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Genetic parameters for simple carcass traits in developing countries where 
goats are numerous are scarce. Variance components for additive direct, 
additive maternal, permanent environmental maternal effects, the 
covariance between additive direct and maternal effects were estimated by 
restricted maximum likelihood, fitting six animal models from 2341 cold 
carcass mass pedigree records of indigenous Matebele goat of Zimbabwe. 
All investigated models included a random direct genetic effect, but 
different combinations of random maternal genetic and permanent 
environmental effects as well as direct-maternal genetic covariance. The 
direct heritability (h

2
a) ranged from 0.05 to 0.25 when the maternal genetic 

effects were included in the model, whereas h
2
a estimates were 0.06 and 

0.26 when maternal effects were excluded. The maternal heritability (h
2

m) 
was 0.00 when only maternal genetic effects were included in the model 
and were 0.05 and 0.10 when the permanent environmental effect of the 
dam was added. The permanent environmental effect of the dam was 
negligible and, both positive and negative co variances between direct and 
maternal genetic effects (σ

2
am) were observed. Using Sp statistic Model 5 

which had all the random effects, and a covariance fitted proved to be the 
‘best’ among the six models. 
 
Key words: Variance components, maternal, cold carcass, matebele, Sp 
statistic. 
 
 
INTRODUCTION 
  
There are more than two million goats in Zimbabwe, 
consisting 32% of the total ruminant livestock population 
(CSO, 1996). About 90% of these are found in the 
communal areas and of the 90%, 30% is in high rainfall 
areas. No attempts have been made to improve the 
genetic potential for meat production in the indigenous 
goats of Zimbabwe. Considerable research effort has 
been directed towards general management (for 
example, housing, feeding, health management, etc.) of 
goats. Carcass genetic evaluation work is expensive, and 
studies to derive accurate genetic parameters require a 
considerable number of animals. There are very few or 
no   reports   of  comprehensive  studies  in  this  area  on 

indigenous goats in Southern Africa. The present study is 
of the few known studies that address the limited effort 
that has been made in carcass evaluation and estimation 
of genetic parameters in indigenous Matebele goats in 
Zimbabwe. 

Estimates of genetic parameters for cold carcass mass 
using different animal models in the tropics for indigenous 
goats are scarce in literature. Models with maternal 
effects and corresponding genetic parameters have 
always been considered problematic (Meyer, 1997) due 
to the confounding contributions of direct and maternal 
effects. The animal models commonly used to estimate 
maternal effects include maternal genetic and  permanent  
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environmental effects (Willham, 1963). Genetic models, 
including maternal effects and the covariance of direct 
and maternal genetic effects, fit data better than the 
simple additive model. The aim of this study was to 
investigate the importance of maternal effects on cold 
carcass mass of the indigenous Matebele goat and 
ranking of different animal models using an Sp statistic.  
 
 
MATERIALS AND METHODS 
 
Study location 
 
Matopos Research Station is situated in southwest 
Zimbabwe, an area primarily suited to semi-extensive 
forms of land utilization (Vincent and Thomas, 1961). The 
climate is characterized by wide fluctuations in the 
quantity and distribution of rainfall within and across 
season. Mean recorded rainfall is 609 mm with a range of 
257 to 1376 mm. Rainfall normally occurs between 
November and April and is followed by a long dry season 
(Ward et al., 1979). Very high summer temperatures, 
maximum and minimum mean temperatures of hottest 
months are 21.6 and 11.4°C, respectively with possibility 
of severe droughts (Hagreveas et al., 2004). The most 
common type of vegetation is sweet veldt with 
comparatively high nutritional value of browse and annual 
grass species (Ward et al., 1979). Day et al. (2003) and 
Gambiza and Nyama (2000) gave a detailed description 
of the climate and vegetation type, respectively.  
 
 
Flock management and slaughter method 
 
Goats extensively managed were humanely slaughtered 
at the local commercial abattoir and cold carcass was 
measured using an electronic scale before chilling. The 
flock management and slaughter method were described 
in detail by Assan (2012). 
 
 
Statistical analysis 
 
Data on cold carcass mass were obtained from Matopos 
Research Station, Bulawayo, Zimbabwe on indigenous 
Matebele goat. The data included a total of 2341 
pedigree cold carcass mass records from 37 sires and 
218 dams of the indigenous Matebele goat. Genetic 
parameters were estimated using the average 
information restricted maximum likelihood (AIREML) 
methodology (Gilmour, 1995) and using an Animal 
Model. The analytical models included fixed effects of 
sex, age at slaughter and year of slaughter. Fixed factors 
for    models   for   all   traits   were   determined   through  
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preliminary analyses using procedure GLM of SAS 
(1996) (SAS Inst. Inc., Cary, NC). Fixed factors (main 
effects and interactions) and covariates were tested and 
removed from the model if found non-significant (P> 
0.01), with non-significant effects rejected sequentially. 
Six animal models were used where Model 1 was a 
simple animal model with additive direct genetic effects 
as the only random effect. Model 2, in addition used 
maternal effects as an uncorrelated random effect. Model 
3 ignored maternal genetic effects and included 
permanent environmental maternal effect as the second 
random effect. Model 4 considered both maternal and 
permanent environmental maternal effect as uncorrelated 
to the additive direct genetic effect. Model 5 considered 
maternal effects as the second random effect but allowed 
for covariance between the direct and maternal effects. 
Model 6 considered maternal effects as a second random 
effect but allowed for covariance between the direct and 
maternal effects, but without fitting permanent 
environmental effects. These are the model used: 
 
