
Characterization of commercial and biological growth curves in
the Segureña sheep breed

T. M. Lupi1†, S. Nogales2, J. M. León3, C. Barba4 and J. V. Delgado2

1Escola Superior Agrária do Instituto Politécnico de Castelo Branco, 6001-909 Castelo Branco, Portugal; 2Departamento de Genética, Universidad de Córdoba,
Campus Universitario de Rabanales, 14071-Córdoba, Spain; 3Centro Agropecuario Diputación de Córdoba, 14071-Córdoba, Spain; 4Departamento de Producción
Animal, Universidad de Córdoba, Campus Universitario de Rabanales, 14071-Córdoba, Spain

(Received 20 May 2014; Accepted 12 March 2015)

Non-linear models were analysed to describe both the biological and commercial growth curves of the Segureña sheep, one of the
most important Spanish breeds. We evaluated Brody, von Bertalanffy, Verhulst, logistic and Gompertz models, using historical data
from the National Association of Segureña Sheep Breeders (ANCOS). These records were collected between 2000 and 2013, from a
total of 129 610 weight observations ranging from birth to adulthood. The aim of this research was to establish the mathematical
behaviour of body development throughout this breed’s commercial life (birth to slaughter) and biological life (birth to adulthood);
comparison between both slopes gives important information regarding the best time for slaughter, informs dietary advice according
to animals’ needs, permits economical predictions of productions and, by using the curve parameters as selection criteria, enables
improvements in growth characteristics of the breed. Models were fitted according to the non-linear regression procedure of
statistical package SPSS version19. Model parameters were estimated using the Levenberg–Marquardt algorithm. Candidate models
were compared using the determinative coefficient, mean square error, number of iterations, Akaike information coefficient and
biological coherence of the estimated parameters. The von Bertalanffy and logistic models were found to be best suited to the
biological and commercial growth curves, respectively, for both sexes. The Brody equation was found to be unsuitable for studying
the commercial growth curve. Differences between the parameters in both sexes indicate a strong impact of sexual dimorphism on
growth. This can emphasize the value of the highest growth rate for females, indicating that they reach maturity earlier.
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Implications

Non-linear models can be an option to establish the mathe-
matical behaviour of body development throughout the life
of the Segureña sheep breed. These models require lower
computational and faster convergence than other methods.
Moreover, in genetic evaluation programmes with large data
sets, non-linear models are more advantageous. The results
showed a strong impact of sexual dimorphism on growth.

Introduction

According to the official genetic improvement programme,
the Segureña breed is one of the three most important
Spanish meat sheep breeds. Furthermore, this breed helps
boost the local economy of the regions in which it is bred –

namely, the highlands of Granada, Sierra de Segura and Las
Villas – which are among the poorest regions in Europe.

Therefore, this breed is the main reason that people have
settled in this region.
Mainly exploited in extensive and semi-extensive condi-

tions, these animals are one of the components that balance
the ecosystem of the regions they inhabit, thereby making
them a mainstay of environmental and social sustainability.
Despite the difficult and disadvantaged environment, this
breed has achieved the most competitive and highest pro-
duction returns (Hernandez, 2004). The carcass yield is
between 48% and 55% (Cano et al., 2003), owing to a light-
weight lambskin that represents 8% of the total live lamb
(ANCOS, 2014). The weight difference between males and
females can influence the shape of the growth curve, as has
been noted by several authors (Silva and Araújo, 2000;
McManus et al., 2003; Sarmento et al., 2006).
The main selection objective and criteria are defined in the

official genetic improvement programme. The evaluation
herds under selection account for 62 505 animals in total.
Every year, around 20 000 new lambs complete the weight-
ing programme, and more than 45 000 new parturitions are† E-mail: tmlc@ipcb.pt
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registered for the analysis of prolificacy. The traits considered
for genetic evaluation are the live weight at 30, 45 and
75 days of age and daily gain between 0 and 30, 0 and 45
and 0 and 75 days; prolificacy (number of lambs per birth);
the productive longevity (leg and udder morphology); and
quality of meat and carcass (MAGRAMA, 2012). The genetic
evaluation is based on performances collected on farm.
These data are annually evaluated using different variants
of the BLUP animal model, obtaining predictions of the
breeding values. Based on these predictions, a catalogue is
published annually of the best 10 males, selected by a
combined selection index.
Growth, described as changes in volume, size or shape of

