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Abstract

The growth of kids represents an important production phenotype for
the local goat population in pastoral areas. Thus, daily gain is a
component of the selection criteria in genetic improvement plans for
the local population. The study aims to estimate the genetic parameters
for the average daily gains of the local kids by fitting four random
regression models including or ignoring permanent maternal or
environmental genetic effects. The genetic parameters and the (co)
variance components were estimated from the data of 945 kids (531
males and 414 females), from 19 bucks and 285 goats collected
between 1998 and 2014. The genetic parameters were estimated for
five phenotypes: ADG (1-30), ADG (31- 60), ADG (61-90), ADG (91-
120), ADG (121-150). Mother's age, mother's weight at kidding, the
interaction sex x mode of birth, and year x month of birth were
included, as fixed factors, in the mixed model. The direct and maternal
heritability estimates of mean daily gains vary respectively from 0.10
to 0.39 and 0.09 to 0.24 The ADG (1-30), which estimates the growth
of the goat during the first month of life, had the lowest estimates of
maternal and direct heritability among other age groups. The maternal
component of the estimated variance is larger than the direct variance
at early ages, indicating the importance of the maternal capacity of this
adapted local population. The results help to develop the genetic
improvement plans adapted to the production and adaptation potential
of the local goat, and to the characteristics of its arid environment.
Keywords : Local kids , Mixed models Environmental effects,

Average daily gains, genetic evaluation.
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Introduction

In Tunisia, goat farming plays an important socio-economic role in an arid region where the
practice of other agricultural activities is limited by restrictive and irregular natural
conditions. Pastoral goat farming has been one of the few activities able to enhance the
resources of the vast rangelands in arid Tunisian regions threatened by desertification. In the
arid Tunisian regions, the goat herd represents more than 60% of the national herd (Najari,
2005). The main product of this breed is the meat of kids. The kids’ meat represents about 75%
of the local meat production (Atoui et al., 2019). Further, the demand for meat from Kids is
increasing because of its nutritional quality.

The kids are usually slaughtered after weaning at 6 months of age, hence the particular
importance of young goat growth as an objective of a genetic improvement program and a
component of the selection index. In fact, the productivity of the herd depends closely on the
birth weight and the daily gain during the first months of age. For the genetic evaluation of
growth traits and the estimation of genetic parameters, pastoral management and the
irregularity of natural production factors pose specific problems because of their impacts on
the mode of expression of genotypes and the nature of interactions genotype x environment
(Najari, 2005).

The study of the growth performance of the local goat population under a harsh environment
leads to knowing about the interaction between the animal and its irregular environment. Thus,
the characterization needs the study of the manifestations of adaptation skills and the specificity
of the action of aridity factors on the expression of genotypes. Such aspects manifest particular
importance for the discussion of technical and scientific methodologies for feasible and
sustainable improvement programs (Najari, 2005, Atoui et al., 2019). Thus, the objective of
the program, which is to improve productivity and maintain adaptation, must be translated into
selection criteria. Then, these criteria must be modeled to develop the mode of expression of
genotypes under the effect of the sources of variation.

Starting from this problem, the present study proposes as the main goal to explore alternative
models to describe the genetic and environmental components of the average daily gain of local
kids in order to establish the bases for future genetic evaluation within the local goat population.
Materials and methods

The experiment was carried out at the Experimental Station of the Institut des Région Arids,
located approximately 20 km West of Médenine at N33° 53" E9° 53’ (Tunisia). This region is
characterized by a low arid bioclimatic stage with an annual rainfall average of 100 mm and
an average temperature of 30 °C, 18.9 °C, 19.5 °C, 11.8 °C, respectively in summer, spring,
autumn, and winter (Atoui et al., 2018)

Animal and management

The local goat population constitutes an animal group adapted to arid conditions. The local
goat population shows a large variability both in morphology and growth performances
(Figure). The Characteristics of the local goat population include the small body size with an
average height of 76 cm for the male and 60 cm for the female (Atoui et al.,2019) and the
ability to walk long distances. Fertility rate was about 87% and prolificacy rate was about 110-
130% (Najari, 2005). Kidding season begins in October and continues till February, with a
concentration during December and January (Atoui et al., 2018; Najari et al., 2007; Ouni 2006).
Goats were maintained and fed indoors during the first month of lactation but for the rest of
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lactation, they grazed on natural pastures. In general, grazing pasture grasses covered about 70%
of breeding animals' feed requirements.