y=Xb + Zaa + e                                                               (1)             (1) 
 
y=Xb + Zaa + Zmm + e                                                    (2) (2) 
 
y=Xb + Zaa + Zcc + e                                                      (3) (3) 
 
y=Xb + Zaa + Zmm + Zcc + e        Cov(a,m)=0                (4) (4) 
 
y=Xb + Zaa + Zmm + Zcc + e        Cov(a,m)=Aσam         (5) (5) 
 
y=Xb + Zaa + Zmm + e                 Cov(a,m)= Aσam        (6) (6) 
 
where y is the vector of observations b, a, m, c and e are 
the vectors of fixed effects, direct additive genetic effects 
(animal), maternal genetic effects, permanent 
environmental effect of dam and the residual, 
respectively. X, Za, Zm, and Zc, are the incidence matrices 
of fixed effects, direct additive genetic effects, maternal 
genetic effects and permanent environmental effect of 
dam. (Co) variances were described as: V(a) = σ

2
aA, 

V(m) = σ
2
m A, V(c) = σ

2
c I, V(e) = σ

2
eI and Cov (a,m) = 

σam A, where σam is the covariance between direct and 
maternal genetic effects, σ

2
a the direct additive genetic 

variance, σ
2
m the maternal genetic variance, σ

2
c the 

variance of the permanent environmental effect of the 
dam and σ

2
e the variance of the residuals. A is the 

numerator relationship matrix between animals, I the 
identity matrix. In the present study the fixed part of the 
model included age of dam, sex and year of birth of 
progeny.  

Heritability of total additive genetic contribution to a 
maternally influenced trait was calculated according to 
Equation 7 (Willham, 1972).  
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Figure 1. The general Sp graph. 

 
 
 

Table 1. Structure and descriptive statistics of the data set 
of cold carcass mass of indigenous Matebele goats of 
Zimbabwe 
 

Item Number 

Pedigree records 2341 

No base parents 255 

No animals 2696 

No sires 37 

No dams 218 

Mean (kg) 12.16 

Coefficient of determination (%) 42 

Coefficient of variation (%) 27.40 

Standard deviation (kg) 4.30 
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Model selection using the Sp Statistic 

 
O'Gorman (2004) suggested the Sp statistic that is of the 
form  

1

)(




pn

pMS
S

e

p
          (8) 

 
and the general behavior of  Sp as p increases is as 
shown in Figure 1. The choice of the best model is based 
on: 
 
(i) The minimum Sp. 
(ii) The value of p such that Sp is approximately equal to 
Sp of the full model. 
(iii) A value of p near the point where the smallest Sp 
turns up. 
 
Note: p is the number of parameters in the animal model 
whilst n is the number of animals observed. 
 
 
RESULTS 
 
The descriptive statistics of the data set and variance 
components ratios for cold carcass mass are shown in 
Tables 1 and 2, respectively. All models included a 
random additive effect and ranking of animal models was 
done using Sp statistic as shown in Table 3. Estimates of 
the direct additive heritability depended very much on the 
model used, with a range of 0.05 to 0.26. In Model 1 
where maternal effects were ignored, heritability was 
small, whereas inclusion of maternal genetic effects in 
Model   2   increased   heritability   by   75%.   When   the  
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Table 2. Estimates of covariance components and genetic parameters of cold carcass mass in  
indigenous Matebele goat of Zimbabwe. 
 

Item Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

σ
2

a 0.65 2.46 3.17 1.67 3.35 0.55 

σ
2

m  0.10  0.58 1.28 0.84 

σ
2

am     0.48 -0.39 

σ
2

pe   0.24 0.38 0.49  

σ
2

e 10.86 9.50 9.02 9.69 8.19 10.86 

σ
2

p 11.51 12.06 12.43 12.32 13.79 11.86 

h
2

a 0.06 0.21 0.26 0.14 0.25 0.05 

se 0.05 0.002 0.002 0.001 0.001 0.04 

h
2

m  0.000  0.05 0.10 0.01 

cam     0.04 0.00 

h
2

T 0.06 0.21 0.26 0.16 0.34 0.03 

ram     0.23 -0.02 

c
2
   0.000 0.000 0.000  

 

σ²a = direct additive genetic; σ²m = maternal additive genetic variance; σ²am = direct and additive 
variance; σ²pe = permanent environmental dam variance; σ²p = phenotypic variance = sum of 
variance and covariance components; σ²e = error variance; h²a = direct heritability; h²m = maternal 
heritability; h²т = total heritability (total genetic effect); c am = direct and maternal genetic covariance; 
ram = direct and maternal genetic correlation. 

