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Summary

Calving records of 107 heifers from two breed groups were used to identily the major flactars
contributing to calving difficulty (dystocia) and compare the influence of pelvic dismeters, weight and
height of heifers measured after breeding and belore calving on dystocia. The horizontal and vertical
pelvic diameters, hip height and weight of heifers were measured two months after breeding and again
two months before calving. Snell transformed calving difficulty scores (0 = normal to 100 = surgical
intervention) were used in analyzing the data by analysis of covanance. Body condition score of the
heifer, sire birth weight of the calf, birth weight of the calf, and ratic of calf birth weight to pelvic
area all had significant effects on dystocia. Calf hirth weight, ratio of eall birth weight to pelvic area,
and heifer's condition score were especially important. However, sex of calf did not have a significant
influence on dystccia. Generally, the variables measured before calving acccunted for a higher
proportion cf variation in dystocia than those measured aller breeding. Thus, based on the relative
importance cf the major factors affecting dystocia, it is suggested that selection ¢f bulls wilh low
birth weight for breeding on normal size heifers with optimum body condition score, and well de-
veloped pelvic opening, would be effective in reducing the incidence and severity of dystocia in beef

heilers.
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Introduction

The importance of calving difficulty (dystocia)
in primiparous heifers as a cause of calf mortality,
morbidity {Laster and Gregory, 1973; Bellows
ct al., 1987), increased management cost (Meijering,
1984) and low fertility in later parities (Brinks
et al., 1973: Philipsson et al, 1979) is well do-
cumented. Published reports have indicated that
the small pelvic arca of primiparous heifers is
a deterrent to normal parturition {Makarcechian
and Berg, 1983; Johnson et al., 1988). There have
been several studies dealing with factors affecting
calving difficuity with conflicting results. Faor
example, call birth weight was reporied to he
the most importanl factor influencing calving
difficulty, whilc there was little or no correlation
hetween pelvic measurements and calving perfor-
marnce (Van Donkersgoed et al., 1990). Morrison
ct al. {1985) reported that pelvic measurements
accounted for 22.1% of the variation in calving
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difficulty score, although the effect of calf birth
weight on calving  difficnlty was much more
important than pelvic measurements.

Several Ttesearchers have identified feto-pelvic
incampatibility as a major canse of dystocia {(¢.g.
Deutscher, 1985; Johnson et al, 1988). However,
pelvic measurements laken before or afier calving
may not accurately reflect the size of the pelvic
inlet during fetus expulsion (Meijering, 1984). The
changes in pelvic dimensions, hip height and
weight of heifers during the period of pregnancy
as they relate to calving difficulty have nol beer
fully explored.

The objectives of this study were to identify
the major factors contributing to calving difficulty
and to compare the influence of pelvic diametcers,
weight and height of heifers measured after
hreeding and before calving on dystocia in beef
heifers calving at two years of age.

Materials and Methods
Calving records of 107 hcifers (born in the
spring of 1990) from the University of Albcrla

Beef Cattle Research Ranch at Kinsella, Alberta,
Canada were used in this study. The heifers were
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from two breed groups, 57 Beef Synthetics from
the Beet Synthetic #1 line (8Y#1), and 50 Dairy
Synthetics from the Dairy Synthetic line (DS).
The SY#| line was composed of approximately
1/3 Charolais, 13 Angus, 1/5 Galloway with small
contribution from Brown Swiss, Hereford, Holstein
and Brahman breeds. The DS line contained
approximately 2/3 Dairy breeding (Holstein,
Brown Swiss and Simmental} and the remainder
from traditional beef breeds. Details of the herd
management and breeding compasition have been
described by Berg et al. (1990).

The heifers were mated with 7 yearling bulls
(4 SY#! and 3 DS bulls). The number of heifers
mated to each bull ranged from 8 to 2€ i singlc
sire mating groups within each breed group for
a period of 45 days and were maintained together
until calving under conventional management.
Bulls with extreme birth weights were not used
far breedng.

