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ABSTRACT

Data on 476 purebred Charolais heifers from Rainbow’s End 

Ranch, Douglas, Arizona, were utilized to study the incidence of dys

tocia, factors affecting dystocia at first and second parturition, and 

the effect of dystocia on subsequent productivity. All heifers were 

bred by artificial insemination at 15 months of age to Charolais or 

Brahman bulls to calve at approximately 25 months of age.

Analyses of variance, regression analyses and discriminant anal 

yses were utilized to determine the importance of dam, calf and sire ef 

fects on dystocia scores, calf survival and subsequent fertility. 

Heritability estimates for pelvic height were calculated, and frequency 

distributions were determined for calving difficulty by sex, breed and 

birth weight.

Birth weight had the most influence on calving difficulty, ac

counting for 50,0% and 47.2% of the explained variation in dystocia 

scores at first and second parturition, respectively. Variables avail

able on the dam at initial breeding were not useful for predicting dys- 
2tocia, yielding R values of .088 for first and .039 for second

2parturitions. Pelvic height measurements made no contribution to R 

values at either parturition, although heritability estimates for pelvi 

height was approximately .50,

Calving difficulty score had the most influence on calf mortal

ity, accounting for 52.5% and 67.2% of the explained variation in



survival score at first and second parturitions, respectively. None 

of the variables included in this study showed a significant or consis

tent influence on subsequent fertility.



CHAPTER 1

INTRODUCTION

Dystocia9 particularly in first calf heifers 9 has been a 

long-standing problem in the beef industry. The interest in cross

breeding and the increased usage of large "exotic” breeds, especially 

for crossbreeding purposes, has caused dystocia to become of increasing 

concern to the producer0 Calving difficulty has been recognized as a 

major cause of early calf mortality and lowered fertility. Dystocia is 

not only costly to the breeder in terms of reduced calf crop and de

creased reproductive performance, but also in terms of medication and 

labor expenses.

Many factors can influence calving difficulty, environmental as 

well as biological. Since the producer cannot generally predict the 

environmental factors, the author has confined herself to the biological 

factors that can be measured. The biological variables can be divided 

into three major categories: those attributable to the sire, those at

tributable to the dam, and those attributable to the calf. Sire effects 

are basically genetic or hereditary in nature and include those hidden 

or recessive genes in the sire which may produce a defective fetus. Sire 

effects are also apparent in relative size, shape and weight of the 

fetus. Dam effects include parity, age at calving, and relative weight, 

size and structure of the dam before, during and after parturition.

1



Calf effects include abnormalities in the presentation or position of 

the fetus, and postural irregularities of its head and limbs, Fetal 

dystocia may also be the result of an oversized fetus and to fetal mon

strosities. As with most biological systems, all of these variables are 

interrelated.

For the purpose of this study, sire breed and individual sires 

within breed were included as sire effects. Dam effects were those 

which could be measured at time of breeding and included parity, age at 

calving, yearling weight, yearling grade or condition score, and pelvic 

height. It would seem plausible that if a breeder could predict, with a 

fair degree of accuracy, which of his heifers were going to have prob

lems calving, he could decrease his losses either by culling those heif

ers from his breeding herd or by increasing surveillance of them at time 

of calving. Calf effects included in this study were birth weight, sex 

and gestation length.

The purpose of this thesis was to determine the relative impor

tance of the above factors associated with calving difficulty. With 

emphasis on information available on the heifer at time of breeding, 

a prediction equation for calving difficulty was developed. In addition, 

the effect of dystocia on calf mortality and subsequent reproductive 

performance of the heifer was studied.



CHAPTER 2

REVIEW OF LITERATURE 

Definition of Dystocia

The term dystocia comes from Greek and means difficult birth.

When the preparatory stage of parturition, or especially the expulsion 

of the fetus during parturition, is markedly prolonged, becomes diffi

cult or impossible for the dam to deliver without artificial aid, the 

condition is termed dystocia. Eutocia, on the other hand, is defined 

as easy, natural or physiological parturition (Roberts 1971). In the . 

literature, dystocia scores are most commonly divided into four catego

ries: 1 = no assistance; 2 = slight assistance; 3 = hard pull; and

4 = extreme difficulty involving damage to cow, cesarean section (c- 

section) or dead calf. Under commercial range conditions, the calf 

would have been born naturally with dystocia scores of 1 or 2, although

a score of 2 might cause the heifer to require more than one service

after calving to settle. With a dystocia score of 3, it is probable that 

the calf would have been lost during delivery under commercial range con

ditions. With a dystocia score of 4, it is probable that both the cow 

and the calf would have been lost during delivery.

To aid the reader in distinguishing between dystocia and eutocia,

the following brief discussion of normal parturition is presented.

3



Parturition

Parturition or labor is defined as the physiological process 

by which the pregnant uterus delivers the fetus and placental membranes 

from the maternal organism.

Pregnant uterus at term. Before normal labor begins, the fetus 

usually assumes a position in the uterus characteristic of the species.

In cattle, the fetus is on its back during intrauterine life. Prior to 

labor, the fetus rotates to an upright position with its nose and fore

legs directed toward the posterior end of the dam. The front feet of 

the fetus emerge first with the nose between them; the head is extended 

and the dorsum of the fetus is in contact with the sacrum of the dam.

This anterior presentation coordinates the natural curvature of the 

birth canal and the curvature of the fetus (Hafez 1975).

Indications of impending parturition. In the cow, the pelvic 

ligaments become progressively more relaxed, causing a sinking of the 

croup ligaments and muscles and an elevation of the tail head. Relax

ation of the pelvic ligaments, cervix and possibly the structures around 

the perineum is due to edema and changes in the collagen fibers in con

nective tissue caused by an increase in estrogens from the placenta and 

other endocrine glands such as the adrenals (Roberts 1971). Relaxin may 

also play a role. The vulva becomes progressively more flacid until it 

is two to six times its normal size. The mucus secretion from the vagina 

becomes more profuse as parturition approaches and the cervical seal 

liquifies.
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Initiation of parturition. The onset of parturition is regulated 

by a complex interaction of endocrine, neural and mechanical factors•

The exact mechanism concerned with the onset of parturition after a 

rather regular and definite gestation length for each breed of cow is 

not well understood. Distension of the uterus during rapid fetal growth 

may cause increased sensitivity of the uterine musculature to both es

trogens and oxytocin. Twins are born earlier than singles, suggesting 

that the mass of the conceptus or optimal uterine stretch may play a 

part in the initiation of uterine contractions and subsequent parturi

tion. However, in view of the gradual nature of these changes, it is 

unlikely that increase in uterine volume alone can cause initiation of 

parturition (Hafez 1975)0 Hormonal factors are probably of primary im

portance, as parturition can take place without innervation of the uter

us (Roberts 1971). The onset of parturition is apparently brought about 

by a gradually' increasing level of estrogens from the placenta that oc

curs late in pregnancy. In the cow, the estrogen level increases two to 

three and one-half times from day 245 to calving. The progesterone con

tent of the blood plasma decreases from 19 to 6 ng/ml the last month 

before calving and then to a very low level of .5 to 3.0 ng/ml at calving 

(Roberts 1971). Progesterone performs an essential function in main

taining pregnancy. Progesterone may block myometrial contractility and 

withdrawal of this block may constitute an important stimulus to the 

onset of parturition. It has also been argued that the ratio of uterine 

volume and progesterone concentration triggers parturition (Hafez 1975). 

Estrogen increases the spontaneous contractility of the myometrium.



Therefore, estrogens may play a role either by overcoming the 

progesterone block or by a direct, stimulatory effect on the uterine 

musculature. Relaxin, which is also released in large amounts late in 

gestation, aids in relaxing the pelvic structures and the cervix. 

Oxytocin, released from the maternal posterior pituitary, plays an im

portant role in the initiation of parturition. Oxytocin levels show 

little change during the initial stages of labor, but rise to a peak 

during the expulsion of the fetus and decrease thereafter. The possibil

ity exists that the fall in progesterone or the rise in estrogens could 

cause the release of oxytocin which in turn initiates parturition. The 

increased levels of estrogens also sensitize the uterine musculature to 

oxytocin especially during the first and second stages of labor. It is 

also possible that as labor proceeds and cervical dilation occurs, oxy

tocin is reflexly secreted by the maternal posterior pituitary in re

sponse to stimuli originating in the cervix and vagina. The fetal 

pituitary-adrenal axis, by controlling the output of corticoids from the 

fetal adrenal, may also trigger parturition. As the fetus becomes in

creasingly stressed due to its decreasing supply of nutrition, fetal 

cortisone should be produced that, together with the high level of ma

ternal estrogens, results in a decline in maternal lutenizing hormone 

(LH), involution of the corpus luteum of pregnancy and a rapid decline 

in maternal progesterone levels. In the cow, prostaglandin F levels in 

the utero-ovarian venous plasma remain relatively constant (<0.5 hg/ml) 

up to five to seven days before parturition and then increase gradually 

to around 1.5 ng/ml 24 to 48 hours before delivery (Fairclough.



Hunter and Welch 1975). Utero-ovarian concentrations increased sharply 

during the last 24 to 48 hours of pregnancy to a maximum of 5«5 to 

9.0 ng/ml during labor. It was concluded that prostaglandin F may be 

the luteolytic factor in the cow. It is very possible, according to 

Roberts (1971), that the steroid hormone levels, elevated estrogen and 

cortisone and lowered progesterone, control the initial and developing 

stages leading to parturition and that oxytocin release regulates the 

occurrence of actual labor.

Stages of Parturition

Normal parturition is divided into three stages: preparatory,

expulsion of fetus, and expulsion of the placenta.

First Stage— preparatory. The first stage or preparatory stage 

is characterized by the active contractions of both the longitudinal and 

circular muscle fibers of the uterine wall, and the dilation of the cer

vix. Uterine muscle contractions are due to the removal of the proges

terone block and the increased excitability of the musculature caused by 

higher levels of estrogens. Oxytocin is seldom released from the pitui

tary prior to the second stage of labor so it is not essential for the 

initiation of parturition (Roberts 1971). Uterine contractions force the 

fetal membranes and their fluids against and into the relaxed cervix.

Once the initiating stimuli are received, uterine contractions are more 

effective during labor than abdominal contractions. They are responsible 

for 90% of the expulsive force and are directly proportional to fetal



resistance (Roberts 1971). During this first stage in the cow, uterine 

contractions occur about every 10 to 15 minutes and last 15 to 30 sec

onds. As the stage advances, contractions increase in frequency, 

strength and duration until they occur about every 3 to 5 minutes. By 

the end of this stage, the cervix is completely dilated. Also, the 

chorioallantois ruptures as it is forced through the cervix into the 

vagina. As the chorioallantois ruptures, the amnion pushes into and 

through the cervix. The fetus, because of the shortening and contracting 

of the uterus and dilation of the cervix, passes into the cervix and 

vagina. Once a portion of the fetus enters the pelvis, reflex stimuli 

result in straining or labor. This is produced by contractions of the 

abdominal muscles and diaphragm together with a closing of the glotis.

Second Stage— expulsion of the fetus. This stage is character

ized by the entrance of the fetus into the dilated birth canal, rupture 

of the allantoic sac, abdominal contractions, and the expulsion of the 

fetus through the vulva. Following rupture of the allantoic sac, the 

amnion is pushed through the cervix and may appear at the vulva as a 

translucent distended membrane. During this second stage of labor, the 

uterine contractions occur about 4 to 8 times every 10 minutes and last 

30 to 100 seconds (Roberts 1971). Intermittent straining continues and 

the feet of the fetus appear at the vulva. As the feet pass through the 

vulva, the amniotic sac usually ruptures. Passage of the head, shoulders 

and hips of the fetus through the pelvis cause an increase in abdominal 

contractions. The fetal head starts through the vulva and at this point.



the greatest and strongest abdominal straining in the birth process 

usually occurs. As the head is being forced into the vulva, the chest 

is entering the pelvic canal. Often as the head passes the vulva, the 

dam will rest for a few minutes before straining again with strong ab

dominal efforts as the chest passes through the birth canal and vulva. 

The hips usually follow through the birth canal fairly rapidly, but oc

casionally the hind limbs may remain in the vagina until the fetus or 

dam moves (Hafez 1975)» In cattle, the fetus is expelled while still 

attached to the fetal membranes. The caruncles continue to supply oxy

gen from the mother even if the expulsion is prolonged. The last fetal 

cotyledons are not detached from the maternal caruncles until after the 

calf is born, thus ensuring an oxygen supply until the young is able to 

breath independently (Hafez 1975).

Third Stage— expulsion of placental membranes. The third and 

last stage of parturition is the expulsion of the fetal membranes. The 

expulsion of the fetal membranes is an active process associated with 

uterine contractions. Peristaltic contractions originating at the apex 

of the gravid horn cause the inversion of the chorioallantois, which 

facilitates its expulsion (Roberts 1971). Loosening of the chorionic 

villi from the crypts of the caruncles may be the result of much of the 

blood being removed from the villi and maternal caruncles by the strong 

uterine contractions during expulsion of the fetus.
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Puerperium

The puerperium extends from the time of expulsion of the 

placenta until the maternal organism returns to its normal nonpregnant 

state. The most important changes which occur during this period are 

regeneration of the endometrium, uterine involution and resumption of 

estrous cycles. Regeneration of the uterine endometrium is completely 

reestablished in most normal cows within 30 days postpartum (Hafez 1975)» 

Uterine involution, or the return of the uterus to its normal nonpreg

nant size, is associated with enzymatic breakdown of mucopolysaccharides, 

a rapid shrinkage of cytoplasm in the cells, and at the end of the in

volution period, a grouping of the nuclei of the muscle cells.

Involution of the uterus and cervix can be detected by rectal palpation 

and is completed by 30 to 40 days postpartum in normal cows (Cunha, 

Warwick and Roger 1967). The nongravid horn regresses almost completely, 

whereas the pregnant horn and cervix remain larger than before even 

after involution is completed. Involution is faster in cows suckling 

calves and in primiparous cows, and is delayed after dystocia, twin 

births and retained placenta. Resumption of the estrus cycle occurs

from 30 to 72 days postpartum for dairy cows and from 46 to 104 days for

beef cows (Hafez 1975). The interval from parturition to first estrus 

is prolonged when a calf is suckled and by increasing the frequency of 

milking. The removal of the calf decreases this interval.