Figure 1. Local goat population.

Data recording and studied traits

The kids were first suckled by their mothers. At the age of 30 days, they begin to consume
solid food. The kids are weighed every two weeks and each kid's records included goat mother
and kid identification, birth date, sex, birth mode, and kid’s weights measured with
corresponding assessment dates. Based on the weight records of individual kids, the average
daily gains (ADG) were calculated assuming a linear growth rate between the appropriate
weights. The data used in this study were collected between 1998 and 2014 on a total of 945
kids (531 males and 414), resulting from matings of 19 bucks and 285 goats. Bodyweight
increased, on average, from 2.5 kg at birth to 12.9 kg at the age of 150 days. For each kid, the
ADG between two ages (1 and 2) is estimated by the slope of the linear change in individual
weight between these two ages, provided that the weights, at the corresponding ages, are not
zero. Thus, for each kid, the ADGs during each month were estimated between birth and 150
days of age. These variables were considered as individual phenotypes. For the construction of
mixed models, the GLM statistical software procedure (SPSS.20 software) was applied to
determine the fixed effects having a significant influence on the studied characters: ADG (1-
30), ADG (31- 60), ADG (61-90), ADG (91-120), ADG (121-150), and the interactions
between these factors.

Analysis of variance showed that mother's age, mother's weight at kidding, the interaction sex
x mode of birth, and year x month of birth are significant for the traits analyzed. Therefore,
these factors were included in the final model as fixed factors.

To study the behavior of models for estimating genetic parameters, four models of random
regressions were used :

- Model 1: Random regression model with direct genetic effect.

- Model 2: Random regression model with direct and maternal genetic effect.

- Model 3: Random regression model with direct genetic effect and permanent maternal
environment effect.

- Model 4: Random regression model with genetic effect (direct and maternal) and
environmental effect (direct and maternal).

Model 1: Random regression model with direct genetic effect
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A random regression model with a direct genetic effect was constructed according to the
following equation:

Z A Pm (i) + &j

2
=0

2
yij = Fjj + Z Bm®m (t;) +
m=0

m

Where: yijj = the average daily gain of the kids; tjj= the age normalized in the interval [-1.1]; ¢m
= is the covariate of polynomial Legendre; Fij = the fixed effects included in the model: the
class of mother's weight at kidding , the interaction sex x mode of birth and year x month of
birth and mother's age at kidding; Pm = the fixed regression coefficient that modeling the
population mean; aim, IS the random regression coefficient for direct additive genetic effects;
and &jj = the residual effect measured independently and distributed with homogeneous
measurement error variances.
The matrix form of the model is as follows:

y = Xb+ Ziagte
Where :
y = Vector of observations (ADG)
b = Vector of the fixed effects (the class of mother's weight at kidding, the interaction sex x
mode of birth and year x month of birth and mother's age at kidding)
ad = Vector of direct genetic effects
e = Vector of residuals
X and Z1 = Incidence matrix
Model 2 :Random regression model with direct genetic effect and maternal
The growth traits of animals before weaning are characterized by a complex genetic
determinism that includes both direct and maternal genetic effects, the correlation between the
two is generally non-zero. Direct genetic effects are the effects of genes transmitted from
parents, while maternal genetic effects are due to the influence of the mother who intervenes
as an environmental effect for the kids. When estimating genetic parameters for growth
performances, it is important to take into account each of these components because they show
the expression of different traits. Thus, the direct effects reflect the growth capacity of the
young, and the maternal effects reflect maternal behavior in general and milk ability in
particular.
The model is written in the following form :

2 2 2
yij = Fj + z Bm¢m(tij) + Z Aim P (L) + Z Yim(tij) + g
m=0 m=0 m=0
Where: yij = the average daily gains of the kids tjj = the age normalized in the interval [-1.1];
om = is the same polynomial Legendre covariate; Fij = the fixed effects included in the model:
the class mother's weight at kidding , the interaction sex x mode of birth and year x month of
birth and mother's age at kidding, pm = the fixed regression coefficient which modeling the
population mean; aim, yim = the random regression coefficient for direct and maternal additive
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genetic effects and &jj = the residual effect measured independently and distributed with
homogeneous measurement error variances.
The matrix form of the model is as follows:

y= Xb + Ziag+ Zoam+te Cov (ad, am) = Acam

Where:

y = Vector of observations (ADG)
b = Vector of fixed effects (the mother's weight class at kidding, the interaction sex x mode
birth and year x month of birth and mother's age at kidding)

a4 = Vector of direct genetic effects,

am = Vector of maternal genetic effects,

e = Vector of the residuals.

