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ABSTRACT

Objectives: The objective of this study was to assess the relationship between pelvic measure-
ments, namely pelvic height (PH), pelvic area (PA), and pelvic width, and linear body measure-
ment traits, such as hindquarters width, rump length (RL), hip height (HH), body weight (BW),
shoulder height, chest depth (CD), body length, and also calve birth weight (CBW) under different
calving ease scores, namely no assistance, gently pull, and hard pull.

Material and Methods: A total of 51 first calf Sussex heifers at 24 months old, weighing approx-
imately 440 + 40.26 kg, were used for this study. Two-year-old bulls (n = 2), weighing approxi-
mately 800 kg, were used for mating the 51 heifers with a bull to cow ratio of 1:30 and 1:21. The
fertility of bulls was assessed by a private veterinarian before the mating season. Calving ease was
scored as follows: 1 = no assistance during parturition (normal), 2 = heifer assistance as gently
pull, 3 = heifer assistance as hard pull, 4 = heifer cannot calf, 5 = heifer calved a dead calf, and 6 =
heifer calf with the abnormal position.

Results: Descriptive statistics indicated that PH (p < 0.01) and RL (p < 0.05) were positively remark-
able and different among calving ease scores. Correlation results of the no assistance Sussex
heifers group revealed that CBW was positively correlated (p < 0.05) with PH. Classification and
regression tree CART results demonstrated that PH, BW, CD, and HH play an important role in
predicting calving ease in Sussex heifers.

Conclusion: The findings suggest that there is an association among PAs and biometric traits. The
present study might help farmers select animals with higher PH, BW, CD, and HH during breeding
to lower dystocia incidents during parturition. However, further studies need to be carried out in
CART modeling to reduce dystocia in a larger sample size of Sussex heifers or other cattle breeds.
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Introduction

Dystocia (birth difficulty) in cows leads to various hos-
tile consequences for the dam and its progeny [1]. These
include increased calf morbidity and mortality, decreased
fertility and milk production, low cow survival, health wel-
fare, and economic losses [2,3]. Fetomaternal dispropor-
tion is the key cause of dystocia in heifers [4], and efforts
to inhibit it have focused mainly on dropping the calf’s
birth weight and ensuring adequate breeding birth weight.
Calf birth weight and pelvis area contribute 33% and 12%,

respectively, toward dystocia in heifers [4]. Breed effect on
the incidence of dystocia is attributed to differences in the
relative birth weight, pelvic structure, and large variations
in pelvis dimensions in some breeds [4,5].

The classification and regression tree (CART) exam-
ination is a great arithmetical procedure that examines
the most imperative traits in a specific data set and aids
in designing a model [6]. CART is an arithmetical proce-
dure that is appropriate in different forms of data, includ-
ing continuous, ordinal, and nominal variables [7,6]. CART
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predictions can be used as an aid to a farmer in the deci-
sion-making process regarding herd management [8].
CART might be used by dairy cattle farmers as a classifica-
tion model to predict the class of dystocia [1]. Zaborski et
al. [9] indicated that data mining algorithms are useful for
discovering dystocia in Polish Holstein Friesian black and
white cattle.

However, to the best of our knowledge, using CART to
predict dystocia by biometric parameters in South African
Sussex heifers has not yet been reported in the litera-
ture. Thus, the objectives of this paper are (1) to assess
the association among pelvic measurements, namely pel-
vic width (PW), pelvic height (PH), and pelvic area (PA),
and linear body measurement traits, such as body weight
(BW), shoulder height (SH), chest depth (CD), hindquar-
ters width (HW), rump length (RL), hip height (HH), body
length (BL), and also calve birth weight (CBW) under dif-
ferent calving ease scores, namely no assistance, gently
pull, and hard pull; (2) to develop a prototype for pre-
dicting calving ease from biometric parameters using the
CART data mining algorithm. This research aims to assist
Sussex cattle farmers in selecting the linear body mea-
surement traits that might be useful during breeding to
improve animal health welfare and reduce dystocia inci-
dents during parturition.

