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The objective of this study was to determine the environmental and genetic factors affecting
reproductive traits and calf survival from birth to weaning in Tswana breed of cattle. Analyses of
environmental and genetic effects for calf survival traits were done using 7223 records of animals
which were born between 1996 and 2013 from 1659 dams and 188 sires in 54 contemporaries. Analyses
of environmental and genetic effects for age at first calving were done using 818 records of animals
born between 1998 and 2013 from 611 dams and 136 sires in 49 contemporaries, while calving interval
analyses were done using 1804 records of cows born between 1999 and 2013 from 496 dams and 121
sires in 45 contemporaries. Reproductive traits analysed were age at first calving (AFC) and calving
interval (Cl). AFC was analysed using univariate animal model while Cl was analysed using repeatability
model. Calf survival to weaning (CS) was analysed as a binomial trait using generalised mixed linear
logistic model with logit as link function in the ASREML program. Significant environmental effects for
reproductive traits were selection line, calving year and season. CS was significantly influenced by calf
sex, selection line, calf-birth weight and dam age. The estimated heritability values for reproductive
traits were 0.07+£0.02 for Cl and 0.10£0.07 for AFC. Heritability estimate obtained for CS was 0.07+0.05.
Low genetic variability obtained in reproductive traits and calf survival to weaning trait indicates that
improvement of these traits through genetic selection may prove to be slow.

Key words: heritability estimates, binomial trait, logistic model, repeatability model.

INTRODUCTION

Reproductive efficiency has been described as a Robinson et al., 2017). Milagres et al. (1979) and Janson
fundamental goal in beef cattle production (Dickerson, (1980) also reported variation in reproduction efficiency to
1970; Meacham and Notter, 1987; Van Doormaal, 2007; be associated with variation in management and nutrition.
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They further noted that genetic variation of reproductive
efficiency is very low and estimated heritability to vary
between 0 and 10%. Although beef cattle improvement
has traditionally focused on production traits, breeding
programs should consider all traits of economic
importance to optimise genetic gain (Phocas et al., 1998;
Albera et al., 2004). Gutiérrez et al. (2007) reported that
calving-interval is one of the major reproductive traits to
be taken into consideration. Calving interval affects the
efficiency of beef cattle production, if it is not well
managed (Opsomer et al., 2000; Lamming and Royal,
2001; Lopez-Gatius et al., 2001). Prolonged calving
interval is suggested to be either caused by failure of
cyclic cows to show oestrous or by failure of the cows to
recommence cycling after calving especially if the
production management is not conducive and both pre-
and postpartum nutritional requirements of the cows are
not well met (Mwaanga and Janowski, 2000; Stevenson,
2001; De Rensis et al., 2008).

The American Simmental Association (Shanks et al.,
2001) stated that the inclusion of reproductive
competency measures in performance evaluation
programs would allow producers to identify superior bulls
with early conception and easy breeding characters. The
practice of culling non-pregnant females has commonly
been a recommended management approach to advance
production efficiency in beef cattle (Azzam and Azzam,
1991; Dziuk and Bellows, 1993). Age at first calving is
also described as a good indicator of cow fertility
influencing the overall herd productivity (Gutierrez et al.,
2002). Dams calving at a young age tend to be more
resourceful in beef production system since a decrease in
age of heifers at first calving increases the average
number of calves weaned per cow during its entire
production life hence improving the cow’s lifetime
productivity (Yilmaz et al., 2004; Marshall et al., 1990).

However, harmonizing growth and reproductive
performance in beef cattle managed in tropical regions is
challenging (Luna-Nevarez et al.,, 2010), since the
variations in body size and milk production in cattle
results in varied nutrient requirements for growth,
maintenance and reproduction (Arango and Van Vleck,
2002; MacNeil, 2005). Luna-Nevarez et al. (2010)
observed opposing relationship between cow size and
fertility in Brangus cattle and further suggested maturing
rate index to be negatively correlated with both age at
first calving and calving interval. Besides age at first
calving and calving interval, calf survival also has a major
impact on herd economic efficiency as it reduces beef
farm income and affects the number of animals available
for selection, thus influencing both selection intensity and
genetic progress (Gianola, 1982; Gianola and Foulley,
1983; Magalhaes Silva et al., 2017). Guerra et al. (2006)
and Cecchinato et al. (2010) stated that survival trait has
a binomial phenotypic expression, but with underlying
continuous genetic and environmental influences.
Casellas et al. (2006) reported that calf survival and
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longevity are traits of interests to animal breeders due to
their effects on economic performance and animal
welfare. However, there is no previous study reported on
the reproductive as well as calf survival traits for Tswana
cattle in Botswana. The objective of this study was
therefore to determine the environmental and genetic
factors influencing age at first calving, calving interval and
calf survival to weaning in Tswana cattle selected for
weaning and eighteen-month weights.