X, Z1, and Z = Incidence matrix.

Model 3:Random regression model with direct genetic effect and permanent maternal
environment effect.

The model is written in the following form:

2

2.

0

2 2
yij = Fjj + Z B ®m (tij) + AP (L) + Z PimPm (tij) + &;
m=0 m=0

m

Where: yij = the average daily gains of the kids; tjj = the age normalized in the interval [-1.1];
om = Is the meme covariate of polynomial Legendre; Fij = the fixed effects included in the
model: the class mother's weight at kidding, the interaction sex x mode of birth and year x
month of birth and mother's age at kidding, Bm = the fixed regression coefficient which
modeling the population mean; aim and pim = the random regression coefficients for direct
additive genetic effects and permanent environmental effects in the mother, respectively; and
gij = the residual effect measured independently and distributed with homogeneous
measurement error variances.
The model can be written in a matrix form:

y= Xb+ Ziagt Wipm+ €
Where:
y = Vector of observations (ADG);
b = Vector of fixed effects (the mother's weight class at kidding, the interaction sex x mode
birth and year x month of birth and mother's age at kidding);
aq = Vector of direct genetic effects;
pm = Vector of maternal permanent environmental effects;
e = Vector of the residuals; and
X, Z1, and W1 = Incidence matrix.
Model 4: Random regression model with genetic effect (direct and maternal) and
environmental effect (direct and maternal).
The model is written as follows:

Vij = Fij + 2220 B ®m (t) + 2220 %imPm (tij) + =0 Vim (i) + Toizo SimPm (tij) +

Yoo Pim¢m(tii) + g
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Where:

yij = the average daily gains of kids; aj; = age normalized in the interval [-1.1]; om = is the same
polynomial Legendre covariable; Fij = the fixed effects included in the model: the class
mother's weight at kidding , the interaction sex x mode of birth and year x month of birth and
dam's age at kidding, Bm = the fixed regression coefficient that modelling the population mean;
im, Yim, Oim, pim = random regression coefficients for direct and maternal additive genetic
effects, permanent environmental effects in kids and dam, respectively, &ij = residual effect
measured independently and distributed with variances d error of homogeneous measurements.
The model can be written in a matrix form:

y= Xb+ Zijag+Zram+ Wipgt Wapm+ € Cov (ad,am) = Acam

2 [ Kaq®Agg  Kagam®Age 0 0 0

lan| Kadam®Agg  Kam®Agyg 0 0 0

Vipal = 0 0 Kpa®laxa 0 0

lpst 0 0 0 Kpm @l 0
0 0 0 0 02 X Ingy.

Where:

y = Vector of observations;

b = Vector of fixed effects;

aq = Vector of direct genetic random coefficients for all animals (g = 1152);

am = Vector of maternal genetic random coefficients for all animals (m = 1152);

pd = Vector of permanent environmental coefficients for animals with recordings (d = 939);
pm = Vector of permanent maternal environmental coefficients for all dams with records (m =
282);

X, Z1, Z>, W1 and W> = Incidence matrix, including Legendre's polynomial co-variables; and
€ = Vector of the residuals.

Kad, Kam, Kpd, Kpm = Matrix of (co) variance associated with direct and maternal effects and
with permanent and animal environmental regression coefficients, and K (a4, am) is the matrix
of covariance between the direct genetic effect and the maternal regression. o2 is the residual
variance; a is the additive numerator relation matrix and | is the identity matrix of different
order depending on the effect associated with it; N = 13,095 is the total number of records.
2.3. Estimation of variance components and genetic parameters

The covariance between the random regression coefficients relating to different random effects
was assumed to be non-zero. Software from Misztal et al., (2002) was used to solve models
with the remIf90 procedure of the BLUPf90 family of programs. The model applied a restricted
maximum likelihood to estimate the components of the variance.