Materials and Methods
Study area

This research project was conducted at Huntersvlei, also
known as Rhys Evans Group farm (RE) in the Free State
province, South Africa. The farmislocated in Viljoenskroon,
Fezile Dabi municipality; the site, temperatures, lati-
tudes, longitude, and rainfall of the study area similar as
described by Moeletsi [10].

Experimental animals and management

A total of 51 first calf Sussex heifers at 24 months old,
weighing approximately 440 * 40.26 kg, were used for this
study. All heifers used for the study had a relatively good
body condition score with an average of three and weighed
more than 65% of the mature female BW of the Sussex
breed. Two-year-old bulls (n = 2), weighing approximately
800 kg, were used for breeding the 51 heifers during the
trial with a bull to cow ratio of 1:30 and 1:21. The fertil-
ity of bulls was assessed by a private veterinarian before
the breeding season. The data collection measures were
directed as described previously [11].

Fertility tests included a physical examination, mea-
suring the scrotal circumference, and evaluation of semen
quality. Bulls were tested 6 weeks before the breeding
season. Physical inspection assessed whether a bull is in

http://bdvets.org/javar/

a position to see, smell, eat, and move normally. Physical
inspection included scrutinizing the bull’s eyes, teeth, feet,
legs, and nutritional level. Possible disease or injury that
affects joints, muscles, nerves, bones, or tendons may cause
a bull to be structurally unsound. Furthermore, diseases or
injuries to the penis or prepuce were examined to lower
the inability of bulls to breed by natural mating. Scrotal
circumference was measured by placing a measuring tape
around the scrotum at the widest point; measurement is
an indirect estimate of the mass of testicular tissue, which
is directly related to sperm quantity and quality.

Semen was collected from the bulls using an electroe-
jaculator. The seed quality was defined by the capacity of
the ejaculate, motility, and morphology of the sperm cells
immediately after collecting semen from the bull. This is
calculated by placing a drop of semen on a microscope
slide and observing the number of spermatozoa with for-
warding movement in relation to those with other than
forward movement. Sperm morphology was calculated by
evaluating the number of normal spermatozoa in a sample
ejaculate in relation to sperm with primary and second-
ary abnormalities [11]. Animals were managed exten-
sively on natural pastures during the period of research,
receiving production lick supplements to maintain their
BW. To exclude the camp effect, the heifers were rotated
every 2 weeks among the eight camps during the study.
The pelvises of heifers were measured once prior breed-
ing, using a technique adapted from Van Rooyen et al. [12]
and Walker et al. [13]. The following formula was used to
calculate the PA:

PA = t(PH/2 x PW/2) [12,14].

The PA dimensions were collected by the same person
to avoid individual differences in accuracy in the measure-
ments before breeding, where the measurements were
collected once per heifer. The general procedure in taking
pelvic measurements was to restrain the heifer in a chute
using a light squeeze. A comfortable, normal standing posi-
tion is best for this procedure. Feces was removed from the
rectum, and the instrument caliper-type pelvimeter (Rice
pelvimeter; Manufactured, Studbook Bloemfontein) was
carefully placed into the rectum according to the proce-
dure of Deutscher et al. [15] and Van Zyl [16]. After insert-
ing the pelvimeter into the PA of the heifer, it was gradually
opened by applying light pressure on the handle. The pel-
vimeter was then twisted from left to right to feel the ossi-
fied joint on the pubic symphysis as a reference point to
measure the height between the dorsa pubic tubercle on
the floor of the pelvis and the sacrum (spinal column) at
the top.

The pelvimeter was then turned 90° sideways to mea-
sure the width of the pelvis at the widest points between
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the right and left shafts of the ilium bones. This is the hori-
zontal diameter of the pelvis [17-19]. After that, the pelvi-
meter was carefully pulled out in the same twisted position
to measure the width between the left tuber ischii and the
right tuber ischii. The pelvimeter was removed from the
heifer. The pelvimeter, after being used on each heifer, was
then carefully washed with water, disinfected with a blend
of gel and disinfectant [20,16].