Table 1 is a general guide for the time required for the three 

stages of parturition to occur in the beef cow:
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Table 1. Time Required for Various Stages of Parturition*

1st Stage 2nd Stage 3rd Stage

Range

Average

Dystocia

.5 to 24 hrs. 

2 to 6 hrs. 

6 to 12 hrs.

.5 to 4 hrs. 

.5 to 1 hr.

2 to 3 hrs.

.5 to 8 hrs. 

4 to 5 hrs. 

12 hrs.

*Adapted from Hafez 1975»

Anatomical and Physiological Causes of Dystocia

If the first stage of parturition in the cow is over 6 to 12 

hours, or if the second stage is over 2 to 3 hours, outside help is in

dicated. If at any time the normal progression of the fetus into and 

through the birth canal fails, assistance is usually needed. This aid 

to the dam is indicated if the frequency or intensity of abdominal con

tractions declines before the birth of the young, or if the feet of the 

fetus appear and disappear after each labor contraction without progress 
in the passage of the fetus (Roberts 1971). Hafez (1975) classified dysto

cia, difficult or obstructed parturition, into those due to fetal causes, 

and those due to maternal causes. Fetal dystocia results from abnormal

ities in the presentation or position of the fetus and from postural 

irregularities of its head or limbs. Fetal dystocia may be due to an 

oversized fetus and to fetal monstrosities. Dystocia may result when 

breeds of small stature are crossbred to large-sized males. An
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excessively large fetus in relation to the size of the birth canal of 

the dam presents difficulties even through presentation is normal. De

viations of the head and flexion of the various joints in anterior pre

sentation and flexion of both hind limbs in posterior presentation 

(breech) may obstruct the progress of the fetus. Maternal dystocia fre

quently occurs in primiparous animals and in animals with multiple 

young. Absence of uterine contractions9 or inertia, may be primary or 

secondary. Primary uterine inertia due to excessive stretching is com

mon in multiple pregnancy in cattle. Secondary uterine inertia is due 

to the exhaustion of the uterine muscle secondary to an obstructive dys

tocia. Abnormalities of the soft parts of the passages or the bony 

pelvis are occasional causes of dystocia. One group of anomalies 

causing a narrowing of the birth canal includes abnormalities or fracture 

of the pelvis and obstruction of the cervix, vagina or vulva. Another 

group of abnormalities preventing entry of the fetus into the birth pas

sage includes failure of the cervix to dilate or torsion of the uterus 

(Hafez 1975). Roberts (1971) categorized dystocia into those due to 

hereditary causes, nutritional and management causes, infectious and 

miscellaneous fetal causes. Hereditary causes may be divided into those 

that have produced defects in the dam and sire which may produce a de

fective fetus. Nutritional and management causes include improper nu

trition of the growing heifer, which is the most important factor in 

retarding body and pelvic growth. If the heifer was undernourished 

during puberty or gestation, dystocia is more likely to occur due to 

the small pelvis and underdeveloped genital tract, the lowered
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resistance to disease and the lack of strength to expel the fetus in a 

normal manner, High feeding levels may also favor dystocia especially 

in heifers by excessive fat deposition in the pelvic regions• Pregnant 

animals which are not exercised and are kept in close confinement are 

more prone to difficulties such as torsion of the uterus and uterine 

inertia than those kept under more natural conditions. Infectious 

causes are infections of the uterus 9 whereby the uterine wall may lose 

its tone or ability to contract. This condition results in incomplete 

dilation of the cervix and uterine inertia. Miscellaneous causes are 

certain minor abnormalities in posture or presentation of the fetus. 

Improper hormone balance of estrogens, progesterone or relaxin, or 

failure of the uterine muscle to react to oxytocin, or a failure of the 

normal release of oxytocin may result in delay of the first or second 

stage of parturition or in uterine inertia. Secondary uterine inertia, 

primarily caused by dystocia, is frequently followed by uterine infec

tion, septic metritis, retained placenta and a failure of the normal in

volution of the uterus.

Factors Affecting Dystocia

Sire Effects

The literature contains conflicting reports concerning the im

portance of the sire of the calf on calving difficulty in first calf 

heifers. Brinks, Olson and Carroll (1973), working with inbred lines, 

reported that the effects of line of sire of calf and sire within line 

were highly significant sources of variation (P < ,01) in their analyses



14
of primiparous Hereford heifers» Laster et al. (1973) reported sire 

breed to be a significant source of variation (P < ,005) associated with 

dystocia when birth weight was not included in the analyses. He, stated 

that calves sired by Charolais, Simmental, Limousin and South Devon 

bulls experienced significantly (P < ,01) more calving difficulty (30,9%, 

32.7%, 30.8% and 32,3%) than those sired by Hereford, Angus and Jersey 

bulls (15.8%*; 9,9% and 6.5%), Sagebiel et al. (1969) also reported the 

effect of bull breed to be a significant influence on calving difficulty 

for both male and female calves. Dystocia scores of Angus cows were 

twice as high when their calves were by Charolais bulls compared with the 

dystocia scores of Charolais cows whose calves were sired by Angus bulls. 

Angus cows with Charolais-sired calves encountered 40.7% and 31.6% dy

stocia for male and female births, respectively. Crossbred bull calves 

sired by Charolais bulls had significantly higher dystocia scores and 

more calving difficulty than either Angus-or Hereford-sired bull calves. 

Similar results were obtained when female crossbreds were born. . How

ever, the differences were not significant.

When bulls were bred to mature cows, breed of sire was also 

shown to be a significant source of variation in calving difficulty. 

Brahman crosses exhibited a significantly higher level of calving dif

ficulty than Hereford, Angus, Sahiwal, Pinzgauer or Tarentaise. These 

last five sires did not differ from each other (Gregory et al, 1979). 

Singleton, Nelson and Huber (1973) reported sire breed of the calf as 

the second most important variable contributing to calving difficulty.
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On the other hand. Nelson and Huber (1971) reported breed of 

sire did not significantly affect calving difficulty in his study of 

calves of Hereford dams and sired by Angus, Brown Swiss, Charolais and 

Hereford bulls. O'Mary and Goonrad (1972) reported that Angus bulls did 

not exert a significant effect on calving- difficulty with Holstein cows, 

although there were some effects in purebred matings.

It is probable that breed of sire and line of sire effects on 

calving difficulty are attributable to variation in birth weights. Las

ter et al. (1973) reported no significant sire effect on calving diffi

culty when birth weight was included in the analysis. Analysis of 

variance on calves from 45 Charolais X Angus heifers sired by seven 

Charolais bulls, and calves from 46 Angus heifers sired by four Angus 

bulls showed a highly significant breed of sire effect on birth weight 

(37.4 kg vs. 31.6 kg) and on calving time (47.0 minutes vs. 29.7 minutes) 

for Charolais and Angus sires, respectively (0?Mary and Coonrad 1972). 

Certain sires, as well as certain breeds of sires, have been shown to 

produce heavier calves at birth, hence increasing the probability that 

heifers bred to those bulls will experience calving difficulty.

Dam Effects

In dairy herds, Boyd and Hafs (1965), showed that breed trans

mitted characteristics of the Holstein dams studied, such as size and 

weight, had three times more influence on birth size than did sire trans

mitted characteristics. These workers questioned the practice of breed

ing primiparous heifers to small Angus bulls in order to reduce the
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incidence of dystocia. They believed the five-fold increase in calving 

difficulty with the use of Holstein sires did not justify the loss in 

terras of better herd replacement selection from purebred matings rather 

than from Angus-Holstein crosses.

In beef herds, the practice of mating smaller Angus and Hereford 

cows to the larger Charolais, Simmental, Brahman and other exotic breeds 

has resulted in an increased incidence of dystocia. The breed of the 

heifer influence is evident in body weight, body size and pelvic mea

surements.

Body Size. Body weight of the dam has been shown to be signi

ficantly correlated to dystocia. Cadle and Ruttie (1973) reported a 

significant correlation of -.30 between weight of heifer at the end of 

the breeding season and dystocia. Similarly, Bellows, Short et al.

(1971) reported a significant correlation between body weight of Angus 

dams taken at the end of the breeding season and dystocia (-.19). How

ever, body weight of Hereford dams measured at the same time was not 

significantly correlated with calving difficulty. Singleton et al.

(1973) also reported that of all the variables measured on two year old 

primiparous heifers sired by Angus, Brown Swiss, Charolais, Hereford, 

and Red Poll bulls, dam weight was the most important factor influencing 

calving difficulty. Conversely, Sagebiel et al. (1969) and Ward (1973) 

reported that correlations between dystocia score and cow weight taken 

post-weaning, pre-breeding and post-calving were low, negative and non

significant.
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Bellows5 Gibson et al. (1971) reported that larger heifers9 

in terms of greater body weight., had greater hip width, rump length, 

and pelvic height, width and area (P < .01). However, body size, as 

measured by hook-hook, hook-pin, pin-pin and height at shoulders, was 

not significantly correlated to calving difficulty (Cadle and Ruttie 

1973). In a study of reciprocally crossed Angus, Hereford and Charo- 

lais cattle, Sagebiel et al. (1969) expressed birth weight as a percent

age of cow weight, and a correlation coefficient was calculated between 

this ratio and dystocia score. The coefficients for each cow breed were 

.41 for Angus, .30 for Herefords and .24 for Charolais, indicating that 

the larger calf in relation to the cow has more dystocia.

It is a logical assumption that the larger the pelvic canal, 

the easier the birth process. Generally, researchers have shown that 

heifers with small pelvic canals have a greater incidence of calving 

difficulty. Use of pelvic measurements to predict dystocia, however, 

has had limited success and has been a source of controversy in the 

literature.

Ward (1971) reported that horizontal and vertical pelvic 

measurements taken on Angus X Hereford heifers following first calving 

were not significantly correlated to calving difficulty. Similarly, 

pelvic measurements taken prior to these heifers’ second and third 

calvings failed to show significant correlations with dystocia. Single

ton et al. (1973) reported similar results with heifers from Hereford 

dams and sired by Angus, Brown Swiss, Charolais, Hereford and Red Poll 

bulls. These heifers were bred to Angus and Charolais bulls to calve as
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two year olds. Singleton stated that correlations of pelvic measurements 

with dystocia scores were negative, but non-significant.

Conversely, Bellows, Short et al. (1971) found a highly signi

ficant negative correlation between calving difficulty score and pelvic 

width (-.25) in Angus dams, but this correlation was not significant in 

Hereford dams. Bellows also found pelvic area of the dam exerted a 

significant negative effect on calving difficulty score in both Hereford 

(-.18) and Angus dams (-.22). In a study of two year old primiparous 

Aberdeen-Angus heifers measured for pelvic area just prior to parturi

tion, Rice and Wiltbank (1972) reported a significant correlation (-.32) 

between pelvic area and dystocia. The correlation between pelvic area 

taken at mating and dystocia (-.20) in these heifers was not significant. 

Rice and Wiltband (1972) also reported that 69% of the two year

old primiparous Aberdeen-Angus heifers with pelvic areas of less than 
2200 cm experienced calving difficulty, which differed significantly

2 2from those heifers with pelvic areas of 200-229 cm and 230-269 cm

(30% and 25%, respectively). Similarly, Ward (1971) reported that.of

the Angus X Hereford heifers measured post-calving, 38% had pelvic areas
2of less than 225 cm with 50% of those heifers experiencing calving

difficulty. In a study of crossbred Limousin heifers, Belcher and
2Frahm (1979) found that unassisted heifers had 7.4 cm larger pelvic 

areas and were 5.7 days older than heifers required assistance (P < .01). 

On analyzing his data by placing the heifers in one of four categories 

based on pelvic area size measured at time of breeding, Belcher found 

only 15% of the crossbred Limousin heifers with small pelvic dimensions
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2(121-164 cm ) calved unassisted compared to 37% in the low intermediate

2category (165-186 cm ), 49.1% in the high intermediate category (187-
2 2 207 cm ) and 69.2% in the large category (208-250 cm ). In addition,

85% of the heifers with small pelvic dimensions required calving assis

tance when calves weighed more than 30 kg. Heifers of intermediate pel

vic size required assistance when calves weighed 39 kg or more. Only 

heifers with large pelvic areas appeared capable of having calves weigh

ing more than 39 kg at birth without excessive calving problems.

Since there have been conflicting reports in the literature as 

to whether the size of the pelvic canal is significantly correlated to 

calving difficulty, it would be helpful to the reader to consider some 

of the factors associated with pelvic size. Bellows, Gibson et al.

(1971) took pelvic area measurements in three year old primiparous 

Herford heifers two to three weeks prior to the beginning of a 75-day 

calving season. Only 36% of the variability in pelvic area was accounted 

for by body weight, hip width and rump length, with body weight having 

the most important effect on pelvic area. His findings suggest that 

larger skeletal size may be indicative of larger pelvic openings. Mean 

pelvic heights taken five days prior to the beginning of the calving

season, as reported by Bellows, Short et al. (1971) in an earlier study
2 2 are: Hereford, 16.3 cm ; Angus, 16.8 cm . Pelvic height in Angus dams

was positively correlated with midgestation and precalving body weight

and weight gain during the first half of gestation (P < .01). These

positive relationships suggest that larger dams, as measured by body

weight, had greater pelvic dimensions and, hence, larger pelvic areas.
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Singleton and Nelson (1971) measured the pelvic area of heifers just 

prior to breeding. These crossbred heifers were sired by Angus, Brown 

Swiss, Charolais, Hereford and Red Poll bulls and were out of Hereford 

dams. Pelvic area was influenced by breed and weight of the dam 

(P < .01), but not by age or condition score.

Examination of pelvic width growth patterns by Neville et al. 