MATERIALS AND METHODS

Data obtained from Department of Agricultural Research (DAR),
consisting of of 2940 records for 7 months selection line (S1), 3034
for 18 months selection line (S2) and 1252 records for the
unselected control line (S3). In both S1 and S2. The data comprised
of the following: pedigree information i.e. calf identity number
(CALFID), sire identity number (SIREID), dam identity number
(DAMID) and associated important information such as birth date,
sex of the calf, cow parturition number and date, calf survival code
and selection line. Data was edited and extracted for records as
shown in Table 1 which were then used for analysis of age at first
calving, calving interval and calf survival to weaning. Calving
interval (Cl) was derived as the difference between the two
subsequent calving dates.

Fixed effects fitted for the analysis of the reproductive traits were
selection line, calving season and calving year. Since seasonal
mating was practiced which started in January and ended in March,
calving seasons started in September and ended in January. Few
animals calved in the months of September and January therefore
calving or birth seasons were categorized into 3 groups as follows:
season 1 comprised cows that calved in September and October
while season 2 comprised those that calved in November and
season 3 comprised cows that calved in December and January
(Table 1).

Variance components for age at first calving and calving interval
were estimated by fitting univariate individual animal models in
ASREML program (Gilmour et al., 2015). Calving interval was
estimated using repeatability model. These variance components
were later used to compute, phenotypic variance (czp), direct
heritability (h%), the ratios for permanent maternal environmental
effects (h%) and random residual effects (h%). Fixed effects fitted
for both calving interval and age at first calving were selection line,
calving year and season. The mixed statistical model used for
analyzing data of calving interval and age at first calving was as
follows:

Y=Xf+Z,u;, +Z .U, +¢

Where,
Y = the observed reproductive trait of the cow (age at first calving
and calving interval)
X = the incidence matrix relating fixed effects to the observations of
a trait
3 = vector of fixed effects,
Z4 = incidence matrix relating direct additive genetic effects the
observations of a trait,
Z. = incidence matrix relating permanent environmental effects to
the observations of a trait.
uqg = a vector of direct additive genetic effects,
Uc = a vector of permanent cow environmental effects
and ¢ = a vector of random residual effects.

The random effects in the mixed models are assumed to have
the following distributions: [Ud’, Wpe', €T~N[(0’, 0°, 0°), >]. The age
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Table 1. Summary statistics for data used for analysis of age at first calving, calving interval

and calf survival to weaning.

Number of observations

Parameter

CS AFC Cl
Total number of animals with records 7223 818 1804
No. of animals survived to weaning 6515
No. of animals died before weaning 708
No. of generations 5 4 4
No. of sires with progeny 188 136 121
No. of dams with progeny 1659 611 496
Calf sex (levels) 2 2 2
Birth/calving season 3 3 3
BWT (kg) - - Covariate

CS = calf survival, AFC = age at first calving, Cl = calving interval, BWT = birth weight of calf.

at first calving was analyzed using a univariate mixed model with
animal direct genetic as the only random effect other than the
residual term. Expected variance-covariance structure fitted in the
genetic analysis model was as follows:

Ac? 0 0
X=| 0 l,of O
0 0 1,07

n

Where |4 is an identity matrix equal to number of cows (gxn); I, is an
identity matrix with the size equal to n x n; A is numerator
relationship among the animals; ¢2, 62,02 are additive genetic,
permanent environmental and residual variances, respectively.

