the winter cessation of grouth during ... .

two w1nteru 1950-51 and 1 5:-52. Slnce each growth rlng represents the

it is:pos 51ble:to neasure* dlrectly on* the shell of dny scallop’ the L
breadth .of.the flat valve at -the end 6f each’ growth ‘period of its llfe.f
In the-second method a scallop with no growth ‘ring has’ completed its”
first growth. perlod, one: wlth one - rlng has completed two perlods,'and
50 ONe | iiml<v. :h : . it e Ll _
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Mason (1957) found thet the breudth of “the first’ growth bane pave a blmodal
distribution, the great-majority of qullOpu hav1ng a small band ( <28mm wlde)
and a minority a large*first’ band' (¢ ;28nn)- He poetulated that thlu was a. s .
result of:thé:occurrence: of two:rinin spaunings each year, in sprlng and - et
autumn, the fewer spring spawned scallops having longer to grow than the~

autunn "pauned before the flrst wlnter ce atlon of growth° e e
SN .'_'.'.'" ‘V\;AA- e R - : e ertmme bw._‘ . ; .
In the preparatlon of grouth curves, date from’ theue so-called sprlng e

and autumn spawvned’.scallops’ vere! treated’ separately. -Autuan” spawned’ scallops
with eleven or fevuer rings only were used because of difficulties arising

from the crowding together of rings in older scallops. Few spring spawned '
scallops- with more than seven rings were found. I R O

Data from scallops of different year-classes are grouped together, thus,.. ... .5
espec1ally in,the first/methody maSklng any- possible variation’in growth )
from year to year.

The mean. dimensions at age are.presented in Tables I “and “IT° and thel f_f .
plotted.values and fitted grouth curves are showm “in- Flgures A and 2. RS

together. w1th the growth constantss: - CRIGTTE ey -
L 'i.L.LJ A J o 3“:.‘”1 ».,J FER A S R TR RPN s *h 4 s
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The fitting of the von Bertalanify curve by maximum likelihood hau been'
described by Stevens (1951)0 His method assunecs that the variance of y,,,

the observed value of:Y iyis- constant over the entlre range. By tal ng
natural: 108ar1thms of (2) we! obtain- RPN -
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which is equivalent to (2). Hence Steven's method may be used to fit the
Gompertz curve by fitting a von Bertalanfify curve to the natural logarithms

of the observed lenpgths. This procedure assunmes, of course, that the variance
of the logarithm of the lengih is constant over the range, not that of the
length itself. Therefore, the two models contrasted here differ in respect

of both their functional forms and their error structures. Fitting procedures
appropriate to other assumpticns about the error structures are currently
under consideration by the authors.

Results and Conclusions

The von Bertalanffy equation gave curves which fitted the observed data
reasonably well over the entire age range, and the calculated values of L.
and B, agreed vell vith the observed values of L and B in older scallopse.
tthile the Gompertz equation gave curves viich fitted the observed data over
nost of the age range, the calculcated values of Le and Beo were well below
the observed values of L and B for scallops 10 or more years old. However,
since on most exploited grounds few scallops older than nine years are taoken,
this probably is not serious from the point of vieuw of population dynamics.

At the lower end of the curves, too, the von Bertalanify equation gave a ‘
very good fit vwith observed values, the intercept (t ) on the time axis being
consistently larger in autumn spzwmed than in springospawned scellops,
reflecting the fact that spring spauned scallops grew for almost a complete
growing period and lived for almost a year before laying down the first

grouth ring, whercas auvtumn spawned scallops grew for a correspondingly shorter
time before doing so. The Gompertz curve did not reflect the difference in
spawning times because it does not meet the time axis. There is no evidence
that the annual growth of Pecten maximus can be meaningfully represented

by a sigmoid curve like the Goupertz.
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Table I Mean distances of the growth rings from the umbo
(flat valve) of Port Erin scallops

Growth Mean distance (run)
rings Autunn spawned Spring spawmed
1 19.0 36.2
2 48.0 6548
3. 76.4 88.1
L sh.6 101.8
5 104.9 109.1
6 112.3 M3.4
7 1Mh.2 114.6
8 11902 bt
9 121.6 -
10 123.9 -
11 12641 -
Table IT Length of Port Erin scellops at the end of
successive annual growth periods
No. of o~ Mean length (rn)
conpleted Auturn spavmed Spring spawnecd
crowth bands
1 21.2 375
2 53.5 73:3
3 87.7 8.0
b 108.1 11447
5 118.6 118.9
6 128.0 1344
7 131.8 . 134,2
8 136.8 . 110.8
10 142,68 -
11 1h42.1 S -

12 148.1 -
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Parameters of fitted curves:-

Fipure 1. Mean distances (B)'of growth rings of Port Erin scallops from
the umbo (e) spring spawned, x autumn spawned), and fitted von
Bertalanffy and Gompertz annual growth curves.

k t, b
0.476 0.27 =
0.719 - 2.394
0.380 0.62 -
0.677 - 3.648
B, (1 - e”k(t-to))
R, exp (~be ¥%)

I T ]

Fiéﬁre 2o Leﬁgth (L) of Port Erin scallops at the end of successive annual
crowth periods (e spring spawned, x autumn spawned), and fitted
von Bertalanffy and Gomperts annual growth curves.

Parameters of fitted curves:-

k £ b
0.236 0.2k -
0.661 - 2.512
:0.372' 0.62 -
0.658 = 3,651

Lo(l - e E(t=ty)y

L wexp (-be-kt)
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