(1978a) indicated that Angus reached their maximum width at approx

imately 36 months of age, while those for polled Herefords and Simmen- 

tals showed a continued growth up to 39 months of age. For pelvic 

height, polled Herefords reached their maximum at 33 months, while 

Angus and Simmentals continued to grow, but at a reduced rate, up to 

39 months of age. Pelvic area growth patterns tended to plateau be

tween 36 and 39 months for polled Hereford and Angus dams. Heritability 

estimates for pelvic height were .10 for Hereford heifers and .38 for 

Angus heifers (Neville et al. 1978b). Neville stated that his results 

clearly indicate that for a particular hip height, the taller breeds of 

cattle (Simmental and Santa Gertrudis) have smaller pelvic dimensions at 

maturity than breeds which are moderate in height (Angus and Polled 

Herefords). Belcher and Frahm (1979) estimated pelvic growth of cross

bred Limousin heifers measured between 354 and 481 days of age to be
2.011 cm, .013 cm and .331 cm per day for pelvic height, width and area, 

respectively.

Other workers have reported that different body measurements are 

significantly correlated to pelvic dimensions. Ward (1971) reported 

that body weight, depth of body and length of rump measurements of Angus
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X Hereford heifers taken post-weaning, pre-breeding, pre-calving and 

post-calving were significantly correlated to pelvic dimensions taken 

post-calving. Width of hooks was highly correlated with vertical 

(.619), horizontal (.556) and pelvic area (.657) measurements taken 

post-calving. Ward also reported significant negative correlations be

tween depth of body (-.337) and length of body (-.313) with calving 

difficulty. However, in a later study. Ward (1973) refuted his 1971 

findings in Angus X Hereford heifers by stating cow body measurements 

were not significantly correlated to calving difficulty.

In brief summary of correlations between body measurements and 

dystocia, then, it appears that pelvic measurements are more important 

than the other body measurements in association with calving difficulty. 

Pelvic dimensions taken just prior to parturition are more valuable in 

predicting dystocia than pelvic dimensions taken at breeding. However, 

different rates of growth between individual heifers and between breed 

groups close to parturition could be the reason pelvic measurements do 

not have a consistent predictive value. Since correlations measure lin

ear relationships, the inconsistency of significant effects of pelvic 

measurements on calving difficulty may suggest that a non-linear rela

tionship exists. For example, the stair-step increase in calving diffi

culty reported by Belcher and Frahm (1979) indicates threshold values 

for pelvic area in relation to calving difficulty. It also seems appar

ent that the absolute size of the pelvic canal is not as important as is 

the size of the pelvic canal relative to the size of the fetus.
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Parity and age of dam. Parity and age of dam at calving have 

been reported to be significant variables affecting calving difficulty. 

Breeding heifers to calve first as two year olds is valuable economical

ly in that it increases the heifers’ overall lifetime production. In a 

study involving Angus and Hereford cows, Lesmiester, Burfening and 

Blackwell (1973) reported that heifers calving first as two year olds 

calved significantly earlier in the breeding season throughout their 

subsequent reproductive years than did heifers calving first as three 

year olds. Cows calving early as first calf heifers produce more kilo

grams of calf (P < .01) in their productive lifetime than cows calving 

later for the first time (Lesmeister et al. 1973). Calves born earlier 

in the normal calving season weighed, more at weaning than later calves 

due to greater age and faster rate of pre-weaning gain.

A problem arises, however, if these primiparous two year old 

heifers experience difficulty at first calving. Brinks et al. (1973) 

reported that calves from three year old dams that had calving diffi

culty at two years of age were born an average of thirteen days later

and were 21 kg lighter at weaning than calves from three year olds that

experienced no difficulty at two years of age (159 kg vs. 180 kg). In

a study involving Hereford and Angus heifers bred to Hereford, Angus, 

Jersey, South Devon, Limousin, Simmental and Charolais bulls. Laster 

et al. (1973) reported that age of dam was the only effect significantly 

associated (P < .005) with calving difficulty when birth weight was held 

constant.
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Dystocia in two year old heifers was 36% higher than in 3 year 

olds and 45% higher than in 4 and 5 year old cows (Laster et al. 1973). 

Gregory et al. (1979) reported the larger birth weight of calves from 

4 year old dams was a primary factor contributing to increased calving 

difficulty. He reported that 4 year old dams experienced more than 3 

times (P < .01) the level of calving difficulty as dams 5 years and 

older (14.5% vs. 4.0%). On the other hand, Smith, Laster and Gregory 

(1976) reported a plateauing of dystocia levels in 4 year old dams for 

all sire breeds studied except for Charolais and Simmental sires, indi

cating that only in crosses of these larger sire breeds was the older 

cow, greater than 4 years, of any advantages.

The observed increased incidence of dystocia in first calf 

heifers, and especially in primiparous 2 year olds, is most likely due 

to lack of maturity. As discussed previously, parturition is a complex 

process involving maternal and fetal stimuli, as well as mechanical 

stimuli stemming from distension of the uterus, vagina and vulva. If 

the birth canal is underdeveloped or if the maternal organism fails to 

respond to hormonal and mechanical stimuli, parturition cannot proceed 

in a normal manner, and dystocia results.

Calf Effects

The variables included under calf effects are gestation length, 

sex and birth weight. Although the maternal organism has a marked ef

fect on length of gestation, the majority of researchers include gesta

tion length under calf effects due to the interrelationship between the 

mother and the fetus and for ease of analysis.
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Gestation length. Average gestation lengths* as reported by 

Hafez (1975) are 279 days for Holstein-Friesen* 279 days for Jersey,

290 days for Brown Swiss, 285 days for Brahman and Hereford, 279 days 

for Angus, and 283 days for Shorthorn, In a study of Hereford, Angus 

and Shorthorn cattle conducted by Burris and Blunn (1952), the breed 

differences in average gestation length were significant at the 1% 

level. It appears that gestation lengths of individuals of each breed 

fluctuate rather closely around the breed mean when pregnancy is normal. 

The overall mean for gestation length in a study involving 4 to 11 year 

old Hereford and Angus dams mated to Hereford, Angus, Brahma, Sahiwal, 

Pinzgauer and Tarentaise sires was 288,8 days (Gregory et al, 1979). 

Crossbred calves generally have gestation periods that are the average 

of the two parental breeds.

Gestation length has been reported to be 1,4 (Gregory, Koch 

et al. 1978) to 2 (Gregory et al. 1979) days longer in male calves than 

in female calves. Calving difficulty has been reported to be greater 

in male than in female calves, but correlations between dystocia score 

and gestation length are generally low and non-significant (Patterson, 

Carr et al. 1979). Gestation length is manifested in birth weight, with 

birth weights increasing with longer gestation lengths. Gestation 

length accounted for 17% of the variation in birth weight on an overall 

basis and for 13% of the variation on a within breed basis in a study 

of calves out of Hereford and Angus dams sired by Hereford, Angus, Brah

man, Sahiwal, Pinzgauer and Tarentaise sires (Gregory et al. 1979). In 

another study involving Hereford, Angus and Shorthorn, differences in
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gestation length accounted for 7.9% of the variation in calf weights 

and 7.3% of the variation in Calf weights when the effect of age of dam 

was removed (Burris and Blunn 1952). Burris reported a regression co

efficient of 0.376 of birth weight of the calf (lbs.) on the length of 

gestation (days) in Hereford, Angus and Shorthorn cattle. The partial 

regression of birth weight of calf, eliminating the effect of age of 

dam, was 0.348.

Sex of calf has been reported to have a significant effect on 

dystocia. Male calves experience more calving difficulty than female 

calves. In a study using Hereford dams, Brinks et al. (1973) reported 

that calving difficulty was more pronounced with male births (10.5%) 

than with female births (7.1%). Laster et al. (1973) also reported a 

significant difference in calving difficulty when male calves were born 

to Hereford and Angus dams (28.4%) than with female calves (17.0%). 

Nelson and Huber (1971) reported that 30% of the dams delivering male 

calves experienced dystocia compared to only 15% of the dams delivering 

female calves. Gregory et al. (1979) reported more than twice as many 

male (11.6% vs. 7.0%) as female calves required major assistance, and 

calving difficulty was 4.9% greater in male than in female calves. 

Sagebiel et al. (1969) reported that Angus cows with Charolais-sired 

calves encountered 40.7% and 31.6% dystocia for male and female births, 

respectively. Patterson, Miller et al. (1979) reported 74.4% of the 

dams requiring cesarean-section had male calves.

This greater calving difficulty for male calves may be partially 

explained by heavier birth weights or longer gestation lengths of the
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male calves. However, Bellows, Short et al. (1971) reported the 

independent effect of calf sex on calving difficulty score was highly 

significant for Hereford and approached significance for Angus dams.

This independent effect of sex ranked second in importance of factors 

attributed to the calf and suggests some factor associated with male 

calves that resulted in more calving difficulty that was not accounted 

for by gestation length or calf birth weight.

Birth Weight. Birth weight is the most important factor asso

ciated with calving difficulty. Heredity, size, parity and age of dam, 

gestation length and sex of calf have all been shown to be significantly 

correlated with birth weight. Birth weight between breeds is highly 

variable and, as discussed previously under sire effects, can be influ

enced by individual sires within breeds as well..

Boyd and Hafs (1965) reported that the maternal contribution to 

variability in birth weight is greater than the paternal contribution. 

Size of dam has been positively correlated with prenatal growth. In a 

study conducted by Bellows, Short et al. (1971) using two year old 

primiparous Hereford and Angus heifers, precalving body weight exerted a 

highly significant positive effect on birth weight for both breeds.

This would indicate that larger heifers had larger calves through some 

component of maternal environment. However, this component did not ap

pear to be associated with total gestation weight gain or pre-calving 

fat thickness of the dam.

Gregory et al. (1979) reported that 4 year old Hereford and 

Angus dams experienced more than three times the level of calving



difficulty (P < .01) as dams 5 years old and older (14.5% vs. 4.0%). 

Calves from 4 year old dams weighed 1.2 kg more (P < .01) at birth than

calves from 5 year old and older dams (38.6 kg vs. 37.4 kg). Dawson,

Phillips and Black (1947) reported birth weights tended to increase as 

the age of dam increased until approximately 6 years of age, after 

which there was no further effect. He reported correlation coefficients

between age of dam and birth weight of 0.45 for male and 0.35 for female

calves.

Sex of calf also has a significant effect on birth weight, with 

male calves consistently weighing more than female calves. Gregory, 

Smith et al. (1978) reported male calves average 4.0 kg heavier than 

female calves (40.0 kg vs. 36.0 kg) at birth. When birth weights were 

adjusted for differences in gestation length, the adjustment decreased 

the sex difference in Angus and Hereford breeds, but not in Shorthorn 

(Burris and Blunn 1952). Approximately 10% of the sex difference in 

birth weight was attributable to differences in gestation length.

Laster et al. (1973) reported a 3 kg difference in birth weight between 

male and female calves out of Hereford and Angus cows and by Hereford, 

Angus, Jersey, South Devon, Limousin, Simmental and Charolais bulls.

In Hereford dams and Angus, Brown Swiss, Charolais and Hereford sires. 

Nelson and Huber (1971) reported a 2.3 kg difference between male and 

female calves (31.6 kg vs. 29.3 kg) at birth. Sagebiel et al. (1969) 

reported a 2.8 kg greater birth weight in male than in female calves 

out of reciprocally crossed Angus, Hereford and Charolais cattle.
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In the analysis of calving difficulty of 4 to 11 year old 

Hereford and Angus dams bred to Hereford, Angus, Brahman, Sahiwal, 

Pinzgauer and Tarentaise sires, the linear and quadratic regression of 

calving difficulty on birth weight showed calving difficulty reached a 

minimum of 8.1% at a birth weight of 32 kg and increased linearly with 

birth weight at weights above the general mean of 38 kg (Gregory et al. 

1979). Kilkenny and Sto.llard (1976) reported that calves which required 

assistance at birth weighed 3.5 kg more than calves born unassisted. 

Laster et al. (1973) reported an increase in calving difficulty of 2.3% 

for each kg increase in birth weight. This was greater than the 1.6% 

observed by Smith et al. (1976) and the 1% increase/kg observed by 

Gregory, Smith et al. (1978a). With abnormal presentations included as 

difficult births in Gregory's analysis of calving difficulty, the re

gression of calving difficulty on birth weight showed calving difficulty 

reached a minimum of 10.4% at a birth weight of 34 kg and increased 

linearly with birth weight at weights above the general mean of 39 kg. 

Belcher and Frahm (1979) stated that, in general, the crossbred Limousin 

heifers that had calves weighing 29 kg or less required little assis

tance at calving regardless of pelvic size.

Briefly summarizing, then, it appears that birth weight is the 

most important factor influencing dystocia. There is, in addition, a 

marked interrelationship and interdependence of birth weight with sex 

of calf as well as with gestation length, dam and sire characteristics. 

There is an apparent critical birth weight for calving difficulty, 

above which a cow will experience dystocia regardless .of her size or
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parity. This critical weight will, of course, vary between and within 

breed groups, and generally is a factor of relative fetal size in rela

tion to the size of the dam's birth canal.

Influence of Dystocia on Subsequent Production 

Dystocia has a marked effect on the survival of calves experi

encing difficult parturitions, as well as on the subsequent fertility 

and rebreeding efficiency of the dam.

Calf Survival

Wiltbank et al. (1961) reported that the primary factor affect

ing total calf crop was failure to conceive or embryonic death before 75 

days. Second were losses occurring at or near birth. Losses at birth 

are greater in primiparous two year old heifers than in primiparous 

three year old and multiparous mature cows. Patterson, Miller et al. 

(1979b) reported losses within dam age groups to be 10.9% for first 

calf two year olds, 8.7% for first calf three year olds, 4.1% for second 

calf three year olds and 5.7% for mature cows four years old and older. 

The losses from first calf heifers accounted for 41.0% of the total 

deaths recorded. Laster and Gregory (1973) also reported higher calf 

losses in two year old hiefers than in three year old and older dams.

Cow age, however, had no significant influence on calf mortality when 

only those parturitions involving dystocia were considered.

Heavier birth weights tend to increase perinatal mortality. 

Kilkenny and Stollard (1976) reported that calves born dead were on the 

average 4.1 kg heavier than liveborn calves. Gregory et al. (1979)
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stated that the increased birth weight of calves from four year old dams 

is believed to be a primary factor contributing to perinatal mortality. 

Calves from four year old dams experienced almost three times (P < .01) 

the level of perinatal mortality (6.6% vs. 2.9%) than calves of smaller 

birth weight from five year old and older dams. Four year old dams also 

had a 4.9% smaller (P < .01) calf group weaned than five year old and 

older dams (91.3% vs. 96.2%).