Calf survival was coded as 1 if the calf was born alive and
survived to weaning age and O if the calf was born as still birth or
born alive but died before reaching weaning age. Since calf
survival was analysed as a binomial trait, log-linear logistic model
was fitted to analyse the data. The fixed effects fitted for calf
survival trait were selection line, dam age, sex, linear and quadratic
birth  weight effects and contemporary group formed from
concatenating year and month of birth as described in the previous
study that focused on the estimates of covariance component and
genetic parameters for growth traits. All fixed factors were fitted as
class variables except birth weight which was fitted as a covariate.
The model was used to analyse pre-weaning mortality as a binary
outcome such that it postulated a random variable called liability: A;
where i=1...,n and the observed binary response: y; was the result
of the following relationship;

_joif 4, <7
i i A>T

Where; 1 = fixed threshold,

A= liability assumed to be normally distributed with a mean, p and a
covariance matrix, R = 16%, where 0% is the residual variance,

y = observation of binary response corresponding to the calf
survived to weaning or not.

Due to the unidentifiable threshold and %, the parameters were
set to arbitrary values (1 = 0 and 0% =1) to represent the origin and
scale of measurement, respectively. It was assumed the vector of
liabilities, given y, followed the distribution; Alu~N(u,l). The

probability that observation i is scored as 1, given a model
parameter vector, © was defined as:

M = Prob(y; = 11u) = Prob(A;> 018) = ®(u)

Where ®(u)) is the standard normal cumulative distribution function.

Fixed statistical model was fitted to the data using GENMOD
procedures with logit as a link function in Statistical Analysis
System (SAS, 2012) to identify environmental factors significantly
influencing survival. The general form of the fixed model fitted for
calf survival was as outlined below:

Yijimn = Si + dj + Yk + M+ bm + €jimn

Where; Yiumno iS the observation of the calf survival to weaning in
the n" selection line, by is the m™ linear or quadratic birth weight
effect, s; is the i sex of the calf effect, djis i™ dam age at calf's birth,
yi is k™ contemporary group effect, my is I" effect of the sire and
ejjumn iS random residual error distributed independently with mean
zero and common variance, 0%,

To estimate the genetic parameters for calf survival, generalised
mixed linear logistic model with logit as link function was fitted to the
data using ASREML program (Gilmour et al., 2015). The genetic
parameters for the preweaning survival were estimated using a sire
model as shown below:

2
Aijiamn = M +1; +(bi) +5; + Y + P +S5, +8um

Where; Ajumn is the value of liability for a calf n, p = general mean, b;
= linear birth weight, (b))> = quadratic birth weight, sj = sex of the
calf, yx = year and month of birth, p, = age of the dam, and sn, =
random sire effect distributed as N(0, Ac2) and ejum is residual term
distributed as N(0, 162).

RESULTS AND DISCUSSION

The results for the analysis of environmental factors
affecting both age at first calving and calving interval are
shown in Table 2. The two traits were significantly
influenced (P<0.001) by selection line, calving year and
season.

The results indicated that age at first calving was not
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Table 2. Least square means (+ S.E.) for selection lines and calving seasons.

Effect

Trait

Selection line

Age at first calving (months)

Calving interval (days)

S1 40.34+0.46% 569.21+9.85%
s2 41.44+0.46" 554.49+10.17°
S3 39.6620.60% 536.97+13.87°

Birth/calving season

October 41.75+0.51 625.95+7.93%
November 40.37+0.48° 473.78+6.40°
December 39.30+0.53" 414.65+6.77°

S.E. = standard error; ***regression coefficients differ significantly from zero (P<0.0001), S1 = selected for weaning weight, 2 =
selected for 18 month weight and S3 = unselected control population.

significant between the control population (S3) and
animals selected for weaning weight (S1). However,
animals selected for eighteen months weight (S2) calved
at older age than the other two lines (Table 2). The result
revealed that selection for eighteen months weight
increased age at first calving by 1.78 and 1.10 months
when compared to the control population and animals
selected for weaning weight, respectively. The results are
consistent with the findings by Luna-Nevarez et al. (2010)
who reported a negative relationship between improved
growth traits (birth weight, yearling weight and post
weaning ADG) and age at first calving in Brangus cattle
managed under desert production system. Cooke et al.
(2013) also established that both increased birth weight
and growth rate led to increased age at first calving in
Holstein heifers. Likewise, Meyer et al. (1991) reported
low and negative association between age at calving and
growth traits in Australian beef cattle. However, contrary
to the current results Mercadante et al. (2003) reported
that selection for post-weaning growth traits did not
compromise reproductive performance of the cows.

