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Abstract 

Background: Meat goat breeding programs should prioritize the identification and selection of 

genetically superior animals for traits related to meat quality and carcass yield in order to increase the 

value of the final product. 

Objective: To estimate (co)variance components and genetic parameters for ultrasound-measured 

carcass traits, body size and body weight in Anglo- Nubian breed goats raised in the Mid-North 

region of Brazil. 

Methods: (Co)variance components and genetic parameters were estimated using the single and 

two-trait animal model analyses via Bayesian inference for loin eye dimensions (area, length, and 

depth), sternal fat thickness, rump height, chest circumference and depth, leg perimeter, and body 

weight. 

Results: Heritability estimates were higher when two-trait analyses were used. This finding implies 
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that it is possible to recover part of the additive genetic variance included in the residual variance 

due to the correlation between traits. Genetic correlations between carcass and body size traits 

showed different magnitudes. On the other hand, genetic correlations between the traits related to 

muscularity showed high magnitudes. 

Conclusions: Body weight was not a good indicator of muscularity; therefore, it is not recommended 

as a criterion for indirect selection to improve carcass traits of Anglo-Nubian goats. Leg perimeter 

and chest circumference may be important to construct selection indexes in meat goat breeding 

programs. 

Keywords: Anglonubian; animal production; bayesian inference; carcass; (co)variance; genetic 

correlation; genetic parameters; Gibbs sampling; goats; heritability; meat quality; selection; 

selection index; ultrasonography. 

 

Resumen 

Antecedentes: los programas de mejoramiento de caprinos de carne deben priorizar la identificación y 

selección de animales genéticamente superiores para características relacionadas con la calidad de la 

carne y rendimiento de la canal, con el fin de agregar valor al producto final. 

Objetivo: estimar los componentes de (co)varianza y parámetros genéticos para características de 

canal obtenidas por ultrasonografía, características de tamaño y peso corporal en caprinos de la raza 

Anglonubiana, criados en la región medio-norte de Brasil. 

Métodos: los componentes de (co)varianza y parámetros genéticos fueron estimados mediante un 

modelo animal usando análisis uni y bi-carácter vía metodología Bayesiana para las dimensiones del ojo 

de lomo (área, profundidad y longitud), grosor de la grasa esternal, altura de la grupa, circunferencia y 

profundidad torácica, perímetro de la pierna y peso corporal. 

Resultados: las estimativas de heredabilidad obtenidas a partir del análisis bi-carácteristico fueron 

mayores que las obtenidas a partir del análisis uni-carácteristico. Este supuesto implica que es 

posible recuperar parte de la variancia genética aditiva incluida en la variancia residual, debido a la 

correlación entre las características. Las correlaciones genéticas entre las características de canal y las 

medidas corporales presentaron diferentes magnitudes. Por otro lado, las correlaciones genéticas entre 

las características relacionadas con musculatura presentaron alta magnitud. 

Conclusiones: el peso corporal no fue un buen indicador de musculatura; por eso no es recomendado 

como criterio de selección indirecta para mejorar la canal de caprinos Anglonubianos. El perímetro de 

la pierna y la circunferencia del pecho pueden ser importantes para la construcción de índices de 

selección en programas de mejoramiento de carne caprina. 

Palabras clave: Anglonubiana; cabras; canal; calidad de carne; correlación genética; (co)variancia; 

heredabilidad; índice de selección; inferencia Bayesiana; muestreo de Gibbs; parámetros genéticos; 

producción animal; selección; ultrasonografía. 

 

Resumo 

Antecedentes: programas de melhoramento de caprinos de corte devem priorizar a identificação e 

seleção de animais geneticamente superiores para características relacionadas à qualidade da carne e 

rendimento de carcaça, para aumentar o valor ao produto final. 

Objetivo: estimar componentes de (co)variância e parâmetros genéticos para características de carcaça 

obtidas por ultrassonografia, características de tamanho e peso corporal em caprinos da raça Anglo-

Nubiana criados na região Meio-Norte do Brasil. 

Métodos: os componentes de (co)variância e parâmetros genéticos foram estimados usando análises uni 

e bicaracterísticas de um modelo animal via metodologia Bayesiana para área, profundidade e 

comprimento de olho de lombo, espessura da gordura esternal, altura da garupa, circunferência e 



 

profundidade torácica, perímetro da perna e peso corporal. 