Sex of calf also appears to have a significant effect on peri

natal mortality. In dystocial parturitions, Laster and Gregory (1973) 

reported that calf losses were higher in male than in female calves 

(22.4% vs. 16.3%). There was no significant difference, however, in 

mortality between sexes for calves not requiring assistance at birth.

In parturitions completed by cesarean sections, Patterson, Miller et al. 

(1979) reported similar results with 75.6% of the deaths following ce

sarean section involving male calves compared to 24.4% of the deaths 

after cesareans involving female calves (P < .01).

More calves are lost at birth due to difficult parturitions 

than any other factor studied. Smith et al. (1976) reported calf death 

losses within 24 hours postpartum were 3.7 times higher in calves expe

riencing difficulty at birth than those born without difficulty (11.5% 

vs. 3.1%). In a comprehensive study involving Brown Swiss, Red Poll, 

Hereford, Angus, Jersey, South Devon, Limousin, Simmental and Charolais 

breed groups, Laster and Gregory (1973) reported that calf losses at or 

near birth were four times greater (P < .01) in calves experiencing 

dystocia than those not experiencing dystocia (20.4% vs. 5.0%). He
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reported that calf death losses were not significantly different among 

the three types of dystocial parturitions (calf puller, surgical removal 

and posterior presentation). Patterson, Carr et al. (1979) reported 

that of the total recorded deaths, 57.6% occurred within the first 24 

hours postpartum. Sixty percent of these losses were attributed to 

dystocia. Death due to dystocia was the single largest source of calf 

loss found in this study, accounting for 37.9% of the recorded deaths 

from parturition to weaning, or 42.4% of the dead calves autopsied. In 

a related study, Patterson, Miller et al. (1979) reported survival rates 

for calves delivered by cesarean section were 66.7%, 71.4% and 53.3% for 

first calf two year old, first calf three year old and mature Hereford 

dams, respectively (P < .01). These calf survival rates were lower 

(P < .01) than contemporary survival rates of 89.1%, 91.3% and 94.5% 

for first calf two year old, first calf three year old and mature dams, 

respectively, whose calves were not delivered by cesarean.

Generally, breed of sire groups that experience higher levels of 

calving difficulty also tend to experience higher levels of perinatal 

mortality and lower percentage calf crop weaned. For example, Gregory, 

Koch et al. (1978) reported that breed transmitted effects showed that 

the Brown Swiss breed was heaviest at birth and had the highest average 

daily gain and 200 day weight. The Brown Swiss breed, however, also ex

perienced the highest levels of calving difficulty, highest perinatal 

mortality and lowest calf crop weaned. Similarly, crosses that re

flected more favorable levels of calving difficulty, perinatal mortal

ity and calf crop weaned were lower in growth related traits than



32

breeds with large mature size. Laster and Gregory (1973) reported calf 

mortality ranged from a low of 5.5% for Jersey X Angus crosses to a high 

of 14.5% for Charolais X Angus crosses. He stated that breeding group 

affected calf mortality (P < .01) in parturitions involving dystocia, 

but did not significantly influence calf mortality in unassisted par

turitions.

Summarizing, then, losses occurring at or near birth are second 

only to failure to conceive and early embryo mortality in reducing calf 

crops. Dystocia is the primary factor influencing early perinatal mor

tality, with more calves lost to dystocial cows than to eutocial cows. 

Parity of dam, sex and birth weight of calf influence calf mortality in 

dystocial parturitions, but have little influence on calf mortality when 

parturitions are normal. In addition, selection for high growth related 

traits tends to increase calf mortality by increasing incidence of dys

tocia.

Fertility

Dystocia has a significant effect on subsequent reproductive 

performance of the heifer in terms of calf crops weaned and pregnancy 

rates. Brinks et al. (1973) reported that Hereford heifers experienc

ing calving difficulty as two year olds weaned 11% fewer calves of those 

born the first year and 14% fewer calves per cow exposed to breeding the 

second year when compared to contemporaries that had no calving diffi

culty at first parturition.
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Laster et al. (1973a) reported that dystocia had a significant 

effect on the percentage of cows detected in estrus during a 45 day 

artificial insemination (AI) period. In this study, Laster reported 

14.4% fewer cows experiencing dystocia were detected in estrus during 

the AI period than those cows experiencing no dystocia. He also re

ported a 15.6% lower conception rate to AI and a 15.9% lower overall 

conception rate in dystocial cows compared to those cows experiencing no 

calving difficulty. Brinks et al. (1973) also reported a longer 

calving interval in dystocial heifers compared to eutocial heifers 

(357 days vs. 344 days). Patterson, Miller et al. (1979) reported that 

the subsequent pregnancy rates of cows experiencing cesareans was 52.4% 

compared to an overall herd pregnancy rate of 79.0% (P < .001). Sub

sequent fertility was slightly higher for multiparous dams experiencing 

cesareans than for first calf two year old and first calf three year old 

dams (64.3% vs. 50.6% and 50,0%).

The specific effect of dystocia on the postpartum interval has 

yet to be studied satisfactorily in terms of uterine involution, regen

eration of the endometrium and hormonal balances resulting in return of 

normal estrus cycles. Delays of uterine involution and endomentrium 

regeneration could very likely be due to damage of the reproductive 

tissues or to bacterial infection of the uterus, cervix or vagina caused 

by difficult parturitions (Roberts 1971). Patterson, Miller et al.

(1979) reported the incidence of retained placenta was associated with 

dystocia in 21.7% of the cases, although subsequent pregnancy rates
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for cows retaining fetal membranes was not significantly different from 

the herd average. Patterson also reported occurrence of dystocia in 

39.0% of the vaginal prolapses and 45.0% of the uterine prolapses. A 

marked reduction in subsequent pregnancy rates was noted following both 

types of prolapse. Pregnancy rates among primiparous and multiparous 

dams that prolapsed were 28.0% and 57.9%, respectively, compared to an 

overall herd pregnancy rate of 79.0%.

In a study of primiparous two year old Holstein heifers, O'Brien

and Stott (1977) reported that serum concentrations of progesterone and 

estrogens are different in heifers predisposed to dystocia during the 

prepartum period. Studies showing different hormonal balances in the 

postpartum dystocial heifer have yet to be conducted. It would, how

ever, seem logical to assume that these differences do occur and may

result in the observed delay in return to normal estrus cycles of dys

tocial heifers.



CHAPTER 3

MATERIALS AND METHODS

Data used in this study were obtained from cow records kept by 

the Rainbow's End Ranch, Douglas, Arizona. Each of the 476 purebred 

Charolais cow records utilized were selected on the basis of having 

pelvic measurements recorded at time of initial breeding. Information 

included on each cow record were date of birth of cow, cow's dam num

ber, calving score of the cow's dam, cow's sire number, birth weight of 

cow, weaning weight and date of weaning of cow, yearling weight, date 

and condition score of cow, pelvic height of cow taken at time of breed

ing, date of artificial insemination (AI) and any subsequent natural 

matings, date of pregnancy palpation, pregnancy diagnosis and projected 

calving date. For each calving record, the sire of the calf was re

corded as were the calf's birth weight, sex, calving difficulty score, 

survival, weaning weight and weaning date of the calf. Pelvic height 

was also measured at time of initial breeding for heifer calves retained 

as replacements. Subsequent breeding and calving information was kept 

on those heifers retained in the breeding herd following first calving.

Records were utilized on heifers born in 1973, 1974, 1975 and 

1976. Calving records covered the years 1975 through 1979. Only the 

first two calves for each heifer were included in the analyses. All 

heifers suckled their dams and had access to a creep diet from birth

35
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through weaning at approximately 205 days. From weaning through 

calving, all heifers were maintained on small irrigated pasture with 

access to a growing diet ad libitum. In 1973 and 1974, the diet con

sisted of 60% cottonseed hull and 40% grain on a dry matter (DM) basis.

In 1975 and 1976, the growing diet consisted of 50% roughage and 50% 

grain (DM basis). During the postpartum period, all heifers were con

tinued on irrigated pastures plus a diet of 25% grain and 75% silage 

(DM basis).

All heifers were bred by AI at approximately fifteen months of 

age to a Charolais or a Brahman bull to produce their first calf at ap

proximately twenty-five months of age. Heifers bred to Charolais sires 

will be referred to as Charolais-bred heifers. Heifers bred to Brahman 

sires will be referred to as Brahman-bred heifers. The heifers bred to 

Brahman bulls during this time were selected on the basis of being less 

feminine than those heifers bred to Charolais bulls. At the time of 

breeding, all heifers were measured for pelvic height by Dr. Ray Rodri

guez using the Litton-Krautman Pelvic Meter (see Appendix A). Those 

heifers with reproductive tract abnormalities or juvenile reproductive 

tracts were culled from the breeding herd. Heifers were observed close

ly during parturition, at which time the herdsman assigned a calving 

difficulty score, weighed the calf and recorded its sex.

The calving score assigned by the herdsman at parturition was 

based on the Breeding Value Analysis (BVA) Ease of Calving Scoring Sys

tem (Schoenfelder 1975). In the BVA system, scoring is based on a point 

system of 0 to 50 in increments of 5 which are assigned at time of
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calving (see Appendix B for complete description of score values). To 

facilitate analyses and to increase the number of animals in each calv

ing difficulty category, the BVA system was converted to the usual 

scoring system of: 1 = no assistance, 2 = slight assistance, 3 = hard

pull, and 4 = extreme difficulty involving damage to cow or cesarean 

section or dead calf as described previously in the Review of Liter

ature. Since the BVA system included malpresentations in the calving 

difficulty score, they were also included in the analysis. Malpresenta

tions were included in dystocia score categoreis 2, 3 or 4, depending 

on the severity of malpresentation.

Analysis

The computer program used for all analyses was the Statistical 

Package for the Social Sciences (Nie et al. 1975). Cows were placed in 

one of the four calving difficulty categories based on their dystocia 

score at each claving. Twin births, of which there were a total of six

teen, were not included in the analyses. Variables affecting calving 

difficulty were analyzed separately for first and second calvings, as 

were the effects of dystocia on calf mortality and subsequent fertility.

Analyses of Variance

Means of variables for the four categories of calving difficulty 

were statistically evaluated with the F test. An extension of Duncan’s 

multiple range test to group means with unequal number of replications 

was used when the F test was significant (Kramer 1956).
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For first calvings9 single classification analyses of variance 

were conducted for the effects of data available on the heifer at time 

of breeding and data available after parturition on dystocia score.

These variables included grade of cow at yearling, yearling weight, 

yearling weight adjusted for age, pelvic height at time of breeding, 

age of cow at first conception, age of cow at first calving, gestation 

length, sex and birth weight of calf. For second calvings, effects of 

variables on dystocia included grade of cow at yearling, yearling 

weight, yearling weight adjusted for age, pelvic height at time of first 

breeding, age of cow at second conception, age of cow at second calving, 

gestation length, sex and birth weight of second calf. For the purpose 

of analysis, grade of cow was coded with a grade of 1 through 10, with 

a score of 1 representing heifers in the best condition and conformation 

category, and a score of 10 representing heifers in the poorest condi

tion and conformation category. Sex of calf was coded with 1 repre

senting male calves and 2 representing female.calves. A multiple 

classification analysis of variance model of dystocia score was fitted 

with main effects for birth weight, sex and breed of calf, two-way 

interactions for birth weight, sex and breed of calf, and continuous 

regressions (covariates) for pelvic height, yearling weight, gestation 

length and age of cow at conception. Calving difficulty score at each 

calving was included as the dependent variables. For the purpose of 

analysis, birth weight was classified into six categories: 1 = 13.5 to

32.4 kg; 2 = 32.5 to 36.4 kg; 3 = 36.5 to 40.4 kg; 4 = 40.5 to 45.4 kg;

5 = 45.5 to 50 kg; and 6 = birth weights greater than 50 kg. The
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statistical program utilized would not estimate two-way interactions 

unless all sub-classes were represented.

For the purpose of analysis, calf survival was coded as 1, 2

or 3. A score of 1 included those calves dead at birth or that died

within 24 hours postpartum. A score of 2 included those calves that

died between 24 hours postpartum and weaning. A score of 3 included

those calves that survived to weaning. For single classification anal

yses of variance, survival scores for each calving was the dependent 

variable with dystocia score as the independent variable. Calf survival 

was also analyzed with a multiple classification analysis of variance. 

Calving difficulty score, birth weight, sex and breed of calf were in

cluded as main effects, with pelvic height, yearling weight, gestation 

length and age of cow at conception included as covariates for each 

calving.

In the analyses of the effects of dystocia on rebreeding effi

ciency or fertility, postpartum interval from first calving to concep

tion and the number of services per conception were included in the 

single classification analyses of variance. Only postpartum interval 

data were available after the second calf, to determine dystocial effects 

on fertility. For multiple classification analyses of variance, ser

vices per conception or postpartum interval was used as the dependent 

variable. Calving difficulty score, calf survival, birth weight, sex 

and breed of calf were included as main effects, with pelvic height, 

yearling weight and age of cow at respective conception included as co

variates for each calving.
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Bree’d of sire and individual sires within breed were also 

analyzed by single classification analyses of variance. Sires with 

less than five progeny at each calving were excluded from the analyses. 

Dependent variables analyzed were gestation length, birth weight, calv

ing difficulty score, postpartum interval to subsequent conception and 

calf survival. A total of thirteen sires, nine Charolais and four Brah

man, were included in the single classification analyses of variance for 

the first calf crop. Twenty sires, thirteen Charolais and seven Brah

man, were included in the analyses for the second calf crop.

Regression Analyses

Step-wise multiple regression analyses were performed on vari

ables affecting calving difficulty, calf survival and fertility (Nie 

et al. 1975). Multiple regression analyses utilized the general equa

tion

Y' = A + B1X1 + B2X2 + . . . B ^  .

For calving difficulty, the independent variables used in the regression 

analysis were those availabe on the heifer at time of breeding for each 

calving. For the first calving, these variables included calving score 

of the cow1s dam, grade of cow at yearling, yearling weight of cow, pel

vic height of cow at time of first breeding, age of cow at first concep

tion and breed of calf. The same independent variables were used in the 

regression analysis of calving difficulty for the second calf with the 

addition of dystocia score at first calving.
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In the analysis of calf survival, dystocia score, birth weight, 

sex and breed of calf, age of cow at first conception and yearling 

weight of cow were included as independent variables.