The current results showed that calving interval
significantly varied with selection line. The shortest
(536.97+£13.87) calving interval was observed in the
unselected control population while longest
(569.21+9.85) was witnessed in the population selected
for weaning weight. The current results are consistent
with some literature reports (Albera et al., 2004; Luna-
Nevarez et al., 2010; Berry and Evans, 2014) that
described negatively correlated responses on
reproduction of cows selected for growth rate. However,
since the animals were grazing on a natural pasture, the
variation may be attributed to lack of improved pasture
quality to match the nutritional requirements for relatively
larger cows from the selected lines and failure of
management to cull cows that failed to conceive in
mating season.

The mean difference in age at first calving remained
non-significant between animals that calved in November
and December. However, the trait differed significantly

between October and the other two calving seasons. Age
at first calving for those that calved in October was 1.38
and 2.45 months greater than for those calved in
November and December, respectively. The estimates
obtained currently for age at first calving were consistent
with the range reported by Berry and Evans (2014) of
936+51.4 days in Irish beef cattle, McHugh et al. (2014)
of 660 to 1278 days in Irish beef cattle and Luna-Nevarez
et al. (2010) of 722.4+19 days in Brangus cattle.
However, since seasonal mating was practiced in the
current study the increased age at first calving in October
may be due to the circumstance that animals born in this
season were exposed to breeding at the same time as
those born in the later seasons hence their chances of
being younger at first mating season and ultimately at
calving were eliminated.

Calving interval varied significantly between the three
calving seasons. The longest calving interval was
exhibited in cows that calved in October followed by
those that calved in November and December. Cows that
calved in December exhibited the shortest calving
interval. Calving interval for cows that calved in October
were 152.17 and 211.30 days longer than those that
calved in November and December, respectively.
However, the difference between calving intervals of
cows that calved in seasons November and December
was 59.13 days. The values for calving interval obtained
in the present study are within the range of 300 to 799
days reported by McHugh et al. (2014) for Irish beef
cattle and by Luna-Nevarez et al. (2010) of 414.9+5.4 for
Brangus cattle. The current results also agreed with the
findings by Short et al. (1990) who reported that calving
season is one of the factors mostly associated with
postpartum anoestrus hence influencing calving interval.
Hansen (1985) also acknowledged the seasonal effect on
postpartum interval and stated that it was due to nutrition
and other factors such as genotype and suckling.
However, Sharpe et al. (1986) concluded that not much
can be done through management to correct seasonal
effects rather than adjusting for them. Since mating
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Table 3. Least square means (+ S.E.) for calf survival to weaning by selection line, dam age, calf sex and

regression coefficient (+ S.E.) for calf birth weight.

Effect Means + S.E.
Selection line

S1 0.91+0.007
S2 0.91+0.006
S3 0.92+0.009
Sex of the calve

Male 0.904+0.005%
Female 0.910+0.007"

Dam age (years)

<5 0.904+0.008?
>5t0 <9 0.932+0.006°
>9 0.937+0.007°
Birth Weight

Linear 0.0550+0.0061""
Quadratic -0.0008+0.0001""

S.E. = standard error; *** = P<0.001, S1 = selected for weaning weight, 2 = selected for 18 month weight and S3 =

unselected control population.

season which started in January and ended in March was
practiced in the current study, prolonged calving interval
may be attributed to the situation that cows calving in
October had to wait until January to be served with a bull
compared to those calving in November and December
which waited for a short period to be served with a bull or
calved with the bull around. The other reason may be that
grazing on natural pasture was practiced and the rain
season starts in September and end in April hence cows
calving in October possibly had poor body condition
score at calving and also may not have had adequate
postpartum nutrition compared to those that calved in
November and December when adequate nutritious
pasture is well established. Therefore good body
condition score at calving and adequate postpartum
nutrition improved the chances for both postpartum
cycling and re-conception rate of cows that calved in
November and December hence shortening their calving
intervals (Short et al., 1990 and Berry and Evans, 2014).

The least square mean estimates of calving interval and
age at first calving ranged from 447+ 22 days in 1999 to
577122 days in 2010 and 35.6 + 3.63 months in 1999 to
48.4 + 0.83 months in 2011 for calving and birth year,
respectively (the detailed data is not shown). The results
showed a clear regression on the performance of the
cows for the two traits. The declining trend observed on
both traits over the years in the current study seems to be
in agreement with the previous literature reports by Do et
al. (2013) and Oltenacu and Broom (2010) that selection
for high growth and milk performance in cattle generally
is accompanied by a decline in reproductive performance

unless the increased nutritional requirements of the cows
is maintained through supplementary feeding. Since the
animals in the current study were dependent on natural
pasture for the better part of their nutritional needs the
results may indicate a continuous deterioration in pasture
quality over the years. Hence, this call for improving the
guantity and quality of grazing pasture as well as
implementation of supplementary feeding strategy in
order to keep up with the continuous improvement on
livestock performance through selection.