Resultados: as estimativas de herdabilidade obtidas a partir das análises bicaracterísticas foram maiores 

que as obtidas a partir das análises unicaracterísticas. Esse resultado implica que é possível recuperar 

parte da variância genética aditiva incluída na variância residual devido à correlação entre as 

características. As correlações genéticas entre as características de carcaça e as medidas corporais 

apresentaram magnitudes variáveis. Por outro lado, as correlações genéticas entre as características 

relacionadas à musculosidade apresentaram altas magnitudes. 

Conclusões: o peso corporal não se mostrou um bom indicador de muscularidade, de modo que não é 

recomendado como critério de seleção indireta para melhorar a carcaça de caprinos Anglo-Nubiano. O 

perímetro de perna e a circunferência torácica podem ser importantes para a construção de índices de 

seleção em programas de melhoramento de carne caprina. 

Palavras-chave: Anglonubiana; amostragem de Gibbs; carcaça; caprinocultura; correlação genética; 

(co)variância; heredabilidade; índice de seleção; inferência Bayesiana; parâmetros genéticos; 

produção animal; qualidade da carne; seleção; ultrassonografia. 
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Introduction 
 
 

Ultrasonography isaneasy-to-applytechnique of fast and cost-effective implementation. This tool is 
commonly used to obtain information on carcass quality in live animals. Several studies confirm the 
potential of ultrasonography in goat breeding, and their results have been useful for genetic selection 
(Cartaxo and Sousa et al., 2008; Suguisawa et al., 2009; Figueiredo Filho et al., 2012). 
Ultrasound-measured carcass traits, especially in cattle and sheep, show moderate- to-high positive 
genetic correlation with the same traits obtained after slaughtering (Cartaxo and Sousa et al., 2008; 
Polizel Neto et al., 2009; McManus et al., 2013). However, this information is still poorly understood 
in meat goats. Only few studies have been conducted using ultrasonography in goats to obtain carcass 
information and estimate both (co)variance components and genetic parameters for these traits via 
Bayesian methods. 
Therefore, this study aimed to estimate (co) variance components and genetic parameters for ultrasound-
measured carcass traits and body size in Anglo-Nubian breed goats raised in the Mid-North region of 
Brazil, using single- and two-trait analyses via Bayesian inference. 
 

 

Materials and methods 

 

 

Ethical considerations 
The experimental procedures for this study were approved by the Animal Care and Use Committee 
(Federal University of Piauí, Brazil; process #009/14). 

Animals, location and data 



 

The dataset consisted of pedigree and pro- duction records from Anglo-Nubian goats (males and females 

older than seven months of age) raised in the States of Piauí and Maranhão (Mid-North region of Brazil) 

and registered in the goat breeders’associations, totaling 457 animals (before quality control). Data 

measurement was carried out in the period 2012-2014. In most herds, animals were raised in extensive 

produc- tion systems, grazing on native or cultivated pasture and receiving supplement feed when the 

pasture was in short supply, in addition to water and mineral salt ad libitum. 

The following morphometric measurements were collected: rump height (RH, measured from the ileum 

sacral tuberosity to the ground); chest circumference (CC, measured at the outer circumference of the 

thoracic cage, near the ax- illa); chest depth (CD, taken as the difference between the height at withers 

and the height from the sternum to the ground); and leg perim- eter (LP, measured on the median part of 

the leg above the femoro-tibio-patellar joint). All data related to morphometry were measured in cen- 

timeters (cm) while the animal was in standing position. Body weight was measured using a scale (200-

kg capacity; 1-gram accuracy). 

Carcass composition was evaluated based on the following traits: loin eye area (LEA, mea- sured in cm²); 

loin-eye length and maximum depth (LEL and LED, respectively; indicative of the extent of carcass 

muscling; both in cm); and subcutaneous fat thickness in the sternum (FTS, in the mediastinal sternal 

region; 3rd bone of the sternum; in mm), as proposed by Figueiredo Filho et al. (2012). Carcass traits 

were evaluat- ed via ultrasound images of the crosssection of the longissimus dorsi muscle between the 

12th and 13th lumbar vertebrae, using an ultrasound (model Chison 600M) device equipped with a 

linear transducer (5.0-MHz; 13 cm). Images were displayed and immediately interpreted. For the best 

image quality, and in the interest of animal welfare, goats were restrained in a com- fortable standing 

position. 