Step-wise multiple regression analyses were also used for fer

tility data. Again, services per conception data were not available 

after the second calving. In the regression analysis of postpartum in

terval, three methods were used. In Method 1, postpartum interval to 

conception was divided into five categories: category 1 = 1  through 30

day interval, category 2 = 31 through 60 day interval, category 3 =

61 through 90 day interval, category 4 = 91 through 120 day interval, 

and category 5 = greater than 120 day interval. In Method 2, postpartum 

interval was divided into two categories: category 1 = 1  through 120

day interval, and category 2 = greater than 120 day interval. In 

Method 3, postpartum interval was divided into six categories: 1 = 1

through 45 day interval, 2 = 4 6  through 60 day interval, 3 = 61 through 

75 day interval, 4 = 76 through 90 day interval, 5 = 91 through 120 day 

interval, and 6 = greater than 120 day interval. In all analyses, 

either with services per conception or postpartum interval as the de

pendent variable, dystocia score, birth weight, sex, survival and breed 

of calf, age of cow at first conception and yearling weight of cow were 

included as independent variables.

Discriminant Analyses

Another method of studying the predictive value of certain vari

ables is the discriminant analysis. These discriminant functions are of 

the form:



where is the score on discriminant function i, the d ?s are weighting 

coefficients, and the Z?s are the standardized values of the p discrim

inating variables (Nie et al. 1975).

Three models were utlized to study dystocia. In Model 1, 

those variables available on the heifer at time of breeding were used as 

discriminating variables. In this analysis, dystocia score (1 through 

4) was the dependent variable with calving score of the cow’s dam, age 

of cow at conception, grade of cow at yearling, pelvic height of cow at 

time of breeding and breed of calf included as discriminating or inde

pendent variables for each calving. Model 2 used the same variables as 

those listed previously, but combined dystocia scores of 1 and 2 into 

one category with dystocia scores of 3 and 4 included in the second 

category. In the final discriminant model of calving difficulty,

Model 3, dystocia scores were again combined into two categories and 

birth weight and sex of calf were included as independent variables in 

addition to those variables available on the heifer at time of breeding.

Calf survival at each calving was also analyzed with a discrim

inant analysis. Calving difficulty score, birth weight, sex and breed 

of calf, age of cow at first conception and yearling weight of cow were 

included as independent variables.

Discriminant analyses were also used to predict subsequent fer

tility. Again, services per conception data were not available after 

the second calving. Postpartum intervals were analyzed separately for 

each calving and included Methods 1, 2 and 3 as described previously in



regression analyses.. The independent variables included in each 

analysis were calving difficulty score, birth weight, sex, breed, sur

vival score of calf, cow age at first conception and yearling weight of 

the cow.

Heritability Estimates

Two methods of analysis were used to estimate heritability of 

pelvic height. The paternal half-sib method of analysis was conducted 

for pelvic height. Information from all animals (original cows and 

heifer progeny) were involved in the study. The second method was the 

dam-daughter regression technique. In this analysis, pelvic height of 

the dam was used as the independent variable with pelvic height of the 

female progeny as dependent variables for each calving.

Miscellaneous Analyses

Simple correlations between the aforementioned variables and the 

dependent variables of calving difficulty, survival and fertility were 

calculated (Nie et al. 1975). Frequency distributions were determined 

for calving difficulty score by sex, breed and birth weight. Chi- 

square tests were then calculated on the respective frequencies to de

termine significant differences.



CHAPTER 4

RESULTS AND DISCUSSION

Factors Affecting Dystocia

Factors Affecting Dystocia at ■
First Parturition

Means of dam and calf effects on dystocia score on an overall 

herd basis and on a within breed of sire basis at first calving are pre

sented in Table 2. With the exception of the three Brahman-bred heifers 

in dystocia category 4, the breed effects were consistent with the over

all means• It should be noted here that the three Brahman-bred heifers 

that experienced the greatest degree of calving difficulty (score of 4) 

did not follow the general trends in grade of cow, pelvic height, year

ling weight, adjusted yearling weight, gestation length, sex or birth 

weight of the calf. The means of these variables for the Brahman-bred 

heifers in dystocia category 4 were, in fact, opposite of the expected 

means and also opposite of the means of contemporary heifers in dystocia 

category 4 that were bred to Charolais bulls. Although one might venture 

a guess as to why these three Brahman-bred heifers are so different, the 

author believes that, due to the small number of observations, the re

sults obtained could be due to chance and are not representative of the 

category.

44
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Table 2. Means of Dam and Calf Effects on Dystocia at First Parturition

Dystocia Score3

Dam Effects

Grade of CowC 5.96
(233)

5.63
(43)

5.93
(56)

6.20
(10)

Charolais-bred^ 

Brahman-bred

5.25f

(66)

4.78f 
(32) 
8.09 
(11)

4.74f 
(34) g
7.77s
(22)

6.86' 
(7) . 
4.67 
(3)

Pelvic Height (cm) 13.22
(261)

13.19
(47)

13.19
(62)

13.30
(10)

Charolais-bred 

Brahman-bred

13.29
(194)
13.05
(67)

13.31
(35)
12.83
(12)

13.40
(39)

12.83
(23)

13.00
(7) ,14.00'
(3)

Yearling Weight (kg) ' 378.59 
(218)

389.72
(42)

384.25
(55)

384.60
(9)

Charolais-bred

Brahman-bred

390.79f 
(151)f 

351.09 
(67)

406.38g 
(31) 

342.77 
(11)

399.72f’s
(33)

361.05
(22)

368.56' 
(6) , 

416.67' 
(3)

Adjusted Yearling Weight 
(kg) 386.57f 

(215)
404.008 
(42)

392.79f,g
(52)

387.42
(9)

Charolais-bred

Brahman-bred

398.72f 
(150) 

358.53 
(65)

420.84g 
(31) 

356.57
(ID

406.44fsg 
(32)f g

370.95 ’8 
(20)

377.88
(6)

406.51
(3)
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Table 2. Continued

Dystocia Score

ib 2b 3b 4b

Age at First Conception 
(days) 559.05f 

(261)
549.19f 
(47)

550.34f 
(62)

615.808 
(10)

Charolais-bred

Brahman-bred

555.85f 
(194) 

569.808 
(67)

564.66f 
(35) 

504.08 
(12)

552.00f
(39) f "

545.50 8 
(23)

630.508
(7) g 593.33s
(3)

Age at First Calving 
(days) 843.80f 

(261)
832.77f 
(47)

839.27f 
(62)

904.908 
(10)

Charolais-bred

Brahman-bred

839.10£ 
(194) 

859.00s 
(67)

846.60f 
(35) f 

7 92.42 
(12)

842.62f
(39) f

833.61 ,S 
(23)

916.578
(7) g 877.67s
(3)

Calf Effects

Gestation Length (days) 284.79f 
(261)

283.57f 
(47)

288.948 
(62)

289.108 
(10)

Charolais-sired

Brahman-sired

283.63f 
(194) 

288.39 
(67)

281.94f 
(35) 

288.33 
(12)

288.328 
(39) 

290.08 
(23)

291.188 
(7) 

284.33 
(3)

Sex6 1.58g
(261)

1.34f
(47)

1.29f
(62)

1.25f
(8)

Charolais-sired

Brahman-sired

1.608
(194)%
1.55
(67)

1.40f 
(35) 
1.17 
(12)

1. 31f 
(39)
1.26 
(23)

1.20f

(3)
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Table 2. Continued

Dystocia Score3

Birth Weight (kg) 37.3if 40.58g 44.13h 45.27h
(261) (46) (61) (10)

Charolais-sired 37.04f 40.03§ 42.47s 48.4411
Brahman-sired

(194)
38,15

(35)
42.35

OS)
46.84s (7) f37.88

3See Appendix B.
Number of observations in parenthesis.
3Refer to page 38 (Materials and Methods) for grading system.
Refer to page 36 (Materials and Methods) for breed designation.
Male = 1; female =2.
f»§ 9 ^ eans with differing superscripts on the same row are significantly 

different, P < .05.
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Of the dam effects5 grade of cow scores did not differ (P > «10) 

on an overall herd basis. There was a trend, however, towards poorer 

condition and conformation scores with increasing calving difficulty.

The trend became apparent when grade of cow was analyzed on a within 

breed basis. Charolais-bred heifers in dystocia category 4 had a poorer 

condition and conformation score (P < .05) than did contemporaries in 1 

dystocia categories 1, 2 and 3. With the exception of dystocia category 

4, Brahman-bred heifers showed a poorer average grade than did Charolais- 

bred heifers. This effect is the result of selection for coarser, more 

masculine heifers for mating to Brahman bulls. The non-significant 

effect of grade of cow on an overall herd basis is in agreement with 

Bellows, Short et al. (1971), Nelson and Huber (1971) and Singleton et 

al. (1973). The poorer condition score of heifers in dystocia category 

4 is in agreement with Roberts (1975) who reported that heifers in poor 

condition generally have more calving difficulty than contemporaries in 

better condition.

Discounting Brahman-bred heifers in dystocia category 4, pelvic 

height had no significant effect on dystocia score (P > .10). The mean 

pelvic heights of Charolais-bred heifers in dystocia category 4 were 

lower than contemporaries with dystocia scores of 1, 2 or 3 (.3 - .4 cm), 

but the difference was not significant. This non-significant effect of 

pelvic height is in agreement with Singleton et al. (1973) who stated 

that correlations of pelvic measurements with dystocia score were neg

ative, but non-significant. Bellows, Short et al. (1971), and Rice and 

Wiltbank (1972) reported that heifers experiencing calving difficulty



49
had smaller pelvic heights (P < .05) than heifers experiencing no 

calving difficulty. However9 these workers based their observations on 

Hereford and Angus heifers with pelvic measurements taken just prior to 

calving. As discussed in the Review of Literature, the smaller breeds, 

•such as Hereford and Angus, have larger pelvic heights than does a 

larger breed, such as the Charolais. It was also noted that pelvic 

measurements taken just prior to calving had a greater association with 

calving difficulty than did measurements taken at breeding.

Actual yearling weight did not differ among the dystocia score 

categories (P > .05) on an overall herd basis. Mean actual yearling 

weights of Charolais-bred heifers in dystocia categories 1 and 4 were 

lower (P < .05) than Charolais-bred heifers in dystocia category 2 

(290.79 kg and 368.56 kg vs. 406.38 kg, respectively). Again, with the 

exception of heifers in dystocia category 4, mean actual yearling 

weights of Brahman-bred heifers did not differ by dystocia groups. Mean 

adjusted yearling weights show the same patterns. These results are not 

in agreement with Bellows, Short et al. (1971) and Cadle and Ruttle (1973) 

who found that the lighter heifers at yearling age had more calving dif

ficulty than heavier heifers. The heavier yearling weight of heifers in 

dystocia category 2 may indicate a possible overconditioning of the 

heifer which predisposes her to dystocia due to fatty deposits in the 

birth canal (Roberts 1971).

The age of heifer at first calving is reflected in the heifer’s 

age at conception, except as gestation lengths may vary, and will be dis

cussed as such. In all analyses, heifers in dystocia category 4 were,
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on the average5 approximately two months older (59.46 days) at first 

conception than were those heifers experiencing less difficulty at par

turition (P < .05). This result was not expected based on studies by 

Bellows <, Short et al. (1971), Las ter et al. (1973) and Rice and Wiltbank

(1972) whose results indicate that younger heifers experience more 

calving difficulty than older heifers. However, these workers were com

paring two year old primiparous heifers to three year old primiparous 

heifers and mature cows. In this study, only two year old primiparous 

heifers were used in the analysis of calving difficulty. The older age 

of heifers in category 4 may be due to the poorer condition of these 

heifers, as reflected in mean grade scores, resulting in a delay of con

ception as well as further problems at calving.

All calf effects had a highly significant effect (P < .001) on 

dystocia score. With the exception of Brahman-bred heifers, heifers in 

dystocia categories 3 and 4 had an average of 4.36 day longer gestation 

length (P < .05) than did contemporaries in dystocia categories 1 and 2 

(288.96 vs. 284.60 days, respectively). These results are similar to 

those obtained by Bellows, Short et al. (1971) in a study of Hereford 

dams.

More male calves were born to heifers with dystocia scores of 2, 

3 or 4 than to heifers experiencing no calving difficulty (P < .05). 

Sagebiel et al. (1969), Bellows, Short et al. (1971), Brinks et al.

(1973), Laster et al. (1973), Gregory, Koch et al. (1978) and Gregory et 

al. (1979) also reported more male calves requiring assistance at birth 

than female calves.
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The average birth weight at first calving was 39.0 kg. Heifers 

experiencing no calving difficulty delivered calves averaging 37.3 kg 

at birth which was less (P < .05) than the birth weights of calves from 

heifers in dystocia category 2 and from the birth weights of calves 

from heifers in dystocia categories 3 and 4 (40.6 kg, 44.1 kg and 45.3 

kg, respectively). The average difference between dystocia cateogories 

1 and 2 and dystocia categories 3 and 4 were very similar to the 3.5 kg 

heavier birth weight of calves requiring assistance than those calves 

not requiring assistance at birth as reported by Kilkenny and Stollard 

(1976).

Results of multiple classification analysis of variance of dam 

and calf effects on dystocia score at first parturition on an overall 

herd basis are presented in Table 3. Birth weight, sex of calf and 

yearling weight of cow were the only variables significantly affecting 

calving difficulty (P < .05). Birth weight accounted for 50.9% of the 

explained sum of squares, with yearling weight of cow and sex of calf 

accounting for 6.2% and 5.0%, respectively. Birth weight, however, 

accounted for only 12.5% of the total sum of squares with yearling weight 

of cow and sex of calf only accounted for 1.5% and 1.2% of the total sum 

of squares, respectively. No two-way interactions between the main 

effects were significant. The partial regression coefficient for year

ling weight of the cow was ,002 which indicates increasing calving dif

ficulty with increasing yearling weight. These results are in partial 

agreement with Bellows, Short et al. (1971) and Rice and Wiltbank (1972) 

who reported that calf birth weight was the single most important factor
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Table 3. Analysis of Variance of Dam and Calf Effects on Dystocia at 

First Parturition

Partial
Degrees of Regression

Source of Variation Freedom Coefficients

Covariates 4 1.11
Pelvic height 1 '• .13 -.000
Yearling weight 1 3.44 .002
Gestation length 1 .07 -.003
Age at 1st conception 1 .72 -.001

Main Effects 7 6.78***

Birth weight 5 5.67***
Sex 1 2.76*
Breed 1 ,.73

Two-way Interactions 11 .21

Birth weight and Sex 5 .29
Birth weight and Breed 5 .14
Sex and Breed 1 .01

Residual 293 .58

*P < .05 
**P < .01 
***P < .001
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associated with calving difficulty. The independent effect of sex 

agrees with Bellows, Short et al. (1971) who reported that the effect 

of sex ranked second in importance of factors attributed to the calf.