Altogether, the measurements were taken in centime-
ters (cm).

Live weight (LW), HH, CD, shoulder width, hindquarter
width (HW), birth weight (BW), BL, sex of the calf, and RL
were measured in the study. Moreover, heifers were judged
visually for body conformation (BC) and selection type (S),
as described by the Sussex breed Standards of Excellence
on a scale of 1-5. All the parameters were measured
according to the method described by Fourie et al. [21].

Briefly, LW (kg) was measured following a 12-h fast-
ing period. SH (cm) was measured vertically from the
thoracic vertebrae to the ground; CD was measured from
the spianus to the xiphoid process of the sternum; the
hindquarter width (cm) was measured between the left
thurl to the right thurl; rump length (cm) was measured
as the distance from the tuber coxae to the pin bone;
hip height (cm) was measured as the distance from the
ground just in front of the hind hoofs over the hook (hip);
birth weight of the calve (kg) and sex of the calf were also
recorded.

During the parturition process, the calving ease score
codes were used to score each heifer that calved, as
explained by Fourie et al. [21]. Calving ease was scored as
follows: 1 = no assistance during parturition (normal), 2
= heifer assistance as gently pull, 3 = heifer assistance as
hard pull, 4 = heifer cannot calf, 5 = heifer calved a dead
calf, and 6 = heifer calf with the abnormal position.

Statistical analysis

Data were analyzed by the statistical analysis system [22]
for descriptive statistics, and NCSS statistical analysis soft-
ware [23] was used for computing the correlation matrix
between variables and constructing heat map of correla-
tion coefficients. Statistical Package for the Social Sciences
[24] software was used for computing CART data mining
algorithm.

Results

Descriptive statistics

Boxplots (Fig. 1) show the summary of CBW distribution
on different calving ease scores of Sussex heifers. The find-
ings indicated that there was a higher significant difference
at p < 0.01 probability level across calving ease scores.

http://bdvets.org/javar/

CBW (kg)

30

20 . - -
GP HP NA
Calving ease scores

Figure 1. Boxplots displaying median, minimum, maximum, 25th
percentile, and 75th percentile values of Sussex calf birth weight.
CBW: calve birth weight, GP: gently pull, HP: hard pull, and NA:
no assistance.

Boxplots (Fig. 2) show the summary of pelvic mea-
surements distribution on different calving ease scores
of Sussex heifers. The results indicated that there was a
significant difference at p < 0.01 probability level across
calving ease scores. Figure 2A shows that no assistance
score had a higher PH than gently pull and hard pull scores.
In the boxplots (Fig. 2B), PW of the no assistance score
showed a minimum value of less than 14 c¢cm, median of
greater than 16 cm, and a maximum of less than 17 cm,
respectively. In the boxplots (Fig. 2C), PA of the no assis-
tance score showed minimum values of less than 200 cm?,
median of greater than 220 cm? and a maximum of less
than 260 cm?, respectively.

Boxplots (Fig. 3) show linear body measurements’
distribution on different calving ease scores of Sussex
heifers. The findings indicated that there was a remark-
able difference at p < 0.01 probability level across calving
ease scores. In the boxplots (Fig. 3A), BL of the no assis-
tance score showed a minimum value of less than 140 cm,
median of greater than 150 cm, and a maximum value of
greater than 160 cm, respectively. In the boxplots (Fig.
3B), BW of the no assistance score showed a minimum
value of less than 350 kg, median of greater than 400
kg, and a maximum of greater than 500 kg, respectively.
In the boxplots (Fig. 3C), HH of the no assistance score
showed a minimum value of less than 120 cm, median of
greater than 125 cm, and a maximum of greater than 135
cm, respectively. In the boxplots (Fig. 3D), HW of the no
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Figure 2. Boxplots displaying median, minimum, maximum, 25th percentile, and 75th percentile values of Sussex heifer’s pelvic mea-
surements. (A) PH = Pelvic height, (B) PW = Pelvic width, and (C) PA = Pelvic area. GP = gently pull, HP = hard pull, and NA = no

assistance.