an organism over time, is a very important characteristic of
living organisms (Ulutas et al., 2010). Fitting growth curves
to growth functions is an interesting method for assessing
different management factors or for breeding purposes.
Growth curve models provide a set of parameters that
describe growth pattern over time and estimate the expected
weight of animals at certain ages. In addition, the parameters
obtained from growth functions are highly heritable and have
been used in selection studies (Daskiran et al., 2010).
The growth curve is represented mathematically as a

function of age and live weight, covering all or part of the
animal’s lifespan (Echeverri et al., 2013). These growth
curves show initially a self-accelerating stage (slope increase)
followed by a deceleration stage (slope decline) (Brody,
1945). Growth curves have been studied extensively in many
types of cattle, and several mathematical models have
been proposed to describe the growth behaviour reporting
differences of fit accuracy among breeds (Hamouda and Atti,
2011; Tariq et al., 2013). Many mathematical functions have
been used to represent growth curves in sheep. In this spe-
cies, the models that better represent sheep growth are the
non-linear Brody, von Bertalanffy, Verhulst, logistic and
Gompertz models, as reported in the studies of Topal et al.
(2004), Hamouda and Atti (2011), Tariq et al. (2013), among
others. These are the most significant functions in the ovine
species according to the existent literature. Other basic
models such as linear and quadratic models were pre-
liminarily tested, but their fitting criteria were very bad with
respect to the other models achieved in this paper. In order to
concrete the discussion of our findings and reduce the
extension of the document, these models were removed from
the definitive design.
Moreover, Lambe et al. (2006), in their study of two

contrasting breeds from birth to slaughter, state that the
fastest phase of growth, observed in young animals, is often
assumed to be linear, and linear regressions or ratios
between BW gain and time are used to model growth.
Biological growth can be defined as the weight gain of an

animal until it reaches adulthood. In the early stages of life,
this growth accelerates and weight gain is greater than
when close to adulthood, producing a sigmoid curve. As the
animal develops, the growth rate modifies, and a plot of
growth rate presents a change in curvature, which identifies
the highest growth rate point. After this inflection point,

growth gradually decreases and the growth rate is slower.
This tendency continues until growth is stabilized, a fact that,
mathematically, coincides with the horizontal asymptote of
the growth curve (Fitzhugh, 1976; Gómez et al., 2008).
Commercial growth is the weight gain of the animals

solely during the period comprised between birth and
slaughter (slaughter age is around 80 days). This age is
determined by cultural aspects such as the carcass size
demanded by consumers, but also by technological criteria
such as the level of fattening in the carcass. Therefore,
economically this is the most important growth phase. The
commercial growth period also varies from one breed to
another, depending on genetic and environmental aspects,
but is also affected by cultural and technological aspects
based on differences in customs among regions regarding
the manner and time of slaughter.
Therefore, there is a significant variation among popula-

tions and breeds regarding growth behaviour during the
animal’s biological and commercial lifespan; therefore, the
best fitting curve must be determined for each breed or
population, taking into account the whole lifespan and the
restricted period between birth and slaughter.
The commercial curve is of interest and can be applied for

breeding and economic purposes, whereas the biological
curve involves physiological, nutritional and technological
aspects, among others.
Very few studies have been conducted on the Segureña

sheep breed (Hernandez, 2004; León et al., 2005). The rela-
tionship between the animal’s age, growth rate and maturity
can be studied using non-linear empirical models. This
information is important for research purposes and for
recommendations regarding production, breeding and
reproduction. The estimation of biologically interpretable
parameters of a growth function, in association with the
production characteristics of the animals, can be an alter-
native for selection programmes that seek precocity with
higher weight and carcass quality (Souza and Bianchini
Sobrinho, 1994; Ulutas et al., 2010). The main aims of these
models are to describe and predict growth and make infer-
ences based on an interpretation of growth parameters
(Ratkowsky, 1983). Choosing a suitable mathematical func-
tion is crucial in efficiently describing growth evolution
during the animal’s commercial and biological life; an
appropriate choice should, therefore, be based on data from
different populations and herds (León et al., 2012).
The objective of this study was to determine the best non-