There was no significant difference in pre-weaning
survival of calves among the selection lines, while calf
survival was significantly affected by calf sex and dam
age (Table 3). The female calves survival was 1% higher
(P<0.05) than male calves. This may be attributed to
male calves being born heavier than their female
counterparts hence more calving difficulties and dystocia
cases that lead to high mortality in male calves than in
females especially those calves born from primiparous
Cows.

Calf survival rate increased from 90% for young dams
aged less than 5 years to 93% for mature dams aged 5 to
9 years. However, calf survival rate was not significantly
different between mature dams, aged between 5 to 9
years and older dams aged above 9 years (Table 3).
Variation in calf survival with dam age may be attributed
to young dams being either prone to calving difficulty or
failing to meet the calf's environmental and nutritional
requirements during prenatal and postnatal period hence
leading to weak calves with low birth weight being born
and failing to survive to weaning age.
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Table 4. Variance components and heritability estimates (+ S.E.) for age at first calving and calving interval.

Traits
Parameter - - - -
Age at first calving Calving interval
0% 2.47+1.85 2150.3+792.50
0% 22.83+2.1 20979+1184.5
2

O pe - 0.0
0% 25.306+1.27 32129+1088
h?, 0.10+0.07 0.07+0.02
h? 0.90+0.07 0.93+0.02

S.E. = standard error, 0°, = direct genetic variance; o’ = residual variance; 0%, = permanent environmental variance; 0%, =
phenotypic variance; h% = direct heritability and h% = environmental proportion.

The results of the current study are consistent with the
findings by Goyache et al. (2003) who reported that an
average survival rate difference of 0.15 to 2.44% in
favour of female calves at different pre-weaning ages in
beef cattle. Likewise, Tarres et al. (2010) observed that
calving difficulty varies with calf sex and is more extreme
in male calves than in their female counterparts. The
lower calf survival observed in the current study for
younger dams might be attributed to calving difficulties
and inability of providing sufficient nutrients for weaker
calves during the nursing stage. Cole et al. (2007)
reported that calving difficulty negatively affect calf
survival via prolonged hypoxia and associated potential
traumas. Tarres et al. (2010) reported that calving
difficulty is one of the factors leading to reduced pre-
weaning calf survival and it extremely affects young
primiparous dams aged less than 5 years than mature
dams aged 5 years and older. On the other hand, Correa
et al. (2000) reported that dystocia and calving difficulty
are not the main cause of death in tropical beef breeds.

In general, the range of values (90 to 94%) obtained for
calf survival rate in Tswana cattle in the current study is
within the range of values reported for other beef breeds
by Cervantes et al. (2010) for Asturiana de los Valles
beef cattle (80 to 94%), by Magalhaes Silva et al. (2017)
for Nellore cattle (93%) and by Guerra et al. (2006) for
multibreed beef cattle (91%). Both linear and quadratic
birth weight effects had significant (P<0.001) influence on
calf survival (Table 3). The implication of the result is that
the calf survival rate increased with increasing weight of
calves towards average weight and then declined with
increasing calf birth weight. This may happen as a result
of some calves being born with extremely lighter and
heavier weight than average birth weight leading to death
from various stressful environmental factors including
inability of the dams to care and provide sufficient
nourishment required for early growth.

The results are consistent with a report by Bunter et al.
(2014) who observed higher mortality rate in Brahman
and tropical composite calves with low birth weight. The
same authors further found that generally pre-weaning
mortality in beef cattle is associated with calving difficulty

and extreme birth weights. Riley et al. (2004) and Vostry
et al. (2014) reported that new born calves with low
vigour were frequently observed in Bos indicus. The
authors further established that most pre-weaning deaths
occurred within thirty days after birth and cited calf
weakness as the major cause of death, followed by
diarrhoea and navel inflammation. Magalhaes Silva et al.
(2017) also found that factors most significantly
associated with mortality for large number of calves were
production environment presented by site-year and low
birth weight more so than high birth weight. Direct genetic
and environmental variances contributed 10 and 90% to
the phenotypic variance of age at first calving, while the
direct genetic and environmental variance contributions
to the phenotypic variance of calving interval were 7 and
93%, respectively. The permanent environmental
variance estimate for the calving interval was zero (Table
4). This might indicate lack of predicting ability of current
calving interval for the future calving interval within a cow.

