


4 and 5 and these were combined with those having a CDS of 3. Pelvic diameters
were measured in the fall, 5 to 6 months after calving to allow the pelvic inlet
to involute to the normal state. The area of the pelvic opening was estimated
as the product of the horizontal and vertical pelvic diameters. Analyses were
performed on three scales of calving difficulty score: raw scores, Snell
transformed scores (Tong et al., 1977) and binary (present or absent) scores.
The Snell transformation provides more homogenous residual variation over
subclasses and approximately normally distributed residual deviations (Tong et
al. , 1977). A description of the calving scores, the transformed scores and their
frequencies are presented in Table 1. In all cases CDS was treated either as a
trait of the dam (fit only maternal grandsire in the model) or as a trait of the
calf (fit sire of calf only) and a mixed model least squares analysis of variance
(Harvey, 1985) was used to estimate the parameters. When CDS was treated as a
trait of the dam, calf birth weight was fitted as a covariate. When CDS was
treated as a trait of the calf, dam weight and pelvic dimensions were fitted as
covariates. The models accounted for breed group, year of calving and sex of the
calf. For estimation of the heritability of pelvic measurements, dam weight was
fitted as a covariate. Half sib components of (co)variance were used to estimate
genetic parameters in all cases.

Table 1. Description and frequency of calving difficulty and Snell transformed
scores

Calvine description Calvine Score Snell Score Freauencvf%®™)
Normal 0 0 68.9
Slight assistance 1 45 12.6

Puller used, easy pull 2 65 11.3

Hard pull or veterinarian

required or caesarian® 3+ 100 7.2

‘“Assistance of a veterinarian was scored 4, caesareans were scored 5.

RESULTS AND DISCUSSION
a. Heritability estimates:

Estimates of heritability for CDS on the three scales (raw, transformed
and binary) are presented in Table 2 together with those for pelvic measurements,
calf and dam weights at calving. Estimates of heritability for CDS were higher
than reported values summarized by Meijering (1984), but were comparable to
values of .21 to .33 reported by Burfening (1978). The heritability estimates
when CDS was considered a dam trait were similar to those when it was considered
a trait of the calf. Since the heritability estimates of categorical traits are
influenced by their incidence, these high values could partly be due to the fact
that only heifers were used in this study with a relatively high (31%) incidence
of assistance at calving. Estimates based on the raw and Snell transformed scales
were similar but higher than estimates based on the binary scale. The results
suggest that for selection decisions heritability estimates based on the raw
scale are quite acceptable. Since the binary scale represents the incidence of
CD, the low h2 estimates on this scale implies that reducing the incidence of
calving problems by selection will be a slow process, while reducing the degree
of difficulty would be faster, regardless of treating CDS as a trait of dam or
calf. Heritability estimates of pelvic measurements were all high and comparable
to estimates iIn recent reports by Morrison et al., (1986) and Green et al. ,
(1988) but were slightly higher than those reported by Benyshek and Little
(1982). These relatively high estimates are indicative of large additive genetic
differences in pelvic size, suggesting that pelvic size could be readily changed
by selection.
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Table 2. Heritability estimates for calving difficulty and other dam and/or calf
traits

As trait of

Trait Dam Calf
Raw scores .33 + .18 37 + .15
Transformed scores .35 + .18 .36 + -15
Binary scores 12 + 17 .28 + .14
Weight at calving .68 + .19 40 + w16
Horizontal pelvic diameter 40 + .18
Vertical pelvic diameter 90 + .20
Pelvic area .50 + .19

b. Correlations.

The genetic and phenotypic correlations between calving difficulty score
as a trait of the dam and dam weight at calving and pelvic measures are presented
in Table 3. The estimates are quite similar for all scales of calving difficulty
score. The standard errors of the genetic correlations, especially on the binary
scale, were rather large. The genetic correlations between CDS and dam weight
at calving were high and negative (-.79 to -.94), indicating that heavier cows
had less problems at calving. The corresponding phenotypic correlations were also
negative but moderate in magnitude. This suggests that selection for heavy dams
would generally result in genetic decrease of calving problems. The genetic
correlations between CDS and measures of pelvic size were either not significant
or moderate in magnitude and negative in sign. The values for the vertical pelvic
diameter (VPD) and the pelvic area (PA) were similar and larger than those for
the horizontal pelvic diameter (HPD). Thus, genetically, heifers with larger
pelvic areas should have less problems at calving though some caution should be
exercised here because of the large standard errors. The phenotypic correlations
between CDS and pelvic measures were low implying that large pelvic size alone
will not necessarily result in observable reduction in calving problems, as there
are environmental and other influences.

Table 3. Genetic and phenotypic correlations between calving difficulty score
as a trait of the dam and weight and pelvic size of the dam

Calving difficulty scale

Raw scores Transformed scores Binary scores
Trait Gc p G P G P
Dam wt at calving -.79 + .34 -.27 -.80 + ,34 -.28 -.94 + 52 -.25
HPD® -.28+ .33 -21 -.30 + .32 -.20 -.19 + 42 -.15
VPDb -44 + 24 -18 -.36 + .22 -.16 -.41 + 31 -.10
Pelvic area -.45 + 30 -.23 -.43+ .26 -.21 -.42 + .39 -.15

a,l)Horizontal and vertical pelvic diameters, respectively.
c,dGenetic and phenotypic correlations, respectively.
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Pelvic size measures showed positive and moderate to high genetic and phenotypic
correlations with each other, except that the genetic correlation between HPD
and VPD was low (Table 4). The genetic correlation between HPD and VPD was lower
and the phenotypic correlation was higher than the estimates reported by Morrison
et al. (1986) and Green et al. (1988). The genetic correlation between HPD and
pelvic area was also lower but the phenotypic correlations were quite similar.
These results suggest that selection for one dimension of pelvic size will not
have much influence on the other dimension and hence selection decisions should
be based on both dimensions or the pelvic area.

Table 4. Genetic and phenotypic correlations among measures of pelvic size and
dam weight*

Dam wt HPD6 VPD® Pelvic area
Dam weight at calving 32+ .24 64 + .13 .66 + .16
HPD 31 15 + .21 59 + .15
VPD .40 .43 89 + .05
Pelvic area .42 .84 .85

‘Genetic correlations above diagonal, phenotypic correlations below.
b,cHorizontal and vertical pelvic diameters, .respectively.

The correlations between CDS as a trait of the calf and calf birth weight are
presented in Table 5. The genetic correlations were high and positive while the
phenotypic correlations were moderate in magnitude. This suggests that selection
against calving difficulty (as calf trait) will be selection, to some degree,
for smaller calves. However, simultaneous selection for growth rate and low birth
weight may reduce the incidence of calving difficulty and maintain or increase
growth rate.

Table 5. Correlations between calving difficulty score as a trait of the calf
and calf birth weight

Difficulty scale Genetic Phenotypic

Raw scores 65 + .21 .49

Snell transformed scores .66 + .21 .49

Binary scores .78 + .20 .46
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