Data were grouped into two seasons, accord- ing to the month. Thus, data collected within the Jan-May 

and Jun-Dec periods corresponded to rainy and dry seasons, respectively. Similarly, the months of birth 

of animals were grouped into two birth seasons (rainy and dry). Animal ages at the time of data collection 

were grouped into three different age classes (AC): AC 1 (animals older than six months and younger or 

equal than two years), AC 2 (animals older than two years and younger or equal than three years), and 

AC 3: (animals older than three years). Finally, the goats evaluated were grouped into animal categories, 

namely: pregnant does, kidding does, non-pregnant does, and breeding bucks. Animals born on the same 

farm, in the same year, and of the same sex were considered in the formation of the contemporary 

groups. 

Statistical analyses 
Data quality control was performed using the SAS software, version 9.0 (Cary, NC, USA, 2002). After 
the consistency analysis, a file was created with information of animals, parents, contemporary groups, 
year of collection, age class, animal category, and study traits, having data from 385 animals (330 
females and 55 males). At the end, the relationship matrix contained 793 animals. 
Components of (co)variance and genetic parameters for carcass, size, and body weight traits were 
estimated in single- and two-trait analyses in a linear mixed   animal   model via Bayesian 
methodology. The traits were combined two by two (total: 36 different analyses) and were analyzed 
assuming a normal distribution. 
In matrix notation, the linear mixed animal model is represented as y=Xβ+Zα+ε, where y is the 
observation vector of the traits in study; X is an incidence matrix with dimension n x m (n is the number of 
observations, and m is the number of classes of fixed effects), which associates records to fixed effects; β is 
the vector of sistematic effects of contemporary group (farm, birth year, birth season, and collection period), 
year of collection, age class, and animal category; Z is the incidence matrix n x N, which associates records 
to direct additive genetic effects (n is the total number of observations, and N is the number of individuals); α 



 

is the vector of direct additive genetic effects of each animal (animal model); and ε is the vector of residual 
random errors associated to the records. 
The assumptions for the uni-trait analysis under the Bayesian approach are: y|β,α,σ2~N(Xβ+Zα+Iσ2), 
α|A,σ2~N(0,Aσ2), and e|e,σ2~N(0,Iσ2), where σ2 and σ2 are components of the additive direct and 
residual variances, respectively; A is the numerator relationship matrix; I is the identity matrix of equal 
order to the number of animals with information; and other previously defined symbols. 
Intwo-traitanalysis,thesamelinearmodelofthe single-trait analysis was used with the following 

assumptions:       y|β,a,G0,R0~N(Xβ+Za,R0⨂I), a|G0,A~N(0,G0⨂A), and e|R0~N(0,R0⨂I), where A is 

the numerator relationship matrix; I is the identity matrix of equal order to the number of animals with 
information; R_(0 )is the residual (co)variance matrix among traits, and other previously defined 
symbols. Usually, β assumes non-informative prior (flat) distribution because there is no distinction 
between fixed and random effects in the Bayesian context. Thus, p (β) α is a constant. 
The model parameters were estimated via Bayesian inference using the GIBBS1F90 program (Misztal et 
al., 2002). Chains with two and four million iterations were first used. However, a two million length 
chain was used to generate the distribution of (co)variance components and genetic parameters of the 
study traits since both lengths resulted in similar estimates. According to Cardoso et al. (2008), this is 
considered a convergence criterion. 
After the burn-in of the first one million samples, a sample was collected from every 250 samples 
(thinning interval) resulting in a posterior distribution with 4,000 samples, in which inferences were 
performed. The burn- in and thinning interval were determined in preliminary tests to assess 
convergence and sample distribution using the POSTGIBBS1F90 program (Misztal et al., 2002). 
The Geweke’s (1992) convergence diagnostic and Monte Carlo error (MCE) analysis were used to 
monitor convergence of the Markov chain Monte Carlo (MCMC) method. The MCE was obtained by 
calculating the variance of samples taken for each component divided by the number of samples. Thus, 
the square root of this value is an approximation to the standard deviation of the error associated with 
Gibbs chain length (Van Tassel and Van Vleck, 1996). 

 

 

Results 
The coefficients of variation (CV) for LEA, LED, LEL, and FTS were within the range 20.3-40.0. The 

CV values for carcass traits were higher than those obtained for morphometric traits (Table 1). 

The Geweke’s convergence diagnostic values (Table 2) enabled us to infer that chains converged at the 

significance level (0.05) in all parameters. This indicates that the number of iterations was adequate and 

the posterior sampling values are valid estimates for the posterior distribution of parameters. Values 

above the significance level indicate convergence problems of the parameter chain (Geweke et al., 1992). 