assistance score showed a minimum value of less than
120 cm, median of greater than 125 cm, and a maximum
value of greater than 135 cm, respectively. In the boxplots
(Fig. 3E), RL of the no assistance score showed a minimum
value of less than 115 cm, median of greater than 125 cm,
and the maximum value of greater than 130 cm, respec-
tively. In the boxplots (Fig. 3F), CD of the no assistance
score showed a minimum value of less than 60 cm, median
of less than 70 cm, and a maximum of greater than 70 cm,
respectively. In the boxplots (Fig. 3G), SH of the no assis-
tance score showed a minimum value of less than 120 cm,
median of greater than 125 cm, and a maximum of greater
than 135 cm, respectively.

Descriptive statistics (Table 1) of measured traits
showed that the PH among calving ease scores was sig-
nificantly different (p < 0.05) with higher mean numeri-
cal values in no assistance than gently pull and lastly hard
pull score (18.21 * 0.13, 17.63 = 0.11, and 17.57 % 0.29,
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respectively). The coefficient of variation (CV) was calcu-
lated by dividing the mean with the standard deviation
(Std. Dev), and the results showed a range from 0.91 to
12.40 in no assistance, from 2.22 to 17.85 in gently pull,
and from 4.47 to 18.11 in hard pull scores.

Correlations

The phenotypic correlation of measured traits of the no
assistance Sussex heifers group is shown in Figure 4.
Correlation findings showed that BW had a highly posi-
tive significant (p < 0.01) correlation with PA, while had a
positive remarkable (p < 0.05) correlation with CBW, PH,
and PW. Our results further show that CBW had a high pos-
itive significant correlation with PH and low positive sig-
nificant correlation with HW, HH, RL, PW, CD, and SH. The
PA showed a high positive significant correlation with CD
and SH.
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Figure 3. Boxplots displaying median, minimum, maximum, 25th percentile, and 75th percentile values of Sussex heifer’s linear body
measurements. (A) BL = Body length, (B) BW = Body weight, (C) HH = Hip height, (D) HW = Hindquarters width, (E) RL = Rump length,
(F) CD = Chest depth, and (G) SH = shoulder height. GP = gently pull, HP = hard pull, and NA = no assistance.

Phenotypic correlation of measured traits of gently
pull Sussex heifers group are shown in Figure 5. Pearson’s
correlation findings revealed that BL had a high negative
remarkable correlation with BW and a low positive cor-
relation with CD, CBW, and PH. CBW of gently pull Sussex
heifers group revealed a positive significant correlation
with PH, HH, SH, and HW.

Phenotypic correlation of measured traits of hard pull
Sussex heifers group is shown in Figure 6. Pearson’s cor-
relation findings showed that most of the measured linear
body measurement traits for hard pull assistance Sussex
heifers group are highly positive and significantly cor-
related (p < 0.01).

CART method

CART was used for modeling calving ease from biometric
parameters in the Sussex heifer cattle breed (Std. Dev, n:
number, Mean: average).
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The CART model was used in calving ease from linear
body measurement in Sussex heifers (Fig. 7), with the
calving ease as a dependent variable and linear body mea-
surement traits as the independent variables. This model
contained a total of eight nodes. Node 0 is the root node
containing the descriptive statistics of calving ease (mean
= 1.490, Std. Dev = 0.07, and n = 51). Node 0 on the basis
of PH was divided into node 1 (< 18.25 cm) and node 2 (>
18.25 cm), respectively. Node 1 was divided on the basis
of the dam’s BW into node 3 (< 140.50 kg) and node 4 (>
410.50 kg). Node 4 was divided on the basis of CD into
node 5 (< 60.00 kg) and node 6 (> 60.00 kg). The final
node to be divided in this model was node 6, which was
divided on the basis of hip height into node 7 (< 130.50 kg)
and node 8 (> 130.50 kg), respectively. In all the terminal
nodes, node 7 appeared to be the best node as it recorded
the highest predicted mean (2.444 cm) than node 2 (mean
= 1.100 cm), node 3 (mean = 1.278 cm), node 5 (mean =
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Table 1. Descriptive statistics of measured traits.