This study supports the suggestion by Bellows that some factors asso

ciated with male calves resulted in more calving difficulty that was 

not accounted for by gestation length or calf birth weight.

Partial regression analysis of those variables available on the

dam at breeding on calving difficulty at first parturition is presented
2in Table 4. As can be seen from the R values listed, calving diffi

culty score of the cow?s dam accounted for only 3.5% of the variation 

in dystocia scores. Each successive variable entered in the analysis

accounted for less" variation. Pelvic height of the cow did not affect 
2the R values. Based on the partial regression coefficients for each

variable listed, a prediction equation could be developed for calving

difficulty. The overall accuracy of the prediction equation as reflected 
2by R , however, is so low (8.8%) that it would not be useful in deter-

2mining dystocia scores at first parturition. The R value of .09

obtained in this study is lower than the .45 reported by Bellows, Short

et al. (1971), the .35 reported by Belcher and Frahm (1979) and the .25

reported by Rice and Wiltbank (1972). In these studies, however, the

regression analyses included birth weight of the calf as an independent

variable, which would increase the predictive value of the regression.
2Brinks et al. (1973) reported an R value of .16, which is closer to the 

.09 obtained in this study, when calf birth weight was not included in 

the analysis.
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Table 4. Partial Regression Analysis of Dystocia Score at First

Parturition Based only on Variables Available on Dam at Time 
of Breeding

Variables
Partial Regression 
Coefficients (B)

Cummulative
R R2

Calving difficulty score 
of cow's dam .020 . 188 .035

Yearling weight of cow .003 . 245 .060

Breed of sire of calf .107 .273 .074

Age of cow at first 
conception -.002 .291 .085

Grade of cow .045 .297 .088

Pelvic height of cow .000 .297 .088

Constant A -.798
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Discriminant analyses for dystocia scores at first parturition 

are presented in Table 5. The standardized discriminant function coef

ficients represent the relative contribution of its associated variable 

to that function. The sign merely denotes whether the variable is 

making a positive or negative contribution. When only those variables 

available on the dam at time of breeding were considered (Model 1), age 

of cow at conception made the greatest contribution to discriminating 

between calving difficulty scores (32.9%) with calving score of cow’s 

dam, grade of cow at yearling and yearling weight of cow ranking second,, 

third and fourth in importance (20.3%, 19.0% and 17.5%, respectively). 

Discriminant analysis of dam variables in Model 2, when dystocia scores 

were combined, showed yearling weight of the cow to be most important 

(32,2%) with calving difficulty of the cow*s dam, grade of cow at year

ling and age of cow at conception ranking second, third and fourth in 

importance (22.4%, 16.7% and 13.1%, respectively). In both Models 1 

and 2, pelvic height of the cow made less than a 6% contribution to the 

discriminating function. When both dam and calf variables were included 

in the discriminant analysis (Model 3), birth weight was the most impor

tant variable (42.4%) with sex of calf, cow age at conception and year

ling weight of cow ranking second, third and fourth in importance (16.7%, 

15.0% and 13,8%, respectively). Pelvic height of the cow made no con

tribution to the discriminating function when calf effects were included 

in the analysis. These results are in partial agreement with those ob

tained by Singleton et al. (1973), Laster et al. (1973) and Bellows,
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Table 5. Discriminant Analyses for Calving Difficulty 

at First Parturition

Model**

Discriminant 
Function 

Variables Coefficients
Percentage
Contribution

Model 1: Dam effects 
on dystocia scores

Age of cow at first 
conception - * 91 32.9%

1 through 4 Calving difficulty 
score of cow’s dam ,56 20.3%

Grade of cow .53 19.0%
Yearling weight of 

cow .49 17.5%
Pelvic height of cow — .17 6.0%
Breed of sire of calf .12 4.3%

Model 2: Dam effects 
on combined dystocia

Yearling weight of 
cow -.95 . 32.3%

scores 1-2 and 3-4 Calving difficulty
score of cow’s dam -.66 22.4%

Grade of cow — . 49 16.7%
Age of cow at first 

conception .39 13.1%
Breed of sire of calf -.31 10.3%
Pelvic height of cow -.16 5, 3%

Model 3: Dam and calf Birth weight of calf -.89 42.4%
effects on combined Sex of calf .35 16.7%dystocia scores 1-2 
and 3-4 Age of cow at first 

conception .31 15.0%
Yearling weight of 

cow -.29 13.8%
Breed of sire of calf — . 21 10.0%
Grade of cow 1 o 2.1%
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Table 5» Continued

Model**

Discriminant 
Function 

Variables Coefficients
Percentage

Contribution

Calving difficulty
score of cow’s dam -- 0%

Pelvic bight of cow --- 0%

**all models had a significant discriminating power, P < .01
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Short et al. (1971) who reported that calf birth weight was the most 

important factor influencing calving difficulty and that when birth 

weight was not included in the analysis«, cow weight was the most impor

tant factor influencing calving difficulty.

Table 6 presents the classification results of discriminant 

analyses on the three models presented in Table 5. As can be seen from 

the percentage of cases correctly classified, predictive value was im

proved in Model 2 as compared to Model 1. There was no improvement in 

predictive value, however, when both dam and calf effects were included 

in Model 3 as compared to only dam effects included in Model 2 (68.1% 

vs. 68.9% of cases correctly classified). The major difficulty in pre

dicting calving difficulty was for those heifers falling in dystocia 

categories 3 and 4. In both Models 2 and 3, only 55,8% and 60.0%, re

spectively, of those heifers actually belonging in the greater calving 

difficulty categories were classified correctly. The variables used in 

this study, therefore, are of limited value for predicting the degree of 

calving difficulty the heifer will experience at first calving.

Factors Affecting Dystocia at 
Second Parturition

Means of dam and calf effects on dystocia scores at second 

parturition are presented in Table 7, Grade of cow, pelvic height of 

cow, yearling weight of cow, adjusted yearling weight of cow, age of cow 

at second conception and age of cow at second calving had no significant 

effect (P > .10) on dystocia score at second parturition on an overall 

herd basis. Mean pelvic heights of both Charolais-bred and Brahman-bred



59

Table 6. Discriminant Analyses— Prediction Results of Dam and
Calf Effects on Calving Difficulty at First Parturition

Model
Actual 

Dystocia Score
N of 
Cases Predicted Dystocia Score

Model l:a 1 2 3 4
Dam effects; 1 118 36.4% 28.8% 11.0% 23.7%

2 19 5.3% 63.2% 21.1% 10.5%
3 37 16.2% 29.7% 35.1% 18.9%
4 6 16.7% 16.7% 0% 66.7%

Model 2:^ Combined 1-2 Combined 3-4
Dam Combined 1-2 137 73.0% 27.0%
effects Combined 3-4 43 44.2% 55.8%

Model 3:C Combined 1-2 Combined 3-4
Dam and Combined 1-2 257 70.0% 30.0%
calf Combined 3-4 60 40.0% 60.0%effects

^40.0% of known cases correctly classified
68.9% of known cases correctly classified
68.1% of known cases correctly classified

i



Table 7. Means of Dam and Calf Effects on Dystocia 
at Second Parturition

lb
Dystocia Score3 
2b 3b 4b

Dam Effects
Grade of cowC 5.84 5.60 5.22 5.50

(235) (15) (18) (6)

Charolais-bred^ 4.74 5.00 4.73 4.80
(151) (11) (15) (5)

Brahman-bred 7.83 7.25 7.67 9.00
(84) (4) (3) (1)

Pelvic Height (cm) 13.288 13.32s 13.08f ,S 12.83
(271) (21) (21) (6)

Charolais-bred 13.40S 13.32f-S 13.03f 12.90
(185) (17)e (18) £ (5)

Brahman-bred 13.03s 13.31s 13.42s 12.50
(86) (4) (3) (1)

Yearling Weight (kg) 382.90 394.15 394.75 386.74
(223) (14) (16) (6)

Charolais-bred 401.01 408.41 405.25 397.27
(139) (10) (13) (5)

Brahman-bred 352.84 358.52 349.24 334.09
(84) (4) (3) (1)

Adjusted Yearling
Weight (kg) 391.75 399.19 394.95 385.91

(219) (14) (16) (6)

Charolais-bred 410.51 411.68 402.45 397.45
(138) (10) (13) (5)

Brahman-bred 359.78 367.95 362.42 328.18
(81) (4) (3) (1)

Age at Second Concep
tion (days) 935.96 940.86 931.48 934.50

(271) (21) (21) (6)
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Table 7. Continued

lb .
Dystocia Score3 
2b 3b 4b

Charolais-bred 932.45 951.24 934.61 956.26
(185) (17) (18) (5)

Brahman-bred 943.51 896.75 912.67 826.00
(86) (4) (3) (1)

Age at Second
Calving (days) 1221.83 1227.19 1216.67 1223.83

(271) (21) (21) (6)

Charolais-bred 1216.98 1235.47 1218.94 1244.40
(185) (17) (18) (5)

Brahman-bred 1232.28 1192.00 1203.00 1121.00
(86) (4) (3) (1)

Calf Effects 

Gestation Length
(days) 285.95 286.33 285.19 289.33

(267) (21) (21) (6)

Charolais-sired 284.95 284.24 284.33 288.20
(184) (17) g (18)f g (5)

Brahman-sired 288.10 295.25s 290.33 ,s 295.00
(83) (4) (3) (1)

Sexe 1.52h 1.338 1.33g 1.17
(270) (21) (21) (6)

Charolais-sired 1.52 1.41 1.39 1.20
(184) (17) f (18)f (5)

Brahman-sired 1.52 1.00 1.00 1.00
(86) (4) (3) (1)

Birth Weight (kg) 43.75f 47.51f 45.65f 56.36
(265) (21) (21) (5)
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Table 7. Continued

lb
Dystocia Score3 
2b 3b 4b

Charolais-sired •43.69f 45.59f 45.58f 53.86s
(181)f (17)g (18) f (4)h

Brahman-sired 43.87 55.68s 46.06 66.36
(84) (4) (3) (1)

ĵ See Appendix B 
Number of observations in parentheses 
^Refer to page 38 (Materials and Methods) for grading system
Refer to page 36 (Materials and Methods) for breed designation.
^Male = 1; female = 2
. Means with differing superscripts on the same row are significantly

different, P < .05
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cows, analyzed on a within breed basis, were lower in dystocia 

category 4 (P. < ,05) than mean pelvic heights of contemporaries with 

no difficulty at parturition. Although the number of observations in 

dystocia category 4 are few, the decreased pelvic height does suggest 

that the smaller heifer at yearling age has more calving difficulty at 

second parturition than larger heifers at yearling age. Yearling weight 

and adjusted yearling weight, although not significant, lend support to 

this conclusion. Cows with a dystocia score of 4 had lighter yearling 

weights than contemporaries with dystocia scores of 1, 2 or 3. The 

lighter yearling weights of cows in dystocia category 4 observed at 

second parturition was not observed in heifers in dystocia category 4 

at first parturition. As Neville et al. (1978) observed in their study 

of Hereford, Angus, Simmental and Santa Gertrudis heifers, mature pelvic 

height of the larger breeds is not attained until approximately 39 

months of age. The effect of pelvic height at second calving in this 

study is in agreement with Bellows, Short et al. (1971) who reported 

increasing calving difficulty with decreasing pelvic size. The lack of 

significance at first parturition might be explained by the possibility 

that the pelvic measurements taken at breeding did not accurately re

flect the pelvic size at first calving.

For those variables included as calf effects (Table 7), sex and 

birth weight had a significant effect on calving difficulty score 

(P < .05) on an overall herd basis, but gestation length did not. Mean 

gestation length in dystocia category 1 was shorter (P < ,05) than 

gestation lengths in dystocia categories 2 or 4 for Brahman-cross calves.
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No significant differences in mean gestation lengths were observed in 

Charolais calves, although there was a trend for longer gestation 

length in dystocia category 4. The very small number of observations 

for Brahman-cross calves in dystocia categories 2, 3 and 4, however, 

limits definitive conclusions. The means for sex of calf follow the 

same patterns as at first calving, with more male than female calves 

requiring assistance at birth (P < .05). The sex effect is quite marked 

when Brahman-bred cows were analyzed separately. Only male calves were 

born to cows with dystocia scores of 2, 3 and 4 (P < .05). Mean birth 

weights of calves from cows in dystocia category 4 was greater 

(P < .05) than mean birth weights of calves from contemporaries in 

dystocia categories 1, 2 and 3. Birth weight was 12.22 kg greater in 

calves from cows in dystocia category 4 than mean birth weights aver

aged over calves from cows in dystocia categories 1, 2 and 3 (56.36 kg 

vs. 44,14 kg). This increase in birth weight of calves from cows re

quiring major assistance is higher than values reported by Kilkenny 

and Stollard (1976), but may be due to the overall increase in average 

birth weights of three year old dams as compared to two year old dams 

(44.33 kg vs. 39.02 kg). Dawson et al. (1947) reported that birth 

weights tended to increase as the age of the dam increased until the 

dam was approximately six years old. Gregory et al. (1979) also re

ported that the increased birth weight of calves from four year old dams 

as compared to older dams was the primary factor contributing to in

creased calving difficulty.
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Results of multiple classification analysis of variance of 

dam and calf effects on dystocia score at second parturition on an 

overall herd basis are presented in Table 8. No dam effects were sig

nificant (P > .10) for calving difficulty, accounting for less than 1% 

of the total sum of squares. Birth weight alone accounted for 47.2% 

of the explained sum of squares and was the only variable included in 

the analysis which had a significant effect on calving difficulty 

(P < .05), accounting for 4.8% of the total sum of squares. No two-way 

interactions were computed due to empty cells. These results, again, 

are in agreement with Bellows, Short et al* (1971) and Rice and Wilt- 

bank (1972) who reported that calf birth weight was the single most 

important factor associated with calving difficulty.