linear growth curve models for the growth performance of
the Segureña sheep breed. This important tool can be applied
to several aspects of the breed’s breeding programme
development. The curve parameters can be used as new
selective criteria to improve the productive behaviour of the
breed – for example, precocity can be inferred from the curve
slope, whereas the best time for slaughter can be inferred
from the inflection point. This information is also useful for
marketing and commercial forecasts, giving information
regarding predictions of production, as well as for creating
feeding plans, to match feeding supply to production.
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Material and methods

The weight-age data for this study were obtained from
60 694 individuals from the historical archives of the
National Association of Segureña Sheep Breeders (ANCOS).
The data were collected from 2000 to 2013. This archive
has all the information regarding lamb weights at different
ages of reference – birth, early weaning, late weaning and
slaughter – and information about the origin of each lamb
(livestock, date of birth, parentage, etc.). Real weighing
dates were used to compare with best fitted model-estimated
results. Data were grouped as follows: P0: weighed lambs
between 0 and 15 days of age; P1: weighed lambs between 16
and 35 days of age; P2: weighed lambs between 36 and
55 days of age; P3: weighed lambs between 56 and 80 days of
age; and adults.
The data file was checked to eliminate outliers. The ori-

ginal data were purged, first, by anomalous dates, then by
each weighing date and, finally, all data at least twice the
standard deviation above and below the average weight in
each weighing were removed. With this restriction, a con-
fidence over 99% of belonging to the distribution is ensured.
After this evaluation, only data from 59 937 animals, repre-
senting 98.75% of the total, and 129 610 weight observa-
tions were retained for this study. All models were fitted
using multiple observations of the dependent variable
(weights) for each point of the independent variable (day of
life). Field data were used to fit the models, and as these data
presented too many outliers it was decided that it was better
to assume an overvaluation of pseudo R2 than using data
that will distort the results in an uncontrolled manner.
A higher number of females was observed, 35 290

(58.88%), than males, which was 24 647 (41.12%). Table 1
presents information regarding the number of observations
and the average weight by sex and age: males were
statistically (P< 0.001) heavier than females. There were
165 adult females and 68 adult males: 19 animals from 3 to
6 months of age, 12 animals from 6 months to 1 year of age,
37 animals from 1 to 2 years of age, and 165 animals of
2 years and older.
The models used – Brody, von Bertalanffy, Verhulst,

Gompertz and logistic – whose mathematical expressions
and biological parameters are found in Table 2, were fitted to
the data using the non-linear regression procedure from the
SPSS version 19 statistical package. In all cases, individual
observations were used to fit the correspondent population.

The parameter a is defined as the asymptotic value of
the function when the time tends to infinity; this value
represents the asymptotic weight of the animal, regardless of
fluctuation problems due to genetic and environmental
effects. The parameter b allows calculation of the inflection
age. Parameter k represents the relative growth rate (rate
of exponential growth); high values indicate animals with
precocious maturity – that is, animals that attain maturity
weight quickly, and low values indicate animals with
a delayed maturity or that tend to mature more slowly.
Parameter m gives the shape of the growth curve and, con-
sequently, determines the inflection point, the beginning of
the auto-deceleration stage until the animal reaches adult
size (McManus et al., 2003; Echeverri et al. 2013; Tariq et al.,
2013). Quantitative growth can be characterized using the
parameters of each model (Brown et al., 1976; Fitzhugh,
1976; Hamouda and Atti, 2011). The formula for estimating
the age at maturity was developed by the authors of the
present study, and is presented, for each model, in Table 2.
The growth rate estimates the increase in weight per unit

of time (Quirino et al., 1999; Freitas, 2005). The degree of
maturity should be treated as the weight change in relation
to the weight at adulthood, or as an indicator of the speed
with which the animal approaches its adult size (Fitzhugh,
1976; Carneiro et al., 2009).
To select the best curve, there are five principal criteria of

adjustment, mentioned by numerous authors (Gbangboche
et al., 2011; Echeverri et al. 2013; Tariq et al., 2013): deter-
minative coefficient (pseudo R2), mean square error (m.s.e.),
number of iterations, Akaike information criterion and bio-
logical coherence of the estimated parameters. For each of
these criteria, the optimum was interpreted as follows:

1. The lowest value of the m.s.e. of the studied equation, as
a measure that includes the variability of the factors that
the investigator has not considered.