The pelvic diameters, hip height and body
weight of the heifers were measured first two
months after the end of breeding season (18 +
0.5 months old). Horizontal and vertical pelvic
diameters (pelvic area = horizontal X verlical)
were measured by a single operalor using a Rice
pelvimeter. Pelvic diameters, hip height and heifer
weight were also measured two months befare
calving (22 4 0.5 months old). The vertical pelvic
diameter was measured as the perpendicular
distance between the symphysis pubis and the
sacral vertcbrac, and the horizontal dia-
meter was measured as the largest distance between
the right and left shafts of the ilia. The hip
height was measured as the vertical distance from
the ground to the top of the hip.

Breed group, heifer’'s body condition score,
sex of calf, calf birth date, calf birth weight, and
sire hirth weight were also considered in the study
in order to evaluate their effects on calving dif-
ficulty.

Calving difficulty was scored on a 0 to 2
point scale, where 0 represented normal calving
and 5 indicated the most dilficult calving, requi-
ring surgical intervention. Since there was only
one calving difficulty of score 3 (hard pull), 1t
was combined with score 2 {easy pull) category.
There was no calving scores of 4 (veterinary
assistance) and 5 (surgical intervention) in the
data set. Heifer's condition was scored al calving
on a | to 5 point scale, representing extremely

pelvic
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thin to extremely fat animals respectively. There
was no condition scorc of £ in the daia sel.

The calving difficulty scores were first trans-
formed uwsing Snell transformation to provide
homogenous residual  vanalion over subclasses
and approximately normally distributed residual
deviations {(Tong et al., 1977). The calving diffi-
colty scores, the Snell transformed scores, and
their frequencics arc presented in table 1, Analyses
were performed on the transformed scores.

The data were analyzed hy analysis of cova-
riance vsing SAS package (SAS Institute Inc.
1985). The following basic model was used to
analyze the data:

Yiga = 2 + B + 5 + G + X lem;nu

+ &
where Y was Snell transformed calving difficulty
score, u# was the overall mean, B, was the effect
of the i-th breed group, S, was the effect of the
J-th sex of calf, C, was the eficet of the k-th
hody condition score, by was partial regression
coefficient of calving difficulty scoie on the t-th
continuous independent variable (Xqy), and
& Was a random error.

Six submodels all based on the above basic
model were nsed to analyze the data in order
10 identify and compare the variations in calving
difficulty cxplained by the oripinal variables and
ratios of some variables measured on heifers two
mouths aller the end of breeding season and two
months before calving season. In Model 1. breed
group, heifer’s body condition score, calf birth
date and bhirth weight, heiler's pelvic area, hip
height and body weight all measured two months
after breeding were considered as independent
variables. In Model [I, brecd group, heifer’s body
condilion scare, calf birth date and birth weight,
heifer’s pelvic area, hip height and body weight
ail mecasured two months before calving were
considered as jodependent varjables. In Madel
II, breed group, heifer’s body condition score,
calf birth date, ralios of pelvic horizontal and
vertical to hip height, ratio of body wecight to
hip height and ratio of calf birth weight to pelvie
area all measured two months afler breeding were
considered as independent variables. Model TV
was similar o Model T with the exception that
the heifer’s traits were measured two months
before calving. In Model V, breed gronp, sex
of calf, heifer's body condilion score, calf birth
date, sire birth weight, heifer’s pelvic area, hip
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height and body weight all measured twa months
after breeding were considered as independent
variables, and Model V] was similar to Model
V except thal the heifer’s traits were measured
two months before caiving.

‘I'he contribution of a lactor to calving diffi-
culty was estimated as the percentage of the sum
of squares (due to the factor after adjusting for
the other factors in the model) in the corrected
total sum of squares. This was equivalent to the
reduction in the coefficient of determination (R?)

after dropping that factor from the model.
Results and Discussion

The frequency of ncrmal calving in this study
was 74% (table 1). The means of continuous
variables of heifers taken after bresding and
before calving are presented in table 2, Generally,
the means of pelvic dimensions, hip height and
weight of the DS heifers were higher than those
of SY#I heifers (p < 0.05).