Calving ease scores

Traits No assistance Gently pull Hard pull Sign
Mean + SEM cv Mean + SEM cv Mean + SEM Ccv

CBW (kg) 33.86 £0.73 12.40 38.31+2.06 17.85 37.92£2.59 18.11

Body measurements

BW (kg) 434.24 £ 6.77° 8.95 439.90 + 10.44° 7.87 447.71 £ 21.55° 12.73 0.71
HH (cm) 128.00 £ 0.91° 4.12 129.45 +1.63* 4.19 125.71+2.722 5.73 0.39
CD (cm) 67.51+0.74° 0.91 67.36 £1.02° 5.06 67.14 £ 2.16° 8.53 0.97
SH (cm) 124.57 + 0.67° 3.12 125.45 +1.42? 3.75 122.85 +2.47° 5.32 0.46
HW (cm) 52.93 +£0.63° 6.89 53.27 +£1.08° 6.77 52.71+1.80° 9.07 0.94
BL (cm) 148.96 + 1.34° 5.20 151.72 £ 1.64° 3.58 146.57 £ 3.91 7.06 0.37
RL (cm) 47.15 £ 0.41% 5.03 49.00 + 0.53° 3.65 46.57 +1.08° 6.18 0.05
Pelvic measurements

PH (cm) 18.21+0.132 411 17.63 £0.11% 2.22 17.57 £0.29° 4.47 0.01
PW (cm) 15.89 +0.14° 5.08 15.68 £0.13° 2.94 16.14 +0.32° 5.27 0.45
PA (cm) 227.52 +3.01° 7.62 217.21+2.39° 3.65 223.19+8.13° 9.64 0.20

SEM = standard error of mean; CV = coefficient of variation; CBW = calve birth weight; BW = body weight; HH = hip height; CD = chest depth;
SH = shoulder height; HW = hindquarters width; BL = body length; RL = rump length; PH = pelvic height; PW = pelvic width; PA = pelvic area;

Sign = significance.
Std. Dev = standard deviation; n = number, Mean: average.

*cMeans denoted by different alphabets across rows differ (p < 0.05) significantly.

*Significant difference (p < 0.05), ns = not significant (p > 0.05).

1.000 cm), and node 8 (mean = 1.778 cm), respectively.
The developed model displayed that node 6 had the low-
est variance [(0.000)2 = 0.000] and the variance of the
root node or dependent variable (calving ease) was S2y =
(0.731)2 = 0.534. The unexplained variation in the calving
ease was S2e =risk value + S2y =0.270 + 0.534 =0.506 and
the variation in the model was explained as S2y =1 - S2e =
1-0.506 = 0.494, respectively.

Discussion

The availability of computer packages for data evaluation
in the field of animal breeding contributes to the swift
growth in the use of CART model as a data mining algo-
rithm technique [6]. The summary of the current study
demonstrates that Sussex heifers for the no assistance
group on calf birth weight had lower numerical values
on descriptive statistics. This study firstly investigated
the relationship between PA measurements, such PH,
PW, and PA, with linear body measurements traits, such
as CBW, BW, HH, CD, SH, HW, BL and RL, using Pearson’s
correlation in three calving ease scores, namely no assis-
tance, gently pull, and hard pull assistance. Our cor-
relation findings demonstrated that certain linear body
measurements, such as BW and RL, had a negative cor-
relation with PA measurements. Therefore, improving
BW and RL might result in high chances of a heifer expe-
riencing dystocia. Thus, BW and RL might be well incor-
porated in the selection criteria during breeding to lower
the chances of heifers experiencing birth difficulty. Our
results are in line with the study of Holm et al. [4], which
suggests that the PA might be used to manage dystocia in
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Figure 4. Heat map of the phenotypic correlation of measured
traits of the no assistance Sussex heifer group. Correlation color
demonstration is as follows: high correlation is red, mid correla-
tion is white, and low correlation is blue. BW = body weight; CBW
= calve birth weight; HH = hip height; RL = rump length; CD =
chest depth; SH = shoulder height; PW = pelvic width; PA = pel-
vic area; HW = hindquarters width; BL = body length. Correlation
was tested at p < 0.05 for significance and p < 0.01 for high
significance.
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Figure 5. Heat map of the phenotypic correlation of mea-
sured traits of the gently pulled assistance Sussex heifer group.
Correlation color demonstration is as follows: high correlation is
red, mid correlation is white, and low correlation is blue. BW =
body weight; CBW = calve birth weight; HH = hip height; RL =
rump length; CD = chest depth; SH = shoulder height; PW = pel-
vic width; PA = pelvic area; HW = hindquarters width; BL = body
length. Correlation was tested at p < 0.05 for significance and p <
0.01 for high significance.

