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PARAMETERS OF NONLINEAR GROWTH MODELS AS SELECTION CRITERIA:
AN ALTERNATIVE APPROACH TO SELECTION FOR GROWTH AND EFFICIENCY
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Undesirable changes in weight and body composition often have resulted from 
selection on weight at specific ages or on weight gain over a particular time 
interval. These changes have stimulated considerable interest in investigating 
the possibility of altering the shape of the weight-age growth curve.

Comparisons and concomitant selection of animals is complicated by the 
dynamic nature of the variables involved in production and efficiency. Feed 
intake, body mass and body composition change simultaneously in both magnitude 
and direction as the animal grows and ages. The interpretation of 'merit* of 
individuals either within a breed or across breeds may change when comparisons 
are made at different points along the growth plane. Through the application of 
growth models that describe the total growth curve, either in the weight-time or 
food intake-time domain, an attempt is made to characterise the phenomenology and 
aetiology of growth of the animals concerned.

The purpose of this paper is to examine two models of growth used to 
describe the weight-age and food intake-age relationships of an unselected mouse 
population, to examine their 'goodness of fit' and the potential for utilizing 
their characteristic parameters as selection criteria for an alternative approach 
to selection for growth and efficiency.

MATERIALS AND METHODS
Weights were recorded at 3 day intervals from birth to 12 weeks of age on 

the progeny of 84 sires mated to 196 dams. Feed intake was recorded at 3 day 
intervals from weaning (3 weeks old) to 12 weeks of age. All mice were housed 
and fed individually post-weaning.

The two nonlinear growth models considered were fitted to the data on each 
individual. The models were:

1. Weight-age data # *
-Kt-t*0 - e”C/t )Wt = (A - Wo)(1 - e V ') + Wo - (1)

where t = time in days
Ŵ  = weight at time t, gms
K = Brody's k; sometimes called the maturing 

rate parameter, days-^
t* = Brody's t*, time taken to reach approximately 

63% of mature food intake, days
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Wo = birth weight, gins
A = predicted final weighL or asymptote, gms 

2. Weight-Food intake and Food Intake-age data

Wt - (A - Wo)(1 - e'(AB)Ft/A) + Wo - (2)
3/t* -3i/t*where F = C(3 + t*(l - D/C)(1 - eJ/C )e ) - (3)

F - cumulative food intake to time t t
D = initial food intake, gms/day
C = mature food intake, gms/day
t* = internal resistance of the animal to increase its 

appetite, days
Wo « initial weight (weaning weight), gms
A = predicted final weight or asymotote, gms

(AB) = growth efficiency factor, unitless
i = index number of the 3 day interval of which F

and W were measured t
A/C = To = internal resistance to liveweight equivalent of 

food intake going to "no growth", days.
Parks (1982) examines the biological interpretation and application of the 

above parameters in detail.
Although a number of objective criteria are now available for determining 

'best' fit when comparing nonlinear models, none can be considered as satisfying 
both statistical and biological criteria (Bates and Watts, 1980; Gillis and 
Ratkowsky, 1978). Five different statistical procedures were considered. Bates 
and Watts (1980) have suggested two measures of nonlinearity of a model based on 
the geometric concept of curvature; parameter effects curvature and intrinsic 
curvature. If the intrinsic curvature is small compared to the critical value, 
the solution locus is relatively flat over the confidence region area and the 
assumption of planarity can be accepted. If the parameter-effects curvature is 
small compared to the critical value then the uniform co-ordinate assumption is 
considered acceptable over the region of interest. Box (1971) suggests parameter 
bias, as determined from the matrices of first and second derivatives of the 
model, gives a good indication of the nonlinearity of the model considered.
Large biases have generally been associated with excess variance and a high 
degree of non-normal behaviour (Ratkowsky, unpublished) . The mean R̂  values and 
measures of normality, skewness and kurtosis, of each model parameter were calcu
lated .

RESULTS AND DISCUSSION
2 Measures of 'goodness of fit' are presented in Table 1. Although the mean 
R values for the population illustrate the excellent fit of both models the 
alternative statistical measures indicate care should be taken in assessing the 
models. The low intrinsic curvature measures of both models suggest that the 
'planar approximation' to the solution locus is an acceptable one. Both models 
exhibited high parameter-effects curvature and this is closely associated with 
the high percentage bias evident for some parameters. High degrees of 
parameter effects curvature and large parameter biases suggest the variance may 
be well in excess of the minimum variance bound and be associated with markedly 
non-normal behaviour. Reparameterisation of both models could reduce these 
biases (Ratkowsky, unpublished).
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TABLE I■ Intrinsic and parameter effects curvature, and measures of parameter 
bias and normality.
Intrinsic Parameter Effects Bias, % Coefficient Coefficient
Curvature 1 Curvature1 (Box 1971) of Kurtosis of Skewness Mean

Model 1
A

0.273NS
0.221 3.60** 0.89** 0.948

K 15.564** 2.357 ° '77Ss0.28Nb
0.84**

t* 8.599 -0.28
Model 2

A
0.299NS

0.427 3.91** 0.65**
(AB) 35.632** 16.368 5.56** 2.11** 0.996
C 3.792 0.55NS 0.54**
t* 15.621 7.62** 2.21**
To 0.59ns 0.65**

NS = not signif icant; * P < 0.05; ** P < 0.01
*Cri tical value 1//F where F = (p,v; u); where P = number of parameters,
v = residual degrees of freedom.

