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Introduction
Goat meat is highly appreciated for the preparation of traditional dishes of Mexican cuisine in
Northern Mexico, and its demand has been increasing throughout time. In Mexico, the
population of goat meat breeds, such as the Boer, has also been increasing to meet this
demand. Boer goats have a long breeding season (Greyling, 2000), are prolific (Zhang et al.,
2009) and their offspring have excellent growth potential (Greyling, 2000; Malan, 2000),
which makes them appropriate candidates to increase female productivity of commercial
flocks through crossbreeding (Shrestha and Fahmy, 2007).

Female productivity can be expressed as annual total weight weaned, as it has been
described for prolific Merino sheep in Australia, although this trait is lowly heritable (Bunter
and Brown, 2017). A more promising productivity index known as accumulated productivity
to weaning (ACP) has been developed for beef cattle by Brazilian researchers (Lôbo et al.,
2000). The ACP index combines dam age at calving, the number and weight at weaning of
the dam’s offspring, and indicates the female’s ability to give birth at a young age, to
maintain the regularity of calving, and to wean heavy offspring (Grossi et al., 2016). As such,
the ACP index measures productivity as kg of weaned calf per female per year. Moreover, for
Nelore and Brahman cattle, the ACP is moderately heritable on the range of 0.11 to 0.25
(Grossi et al., 2008; Duitama et al., 2013; Chud et al., 2014; Grossi et al., 2016). The ACP
also presents favorable genetic correlations with age at first calving (-0.33), yearling weight
(0.70) and scrotal circumference (0.16) at 730 days of age (Grossi et al., 2008).

For Boer goats, a productivity index like the ACP for beef cattle has not been
developed. Thus, an adaptation for goats of an accumulated productivity index to weaning at
90 days of age (ACP90) was developed. The aim of the study was to estimate genetic
parameters and genetic trends for ACP90, birth (BW) and weaning weight (WW) of Boer
goats in Mexico.

Materials and methods

Animals and pedigree file

The Asociación Mexicana de Criadores de Ganado Caprino de Registro provided the
performance-recorded database for the Boer breed. The Association has a collaboration
agreement with Universidad Autónoma Chapingo for the genetic evaluation of the Boer
breed. Breeding values are produced once a year for weights at birth (BW), at 30 days of age,
at weaning (WW), and at 180-days of age. Animals used in the analysis were born from 1992
to 2017, belonged to 44 farms that were distributed across 15 states in the country. Together,
they generated a pedigree of 14,809 individuals. Animals were the progeny of 4,068 dams
and 931 sires. Growth and productivity data were from 1,906 parturitions that generated
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2,721 kids with BW and 1,648 with WW records, and 770 dams with ACP90 records.
Animals from this study had mean of 3.47 ± 0.78 kg BW, 20.2 ± 4.3 kg WW at 90 days of
age, and ACP90 of 10.7 ± 7.8 kg of kid weaned per doe per year.

Groups of does were artificially inseminated or naturally mated to selected bucks, and,
overall, both parents were recorded for 70 % of registered offspring. Breeding was all-year-
round, but the highest frequency of mating was from September to December. Data were
edited and validated for the consistency of pedigree information, gender, date of birth and
duplicated records. Additional information included kid type of birth (BT), kid birth-rearing-
rank (BRR), weights and weighing dates at birth and at weaning. Kid BT was coded as born
single, born twin, and other (i.e. parturitions with three or more kids). Kid BRR was coded as
born single-reared single, born twin-reared single, born twin-reared twin, and other.

Accumulated productivity to weaning

The index suggested by Lôbo et al. (2000) to calculate accumulated productivity of Nelore
cows, was accommodated to calculate accumulated productivity to weaning at 90 days of age
(ACP90) of Boer goats. The calculation of ACP90 was performed using the following
expression:

(1)

Where ACP90 is goat accumulated productivity to weaning (kg) at 90 days of age, W90 is
average kid weight (kg) at weaning adjusted to 90 days of age, nk is the total number of kids
weaned, and ADKn is age (in days) of doe at last kidding. Since records of age at first kidding
by the Boer breed in this population appeared as early as 9 months, the constants 365 and 90
enable expression of goat fertility on an annual basis. Lôbo et al. (2000) used a similar
argument when calculating accumulated productivity for Nelore cows.