TABLE 1. DESCRIPTION OF CALVING DIFFICULTY SCORES, THEIR FREQUENCIES AND SNELL TRANSFORMED

SCORES IN BEEF HEIFERS

Calving Difficulty Frequency Snell transformed
description o score LA ) score
Narmai 0 74 1]
Slight assistance 1 12 60
Puller used, easy or hard 2 14 100

TABLE 2. LEAST SQUARES MEANS AND STANDARD ERRORS OF HEIFER TRAITS TAKEN TWO MONTHS
AFTER BRFFDING AND TWO MONTHS RFFORE CALVING AND THEIR CQEFFICIENT OF CORRELA

TION
. After breeding  Before calving Coefficient of
searB \I‘ <]
s i ariable Mean + S.E. Mcan + S.E. correlation
SY#I1 57 Pelvic horizontal (em) 13.1 + 0.07 157 1+ 0.12 (0.78%**
Pelvic vertical (cm) 158 4+ 0.08 18.5 + 0.09 (3 EEE
Pelvic arca (cm®) 207.8 + 2.11 291.5 + 3.31 0.80%**
Hip hcight (cm) 126.3 4 0.51 129.7 + 0.51 0.92%**
Heifer weight (kg) 389.1 + 436 42,1 + 5.17 0.65%**
SD 50 Pelvic horizontal (cm) 13.6 4+ 0.08 16.3 + 0.13 Q. 71%%*
Pelvic vertical {(cm) 16.3 4+ 0.08 19.0 £ 0.10 0.53»x*>
Pelvic area (cm®) 2224 4 2.25 309.7 £ 3.55 (0.72%4*
Hip height (cm) 130.7 + 0.45 1339 + 0.55 0.87%%*
Heifer weight (kg) 403.6 + 4.65 454.8 + 5.52 0.94%++
& §Y#1 = Beef Synthetic #1; SD = Dairy Synthetic.

v Significantly differen1 (p < 0.05) between two breed groups for all variables.
*** Significantly correlated (p < 0.01) between variables measured after breeding and before calving.

The means of pelvic dimensions, hip height
and weight of heifers increased in the two breed
groups during pregnancy, following a  similar
grawth pattcrn. There were moderate to high
correlations  hetween measurements taken after
breeding and those taken before calving (table
2). The heifer’s traits measured after breeding
and befare calving also showed somewhat varia-

257

fion, as indicated by the standard errors (table 2).

Comparisons of the total variation in calving
difficulty scores expiained by the models which
included the variables measured after breeding
those which included the same variablcs
measured before calving indicated that, in general,
the variables measured before calving accounted
for a somewhat higher proportion of variation

with
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in calving difticulty than those measured after
breeding (table 3). The total variation in calving
difficulty accounted for the this study was higher
than that previously reported by Naazie et al
(1989).

TABLE 3. VARIATION IN OYSTOCIA EXPLAINED BY
INFLUENCING VARIABLES

Change in R? (%)

Variahle After Refcre
B breeding® calving
Model T Model I
Breed group 3.52* 3.61*
Body condition score 4.99* 6.10%
Calf birth date 233 2.95%
Calf birth weight 12.87%*  1597%*
Pelvic area 0.68 0.04
Hip height 1.36 1.05
Weight D.18 1.37
Total variation cxplained 35.51 3617

Model I Model ¥

Breed group 3.40* 2.93*
Body condition score 4.90* 5.16*
Calf birth date 2.30 3.13*
Pelvic herizontal{Hip height 213 2.94%*
Pelvic vertical/Hip height 0.00 0.02
Weight/Hip height 1.08 1.53
Calf birth weight/Pelvic area 13.15%%  17.57**
Total variation explained 35.61 37.29

Model V Model VI

Breed graup 6.73%*  7.58**
Sex ol calf 1.70 2.59
Rady condition score LL10%*  13.47%%
Calf birth date 3.48* 4.37*
Sire birth weight 4.00* 3.69*
Pelvic area 1.93 0.03
Hip height 4.67* 1.97
Weight 2.05 3.07*
Total variation explained 26.62 2%.44

¥ After breeding: heifer's traits measured two months
aflter breeding; Before calving; heifer’s fraits measured
two months hefore calving.