 
 
 

Table 3. The computed Sp statistic used to rank animal 
models for cold carcass mass in indigenous Matebele goat 
of Zimbabwe. 
 

Model Sp Rank 

5 0.26 1 

3 0.27 2 

2 0.29 3 

4 0.30 4 

1 0.32 5 

6 0.33 6 

 
 
 
maternal effects, genetic and/or environmental, were 
included in the model, the direct additive variance ranged 
from 0.55 to 3.35. Model 2 showed that the maternal 
effect was partitioned into genetic and environmental 
components. Models 4 and 5, in which both genetic and 
environmental maternal effects were taken into account, 
showed that the direct heritability was increased by 57 
and 80%, respectively, as compared with Model 1. 
Models 4 and 5 had 5 and 9% of the total variance 
attributed to maternal genetic effects, respectively. 
Permanent environmental variance contributed 3 and 4% 
of the total variance in Models 4 and 5, respectively.  

The covariance between direct and maternal genetic 
effects were positive and low in Model 5 and zero in 
Model 6 where maternal effects were considered as a 

second random effect but allowed for covariance 
between the direct and maternal effects, but without 
fitting permanent environmental effects. The proportion of 
variance due to direct permanent environmental effects 
was negligible with an estimate of zero and was small 
compared to other variance components. Permanent 
environmental effect did not change in Models 3, 4 and 5 
were both maternal genetic effects and permanent 
environmental effects were accounted for. The inclusion 
of the covariance of direct and maternal effects in Model 
5 did not change the magnitude of permanent 
environmental effect from Model 4.  
 
 
DISCUSSION 

 
For cold carcass mass, by considering all random effects 
and a covariance fitted gave the least Sp statistic value 
(Table 3), therefore Model 5 was suggested as an 
appropriate model for genetic evaluation of cold carcass 
mass and also because there was insignificant difference 
with Models 2 and 3. It is evident that the model used in 
the analysis influenced the relative values of direct 
additive heritability and additive maternal heritability. The 
maternal genetic effect and permanent environmental of 
the dam were not of the same magnitude. In Models 4 
and 5 where the permanent environment effects of the 
dam were zero, the total variance was attributed to the 
maternal    genetic    variance,    resulting     in      general  



 

 

 
 
 
 
improvement of the maternal heritability. Higher 
estimates of permanent environmental effects have been 
associated with permanent environmental effects of the 
uterus and the effect of multiple births in small ruminants 
(Snyman et al., 1995). Maternal heritability was lower 
than direct additive heritability in all models which was an 
indication that cold carcass may be influenced by the 
individual genetic potential than the maternal 
environment.  

Positive and negative estimates of the correlation 
between the direct and maternal genetic effects were 
found. In this study using additional effects resulted in 
lower estimates of direct and maternal covariance’s as 
well as of the direct and maternal variances. Higher 
negative estimates of direct and maternal correlations 
can be attributed to the small number and structure of the 
data in other species. Negative covariance between 
direct and maternal genetic effects could be explained 
from an evolutionary point of view and prevents species 
from becoming increasingly larger (Cundiff, 1972). 
However, others have recorded that the possible 
existence of a negative environmental covariance 
between dam and offspring could result in a biased 
estimation of genetic correlation between direct and 
maternal effects (Meyer, 1992). In this population the 
environmental covariance between direct and maternal, 
although positive in most of the models seemed not to be 
important. Studies in future should try and measure the 
magnitude of covariance between dam and offspring and 
to what extent these affect the estimation of genetic 
parameters for cold carcass mass in different goat breeds 
and management systems. Comparison of covariance 
estimates with any other studies is difficult due to the 
different types of records, models and methods used for 
estimating covariances, which were scarce in literature. 
The negative direct-maternal correlation magnitude could 
vary due to models differing in accounting for sources of 
variation as in Model 6, which also greatly reduced the 
total additive variance, a sign of antagonism between 
direct and maternal genetic effects. Working with other 
species reports of non-genetic factors influencing the 
negativity of covariance between direct and maternal 
genetic effects have been published in beef (Robinson, 
1996 a, b; Lee and Pollak, 1997; Meyer, 1997; Dodenhoff 
et al., 1999).  

 
 
Conclusion 

 
The study shows that including maternal effects for cold 
carcass mass of indigenous Matebele goat will improve 
estimates of direct heritability, especially where 
permanent environmental effects are accounted for such 
as in Model 5. In all models used maternal heritability  
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tended to be lower than direct heritability estimates, 
indicating a greater genetic influence of individual 
animals than their dams for cold carcass mass in this 
flock. It can be concluded after ranking using an Sp 
statistic that Model 5 which include both direct and 
maternal effects and their covariance fit data better than 
the simple additive models. 
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