2. The highest level of the determinative coefficient (pseudo R2).
In its non-linear regression tool, the SPSS package applies

the Levenberg–Marquardt algorithm method, which is used
in cases where the parameters are closely correlated. When
using linear regression models, the quality of fit of the
model is represented by the determinative coefficient,
known as R2. In non-linear regression, this is not the
correct measure. One problem with the definition of R 2 is
that it requires the presence of an intersecting point, which
does not exist in most non-linear models. The measure that

Table 1 Number of observations and weight average (WA) of Segureña sheep distributed by sex and age

P0 P1 P2 P3 Adults

n WA (kg) CV (%) n WA (kg) CV (%) n WA (kg) CV (%) n WA (kg) CV (%) n WA (kg) CV (%)

Females 34 691 3.492 10.8 13 840 8.723 19.9 12 221 13.333 18.3 10 607 18.487 16.0 165 46.390 22.2
Males 23 961 3.521 10.5 13 243 9.141 21.0 11 577 14.164 19.9 9237 20.005 17.6 68 64.041 19.5

P0 = lambs between 0 and 15 days; P1 = lambs between 16 and 35 days; P2 = lambs between 36 and 55 days; P3 = lambs between 56 and 80 days of age;
CV = coefficient of variation.
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approximates R2 in non-linear models is the pseudo R2.
This value is slightly lower than the R2 from the linear
model:

pseudo R2 ¼ 1� SSResidual
SSTotalCorrected

(1)

3. The smallest number of iterations needed to reach the
value of the model parameters indicates the computa-
tional ease of the mathematical function used.

4. The lowest value of the Akaike information criterion
(Thomas et al., 2009): this criterion takes into account
changes in the quality of fit and differences between the
number of parameters in both models (Posada and
Noguera, 2007).

AIC ¼ n ´ ln
SSE
n

� �
+ 2p (2)

Where p = number of parameters+1, SSE = sum of
squares of the residuals and n = number of observations.

5. Biological coherence of the estimated parameters.

The determinative coefficient should be interpreted with
caution, because the models might have limited predictive
capacity and present high values of pseudo R2, which is why
this coefficient must not be the only criterion for choosing
between models (Noguera et al., 2008). This evaluator is
used to compare the goodness of fit of models with different
numbers of parameters (Souza, 2010).

Results and discussion

Homogeneity of means and of variances between sexes were
analysed to infer whether they showed the same distribution
or not, to decide whether a single adjustment was valid for
the population or whether the analysis should be made
separately by sex. An F-test for homogeneity of variances
was applied using Microsoft Excel 2010 and, with a
P = 0.09, it was concluded that the variances for the
weights of both sexes were homogeneous. When conducting
a t-test of homogeneity of means, it was concluded that,
with a P< 0.001, the averages of the weights between sexes
were heterogeneous, implying the need to infer the adjust-
ments separately for each sex. This conclusion was also
presented by McManus et al. (2003), Ulutas et al. (2010) and
Gbangboche et al. (2011), among others.
Brown et al. (1976), Bathaei and Leroy (1998) andMcManus

et al. (2003) emphasized that the most important biological
relationship in a growth curve is the relation between the
parameters a and k. A negative correlation between these
parameters indicates that early maturing animals tend to grow
into animals with smaller mature weights.
Given the quality-of-fit criteria, all models are suitable for

describing the growth of the Segureña sheep breed (Table 3).
Brody’s model is the least suitable, as it has the lowest
coefficient of determination (pseudo R2) and the highest
values for m.s.e., Akaike information criterion and number of
iterations. Consistent with the findings of Gómez et al.
(2008) and corroborated by the research of Brown et al.

