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Abstract 

Simulations of a mark-recapture experiment are used to demonstrate the bias 
associated with use ofa widely accepted equation for-estimating growth rates from data 

where absolute age is unknown. The bias results in an overestimation ofK, the growth 

rate constant, and an underestimation of 1-, the theoretical maximum size. The bias 

appears to be associated with a failure to account for the redistribution of the error 

term when the basic growth equation is transformed to eliminate the necessity of 

eatimating age. 



Introduction 

It is standard procedure in estimating the growth rate of wild 
populations to capture a portion of the stock, measure their lengths; 
mark and release them, and then remeasure their lengths upon 
recapture at some future time. Among the problems associated with 
the procedure are those of determining size at age and of analyzing 
data for animals at large for widely varying times. Normally the 
animals are assumed to have von Bertalanffy growth kinetics and are 
fitted by the linear transformations of Walford (1946) or Chapman 
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(1961) or the nonlinear procedure of Fabens (1965). All these 
procedures avoid the necessity of determining age and Fabens' 
procedure has the additional advantage of allowing the direct fitting 
of data on animals at large for differing times. These transformations, 
however, alter the assumptions concerning the distribution of the 
error. 

In this article we will demonstrate the bias associated with the 
most versatile of these transformations, the Fabens' equation. The 
results are also applicable to the procedures of Walford and Chapman 
as these are special cases where the time at large is constant or 
treated as a constant. 

Fabens' Derivation 

The von Bertalanffy growth equation is of the form: 

Lt= Loo (1-exp (-K(t-to))) ... 1) 

where Lt is the length at time t, Loo is the theoretical maximum 
length, to is the theoretical age at which the animal would have zero
length if it always followed von Bertalanffy kinetics, and K is the 
growth rate constant. Let the age at marking and at recapture be m 
and r, respectively, and the time the organism is at large be dt: tr = 
tm + dt. The length at marking is: 

Lm = Loo (1-exp (-K(tm-t
0))) ..• 2) 

which can be rearranged as 

... 3) 

Similarly defining the length at recapture and substituting into 
equation (3) we obtain 

Lr= Loo (1-exp (-K(tr-t0)))

= 1- (1-exp (-K{tm-t0)) • exp (-K·dt) 
= Loo (1-((1--1.m)· Loo•l) · exp (-K · dt)) 
=Loo+ (Lm-L.ol·exp (-K·dt) ... 4) 

(Fabens 1965). The growth parameters K and 1- can be solved by 
nonlinear regression with Lr, Lm and dt. For the special case where 
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derived from the DF method The average relative difference of (K'­
K) increased from 1.48 to 24% with increasing SD, but the average 
relative difference of (L' oo-L"..,) only increased from 0.29 to 3.65%. 

Therefore, the growth variation (SD) had a higher bias-effect•on 
estimates of K than on 1-. The overall effect of the FB method (Fig. 
1) is a growth equation which becomes more biased as the standard
deviation increases.

The average SE"s derived from FB method were greater, 
whereas the average SE's derived from DF method were smaller than 
respective SDs. The difference of (SE"-SE') increased with increasing 
SD though the relative difference, (SE"-SE')ISE', did not demonstrate 
a clear trend. 

There was little difference between the average growth curves 
obtained from the two methods when the standard deviation was low, 
2.5 (Fig. la; Table 2). At SD = 2.5, the maximum length difference 
MLD = L"tmax - L'tmax of two average growth curves was 0.37, and 
the relative maximum difference (RMLD = MLD/L'tmax) was 0.68% 
(Table 3), occurring at the age of 8.0 (26. 7% of the maximum life 
span, 30). The MLD and RMLD increased with increasing SD and 
tmax decreased with increasing SD (Figs. la-ld; Table 3). 

The Z-test (PROC UNIVARIATE NORMAL in SAS) indicated 
that the distributions of all 80 sets of estimates of Kand 1- were not 

different from the normal distribution. The Z-tests showed that in the 
DF method there were no significant differences between K' and 0.1, 
or between L'oo arid 100, or between SE' and SD. Since the residual 
error distribution in the DF method was in the same format as that 
in the generated data, and since the Marquardt nonlinear regression 
technique provides an unbiased least square fit, the estimates were 
expected to be unbiased. 

Table 3. Tbe effects of growth variations of four otandard deviations on the ages, tmax, 
when maximal length difl'erencea occur. Tmu: per cent ia the fraction of the age to the 
life span. L "tm.ax 8Jld L'tmu: are the lengths at tm.ax from growth curves estimated by 
Fabena' method and direct fitting method, respectively. 

Growth variations 2.5 5.0 7.5 10.0 

"""" 8.0182 7,8849 7.5518 7.50'5 

tmax('l,) 

tmax/lif'e span (CJ,) 26.7207 25.6163 25.1727 25.0150 

L'tmax 55.2117 53.7387 53.1464 52.7323 

L"tmax ....... 66.5270 55.9961 58.2987 

L
M

tmax • L'tmax 0.3774 2.7888 2.8497 5.5574 

<L
M

tmax - L'tmav'L'tmax ('ill) ...... 5l886 5.3620 10.5389 
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Fig. 1. The average. growth curves derived from Fabens" method (broken line) or direct 
fitting method (solid line) with growth variation of (a) SD= 2.S, (b) SD= S.O, (c) SD = 

7.S,and (d)SD = 10.0.

The analysis of variance test showed that except when SD= 2.5, 
K" and L"oo were highly significantly (P < 0.01) or significantly (P < 

0.05) different from K' and L' oo. SE"s were highly significantly 
different from SEs in all four SDs in Table 1. 

With the FB method, (SE"-SD), (0.1-K'') and (L".,...100) increased 
as the SD increased. There was a significant relationship between 
(0.1-K'') versus SEs (Fig. 2) and between (L"-100) versus SEs (Fig. 3). 