The heritabilities and genetic correlations (Table 2) suggest there is 
considerable genetic variation for all parameters. For model 1 the high genetic 
correlation between parameters A and K indicates selection for an increase in A 
would be expected to result in later maturing animals. Similarly, selection to 
increase K would result in a reduction of A and early-maturing animals. The 
expected direct and correlated responses presented in Table 3 support this con
tention. However, selection on K is expected to decrease feed efficiencies at 
later ages. The decreases in feed efficiencies are associated with a decrease in 
weight gain more than an increase in feed intake. An alternative approach would 
be to combine information on the parameters, gains and feed intakes into a 
selection index.
TABLE 2. Phenotypic (above diagonal), genotypic (below diagonal) correlations 

and heritabilities (diagonal) of growth curve parameters
Model 1 Model 2

A K t* A (AB) C t* To
Model 1 A 0.54 -0.73 -0.06 0.30 -0.04 0.07 0.01 -0.15

K -0.89 0.86 0.23 -0.14 0.01 0.03 -0.01 0.10
t* 0.04NS 0.09NB 0.33 -0.01 0.05 0.10 0.02 -0.07

Model 2 A 0.27 -0.26 0.43 0.14 -0.09 -0.08 -0.06 -0.73
(AB) 0.10NS -0.20 -0.38 -0.17 0.80 0.00 0.11 -0.05c 0.02NS 0.22 0.60 -0.51 0.39 0.54 0.51 -0.73
t* -0.26 0.14NS 0.26 0.00NS 0.67 0.66 0.20 -0.37
To 0.05ns -0.27 -0.32 0.74 -0.31 -0.96 -0.51 0.46

NS = not significantly different from zero

The low heritability of A for model 2 compared with A in model 1 may be 
associated with problems of the model structure discussed above. Correlated 
responses to selection on (AB), the efficiency parameter, suggest selection would 
be expected to place a heavy emphasis on preweaning growth, with large increase 
in both birth weight and 21 day weight. However, the question arises as to 
whether selection on (AB) would be feasible because of the strong relationship
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any response would have with the maternal environment. Selection to increase C, 
although highly correlated with (AB), would be expected to result in little 
change in early weights but would increase gain between 21-42 days with the 
advantage of decreasing mature weight. Parks (1982) suggests the parameter t*, 
or the food intake function, is closely related to the appetite of the animal, 
a suggestion born out by expected correlated responses to selection to increase 
the parameter. Selection to increase t*, and thus decrease appetite would 
result in a reduction in weights at all ages other than birth weight, with no 
change in the animals efficiency at later ages.

The complexity of Model 2, both in the interpretation of the parameters 
and the application, suggest that the only feasible approach to utilising its' 
parameters as selection criteria is through a selection index. The overall 
conclusion may be that consideration must be given to the cost-effectiveness 
of using parameters of either Model 1 or 2 before they may be suggested as 
viable alternatives to selection for growth and efficiency.

TABLE 3■ L.pected Direct and Correlated Responses to Selection for Parameters 
of growth models3’̂

SELECTION CRITERIA

Model I Model 2
A K t* 1 A (AB) C t* To ,[nitial Mean

Responses, % 
of Initial Mean 
Model 1 A 7.30 -10.36 0.0 ' 0.87 0.0 0.0 -6.66

1
0.0 ' 37.43

K -7.61 1A. 70 0.0 1 -1.05 -6.99 1.51 0.0 -2.35 ' 0.035
t* 0.0 0.0 5.17 ' 1.08 -8.55 2.57 5.17 -1.92 ' 5.088

Model 2 A 0.38 - 0.58 0.54 ' 1.54 0.0 -1.42 0.0 2.92 ' 33.00
(AB) 0.0 - 2.54 -2.73 ' 0.0 33.70 2.56 20.91 -2.95 0.375
C 0.0 1.88 2.91 ' -1.20 7.85 5.45 16.93 -7.11 ' 6.771
t* -0.52 0.0 0.46 ' 0.0 5.05 0.98 15.61 -2.40 ' 4.922
To 0.0 - 1.75 -1.31 ' 1.48 -5.41 -3.12 -8.41 7.17 , 5.088

Birth Weight -1.57 1.27 0.0 -1.56 4.60 0.0 0.0 0.0 , 1.559
21 day Weight -1.58 3.66 -3.85 -1.70 9.18 0.0 -7.94 0.0 12.547
42 day Weight 0.63 0.0 0.0 0.0 0.0 1.32 -11.46 -1.86 ,27.835
84 day Weight 3.14 3.34 0.0 0.83 0.0 1.64 -5.47 0.0 , 33.362
Gain 0-21 days -1.29 3.50 -3.79 -1.59 8.81 0.0 -8.44 0.0 , 10.988
Gain 21-42 days 2.00 - 1.45 2.93 1.09 -8.09 1.80 -6.04 -1 .32 , 15.288
Gain 42-63 days 0.80 - 0.84 0.83 ( 0.69 0.0 0.0 0.0 0.0 , 4.173
Effic. 21-42 
days 1.11 - 2.13 1.44 | 1 .16 -6.18 0.0 0.0 0.0 ‘ 0.123

Effic 42-63 
days 0.81 - 0.96 0.37 | 1.14 0.00 -1.01 0.0

1 •» 1 ^ 0.027
aGenetic correlations not different from zero were set to zero.