Table 2 Mathematical description of growth models, biological parameters and growth evaluators

Mathematical expression
Inflection
point Inflection age Growth rate

Age to maturity
(y≈ a)

Maturity
degree

Brody y = a*(1− b*exp(− k*t )) – – vc ¼ ka 1� y
a

� �
�
ln a�y

ba

� �
k

Von Bertalanffy y = a*(1− b*exp(− k*t ))**3 yi ¼ 8a
27

ti ¼ lnð3bÞ
k

vc ¼ 3ky
a
y

� �1=3

�1

" #
�

ln
1�

ffiffiffi
y
a

3

r
b

0
BB@

1
CCA

k

Verhulst y = a/(1+ b*exp(− k*t )) yi ¼ a
2

ti ¼ lnðbÞ
k

vc ¼ ky 1� y
a

� �
�
ln

a�y
y�b

� �
k

u ¼ y
a

Logistic y = a*(1+ exp(− k*t ))**(−m ) yi ¼ a
2

ti ¼ �lnð21=m�1Þ
k vc ¼ mka

e�kt

1 + e�kt

� �
�
ln

a
y

� �1=m

�1

" #

k

Gompertz y = a*exp(− b*exp(− k*t )) yi ¼ a
e

ti ¼ lnðbÞ
k

vc ¼ kyln
a
y

� �
�

ln
ln

y
a

� �
�b

0
B@

1
CA

k

y = weight, in kg, at age t; t = age in days; a, b, k and m = parameters.
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(1976) and Gbangboche et al. (2011), the von Bertalanffy,
Gompertz and Verhulst models overestimate weights at
early ages, whereas the Verhulst model underestimates the
weight at maturity. The low value of the number of iterations
indicates that all models fit the data.
There is a relatively small difference between the esti-

mated parameters a and k in all models for males and
females. According to parameter a, all models confirmed that
males are heavier than females, which is consistent with the
greater average weights of males at all ages of reference, as
is evident in Table 1. This was also observed by several
authors in the study of different species (Carneiro et al.,
2009; Ulutas et al., 2010; Gbangboche et al., 2011).
The parameter k represents the animal’s rate of maturity

and indicates the growth velocity in reaching the asymptotic
weight from the initial weight. High values of the parameter k
indicate that the animals reach maturity earlier (Brown et al.,
1976; Carolino and Gama, 1993; McManus et al., 2003),
and, as can be observed in Table 3, females have a higher
rate of maturity (between 0.005 and 0.028) than males
(between 0.003 and 0.027), as was also observed by Bathaei
and Leroy (1998), Gbangboche et al. (2008), Ulutas et al.
(2010), and, consequently, have a lower weight at maturity.
The growth rates estimated by these models showed that
females grow at a higher rate than males, although the
differences between males and females were quite small,
and always in favour of females, as reported in previous
studies (Bathaei and Leroy, 1998; Gbangboche et al., 2006;
Ulutas et al., 2010). The Brody model estimated the lowest
growth rates for males and females, whereas the Verhulst
model estimated the highest growth rates in both sexes.
As presented in studies by several authors on sheep

growth (Topal et al., 2004; Gbangboche et al., 2011;
Hamouda and Atti, 2011), the model that best fits the
observed data to determine the growth curve of animals of
both sexes of the Segureña sheep breed is the von Berta-
lanffy model (Table 3). Accepting this model as the best
descriptive model for the growth of this breed from birth to
adulthood, an inflection point (Table 2) occurs around
70.4 days for males and 56.6 days for females, at weights of
20.06 and 14.48 kg, respectively. Therefore, it follows that

the optimal age of slaughter for females should be around
2 weeks earlier than males to achieve maximum efficiency in
the conversion of consumed feed. Logically, the recom-
mended slaughter weights for females must be lower,
because after inflection animals tend towards fattening and
not muscle growth.
Biological growth curves (males and females) predicted by

the von Bertalanffy model are presented in Figure 1. Female
adult live weight was lower and was achieved at an earlier
age than males. These facts, induced by sexual dimorphism,
justify a different zootechnical treatment to reach maximum
economic efficiency.
Values obtained for the estimated parameters of each

model for the commercial curve, where the weights are used
up to slaughter age, as well as the calculated values for the
criteria for evaluating the quality of fit, are shown in Table 4.
These values show a great variation from one breed to
another depending on the traditional consumer demands,
determined by cultural aspects. For instance, lambs from
dairy breeds are slaughtered significantly earlier than lambs
from breeds reared for meat. Segureña lambs are in demand in
the market at an age of around 80 days, known as ternasco
or recental.

