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INTRODUCTION

Dystocia or difficult parturition has long been known to increase the 
likelihood of neonatal death among calves. Beef researchers (Woodward and 
Clark, 1959; Laster and Gregory, 1973) were among the first to document 
this relationship and found dystocia to be a leading cause of mortality 
among newborns. Sale of livestock is the primary source of income for beef 
breeders and increasing income through the reduction of mortality rates was 
the primary impetus for evaluating beef sires for dystocia. Using bulls 
that sired easy calving progeny on heifers and other cows in which dystocia 
was likely to be a problem was expectecf to decrease mortality. While a 
dairyman's primary income is not usually from livestock sales, dystocia 
and calf mortality reduce income. Dairy researchers in severaf countries 
(Bar-Anan et. al. 1976 (Israel); Philipsson, 1976a (Sweden); Poliak and 
Freeman, 1976 (USA); Cady, 1977 (USA); Cady and Burnside, 1982b (Canada)) 
found a positive relationship between dystocia and high mortality rates.

Cady and Burnside (1982a) estimated that Ontario dairymen lost $5.2 
million annually ($520/farm) from calf mortality due to dystocia. If all 
neonatal calf deaths are included, this figure rises to $8 . 6  million. Add 
to this figure the cost of labor, veterinary fees, reproductive failure and 
production losses; the cost of dystocia and neonatal calf mortality is 
enormous. A decrease of 1% in the mortality rate of newborn calves in 
Ontario would result in $1.3 million saved from livestock losses. Philipsson 
(1976c) estimated that a 1% unit change in dystocia rate had a economic 
value in Sweden of 2.2 million Sw.kr. and a 1% unit change in mortality was 
worth 4.4 million Sw.kr.

Aside from obvious management practices which can be used to reduce 
dystocia and mortality, many researchers have found genetic variation to be 
sufficiently large to warrant genetic evaluation of bulls, for at least the 
dystocia trait. Heritability estimates for dystocia as a calf trait range
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from .01 to .19 with most estimates being around .08 (Bar-Anan et. al., 1976; 
Philipsson, 1976b; Poliak and Freeman, 1976; Cady and Burnside, 1982a).
"Estimates of heritability for neonatal mortality are not as high, ranging 
from .0016 to .08 (Auran, 1972; Philipsson, 1976b; Bar-Anan et. al., 1976;
Cady and Burnside, 1982b) with an average of about .05. Phenotypic correla
tion estimates between dystocia score and mortality have ranged from .19 to 
.52 (Philipsson, 1976b”; Cady, 1977; Cady and Burnside, 1982b) and genetic 
correlations have been reported between .33 and .92 (Bar-Anan et. al. 1976; 
Philipsson, 1976b; Cady and Burnside, 1982b).

Several countries now routinely evaluate dairy sires for dystocia based 
on work by Poliak and Freeman (1976), Bar-Anan et.al. (1976), Philipsson 
(1976b), and Cady and Burnside (1982a). The primary goal is to reduce 
dystocia and its associated costs which include calf mortality but few bulls 
have'been evaluated for neonatal mortality rate of their progeny because of 
low heritability. There is a significant relationship between dystocia score 
and mortality, and mortality rates should decrease with decreasing incidence 
of dystocia but the correlation is not perfect. A reason for this, as 
reported by Cady and Burnside (1982b), is that dystocia is linearly related 
to calf size while mortality is quadratically related to calf size. Dystocia 
tends to increase with calf size, but livability is highest for average size 
calves. Large calves that die, probably die because of a stressful birth, 
but small calves that die, probably die because of lack of vigor, not dystocia 
This relationship could have negative implicationg if bulls are selected on 
dystocia criteria alone. Bulls that sire* calves born easily usually have 
small calves and thus may have high mortality anyway. Another reason'for 
the lack of a perfect correlation is that 50% of all calves dying at birth 
experienced no dystocia (Cady and Burnside, 1982a). Consequently, further 
reduction of neonatal mortality over that achieved by reducing dystocia may 
be possible by evaluating bulls for progeny livability and selecting those 
with good evaluations for livability as well as dystocia. The purpose of 
this project is to propose a method to evaluate sires for dystocia and 
mortality of their progeny simultaneously.

METHOD OF EVALUATION

Current methods of scoring calving ease use a discrete scoring system. The 
scores are then used for evaluation as though they are from a continuous dis
tribution. Bulls are usually evaluated by best linear unbiased prediction (BLUP) 
(Henderson, 1972) using a model which includes effects for herd, year and 
season of birth, size of dam, parity and sex of calf. (Bar-Anan et. al., 1976; 
Philipsson, 1976b; Poliak and Freeman, 1976; Cady and Burnside, 1982a). This 
method is satisfactory for ranking bulls for dystocia, but sire differences 
are difficult to interpret if the scaling of scores is arbitrary.