Direct heritability estimate currently obtained for age at
first calving was 0.10+0.07 and it did not differ
significantly from zero. The estimate was low and within
the lower range of reported values. For example, the
reported heritability values range from 0.11 to 0.31
(Makgahlela et al., 2008; McHugh et al., 2014; Berry and
Evans, 2014; Park and Lee, 2013; Solemani-Baghshah et
al., 2014; Guitierrez et al., 2002) in beef and dairy cattle.
Direct heritability estimate obtained in the current study
for the calving interval was 0.07+0.02. This estimate was
also low but significantly different from zero. Direct
heritability value obtained in the current study was
comparable with the range of 0.01 to 0.06 as reported
(Gutiérrez et al., 2002; Berry and Evans, 2014; McHugh
et al., 2014) for beef cattle. The results show that in
general heritability for reproductive traits is very low and
also they are having lower repeatability. As it has been
established in several previous studies, the high
estimates of environmental variance obtained for the two
traits indicate that significant performance improvement
on the two traits can be attained through modifying
environmental factors associated with cow management.

The results presented in Table 5 show that the sire
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Table 5. Variance components and heritability estimates (+ S.E.) for calf

survival to weaning.

Parameter Estimate

0% 0.062+0.040
0% 0.249+0.159
0% 3.290+0.040
0% 3.352+0.040
h? 0.074+0.045

S.E. = standard error, 6% = sire variance, 0% = genetic variance, 02p = phenotypic
variance = 0% + 0% and h? = heritability = 4(c%) / (0% + 0%).

variance for the survival accounts only for 10% of the
phenotypic variance. This result indicates that much of
the phenotypic variance for calf survival may be defined
by other components other than direct genetic effects
possibly by environmental components. The lower
estimate for direct genetic effect obtained in the current
study is in line with the findings by Gregory and Maurer
(1991) and Von-Keyserlingk and Weary (2007). These
authors reported that pre-weaning mortality has an
important maternal component which decreased from
birth to weaning period. The authors further described
maternal effects to be in the form of intrauterine effects,
milk production and protection provided through
behaviour and passive immunity (colostrum). The lower
estimate currently obtained for direct genetic variance
was not significantly different from zero. However, it is
well documented that the survival is one of the traits with
low heritability and most of the variation comes from
other environmental aspects (Cox, 1972; Prentice and
Gloekler, 1978; Casellas et al., 2006; Cecchinato et al.,
2010; Cervantes et al, 2010; Bunter et al.,, 2014,
Magalhaes Silva et al., 2017). Therefore a significant
improvement on calf survival rate may be attained
through improvement on the environmental part such a
management system.

The current direct heritability estimate of 0.074+0.045 is
consistent with other reported heritability estimates
(Guerra et al., 2006; Schmidek et al.,, 2013 and
Magalhaes Silva et al.,, 2017) for pre-weaning calf
survival ranging from 0.02+0.002 to 0.190+0.078 for the
Nellore and multibreed beef cattle. Schmidek et al. (2013)
observed higher genetic variability for calf survival during
the perinatal period up to 2 to 3 days after birth compared
to the rest of the pre-weaning period. In general, the low
and non-significant genetic component found in the
current results as shown in Table 5 reveals that there is
insufficient genetic variability to improve calf survival to
weaning through genetic selection.

Conclusion

The current study revealed that both age at first calving
and calving interval have low direct heritability and are

more influenced by environmental factors than genetic
effects. The low repeatability estimate for calving interval
proved that the trait is poorly repeatable. Improvement of
these traits can therefore rapidly be achieved through
modification of the management aspects than selection
for these traits.

Sex of the calf, dam age and birth weight significantly
influenced calf survival to weaning. The significant
influence of birth weight on calf survival to weaning trait
suggests that management intervention should be in
place to avoid pre-weaning death of calves born with very
low and high birth weights. Calf survival to weaning had
low and non-significant genetic variability indicating that
this trait is largely affected by environmental effects
hence may not improve rapidly through genetic selection.
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