In addition, the values calculated for MCE were low. 

Convergence was achieved for the heritability coefficients obtained using two-trait analyses according to 

the Geweke’s convergence diagnostic (p<0.05) and MCE values (Table 3). 

 

Table 1. Descriptive statistics of carcass, body size, and body weight traits in Anglo-Nubian goats. 



 

 

CV: coefficient of variation; s2: variance. LEA: loin eye area; LED: loin eye depth; LEL: loin eye 

length; FTS: fat thickness of the sternum; RH: rump height; CC: chest circumference; CD: chest 

depth; LP: leg perimeter. 

 

Table 2. Average estimates of direct additive genetic variance (σ2), residual variance (σ2), and 

heritability coefficients (h²) of carcass, body size, and body weight traits obtained by single-trait 

analysis in Anglo-Nubian goats. 

 

MCE: Monte Carlo error for mean posterior heritability; LEA: loin eye area; LED: loin eye depth; 

LEL: loin eye length; FTS: fat thickness of the sternum; RH: rump height; CC: chest circumference; 

CD: chest depth; LP: leg perimeter. 

The estimates of direct additive variances and heritability coefficients in two-trait analyses (Table 3) 

were higher than those obtained using single-trait analyses (Table 2) for all traits. 

Heritability coefficients estimated for all traits ranged from low to moderate magnitude (Table 3). The 

increase in the amount of information in two-trait analyses directly influenced the estimated heritability 

averages for all traits (Table 3). However, this increase was low, ranging from 5.88 to 38.09%, and the 

magnitudes of heritability estimates ranged from low to moderate. 

Regarding the estimates of two-trait analyses, among the muscularity traits in study, loin eye depth had 

the highest heritability estimate (0.29), thus indicating that this trait can be included in selection indexes. 

The h2 value (0.32) for rump height also suggests that this trait has enough genetic variation to 

respond to selection in Anglo-Nubian goats, especially if associated with further development of leg, 



 

which has cuts of high commercial value. The average h2 value for loin eye length was low (0.11). The 

phenotypic variance is thus largely explained by the environmental component effect. Therefore, 

selection for this trait would not result in significant gains in meat production. The heritability 

estimates for other morphometry traits also ranged from low to moderate magnitude (0.14-0.21). 

 

 

Table 3. Estimates of direct additive genetic variance (σ2), residual variance (σ2), and heritability coefficients 

(h²) of carcass, body size, and body weight traits obtained by two-trait analysis in Anglo-Nubian goats. 

 

MCE: Monte Carlo error for mean posterior heritability; LEA: loin eye area; LED: maximum loin 

eye depth; LEL: maximum loin eye length; FTS: fat thickness sternum; RH: rump height; CC: chest 

circumference; CD: chest depth; LP: leg perimeter. 

Estimates of genetic correlations between loin eye area, loin eye depth, and loin eye length had high 

magnitude (Table 4). Therefore, there is a genetic association between these traits, i.e., the same gene 

sets for additive action influence the expression of these phenotypes. 

The coefficients of genetic correlation between carcass and morphometric traits had different 

magnitudes (Table 4). The loin eye area was highly correlated with leg perimeter (0.60). Thus, there is 

potential to achieve genetic progress through indirect selection of prime cuts based on leg perimeter, 

which is easy to measure and has moderate heritability (Table 3). The negative genetic correlation 

between fat thickness in sternun and morphometric measurements ranged from low to moderate 

magnitude. This finding indicates that subcutaneous fat reduction for larger body measurements is 

possible (Table 4). Low correlation coefficients between chest depth and carcass traits and close-to zero 

coefficients of genetic correlation between body weight and loin eye area were found (Table 4). 

Table 4. Coefficients of genetic correlation between carcass and body size traits in Anglo-Nubian goats. 



 

 

LEA: loin eye area; LED: maximum loin eye depth; LEL: maximum loin eye length; FTS: fat 

thickness sternum; RH: rump height; CC: chest circumference; CD: chest depth; LP: leg perimeter. 