Schaeffer and Wilton (1976) proposed evaluating sires for dystocia and 
mortality simultaneously by combining dystocia and mortality scores into one 
scoring system. The method they proposed could then be used to predict 
categorical frequencies of future progeny; however, it was limited to a fixed 
effects model. Quaas and Van Vleck (1980) introduced another categorical 
method which could be used for random models. Both these methods have the 
advantage that scaling of scores is irrelevant because categorical frequencies 
are predicted and the covariances between categorical frequencies are not 
ignored in the evaluation.
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Cady (1980) used the Quaas and Van Vleck (1980) method to evaluate bulls 
for dystocia and encountered several problems. Bulls were evaluated as though 
each category were an Individual trait. This causes the coefficient matrix 
to increase in size by a factor2of (n-l)^ where n is the number of categories. 
The factor is (n-l)2 and not n, because solutions for the nth category 
estimate is dependent on solutions of the first (n-1). Additionally, the 
Quaas and Van Vleck (1980) method is restricted to random models and, 
therefore, a separate evaluation must be done for each level of a fixed 
effect. Consequently, if there are many categories or many fixed effect levels, 
computations become cumbersome due to the sheer size and number of matrices 
and sparseness of those matrices. Cost of evaluation in this manner may not 
be cost beneficial in the long run.

The method proposed in this paper utilizes a scoring system that combines 
dystocia and mortality scores into one scoring system (Schaeffer and Wilton, 
1976). Bulls are first evaluated for each trait separately and evaluations 
are combined to produce a joint dystocia-mortality evaluation. Sire evaluations 
are in the form of categorical frequencies which are easily interpreted as well 
as useful for ranking sires.

Each trait is scored on a hinomi'al scale. Calving ease is scored 0) no 
problem or 1) problem. No problem births are either unobserved, no assistance 
or slight assistance but the cow probably could have calved successfully alone, 
and problem calvings are hard pulls or surety. Malpresentations could fall 
into either category. Mortality is scored as 0) alive or 1) dead after 24 
hours of birth. There are then 4 joint categories possible (no p*oblem-live, 
no problem-dead, problem-live, problem-dead).

Calving ease has generally been scored using at least four categories, but 
two are probably sufficient. Cady (1980) found evidence that scorers had 
trouble discriminating between some categories when there were five or more.
Work done in conjunction with this study shows that bulls rank essentially the 
same whether they are scored using 4, 3, or 2 categories. As long as bulls that 
are at the extremes of the distribution are identified, two categories are 
sufficient. Additionally, two categories permit easy estimation of categorical 
frequencies because each trait can be evaluated as a single trait.

Bulls are evaluated for each trait separately by BLUP or in a multitrait 
BLIJP evaluation. Multitrait evaluation would be the evaluation of choice if 
the model for each trait were identical. This is not necessarily the case, 
in which case separate evaluations can be done. If the latter situation is the 
case, evaluations for mortality should be made free of dystocia effects. Cady 
and Burnside (1982b) did find that statistical models for dystocia and mortality 
differed slightly. Significant factors included for dystocia evaluation 
included those factors mentioned earlier. Mortality did not have a significant 
month or season factor. Additionally, they found that the relationship between 
dystocia score and mortality rate was not linear, making covariate adjustment 
inappropriate. Dystocia can be included in the mortality model as a categorical 
factor to make mortality evaluations free of dystocia effects. Mortality need 
not be included in the dystocia model because of the direction of the cause- 
effect relationship.

Whether evaluations are made separately or by multitrait evaluation, sire 
values represent deviations from the mean dystocia and/or mortality frequency 
and are noted as s^ and s^ respectively. Sire values are the marginal estimates
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for each trait used to obtain the subclass estimates for each joint category.

The predicted frequency for each bull for each trait is equal to yD + 
and uM + s^. If sD and sM are independent, the predicted frequency of 
each joint category is (y„ + s ) x (y + s ). Repeatability of the jointD u  M M
estimate would be equal to the product of the repeatabilities of the two marginal 
predictions estimated in the usual way.

EXAMPLE

Consider four bulls with the following proofs for dystocia and mortality
when y_ = 13% and yu = 8%.

D  M

Dystocia Mortality
Pred. Freq. Pred. Freq.

Bull *D UD + SD Rpt. SM "m -4- sm Rpt
A -6 % 7% 89% -2% 6 % 76%
B 5 18 83 - 2 6 70
C 2 15 92 4 1 2 85
D - 8 5 78 5 13 69

y + s„ represents the predicted frequency of problem calvings for a bull's D D . **
progeny and y^ + sM is the predicted frequency of neonatal mortality for a 
bull's progeny. Therefore, 1 - y^ -sD is the predicted frequency*of no problem 
births and 1 -y^ -s^ is the predicted frequency of live progeny. The joint 
subclass frequencies are then computed as follows:

Dystocia
No Problem Problem

M v £ (l-yM-sM)x(l-yD-6 D) d - W
Mortality

IsM ^ M' V X(1~ V V  (V * m)x(V ° d)
The bulls in the example would have the following predicted frequencies 

and repeatabilities for each joint category.
Bull Rpt. Live-No Problem Live-Problem Dead-No Problem Dead Problem
A 67.6% 87.42% 6.58% 5.58% .42%
B 58.1 77.08 16.92 4.92 1.08
C 78.2 74.80 13.20 1 0 . 2 0 1.80
D 53.8 82.65 4.35 12.35 .65

DISCUSSION AND CONCLUSION

The evaluation outlined assumes that y_. and y are estimable making the
D  M

joint frequencies estimable. This is only true when s and s are estimated
^ M

using a random model, which is not usually the case. A simple unbiased estimate 
of y that can be used is the overall mean. The joint frequency predictions are 
no longer BLUP of course, but they may not have been anyway because non-linear 
functions of BLUP estimates arrived at by independent evaluations are not
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necessarily BLUP.