Statistical analyses

For the growth traits BW and WW, the definition of contemporary group (CG) was the same,
and comprised animals belonging to the same farm, born in the same year-season and being
of the same sex. Kids were born throughout the year, but two clearly defined birth seasons
were observed, and most births (65%) occurred in the first half of the year, with a second
peak at the end of the year. Hence, two birth seasons were defined: 1st of January to 31st of
June, and 1st of July to December 31st. For ACP90, CG definition differed slightly from that
of growth traits, and comprised dams belonging to the same farm that were born in the same
year-season. Only litters from does having both birth and kidding date were used for the
calculation of ACP90. Does were excluded if belonging to a CG showing less than four
observations per trait, and from contemporary groups without genetic connections in the
database. The AMC software of Roso and Schenkel (2006) was used to assess CG genetic
connectivity.

Estimation of genetic parameters

The (co)variance components and the respective estimates of heritability, and the genetic and
phenotypic correlations were estimated by Restricted Maximum Likelihood (REML) using
ASReml (Gilmour et al., 2015), fitting sets of two-trait animal models. The pairs of traits
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ACP90-BW and ACP90-WW were analyzed with Model (2), and Model (3) was employed
for the bivariate analysis of BW-WW.
+ (2)

+ (3)

For Model (2) is the vector of observations for variable 1 (ACP90), and is the vector
of observations for variable 2 (BW or WW). For Model (3), and are the vectors of
observations for BW and WW, respectively. The model terms , , ,, , , , , and , , are the
corresponding vectors of fixed effects, random additive direct genetic effects, random
additive maternal genetic effects, random environmental common litter effects, and random
residual effects, for trait 1 and trait 2, respectively. Similarly, X1, X2, Z1, Z2, M1, M2, L1, and
L2 are design matrices relating the records to the appropriate fixed and random effects of
traits 1 and 2, respectively. For Model (2) = , and for Model (3) = . Likewise, E[] = E[] = 0,
for Model (2) and Model (3), respectively; and E[] = 0 for Model (2) and Model (3). The
fixed effects vector for BW contained the effects of CG and BT; and for WW it contained the
effects of CG, BRR, and the linear effects of age at weaning and doe age at kidding. For
ACP90, the vector of fixed effects only contained the effect of CG. The (co)variance structure
for the random effects associated with the growth traits BW or WW, and ACP90 under Model
(2) was:

(4)

And for Model (3) it was:

(5)

Where A is the additive numerator relationship matrix, , , , and are the identity
matrices of order equal to the number of litters and the number of records, for trait 1 and trait
2, respectively. The terms , , , and are respectively for trait i, the direct additive genetic
variance, the maternal additive genetic variance, the common environmental litter variance,
and the residual variance. Likewise, is the direct additive genetic covariance between trait 1
and trait 2; and are the within-trait direct-maternal genetic covariance for trait 1 and trait 2,
respectively; and are the between-trait direct-maternal genetic covariance for traits 1 and 2;
are the between-trait maternal-maternal genetic covariance for traits 1 and 2; is the
environmental covariance of the common effect of litter; and, is the residual covariance
between traits 1 and 2.

Model (2) was fitted without the maternal component for ACP90, but it allowed for
the estimation of the direct-maternal genetic covariance between BW maternal (BWm) and
ACP90, or WW maternal (WWm) and ACP90. Similarly, Model (3) was fitted with an
unstructured variance-covariance structure of the random effects, with both the maternal
component for BW and WW, and the direct-maternal genetic covariance between BW and
WW.

Estimation of genetic trends

Estimated breeding values (EBV) for WWd, WWm, and ACP90 were calculated from the
WW- ACP90 two-trait mixed-model analysis. Trait EBV was scaled by its respective genetic
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standard deviation (GSD), as suggested by Piper et al. (2017). Mean predicted GSD-scaled
EBV (GSDEBV) by year of birth for WWd, WWm, and ACP90, were obtained with PROC
MEANS (SAS, 2016). Genetic trends were obtained as the linear regression of the respective
GSDEBV on year of birth (1992 to 2016; 1992 = 0), using PROC REG (SAS, 2016).
Predicted and observed mean GSDEBV, by year of birth, were plotted on a high-resolution
plot using PROC SGPLOT (SAS, 2016) to display the respective genetic trends.