 

 

Discussion 
 
 

The average values of loin eye area (5.90 cm²) and depth (2.25 cm) were lower (Table 1) than those 
found in a study of carcass traits in goats (loin eye area 8.22 cm² and loin eye depth 5.05 cm) 
(Albuquerque et al., 2015). The averages for loin eye depth (2.25 cm) (Table 1) were higher than 
those reported by Gomes et al. (2011) for crossbred Anglo-Nubian x Alpine (1.79 cm) and TriCross 
(Boer x Alpine x Anglo-Nubiana; 1.88 cm) goats with 110 days average age and raised under 
confinement. The difference between these values may be due to the higher age of the animals evaluated 
in the present study (mean age: 2.5 years). 
The mean sternal subcutaneous fat thickness (6.10 mm; Table 1) observed in this study can be explained 
by earlier fat deposition in this region compared to the fat thickness measured in the longissimus dorsi 
muscle (Furusho- Garcia et al., 2009). The fat thickness values in the sternum (FTS) were similar to 
those found by Figueiredo Filho et al. (2012), who evaluated carcass traits with ultrasonography in Boer x 
Anglo-Nubian goats and considered sternal subcutaneous fat as a suitable alternative for assessing 
carcass quality of field-raised goats. In addition, Fernandez et al. (2016) observed high linear correlation 
(r = 0.73) between FTS and total proportion of body fat, compared to lower back fat. Moreover, 
subcutaneous fat may indicate the presence of energy stored during the food shortage period in 
Brazil's Northeast region. 
The coefficients of variation of LEA, LED, and LEL indicate that carcass measurements obtained by 
ultrasonography are influenced byf several factors, e.g., physiological status and nutritional condition 
of animals, as well as operator skill to use the ultrasound device. These findings also characterize the 
presence of phenotypic variability in these traits, which is important in animal breeding programs for 
selection based on carcass measures in live animals. Thus, it is important to know the components of 
(co)variance associated with these traits. 
The values obtained in the Geweke’s convergence diagnostic and MCE calculation (Table 2) indicate a 
convergence of the heritability coefficients estimates (h2) in posterior distributions and confirm that the 
sample chain size used in the Bayesian analysis was enough to obtain accurate estimates of the posterior 
density averages. According to Van Tassel and Van Vleck et al. (1996), the MCE value (Table 2) is low 
when it is added to the average estimate of posterior distribution of heritability coefficients, and does 
not change the result of this estimate. It is necessary to verify this value in order to determine whether 
the posterior means for marginal distributions of the (co)variance components and genetic parameters 
were generated (Faria et al., 2015). 



 

The estimatives of direct additive variances and heritability coefficients in two-trait analyses were high 
(Table 3) due to the increased amount of information analyzed, which allowed to explore two by two 
the correlation between all traits and recover part of the direct additive genetic variance incorporated in 
the residual variance, as also observed by Santos et al. (2013). Thus, better estimates of genetic 
components were obtained from the phenotype. 
Regarding the average estimates obtained using two-trait analyses, the additive genetic variance for 
muscularity (LEA, LED, and LEL) and finishing (FTS) traits obtained using this type of analysis 
were low in relation to the total variation (Table 3). These findings show that a large part of the total 
variation has an environmental origin. A similar result was obtained for morphometric traits. It is 
noteworthy that the low values for the additive genetic variance of evaluated traits may indicate that 
herds were little subjected to animal breeding actions for these traits. 
The use of multi-trait models is directed to reduce the bias caused by the sequential selection 
(Sarmento et al., 2006). Therefore, it is recommended to use this type of analysis for the genetic study 
of all the traits evaluated. In the current study, higher heritability values were obtained using a two-trait 
analysis. 
The heritability coefficient estimates (Table 3) are similar to those reported in studies for these same 
traits in sheep and goats (Figueiredo Filho et al., 2012; Jucá et al., 2016; Sena et al., 2016). It 
is possible to include these traits in meat goat breeding programs, considering the traits with bigger 
heritability coefficients. However, little genetic gain will likely be achieved in the short-term. It is 
expected that individual selection will provide satisfactory genetic effects as the selection process is 
intensified. The heritability estimates could be improved if the residual variance could be reduced by 
means of better control of environmental effects. 
The phenotypic variations in loin eye area and sternal fat thickness were highly affected by 
environmental effects. Better control of these factors is necessary for greater expression of the gene set 
responsible for these traits. Such control on the evaluated animals was hardly noticed because they 
were raised in an extensive system. 
According to Robertson et al.   (1959), two traits should be considered in selection programs if the 
genetic correlation between them is around 0.80. The result in Table 4 indicates that at least 
one of the traits (LEA, LED, or LEL) may be excluded from the selection process to facilitate 
genetic evaluations. Regarding heritability estimates of traits measured in the longissimus dorsi 
muscle, the loin eye length can be discarded as a selection criterion due to its low heritability (0.11) 
(Table 3). The sternal fat may also be considered informative since the subcutaneous fat layer may 
indicate the nutritional status of the animal for its maintenance and precocity. In addition, the sternal 
region is an area of considerable fat deposition in goats, which occurs earlier in life compared to fat 
deposition in the lower back region. The positive genetic correlations between sternal fat thickness and 
loin eye area (0.27), loin eye depth (0.26), and loin eye length (0.41) (Table 4) indicate that fat 
deposition in the brisket region tends to increase when muscularity traits are included in the selection 
indexes of Anglo-Nubian goats. 
The genetic correlation between loin eye area and leg perimeter (Table 4) indicates that this second 
trait can be used if carcass measurement is difficult. In addition, leg perimeter can be used for direct 
selection of prime cuts with high commercial value since this trait showed moderate heritability 
(Table 3). However, LP-based indirect selection of LEA may not provide satisfactory gains. But, 
including loin eye area as a selection criterion in genetic evaluation programs is important. Similarly, 
intermediate correlation was found between chest circumference and loin eye depth (0.59), which is the 
muscularity trait with the highest heritability coefficient (Tables 2 and 3). However, direct selection is 
recommended for LED because CC-based indirect selection for LED may not result in adequate 
gains. Since leg perimeter is positively related to loin eye area and negatively related to fat thickness 
in sternum (Table 4), a suggestion is to use economic values for these traits in selection indexes. 
Heritability coefficients for CD also showed low values (Tables 2 and 3); thus, this trait is not indicated 
for selection of Anglo-Nubian goats for meat production. In addition, the genetic correlation between 