Regression analysis of variables available on the dam at time

of initial breeding on calving difficulty at second parturition is
2presented in Table 9. As can be seen from the R values listed, dys

tocia score at first parturition alone accounted for only.1.9% of the 

variation in calving difficulty at second parturition. Calving dif

ficulty score of the cow’s dam and yearling grade of cow contributed 

the least amount to explained variability in dystocia scores. As was

discussed in the regression analysis of calving difficulty at first

parturition, a prediction equation could be developed using the partial 

regression coefficients for each variable included in the analysis.

With only 3.9% of the variation in calving difficulty score at second 

parturition accounted for when all variables were included in the 

analysis, the accuracy of a prediction equation would be useless. This
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Table 8. Analysis of Variance of Dam and Calf Effects on Dystocia at 
Second Parturition

Source of Variation3
Degrees of 
Freedom

Mean
Squares

Partial regression 
Coefficients

Covariates 4 .23

Pelvic Height 1 .81 -.001

Yearling Weight 1 .01 .000

Gestation Length 1 .02 -.002

Age at 2nd Conception 1 .11 -.000

Main Effects 7 1.23**

Birth Weight 5 1.04*

Sex 1 .83

Breed 1 .63

Residual 236 .41

aDue to empty sub-classes. 
, *P < .01 
**P < .05

, no two-way interactions were computed.
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Table 9* Partial Regression Analysis of Dystocia Score at Second

Parturition Based Only on Variables Available on Dam at Time 
of Breeding

Variables
Partial 

Regression 
Coefficients (B)

Cummulative
R R2

Calving difficulty score at 
first parturition

.077 .137 .019

Age of cow at first conception -.001 .165 .027

Breed of sire of calf .048 .175 .031

Yearling weight of cow . 001 .187 .035

Pelvic height of cow -.000 .194 .038

Calving difficulty score of 
cow's dam

-.002 .196 .038

Grade of cow .011 .197 .039

Constant A 1.205
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2low R value might indicate the increasing importance of birth weight 

as a threshold factor influencing dystocia in mature cows, a view sup

ported by Smith et al. (1976) and Gregory et al. (1979).

Discriminant analyses of dam and calf effects on dystocia score 

at second parturition are presented in Table 10. The same three models 

were used in the discriminant analyses of calving difficulty at second 

calving as were used at first calving. When only those variables 

available on the dam at time of breeding were considered (Model 1), 

age of cow at first conception made the greatest contribution to dis

criminating between calving difficulty scores (25.5%) with calving 

difficulty score of the cow’s dam, yearling grade of cow and breed of 

sire of calf ranking second, third and fourth (22.9%, 18.9% and 14.3%, 

respectively). Discriminant analysis of dam variables in Model 2, when 

dystocia scores were combined, showed calving difficulty score of the 

cow’s dam to be most important (21.9%), with pelvic height of the cow, 

calving difficulty score of the cow at first parturition, and age of 

cow at first conception ranking second, third and fourth (20.8%, 17.7% 

and 14.7%, respectively). When both dam and calf variables were in

cluded in the discriminant analysis, birth weight made the greatest 

contribution to the discriminating function (25.1%) with pelvic height 

of the cow, breed of sire of calf, and calving difficulty score of cow 

at first parturition ranking second, third and fourth (22.6%, 20.6% and 

13.2%, respectively). The effect of birth weight in this study is, 

again, in agreement with studies by Singleton et al. (1973) and Bellows,
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Table 10. Discriminant Analyses for Calving Difficulty 
at Second Parturition

Model

Discriminant 
Function 

Variables Coefficients
Percentage
Contribution

Model 1: Dam effects 
on dystocia scores

Age of cow at first 
conception .69 25.5%

1 through 4 Calving difficulty 
score at first 
parturition -.62 22.9%

Grade of cow -.51 18.9%
Breed of sire of 

calf -.39 14.3%
Yearling weight of 

cow -.29 10.7%
Calving difficulty 

score of cow's dam -.19 7.1%
Pelvic height of cow -.02 .7%

Model 2 : Dam effects 
on combined dystocia

Calving difficulty 
score of cow's dam .59 21.9%

scores 1-2 and 3-4 Pelvic height of cow .56 20.8%
Calving difficulty 

score at first 
parturition -,48 17.7%

Yearling weight of 
cow -.46 17.1%

Age of cow at first 
conception .39 14.7%

Breed of sire of 
calf -.21 7.8%

Grade of cow --- 0%

Model 3: Dam and calf Birth weight of calf -.57 25.1%
effects on combined Pelvic height of cow .51 22.6%dystocia scores lr2 
and 3-4 Breed of sire of calf .47 20.6%
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Table 10. Continued

Model Variables

Discriminant
Function

Coefficients
Percentage

Contribution

Calving difficulty 
score at first 
parturition -.30

Sex of calf .29
Age of cow at first

conception .13
Grade of cow ---

13.2%
12.6%

5.9%
0%

Yearling weight of 
cow 0%



Short et al, (1971). The effect of pelvic size and breed of sire of 

calf are in agreement with studies on crossbred Limousin heifers re

ported by Belcher and Frahm (1979).

The classification results of the discriminant analyses of 

variables affecting dystocia at second parturition are presented in 

Table 11. In Model 1, which only included dam effects 9 only 44.3% of 

the known cases were correctly classified, reflecting a lack of dis

criminating power of the variables included in the analysis. In Model 

2, 62.6% of the known cases were correctly classified, indicating an 

increase in discriminating power with increasing number of observations 

in the dystocia score categories. Model 3, involving dam and calf 

effects with combined dystocia scores, was the most successful in dis

criminating between calving difficulty scores with 69.2% of the known 

cases correctly classified. Based on the low percentage of total sum 

of squares accounted for in each model, however, the variables included 

in the discriminant analyses of calving difficulty at second parturi

tion are not thought to be of any practical value.

Heritability of Pelvic Height
2Table 12 presents heritability estimates (h ) of pelvic height

based on the paternal half-sib and dam-daughter regression methods. In-
2eluded in the table are the h values for each method and the number of

2observations included in each analysis. The h values obtained were

.53 by the paternal half-sib method and .48 by the dam-daughter regres-
2sion method. These values are higher than the h obtained by Bellows,
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Table 11. Discriminant Analysis— Prediction Results of 

Calf Effects on Calving Difficulty at Second
Dam and 
Parturition

Model
Actual

Dystocia
Score

N of 
Cases Predicted Dystocia Score

1 2 3 4

Model l:'*

Dam effects 1 117 44.4% 17.9% 29.9% 7.7%
2 7 28.6% 28.6% 28.6% 14.3%
3 6 33.3% 16.7% 50.0% 0.0%
4 1 0.0% 0.0% 0.0% 100.0%

Combined 1-2 Combined 3-4

Model 2:b

Dam effects Combined
1-2

124 62,1% 37.9%

Combined
3-4

7 28.6% 71.4%

Combined 1-2 Combined 3-4

Model 3: C

Dam and 
calf effects

Combined
1-2

221 68.8% 31.2%

Combined
3-4

19 26.3% 73.7%

**44.3% of known cases correctly classified.
62.6% of known cases correctly classified.

c69.2% of known cases correctly classified.



Table 12. Heritability Estimates (h^) of Pelvic Height

73

Method of Analysis h2 n

Paternal half-sib .53 16 sires with 575 progeny
(K^ = 32.77)

Dam-daughter regression .48 144 paired observations
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Gibson et al, (1971) who reported heritability estimates of e36 for
2Hereford and .10 for Angus dams. The greater h value obtained in this 

study may reflect the small variation in pelvic heights in this herd of 

Charolais heif ers .

Correlations

Simple correlation coefficients between the variables studied
v

at both first and second calvings are presented in Table 13. Yearling 

grade of cow showed a significant negative correlation with pelvic 

height (-.30), indicating increasing pelvic height with decreasing 

condition score (1 = best condition; 10 = poorest condition). Yearling 

weight also showed a significant positive correlation with pelvic 

height (.35), indicating an increase in pelvic height with an increase 

in yearling weight. Correlation qf age of cow at first conception with 

pelvic height was negative (-.02), but non-significant. Correlation 

between pelvic height and calving difficulty score at both first and 

second calvings was also negative, but non-significant. Singleton et 

al. (1973) also reported negative, but non-significant, correlations 

between pelvic size and dystocia score. Birth weight of the calf showed 

the highest correlation with calving difficulty for both first and 

second calvings (.45 and 26, respectively). Ward (1971) reported a 

similar correlation coefficient (.46) of birth weight with calving dif

ficulty at first parturition. Sex of calf was negatively correlated
i

with calving difficulty for both calvings (-.25 and -.15 for first and 

second calvings, respectively), depicting the increase in calving
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Table 13. Simple Correlations

Variable
Pelvic
Height

Calving Difficulty 
at 1st Parturition

Calving Difficulty 
at 2nd Parturition

Age of cow at 
first con
ception - .02 .01 .00

Grade of cow - .30*,* - .01 — . 08

Yearling weight 
of cow .35** .07 .08

Calving diffi
culty score 
of cow’s dam .18** - .01

Calving diffi
culty score 
at 1st calving - .00 .09

Calving diffi
culty score 
at 2nd calving - .09

Birth weight of 
calf .45* . 26**

Sex of calf - .26** - .15**

Breed of sire 
of calf .08 - .11*

*P < .05
**P < .01



difficulty with male calves (male = 1; female = 2). Brinks et al.

(1973) and Laster et al. (1973) also reported an increase in calving 

difficulty with the birth of male calves. Breed of sire of calf and 

calving difficulty score of the cow’s dam both showed a statistically 

significant correlation with calving difficulty (-.11 and .18, respec

tively), but these low correlation coefficients are not thought to be 

biologically significant. Correlations involving age of cow at first 

conception, yearling, grade of cow and yearling weight of cow were low 

and non-significant for both for first and second calvings.

Frequency Distributions

To further study the effect of sex on calving difficulty, fre

quency tables were established for male and female calves in each dys

tocia score category for both first and second calvings. In addition, 

frequency distributions for male and female calves on a within breed 

basis were tabulated for first parturition. Table 14 presents the re

sults of these frequency tabulations and chi-square tests for signif- 
■)icance. For both calving, there is a trend toward more female than 

male calves from dams experiencing no calving difficulty, but this dif

ference was not significant. However, the sex difference becomes more 

marked with increasing levels of calving difficulty for both parturi

tions, with more male than female calves requiring assistance at birth 

(P < .05). For example, three times as many male calves were born to 

dams experiencing the highest level of calving difficulty (dystocia 

score 4) at first parturition. Frequencies of sex of calf on a within 

breed basis follow the same pattern as was observed on an overall herd
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Table 14. Frequency of Male and Female Calves in Each Dystocia Score 

Category for First and Second Parturitions

First Parturition Second Parturition

Dystocia Score Male3 Female3 Male3 Female3

Dystocia Score 1 41.8% 58.2% 47.8% 52.2%
(109) (152) (129) (141)

Charolais-sired 41.0% 59.0%
(80) (115)

Brahman-sired 43.9% 56.1%
(29) (.37)

Dystocia Score 2* 66.0% 34.0% 66.7% 33.3%
(31) (16) (14) (7)

. Charolais-sired* 60.0% 70.0%
(21) (14)

Brahman-sired* 83.3% 16.7%
(10) (2)

Dystocia Score 3* 71.0% 29.0% 66.7% 33.3%
(44) (.18) (14) (7)

Charolais-sired* 69.2% 30.8%
(27) (12)

Brahman-sired* 73.9% 26.1%
(17) (6)

Dystocia Score 4* 75.0% 25.0% 83.3% 16.7%
. (6) (.2) (5) (1)

Charolais-sired* 80.0% 20.0%
(4) (1)

Brahman-sired* 66.7% 33.3%
(2) (1)

^Number of observations in parentheses«
*Within calving difficulty score9 significantly different from 50:50 
ratio, P < .05.



78

basis. These results are in agreement with those obtained by Gregory, 

Smith et al. (1978), Gregory et al. (1979) and Nelson and Huber (1971) 

who reported that twice as many males as females required major assis

tance at birth.

Since there was quite a marked effect of sex on calving dif

ficulty, it would be beneficial to know what effect sex had on birth 

weight. Table 15 presents the frequency of male vs. female calves in 

each of the six birth weight categories at first and second parturition. 

Male calves were consistently heavier at birth in both calvings than 

female calves. Average birth weight for male calves was 40.5 kg vs.

37.5 kg for female calves at first parturition. At first parturition, 

more female than male calves (P < .05) were in the light (13.5 to

32.4 kg) birth weight category (76.8% females vs. 23.2% males). There 

were no significant differences, however, between the percentage of 

male vs. female calves in the average (32.5 to 36.4 kg, 36.5 to 40.4 kg 

or 40.5 to 45.4 kg) birth weight categories. Again, a significant dif

ference occurs in the heavy (45.5 to 50 kg and greater than 50.0 kg) 

birth weight categories, with more male than female calves having a 

high birth weight (P < . 05)y. The same trend of heavier male calves at 

birth was also apparent from sex frequencies at second parturition. 

Average birth weights for male calves was 45.8 kg vs. 42.7 kg for female 

calves at second parturition. Again, more female than male calves 

(P < .05) were in the light birth weight category. Conversely, more 

male than female calves (P < .05) were in the heavy birth weight 

categories. The birth weight difference by sex was not significant for
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Table 15. Frequency of Sex by Birth Weight Categories at First and 
Second Parturition

Birth Weight Category
Frequency of 
male calves3

Frequenpy of 
female calves3

First Parturition

13.5 to 32.4 kg* 23.3% 76.8%
(13) (43)

32.5 to 36.4 kg 54.5% 45.5%
(48) (40)

36.5 to 40.4 kg 43.7% 56.3%
(45) (58)

40.5 to 45.4 kg 59.0% 41.0%
(49) (34)

45.5 to 50.0 kg* 66.7% 33.3%
(22) (11)

Greater than 50.0 kg* 81.3% 18.8%
(13) . (3)

Second Parturition:c

13.5 to 32.4 kg* 14.3% 85.7%
(1) (6)

32.5 to 36.4 kg 41.2% 58.8%
(7) (10)

36,5 to 40.4 kg* 38.0% 62.0%
(27) (44)

40.5 to 45.4 kg 48.6% 51.4%
(51) (54)

45.5 to 50.0 kg* 66.2% ■ 33.8%
(28) (13)
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Table 15. Continued.