The evaluation described also assumes that s_ and s.. are free of effectsD M
due to the other. Estimation of s may be affected by dystocia because of the
cause-effect relationship of dystocia and mortality. The converse is not true
however. Whether s and s are free of effects of the other can be checked by M D
comparing joint frequency predictions made as described with predictions made 
by predicting one joint frequency directly from BLUP analysis. The remaining 
frequencies are found using linear combinations of the marginal frequencies 
and the joint frequency predicted directly. Cady and Burnside (1982b) predicted 
joint frequencies by both methods and found that bulls with at least 20 records 
had virtually identical distributions of joint frequencies for each method.

The purpose of this method of evaluation was to evaluate bulls for dystocia 
and mortality of their progeny simultaneously. The same ends could have been 
achieved using the Quaas and Van Vleck (1980) procedure to predict each joint 
frequency directly, but this method avoids the problems encountered by Cady 
(1980) because each trait is first evaluated as a single trait avoiding the 
extremely large spatse matrices. The joint frequency predictions are easily
calculated from and sM , easily interpreted and sire differences can be D M
readily understood as well as be used for sire ranking.

K
Dystocia rates can be reduced by sire* selection as was shown by Bar-Anan 

et. al. (1976) thus reducing costs of dystocia including mortality costs.
Cady and Burnside (1982b) identified bulls whose progeny are born with few 
problems, but had a high mortality rate. This could occur when Bull's 
progeny are small. Alternatively, bulls also may exist that sire calves 
that have good livability although their dystocia rate ±0 high. Bulls that 
fall into the first category may not increase revenue because gains made 
through lower labor requirements are lost due to mortality. Bulls in the 
latter category may reduce loss because their calves have higher livability 
despite the fact that they tend to be born with difficulty. These bulls 
might be useful even in situations where there is a risk of dystocia such as 
with primiparous heifers.

While the heritability for neonatal mortality is probably not higher 
than .1, it is not much lower than that for dystocia. Evaluating bulls for 
mortality of their progeny and selecting bulls that sire vigorous calves has 
the potential to reduce lost revenue. The method presented here allows bulls 
to be ranked on dystocia, mortality or both. Evaluations are in terms of 
categorical frequencies which are easily understood and from which sire 
differences can be easily described. Calf mortality rates could be reduced 
by more direct means than by only selecting to reduce dystocia and thus 
provide an even larger savings to dairymen then by just reducing dystocia 
costs.

SUMMARY

Difficult calving is known to increase the probability of neonatal mortality 
among dairy calves. Reducing the number of calf mortalities has been one of the 
motivations for evaluation of dairy bulls for calving ease. The difficulty of 
birth, however, is not the only factor affecting neonatal mortality. Calving 
records were collected from 1,496 DHIA herds from throughout Ontario. These 
records included herd and sire identification, calving date, parity and size of 
dam, sex and size of calf and mortality and dystocia scores. Higher dystocia 
scores were generally associated with higher mortality rates; however, this 
relationship was not linear. Differences existed between bulls for the mortality 
rate of their offspring, but high progeny mortality was not always associated 
with a high average dystocia score. Bulls were evaluated using Henderson's 
BLUP methodology for dystocia and mortality. The relationship between dystocia 
and neonatal calf mortality and the method of sire evaluation will be discussed.



RESUMEN

Se sabe que el parir dificil aumenta la probabilidad de la mortalidad 
neonatal entre los terneros lecheros. El reducir el numero^de mortalidades 
de terneros ha sldo una de las motivaclones por la evaluaclon de toros lecheros 
para la facilidad de parir. La dificultad del par to, sin embargo, no es el 
unico factor que afecta la mortalidad neonatal. Se reunieron los registros de 
parir de 1,496 vacadas DKIA por todo Ontario. Estos registros incluyen la 
identificacion de la vacada y del padre, la fecha de parir, la paridad y el 
tamaho de la madre, el sexo y el tamano del ternero y las cuentas de mortalidad 
y de distocia ("dystocia"). Cuentas mds altas de distocia se asociaba general- 
men te con tasas mds altas de mortalidad; sin embargo, esta relacion no era 
lineal. Habla diferencias entre los toros en la tasa de mortalidad de su des- 
cendencia, pero no se asociaba siempre una alta cuenta media de distocia. Se 
evaluaba los toros utilizando la metodologia BLUP de Henderson para la distocia 
y la mortalidad. Se discutira la relacion entre la distocia y la mortalidad 
neonatal de los terneros y el mdtodo de la evaluacidn del padre.
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