2.4. Selection of models
The models were compared by testing logL and the Akaike Information Criterion (AIC). The
model with the highest log L and the lowest AIC value is considered to be the best (Kariuki et
al., 2010).

Results and discussion
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Local kids show average daily gains of 85.62, 75.25, 72.67, 50.04, and 39.21 g/ d respectively
for ADG (1-30), ADG (31-60), ADG (61 -90), ADG (91-120), and ADG (121-150) (Atoui et
al., 2018). As the kid gets older, its average daily gain decreases. These results reflect, in
addition to the genetic potential relating to growth, the favorable effect of the environment that
the mother provides to kids during the first month of lactation (ADG (1-30) = 85.62 g / day).
Once the kid is confronted with the feeding conditions of the rangelands, its growth decreases
even in favorable years (ADG (120-150) = 39.21 g/ day). Najari (2010) showed that if the kids
are able to grow after the age of 4 or 5 months, the climatic conditions avoid the expression of
their potentialities which are expressed in asymptotic form.
The estimates of the components of the covariance and the genetic parameters for the ADGs
of local kids, obtained from the four different models used, are presented in Table 2. For all the
ADGs studied, the estimates depend on the model used. The direct heritability h%y estimates
ranged from 0.07 to 0.39. When maternal effects are ignored (Modell), the additive variance
and the h% are greater than those obtained from other models. Adjusting for a permanent
environmental maternal effect (Model 3) reduced the direct variance indicating a large maternal
effect.
The h?y estimates ranged from 0.10 to 0.24. These estimates are more important at early than
at late ages. The decrease in h%s, when maternal genetic effects are included, indicates that these
effects are important for ADGs in the local kids' population especially at an early age. Such a
result obtained is in agreement with Maniatis and Pollott (2003) who indicated that animal
models that ignore maternal effects, tend to overestimate direct heritability. Adjusting for
genetic (direct and maternal) and environmental (direct and maternal) effects (model 4) present
a better fit than that obtained by other models. The results of the AIC test confirm that Model
4 is the most suitable for the estimation of genetic parameters of ADGs for local kids.
The h?%q estimated (0.16) for the ADG (1-30) in this study using model 3, is similar to those
reported by Nadarajah and Burnside (1994) in Canada, Schoeman et al., (1997) in the Boer
goat, Al-Shorepy et al., (2002) in the Emirati goat, Mugambi et al., (2007) whose estimates are
respectively 0.14; 0.16; 0.18; and 0.13. However, it is lower than the estimates found by
Mavrogenis et al., (1984) in goats from Damascus (0.31), Mourad and Anous (1998) in hybrid
African and alpine goats (0.68), Portoland et al., (2002) in the Sicilian goat Girgentana (0.49)
and Bosso et al., (2007) in the dwarf West African goat (0.50).

Tablel. Statistics for model comparison, — 2 x Log-likelihood function (- 2logL) and Akaike’s

information criterion (AIC) for estimating the genetic parameters of local kid's ADGs.

ADG Models AIC 2logL

1 42471763 | 42467.763

2 42345340 | 43234.870

ADG (1-30) 3 41675.90 42567.908
4 40897.65 44679.234

1 42356120 | 43256.546

> 42378.220 | 43789.453

ADG (31-60) 3 42567.980 | 43259.543
4 43562111 | 45678.213

ADG (61-90) 1 43210120 | 44567111
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2 45200120 | 45690.234
3 43234.009 44327124
4 44567333 45893.100
1 42993.008 43211.267
2 44100340 | 44235.789
ADG (91-120) 3 43112.321 43211678
4 45600110 | 45678.211
1 41400112 44356.890
2 45523110 | 45678.122
ADG (121-150) 3 44199.120 44321.900
4 46123.332 46256.678

After 30 days of age, the h%y estimates vary depending on the model used from 0.10 to 0.24.
Adjusting for the permanent maternal effect reduced the additive variance and affect the direct
heritability estimates of ADGs.

Table 2. Variance components and genetic parameters of local kids' ADGs.