Figure 1 Comparison of biological growth curves for male and female
Segureña sheep, with weights predicted by the von Bertalanffy model.

Table 3 Estimated parameters for each model in the study of the biological growth curve for both sexes of the Segureña sheep breed

Model Sex A (s.e.) B/M (s.e.) K (s.e.) Pseudo R 2 m.s.e. No. of iterations AIC

Brody F 51.343 (0.155) 0.936 (0.000) 0.005 (0.000) 0.915 3.202 27 83 243.45
M 74.940 (0.353) 0.958 (0.000) 0.003 (0.000) 0.898 4.578 37 88 374.44

von Bertalanffy F 48.877 (0.137) 0.587 (0.000) 0.010 (0.000) 0.923 2.868 24 75 359.57
M 67.707 (0.262) 0.628 (0.001) 0.009 (0.000) 0.908 4.098 18 81 933.47

Verhulst F 44.521 (0.141) 10.249 (0.039) 0.028 (0.000) 0.914 3.236 12 84 000.56
M 61.633 (0.263) 13.671 (0.068) 0.027 (0.000) 0.897 4.612 12 88 800.69

Logistic F 46.580 (0.137) 3.657 (0.005) 0.018 (0.000) 0.921 2.957 12 77 558.12
M 64.054 (0.256) 4.060 (0.007) 0.016 (0.000) 0.905 4.240 21 83 912.71

Gompertz F 47.489 (0.135) 2.585 (0.003) 0.014 (0.000) 0.923 2.886 18 75 804.87
M 65.232 (0.255) 2.871 (0.005) 0.012 (0.000) 0.907 4.143 23 82 571.88

s.e. = standard error; pseudo R 2 = non-linear determinative coefficient; m.s.e. = mean square error; AIC = Akaike information coefficient.
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When fitted to the lamb’s weight, the Brody model
produces very inadequate parameters. The parameter a is
estimated with an unacceptable value for these animals
(3952.6 for males and 2803.1 for females). The values
obtained for all the criteria of fit are the worst among the
models under study: it has the lowest pseudo R2, the highest
m.s.e., it fails to converge and it has the highest Akaike
information criterion. From this, it can be concluded that, in
agreement with Lewis et al. (2002), the Brody model does not
fit the data for Segureña lambs until slaughter age. This can be
explained by the fact that this model predicts more accurately
growth at older ages (Brown et al., 1976; Fitzhugh, 1976;
Gómez et al., 2008). In the literature, several authors have
excluded the Brody model as an explanatory model for sheep
growth (McManus et al., 2003; Sarmento et al., 2006).
The remaining four growth models fitted the growth data

well (pseudo R2 = 0.903 for males and pseudo R 2 = 0.921
for females), confirming their eligibility. The logistic model
had the lowest value for all other fitting criteria – m.s.e.,
number of iterations and Akaike information criterion – in
both sexes. As studies by other authors on sheep growth
show (McManus et al., 2003; Freitas, 2005; Carneiro et al.,
2009), the model that best fits the observed data to deter-
mine the commercial growth curve of Segureña lambs, in
both sexes, is the logistic model.
Growth rates, estimated by the models for zootechnical

growth curves, varied between 0.008 and 0.039 for males
and between 0.009 and 0.039 for females. The von

Bertalanffy model had the lowest estimates of growth rates
in both sexes, whereas the Verhulst model had the highest
estimates.
Table 5 presents weights predicted by the models at

different ages, differentiated by sex. This table confirms the
superiority of the weights of the males compared with the
females. All the models studied predicted weights at slaughter
age consistent with the data presented in the literature, which
are indicative of well-fitting models.
Commercial growth curves with weights predicted by the

logistic model, for both sexes, are presented in Figure 2,
where a slight difference in slope is evident.
In general, we observed that sexual dimorphism is evident

in our results, both regarding biological and commercial

Table 4 Estimated parameters for each model in the study of the commercial growth curve for lambs of both sexes of the Segureña sheep breed