* p < Q.05

** < 0.0,

Breed group, heifer's body condition score,
birth weight of call’s sire, calf’ birth weight and
the ratio of call birth weight to pelvic area had
significant cffects on calving performance in al
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respective models used for analyzing the data.
Calf birth date had a sigmificant effect on calving
performance when heifer’s (raits were measured
before calving (Models (I, [¥ and VI). However.
when heifer’s traits were measured after breeding
(Models I, Il and V), it was sigmficant only
from analysis of Model V. The only significant
effect of heiter’s weight on calving performance
was from apalysis of Model VI when heiter’s
traits were measured before calving. The ratio
ol horizontal pelvic diameter to hip height had
a significant effect on calving performance when
the heiler’s traits were measured before calving
{(Model V) The effect of hip height was significant
only from analysis of Model V (table 3) when
heiler's traits were measured after breeding. These
results indicate that weight and hip height of
heifers themselves may not be important factors
in the present data.

Calf birth weight was a important variable
affecting calving  difficulty (p<C0.0]), explatning
over 129, of the total variation in calving diffi-
culty score. The important contribution of call
birth weight (o the variation in calving difficulty
scorc (table 3) is in agreement with other renorts
(Morrison ef al., 198S; Johnson et al., 1988; Naazie
et al, 1989; Van Donkersgoed et al, 1990).
Pelvic area itsclf did not have a significant in-
fluence on calving difliculty score. However, the
ratio of calf birth weight to pelvic area which
can be considered as a measure of feto-pelvic
incompalibility accounted for ¢ven morc variation
(> 13%) in calving difficulty score than calf birth
weight (table 3). The large impact of the ratio
of calf birth weight Lo pelvic area on calving
difficulty score in this study is in agreemeni with
other studies (Bellows et al., 1971, Rice and
Wiltbank, 1972).

In the comparisons of calving difficulty among
condition score groups and between breed groups
(table 4), the [east squres means obtained from
analyses of Models T and ]| are presented.
However, other models provided similar results.
Body condition score accounted for over 119
of the variation in calving difficulty when calf
hirth weight was excluded from the model (Model
V and VI, lable 3), which is in agreement with
the results of other studies (Makarechian and
Berg 1983, Naazie et al., 1989). The maximum
least squares means of calving difficulty score
of hcifers were with body condition scores of
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I and 4 (extremely thin and fat). Hceifers with
a body condition score of 3 had the lowest
calving difficulty score (table 4). The low incidence
of calving difficully among beifers with body
condition scorc of 3 indicales the importance of
optimum condilion for the process of parturition.
The SY#1 heifers had a higher level of calving
difficulty compared to the DS <
0.05, table 4).

heifers

In addition, the heifers delivering in the early
spring tended to have more calving difficuities
compared with those delivering later as the partial
regression coefficient of calving difficulty score
on calving date was negative {p < 0.05). This may
be a vesult of a longer period of lced supple-
mentation which had preater effect on improving
the body condition of heifers calving later in the
season (Makarechian and Berg, 1983).

TABLE 4. LEAST SQUARES MEANS OF SNELL TRANSFORMED CAIVING SCORE BY BREEC GROLPS, AND

BODY CONCITION SCORF OF HEIFERS

Item B Snell calving scores 4 Std. Error*
Modcl I Model I
Breed groups:
Beef synthetic 4201 + 8112 4236 + 7.88%
Dairy synthetic 2389 £+ 7.65° 2476 &+ 7.57%

Body condition scores:

| 4801 + 13.16°
2 22.57 £ 4.250%
3 11.88 £+ 5.51¢
4 49.35 + 23.03¢

4837 4 12.97¢
2348 + 4,194
1040 + 54]¢
51.98 4+ 22.72%

* LSMEANS from PRQC GLM in Model
Scere: 1 =

I and Model I,
extecrucly thin, 2 = thin; 3 = moderate; 4 = fai.

Snell calving score: 0 = ncrmal delivery to 100 = Puller used, easy or hard.
=bede Means within a column and subclass bearing different letters are significantly different (p < 0.05).

The results of this study indicate that the
incidence and severity of calving difficulty in first
calving heifers could be significantly reduced by
the following strategy: 1) Selecting bulls with low
birth weight on heifers (o0 reduce calls birth
weight, 2) Selecting heifers with relatively wecll
developed pelvic opening relative to expected calf
birth weight, and 3) Keeping heifers in optimum
body condition (score of 3) during pregnancy.
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