Results and discussion

Genetic parameters

Estimates of genetic parameters from sets of two-trait analyzes are presented in Table 1. For
BW, from the BW-WW and BW-ACP90 two-trait analyzes, low estimates of (0.12 to 0.16)
and of (0.17 to 0.18) were obtained. The estimates for BW on the present study are within
the ranges of (0.08 to 0.18; Van Niekerk et al., 1996; Schoeman et al., 1997; Zhang et al.,
2009; Menezes et al., 2016) and (0.14 to 0.17; Schoeman et al., 1997) of estimates for Boer
goats published in other studies. For WW, from the BW-WW and WW-ACP90 two-trait
analyzes, medium estimates of both (0.29 to 0.34) and (0.31 to 0.32) were obtained.
Compared with our results, estimates of for WW in a lower range of 0.18 to 0.28 have been
reported for the Boer breed (Menezes et al., 2016; Zhang et al., 2009; King, 2009; Schoeman
et al., 1997). Estimates of for WW of Boer goats ranging from 0.26 to 0.30 (King, 2009;
Zhang et al., 2009) compare well with the one obtained in our study. For ACP90, from the
BW-ACP90 and WW-ACP90 two-trait analyzes, high estimates of (0.58 to 0.59) were
obtained. For Boer goats, no studies for this trait were found in the literature to compare with
the results from the present study. However, estimates of for a productivity index similar to
the one evaluated in the present study, and developed for beef cattle have ranged from 0.11 to
0.25 for Nelore cattle in Brazil (Chud et al., 2014; Grossi et al., 2008; Grossi et al., 2016) and
for Brahman cattle in Colombia (Duitama et al., 2013).

With the exception of the high (0.83 to 0.85) phenotypic correlations between BWd-
BWm, BWm-WWd, and BWm-WWm, the remaining phenotypic correlations were moderate (-
0.50 to 0.43). High negative genetic correlation estimates (-0.66 to -0.93) between WWd-
WWm were obtained. Estimates of similar magnitude and sign (-0.74 to -0.99) have been
reported for Boer goats in other studies (King, 2009; Zhang et al., 2009). In contrast, a high
and positive genetic correlation (0.71) between ACP90-WWm, and a less negative genetic
correlation (-0.52) between ACP90-WWd were obtained. The remaining estimates of genetic
correlations were small and with large standard errors.

Genetic trends

Estimates of genetic trends for ACP90, WWd and WWm obtained from the WW-ACP90 two-
trait analysis are displayed in Figure 1. The regressions of mean predicted EBV, scaled by the
corresponding genetic standard deviation, on year of birth were not significantly different
from zero. Large random variability of mean predicted EBV for all the traits analyzed was
observed from 2003 onwards, with the largest values recorded for the years 2009-2010. This
genetic trend would be expected in situations where little or no selection is placed on the traits
analyzed (Hanford et al., 2006).

Conclusions
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Significant genetic variability and no directional genetic improvement was observed for
ACP90, WWd and WWm in the Mexican Boer goat population. The high heritability estimates
for ACP90 and, both, high positive genetic correlation ACP90-WWm and less strong negative
genetic correlation ACP90-WWd, suggests ACP90 could be used as an effective selection
criterion to increase the number and weight of weaned Boer kids in this population.

Table 1. Estimates (± e.e.) of genetic correlations (above diagonal), heritabilities (diagonal,
in bold), and phenotypic correlations (below diagonal) for sets of two-trait analyses of
accumulated productivity to weaning at 90 days of age (ACP90), birth weight (BW), and
weaning weight (WW) of Boer goats in Mexico.
Trait* ACP90 BWd BWm WWd WWm

BW- ACP90 Analyses
ACP90 0.59 ± 0.07 -0.11 ± 0.42 0.24 ± 0.20
BWd -0.06 ± 0.09 0.12 ± 0.08 -0.20 ± 0.50
BWm 0.05 ± 0.13 -0.50 ± 1.46 0.18 ± 0.08
WW- ACP90 Analyses
ACP90 0.58 ± 0.07 -0.52 ± 0.32 0.71 ± 0.20
WWd -0.10 ± 0.11 0.34 ± 0.13 -0.66 ± 0.25
WWm 0.43 ± 0.19 0.20 ± 0.41 0.32 ± 0.12
BW-WW Analyses
BWd 0.16 ± 0.08 -0.18 ± 0.44 0.53 ± 0.31 -0.15 ± 0.40
BWm 0.85 ± 0.36 0.17 ± 0.08 -0.11 ± 0.44 0.06 ± 0.32
WWd 0.27 ± 0.04 0.83 ± 0.08 0.29 ± 0.12 -0.93 ± 0.25
WWm 0.12 ± 0.13 0.83 ± 0.06 0.42 ± 0.21 0.31 ± 0.10
*Accumulated productivity to weaning at 90 days of age (ACP90), birth weight direct (BWd), birth weight
maternal (BWm), weaning weight direct (WWd), weaning weight maternal (WWm).
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Figure 1. Mean predicted breeding value (scaled by genetic standard deviation) for weaning
weight direct (WWd), weaning weight maternal (WWm), and accumulated productivity to
weaning at 90 days of age (ACP90) as a function of birth year (1992 to 2016; 1992 = 0). The
linear regression coefficients were not significantly different from zero.