Responses from a single generation of selection with a standardised selection 
differential of 1.0.
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SUMMARY

Two nonlinear growth models were used to fit weight-age and food intake-age 
data for male and female mice. The models were examined for goodness of fit, 
biases in the parameter estimates and biological interpretability of the para
meters. Heritabilities and genetic correlations are presented for the para
meters of the two models.• Selection criteria based on individual parameters and 
on selection indices incorporating information on parameters from each model are 
presented. Expected correlated responses in weights and feed efficiency for 
segments of the growth curve are described for the various selection criteria.

SUMARTO

Se han empleado dos modelos no lineares, que expresaran los datos de peso- 
edad e ingestion alimenticia-edad de ratones machos y hembras. Los modelos 
fueron juzgados por su precision, su tendencia en la estimacion de parametros y 
por su interpretation biologies de los parametros de los dos modelos. Se 
presentaran criterios selectivos basados en parametros individuales y en la 
seleccion de indices que incorporen informacion sobre los parametros de cada 
raodelo. Las reacciones correlativas que se esperan en cuanto a peso y 
eficiencia en el uso de alimentas por segmentos de la curva de crecimiento se 
describen por cada uno de los varios criterios selectivos.

REFERENCES

Bates, D.M. and Watts, DC. (1980). Relative curvature measures of nonlinearity 
(with discussion). J. Roy. Statist. Soc. B, 42: 1-25.

Box, M.J. (1971). Bias in nonlinear estimation. J. Roy. Statist. Soc. B, 33: 
171-201.

Gillis, R.R. and Ratkowsky, D.A. (1978). The behaviour of estimators of the
parameters of various yield density relationships. Biometrics 34: 191-198.

Parks, J.R. (1982). A theory of Feeding and Crowth of Animals. Heidelberg:
Springer-Verlag.

409



REFERENCES
1. Cundiff, L. V., K. E. Gregory and R. M. Koch. 1974. Effects of heterosis on 

reproduction in Hereford, Angus and Shorthorn cattle. J. Anim. Sci. 38:711.
2. Dickerson, G. E. 1969. Experimental approaches in utilizing breed resources. 

Anim. Breed. Abstr. 37:191.
3. Dickerson, G. E. 1973. Inbreeding and heterosis in animals. Proc., Animal 

breeding and genetic symposium. Am. Soc. of Anim. Sci., Champaign, 111. pp 
54-57.

4. Gaines, J. A. et al. 1966. Heterosis from crosses of British breeds of beef
cattle: I. Fertility and calf performance to weaning. J. Anim. Sci. 25:5-13.

5. Gaines, J. A. et al. 1978. Heterosis from crosses among British breeds of
cattle: Straightbred versus crossbred cows. J. Anim. Sci. 47:1246-1253.

6. Gregory, K. E. and L. V. Cundiff. 1980. Crossbreeding in beef cattle: Evalu
ation of systems. J. Anim. Sci. 51:1224—1242.

7. Hubbard, D. D. 1981. Guidelines for uniform beef improvement programs.
U.S.D.A. Ext. Serv. Program Aid 1020.

8. Lasley, Earl L. 1982. Personal communication.
9. Marlowe, T. J. and R. C. Oliver. 1977. Sire breed evaluation: Fertility, calf

survival and weaning performance. Livestock Research Report, VPI&SU Res. Div. 
Rpt. 172-31-35.

10. Marlowe, T. J. et al. 1979a. Cooperative cattle breeding research: Cow breed
evaluation. Livestock Research Report, VPI&SU Res. Div. Rpt. 175:1-41.

11. Marlowe, T. J. eh al. 1979b. Guidelines on crossbreeding for beef production. 
Ibid, pp 42-46.

12. U.S. MARC Germ plasm evaluation program, Progress Reports Nos. 1-9, 1974-1981.
13. Warwick, E. J. and J. E. Legates. 1979. Breeding and Improvement of Farm 

Animals. 7th Edition. Chs. 8, 12. McGraw-Hill Book Co.
14. Wright, Sewell. 1922. The effect of inbreeding and crossbreeding on guinea 

pigs. I. Decline in vigor. U.S.D.A. Bui. 1090.

410


	E02-PARAMETERS OF NONLINEAR GROWTH MODELS AS SELECTION CRITERIA-AN ALTERNATIVE APPROACH TO SELECTION FOR GROWTH AND EFFICIENCY-Introduction
	ANDREW PARRATT
	J. S. F. BARKER