 

CD and LEA was negative (-0.31), which suggests that selection of animals with low chest capacity 
will result in greater loin eye measures, therefore higher carcass yield. 
Similar to Ferreira et al. (2014) findings, rump height values ranged from average to high magnitudes 
for genetic correlation with other morphometric traits. Thus, rump height is the only morphometric 
trait in a study that is recommended to compose selection indexes. Despite the low correlations 
between RH and LEA (0.12), LED (0.24), LEL (0.00), and FTS (-0.45), rump height has moderate 
heritability and should thus compose the selection criteria for goat meat production. 
In theory, heavier goats are expected to have more muscle. However, the genetic correlation between 
body weight and loin eye area was close to zero (Table 4). Furthermore, genetic correlations between 
body   weight and morphometric measurements and other carcass traits indicate that body weight is 
not a good indicator of carcass muscularity. Therefore, selection of animals based on higher body 
weight may not result in genetic improvement of Anglo-Nubian goats for meat production. So, breeders 
who explore this breed in extensive systems in the Mid-North region of Brazil will not assure 
genetic gain for muscularity if they use only body weight as selection criterion. An alternative to 
solve this issue is the inclusion of a criterion directly related to muscularity information in the 
selection index. 
Based on results showed in Table 4, it is possible to infer that some genes responsible for the 
phenotypic expression of muscularity traits are also responsible for the expression of morphological 
traits, such as leg perimeter and chest circumference. Considering the correlations among chest depth, 
leg perimeter, rump height, and chest circumference (Table 4), the circumference and perimeter 
measurements are apparently better than length and depth measures to infer about carcass yield and 
quality. This can be justified because perimeter and circumference measurements include the 
muscularity, whereas length and depth are measured in bone extremities, which are close to a greater 
amount of bone tissue. However, further studies are necessary to confirm this association, especially in 
meat goats. 
Heritability estimates (Table 3) indicate that perimeter and circumference traits are suitable to compose 
selection indexes. Furthermore, it is possible to achieve correlated responses of these traits with loin 
eye area, loin eye depth, and loin eye length (Table 4). 
Therefore, we conclude that two-trait analyses via Bayesian models provide good estimates of 
(co)variance components and genetic parameters for ultrasound-measured carcass traits and body size 
traits in goats. Heritability estimates for carcass traits obtained by real-time ultrasound in Anglo-Nubian 
goats indicate that the inclusion of these traits in goat meat breeding programs could enable breeders and 
professionals to identify animals with better genotypes for muscularity and finishing. The inclusion of 
leg perimeter and chest circumference in selection indexes will allow breeders to achieve indirect genetic 
gains in muscularity traits. Body weight may not be the best trait for indirect selection for qualitative and 
quantitative carcass traits in meat goats. However, further studies are necessary to verify their genetic 
relationship. 
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