ADG (1-30) |1 006 |- - - 008 015 |039 |-
2 0.02 10.03 |- - 009 014 (017 |0.21

3 0.02 |- - 0.020 |0.09 |0.14 |0.16 |-
4 005 |015 |040 |0.006 [0.09 |[055 |0.10 |0.24

ADG (31- |1 004 |- - - 045 (049 |0.09 |-
60) 2 012 [0.09 |- 040 ]051 |0.23 ]0.18

3 0.03 |- - 0.030 1043 |049 |0.07 |-
4 0.07 |0.09 |040 |0.006 [0.0/ |055 |0.11 |0.15

ADG (61- |1 033 |- - 136 169 [0.19 |-
90) 2 0.65 (041 |- 111 169 (038 |0.24

3 0.18 |- - 0130 {132 |163 |0.11 |-
4 009 |0.07 032 |0.050 |0.07 |[058 |0.15 |0.12

ADG (91- |1 065 |- - 380 445 |015 |-
120) 2 1.02 [084 |- 3.27 436 |024 |0.19

3 047 |- - 0.250 | 357 429 |0.11 |-
4 020 |0.10 |037 |0.005|0.09 (091 |021 |011

ADG (121- |1 072 |- - 401 473 |015 |-
150) 2 079 (091 |- - 412 [582 |0.14 |0.15

3 0.60 |- -- 0.270 1423 |51 011 |-
4 038 015 |0.75 |0.030 [0.05 |1.54 |0.24 |0.10

o%= direct additive genetic variance ;o%m= maternal permanent environnemental variance ; ¢?n= maternal
additive genetic variance; Gape= permanent environmental variance; o= residual variance ; h%s =direct heritability,
h?m=maternal heritability.

For model 2, which considers the maternal genetic effect, the estimates of h%q are lower than
those of model 1. The low estimates of h?; for the ADGs can be explained by behavior patterns
and environmental variations under arid conditions.

For the most adequate model for the ADGs of local kids "Model 4", the h%q estimates ranged
from 0.1 to 0.39. The ADG (1-30) presents the lowest estimation. The h%; estimates for ADG
(91-120) and ADG (121-150) are approximately the same. The h%; estimates of the different
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ADGs are within the range of values obtained by Sharma et al. (2010). However, they are lower
than those found by Gerstmayr (1988) in Beetal goats. Gowane et al., (2011) reported low
direct heritability values (0.04) for ADGs at six months in Sirohi goats, while Mohammadi et
al. (2012) reported that the h%; for the ADG (90-180) is 0.08 in the Cashmere goat. The low h%
estimates can be attributed to the poverty of the pastures on which the herd is kept, resulting in
high environmental variance. The ADGs of local kids are classified as low heritable traits,
therefore animal performance will be less useful in identifying animals with high genetic value,
and thus a little genetic progress will be expected in the case of phenotypic breeding programs
on average growth.

The h?y, estimates for ADG (1-30) vary depending on the model used from 0.07 to 0.24, they
are in the range of those reported by other authors for other goat breeds (Nadarajah and
Burnside, 1994; Schoeman et al., 1997; Shorepy et al., 2002, Roy et al., 2008). By adopting
model 4, the estimate of h?, appears high for the ADGs (1-30) in comparison with the ADGs
(121-150). The results are in agreement with those reported by Singh (1997) and Bata (1989).
The impact of maternal effects at an early age on ADGs is because the feeding of kids is mainly
dependent on the mother's milk production, whereas after this age the importance of milk yield
decreases more rapidly and the kids are more dependent on themselves.

Conclusion

The application of BLUP family methodologies made it possible to estimate the main genetic
parameters of the average daily gain, up to the age of 5 months in the local goat population
under pastoral and arid conditions. The application of BLUP models resulted in genetic
parameters whose values are similar to domestic species. The low to moderate heritability
estimates obtained in this study suggest that selection based on these traits may result in slow
to moderate genetic progress for average daily gains of the local goat population. However,
there is a need to improve data collection to improve the precision of parameter estimates,
which will allow more comprehensive assessments. The results obtained are of great value for
planning the genetic improvement of the local population and for the sustainable management
of these adapted genetic resources.
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