Model Sex A (s.e.) B/M (s.e.) K (s.e.) Pseudo R2 m.s.e. No. of iterations AIC

Brody F 2803.096 (–) 0.999 (–) 7.284E−5 (–) 0.917 2.814 >300 73 833.82
M 3952.560 (–) 0.999 (–) 5.686E−5 (–) 0.897 4.237 >300 83 768.31

von Bertalanffy F 57.252 (0.855) 0.607 (0.002) 0.009 (0.000) 0.920 2.704 12 70 991.26
M 77.505 (1.754) 0.644 (0.003) 0.008 (0.000) 0.903 4.000 28 80 436.50

Verhulst F 25.103 (0.087) 6.117 (0.023) 0.039 (0.000) 0.921 2.701 10 70 917.76
M 28.273 (0.132) 6.871 (0.032) 0.039 (0.000) 0.903 4.004 10 80 496.26

Logistic F 31.306 (0.190) 3.163 (0.008) 0.024 (0.000) 0.921 2.698 10 70 828.09
M 36.820 (0.313) 3.378 (0.011) 0.023 (0.000) 0.903 3.996 10 80 373.56

Gompertz F 38.209 (0.313) 2.394 (0.007) 0.016 (0.000) 0.921 2.700 10 70 878.44
M 46.145 (0.530) 2.572 (0.010) 0.016 (0.000) 0.903 3.996 16 80 382.80

s.e. = standard error; pseudo R 2 = non-linear determinative coefficient; m.s.e.: mean square error; AIC = Akaike information coefficient.

Table 5 Predicted weights, in kg, of Segureña sheep at different ages differentiated by sex

Observed von Bertalanffy Verhulst Logistic Gompertz

Age M F M F M F M F M F

0 3.521 3.490 3.497 3.475 3.592 3.527 3.542 3.495 3.525 3.487
15 6.421 6.170 6.112 5.931 5.856 5.695 6.033 5.869 6.102 5.812
30 8.949 8.606 9.310 8.847 9.026 8.661 9.326 8.930 9.396 8.686
45 13.147 12.564 12.944 12.069 12.922 12.200 13.187 12.417 13.195 11.915
60 17.836 15.904 16.867 15.454 17.013 15.796 17.253 15.979 17.236 15.278
80 21.986 20.181 22.325 20.022 21.692 19.764 22.379 20.310 22.571 19.638

Figure 2 Comparison of commercial growth curves for male and female
Segureña sheep, with weights predicted by the logistic model.
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growth patterns. This is justified by increasing hormonal
differences as the lambs approach puberty. Therefore, we
recommend that producers take sex into account when
establishing fattening feed lots; this procedure would enable
the establishment of patterns of feeding and management
fitted to the growth behaviour of each feed lot. This is
relevant because, at present, feed lot finishing of lambs are
not grouped by sex, but by weight or age.

Conclusions

Models considered in the present study – Brody, von Bertalanffy,
Verhulst, logistic and Gompertz – are adequate to describe the
growth of the Segureña sheep breed, although the Brody model
does not converge in the commercial curve.
The most suitable function to explain the biological

growth of the Segureña breed, from birth to maturity, is the
von Bertalanffy model, for both sexes. The curve parameters
showed important differences between sexes, which led us
to recognize the strong impact of sexual dimorphism on
growth. We highlight the value of the higher growth rate for
females, indicating that they reach maturity earlier.
From birth to slaughter, the most suitable function to

explain the commercial growth curve of Segureña lambs is
the logistic model. During this period, we also observed a
sexual dimorphism on growth.
These results, showing the importance of zootechnical

applications in terms of the management of both sexes in
lamb fattening feed lots, and for making decisions regarding
slaughter, may also support selection programmes, as the
application of non-linear models can be used for earlier
selection and some curve parameters could be introduced
into the breeding programme as selection criteria to improve
important commercial traits such as the precocity.
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