heifers. However, Tyasi et al. [6] demonstrated that phe-
notypic correlation coefficient only aids to specify the
magnitude associations without discovering the cause of
the association between the measured traits. Hence, we
employed the CART model to examine the most import-
ant body measurement traits playing a significant role
in calving ease of Sussex heifers. CART results indicated
that PH, BW, CD, and HH play a critical role in calving
ease. Therefore, PH, BW, CD, and HH might be well incor-
porated in the selection criteria during breeding to drop
incidents of heifers to experience dystocia. These results
suggest that PAs and biometric traits of Sussex heifers
need to be improved genetically since they are the indi-
cators of calving ease. CART prototype established from
the current study displayed that PH had the highest sig-
nificant role in calving ease, followed by BW, respectively.
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Figure 6. Heat map of the phenotypic correlation of mea-
sured traits of the hard pulled assistance Sussex heifer group.
Correlation color demonstration is as follows: high correlation is
red, mid correlation is white, and low correlation is blue. BW =
body weight; CBW = calve birth weight; HH = hip height; RL =
rump length; CD = chest depth; SH = shoulder height, PW = pel-
vic width; PA = pelvic area; HW = hindquarters width; BL = body
length. Correlation was tested at p < 0.05 for significance and p <
0.01 for high significance.

These results suggest that PH and dam’s BW might have
a physiological effect of calving ease. Calving ease is a
complex reproductive trait of economic importance in
cattle [25].

Hence, several researchers focused on a different
aspect of calving ease. Nugent et al. [26] indicated that
calving ease has a strong relationship with linear body
measurement traits of new-born calves. Anderson [27]
revealed that many factors influence the incidence of
dystocia in cattle, including dam age, dam’s PA, calf birth
weight, calf sex, dam size, gestation length, sire breed,
dam breed, shape of calf, and position of the uterus.
Eaglen et al. [28] suggest that calving ease has a pheno-
typic influence on the fertility and milk production of the
dam and calf. Physiological effects of calving ease require
more attention to reduce the incidence of dystocia.
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Figure 7. Demonstration of the CART modeling of calving ease from biometric traits in Sussex heifer cattle breed.

Conclusion

Correlation was used to examine the association among
PAs and biometric traits. Interestingly, the results show
that there is a relationship between PAs and biometric
traits. These findings suggest that linear body measure-
ment traits might be used to improve the PA measurement
traits of Sussex heifers. The CART model was used to deter-
mine the important traits that influence calving ease in
Sussex heifers. CART results indicated that that PH, dam’s
BW, CD, and hip height had a significant role in calving ease
of Sussex heifers. Farmers might use the established CART
model to reduce the incidence of birth difficulty in heifers.
The findings of the study might help Sussex cattle farmers
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during breeding to lower incidents of dystocia since it
indicated that biometric traits exhibit a substantial role
in calving ease. Further studies need to be carried out in
CART modeling with the focal intention to drop dystocia in
alarger sample size of Sussex heifer or other cattle breeds.
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