Frequency of Frequency of
Birth Weight Category male calves3 female calves3

Greater than 50.0 kg* 68.3% 31.7%
(28) (13)

aNumber of observations in parentheses
bMean birth weight for males = 40.5 kg; mean birth weight for females 
= 37.5 kg

cMean birth weight for males = 45.8 kg; mean birth weight for females 
= 42.7 kg
^Within birth weight category, significantly different from 50:50 ratio, 
P < .05.



the 32.5 to 36.4 kg or the 40.5 to 45.4 kg birth weight categories, 

although there was significantly more female than male calves in the

36.5 to 40.4 kg range. This significance could be the result of a 

shift toward greater birth weights of all calves at second parturition. 

The effect of sex on birth weight is in agreement with Gregory et al. 

(1979) who reported that male calves were 4.0 kg heavier at birth than 

female calves, Laster et al. (1973) who reported that male calves were 

3.0 kg heavier at birth than female calves, and with Nelson and Huber 

(1971) who reported that male calves were 2.3 kg heavier at birth than 

female calves. *

Since heterosis was suspected as a factor influencing birth 

weight, based on a greater birth weight of calves from Brahman sires .

(P < .05) than from Charolais sires at first parturition, another fre

quency table was tabulated for the effect of breed on birth weight at 

first and second parturition. As can be seen from the results shown in. 

Table 16, there is a trend toward more Brahman-sired calves in the 

heavier birth weight categories (greater than 36.4 kg). There was also 

a trend for more Brahman-sired calves in dystocia categories 2, 3 and 4 

(Table 16). In both cases, however, chi-square tests failed to show a 

significant difference between Charolais- and Brahman-sired calves, 

which could be the result of low numbers of Brahman-sired calves. Based 

on these results, it is felt that heterosis does have an effect on 

birth weight and that the increased birth weight of Brahman-sired 

calves results in an increase in calving difficulty.
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Table 16« Distribution of Breed by Birth Weight and Dystocia Score

First Parturition*3 Second Parturition*3
Charolais- Brahman- Charolais- Brahman-

Variable3 sired sired sired sired

Birth Weight Category0 

13.5 to 32.4 kg 16.2% 10.7% 3.2% 0.0%
(45) (H) (7) (0)

32.5 to 36.4 kg 24.8% 18.4% 6.4% 3.3%
(69) (19) (14) (3)

36.5 to 40.4 kg 25.5% 31.1% 22.3% 23.9%
(71) (32) (49) (22)

40.5 to 45.4 kg 21.6% 22.3% 30.9% 40.2%
(60) (23) (68) (37)

45.5 to 50.0 kg 8.6% 9.7% 24.1% 19-. 6%
(.24) (10) (53) (18) ,

Greater than 50.0 kg 3.2% 7.8% 13.2% 13.0%
(9) (8) (29) (12)

Dystocia Score Category 

Dystocia Score 1 70.7% 63.5% 82.2% 91.5%
(195) (66) (185) (86)

Dystocia Score 2 12.7% 11.5% 7.6% 4.3%
(35)- (12) (17) (4)

Dystocia Score 3 14.1% 22.1% 8.0% • 3.2%
(39) (23) (18) (3)

Dystocia Score 4 2.5% 2.9% 2.2% 1.1%
(7) (3) (5) (1)

^Within breed,significantly different from expected total ratio.
Number of observations in parentheses.
Mean birth weights for Charolais-sired and Brahman-sired calves were
38.5 kg and 40.6 kg, respectively, for first parturition (P < .05), and 
44.2 kg and 44.7 kg, respectively, for second parturition (P > .05).



A frequency table of birth weight by calving difficulty score 

was tabulated on an overall herd basis. Table 17 represents the re

sults of the frequency calculations and chi-square tests of signif

icance between birth weight categories and calving difficulty. Dys

tocia scores of 1 and 2 were combined to represent those heifers that 
could have calved without assistance, while combined dystocia scores 

of 3 and 4 represent those heifers that could not have calved without 

assistance. Table 17 is represented graphically in Figure 1 for first 

parturition and Figure 2 for second parturition. None of the heifers 

at either parturition required major assistance when delivering calves 

that weighed 32.4 kg or less. At first parturition, a marked increase 

in calving difficulty occurred with birth weights greater than 45.5 kg. 
All heifers delivering calves that weighed greater than 50.0 kg re- . 

quired major assistance at first parturition. At second parturition, 

the majority of cows calved without major assistance even when calf 

birth weight was greater than 50.0 kg.. These results suggest that 

birth weight is not as critical in second calf three year old cows as 

it is in primiparous two year old heifers. Not only does birth weight 

increase in older cows, but the older cows can also deliver calves of 

heavier birth weight without excessive calving difficulty. These re

sults are in agreement with Gregory et al. (1979) who stated that 

calving difficulty reached a minimum at 32 kg and increased linearly 

with birth weights above the general mean of 38 kg.
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Table 17. Distribution of Birth Weight by Combined Dystocia Score. 
Categories

Frequency in Combined Dystocia Scores3
Combined Dystocia Combined Dystocia

Birth Weight Category Scores 1 & 2 Scores 3 & 4

First Parturition

13.5 to 32.4 kg* 100.0% 0.0%
(56) (0)

32.5 to 36.4 kg* 86.2% 13.8%
(75) (12)

36.5 to 40.4 kg* 85.4% 14.6%
(88) (15)

40.5 to 45.4 kg* 84.4% 15.6%
(70) (13)

45.5 to 50.0 kg 53.0% 47.1%
. (18) (16)

Greater than 50.0 kg* 0.0% 100.0%
(0) (15)

Second Parturition

13.5 to 32.4 kg* 100.0% 0.0%
(7) (0)

32.5 to 36.4 kg* 94.1% 5.9%
(16) (1)

36.5 to 40.4 kg* 97.2% 2.8%
(69) (2)

40.5 to 45.4 kg* 93.4% 6, 7%
(98) (7)

45.5 to 50.0 kg* 85.9% 14.1%
(61) (10)

Greater than 50.0 kg* 85.4% 14.6%
(35) (6)

^Number of observations in parentheses.
Within birth weight category, significantly different from 50:50 ratio, 
P < .05.
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Sire Effects

Certain breeds of sires as well as individual sires within 

breeds have been reported to significantly influence calving difficulty. 

Single classification analyses of variance were used to determine the 

effect of sire on gestation length, birth weight, calving difficulty, 

calf survival and postpartum interval. Table 18 represents the means 

of sire effects at first breeding, with sires ranked in order of in

creasing calving difficulty. Generally, calves from those sires bred 

to heifers experiencing the least amount of calving difficulty had 

shorter gestation lengths, lighter birth weights and more calves sur

viving to weaning than did calves from those sires bred to heifers 

.experiencing the higher levels of calving difficulty. These results 

are in agreement with Gregory, Smith et al. (1978) who reported that 

those sires that experienced the higher levels of calving difficulty 

also tended to experiencing higher levels of perinatal mortality. Al

though there was a significant sire effect on postpartum period after 

first parturition, no trends or patterns could be determined from the 

data to separate those sires bred to heifers experiencing higher levels 

of calving difficulty from those sires bred to heifers experiencing 

lower levels of calving difficulty. Table 19 presents the means of 

sire effects on gestation length, birth weight, dystocia score, sur

vival and postpartum period at second parturition. Sires were again 

ranked in order of increasing calving difficulty. Individual sires had 

a significant effect on calving difficulty, gestation length and birth 

weight, but not on calf survival or postpartum period. Sire #12, whose
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Table 18» Means of Sire Effects at First Parturition3

Sire #
Dystocia
Score^

Gestation
Length
(days)

Birth
Weight
(kg)

Survival
ScoreC

Postpartum
Period
(days)

7 1.06d 287.24d,e 36.69d 2.94d 95.62d,* ’f
(17) - (17) (17) (17) (13)

37 1.29d$e 292.48% 43.07* 3.00d 74.81d,e
(21) (21) (21) (21) (21)

10 1.30d,e 284.48d,e,f 39.78d,e 2.81d,e 60.82d,e
(27) (27) (27) (26) (11)

2 1.35d,e 283.29d,e,f 35.95d 2.90d 122.53f
(135) (143) (137) (143) (131)

18 1.52d9e,f 286.33d,e,f 40.17d,e 2.95d 83.22d'*
(21) (21) (21) (21) (18)

43 1.60d’e’f 284.60d,ei,f 39.55d,e 3.00d 99.75d,* ,f
(5) (5) (5) (5) (4)

20 1.71d,e,f 290.18e,f,g 42.25* 2.35f 93.55d,e,f
(17) (17) (16) (17) (11)

9 1.73d’6 »f 284.10d,e 41.65* 2.65*,f 84.90d ’*
(40) (40) (40) (40) (31)

13 1.76d,e,f 282.18d 42.03* 2.88d ’* 103.07*’f
(17) (17) (17) (17) .(14)

48 l.-80d,e',f 284.20d,e,f 40.36d,e 2.60*’f 101.00d’* ’f
(5) (5) (5) (5) (5)

17 1.81e,f 287.57e,f 40.35d,e 2.48f 94,91d,* ,f
(42) (42) (42) (42) (.34)

23 1.89e,f 304.70h 45.41* 2.40f 54.44d
(9) (10) (10) (10) (9)

21 2.13f 282.50d,e 43.57* 2.63e,f 93.38d ’* ,f
(8) (8) (7) (8) (8)

3Number of observations in parentheses.
See Appendix B.
C1 = calf dead at birth or died 24 hours; 2 = died between 24 hours and 
weaning; 3 = survived to weaning.
d5e,f9gJ)h^^ans with differing superscripts in each column are significant- 

different from each other (P < .05).
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Table 19. Means of Sire Effects at Second Parturition3

Sire #
Dystocia 
S coreb

Gestation
Length
(days)

Birth
Weight
(kg)

Survival
Score0

Postpartum
Period
(days)

2 i.ood 285.30d,e 42,45d 3.00 107.13
(10) (10) (10) (10) (8)

15 i.ood 286.33d'3 50.60e •— ̂ —
(6) (6) (6) (0) (0)

26 i.ood 287.71d’e’f 42.53d 2.86 65.20
(7) (7) (7) (7) (5)

31 i.ood 286.86d,e 42.34d 3.00 111.00
. (7) (7) (7) (7) (5)

32 i.ood 288.44d’e’f 45.35d’e 3.00 72.67
(9) (9) (9) (9) (9)

49 i.ood 288.13d,e’f 42.60d 2.93 69.00
(15) (15) (15) (15) (13)

34 1.13d 289.88e’f 45.74d’e 2.78 93.00
(16) (16) (16) (9) (7)

27 1.13d 288.65e’f 45,08d'e 2.82 87.75
(23) (23) . (22) ' (22) (20)

9 1.19d 283.00d 46.71d'e 2.90 88.61
(27) (27) (26) (21) (18)

21 1.20d 283.60d,e 41.82d 3.00 173.50
(5) (5) (5) (5) (2)

13 1.21d 285.50d’e 45.78d'e 2.88 76.56
(38) (38) (38) (32) (18)

14 1.31d 283.82d’e 42.92d 2.85 94,24
(39) (39) (38) (39) (25)

6 1.38d 284.13d'6 42.01d 2.63 72.75
(8) (8) (7) (8) (8)

3 1.39d 283.32d 41.95d 2.93 95.15
(28) (28) (28) (28) (27)
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Table 19. Continued

Gestation Birth Postpartum
Dystocia Length Weight Survival Period

Sire # Scored (days) (kg) Scorec (days)

30 1.40d 285.40d,e 43.27d,e 3.00 77.67
(5) (5) (5) (5) (3)

37 1.43d 294.07f 46.99d,e 2.64 82.30
(14) (14) (13) (14) (10)

42 1.44d 288.11d,e,f 43.33d,e 2.78 86.88
(9) (9) (9) (9) (8)

18 1.56d 287.22d,e 42.88d 2.78 106.38
(9) (9) (9) (9) (8)

5 1.58d 285.08d,e 44.96d,e 3.00 83.90
(12) (12) (12) (12) (10)

12 2.506 d p f288.33 5 * 50.00d,e 2.33 51.50
(6) (6) (6) (6) (2)

^Number of observations in parentheses.
See Appendix B.
C1 = calf dead at birth/died within 24 hours; 2 = died between 24 hours 
and weaning; 3 = survived 

d e f9 9 Means with differing superscripts in each column, P < .05.
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calves had more calving difficulty than the other sires (P < .05), also 

tended to have a longer gestation length, greater birth weight of 

calves, lower survival score of calves and shorter postpartum period 

than other sires in the analyses. When comparing sires used for both 

calf crops, it can be seen that, with the exception of sire #18, dys

tocia scores decreased in second parturitions. Dystocia score at 

second parturition in those cows bred to sire #18, however, did not 

decrease. From these observations, it may be concluded that individual 

sires not only influence birth weight of calves, but may also influence 

calving difficulty based on the physical structure of the calf.

Effects of Dystocia on Subsequent Production

Calf Survival

For the purpose of all analyses, survival was coded into three 

categories. Category 1 included those calves born dead or died within 

24 hours postpartum. Category 2 included those calves that died be

tween 24 hours postpartum and weaning. Category 3 included those calves 

that survived to weaning. At first parturition, 9.2% of the calves were 

dead at birth or died within 24 hours postpartum (category 1), 3.4% of 

the calves died between 24 hours postpartum and weaning (category 2), 

and 87.4% of the calves born survived to weaning (category 3). At 

second parturition, 6.3% of the calves were in survival category 1,

2.5% of the calves were in survival category 2, and 91.2% of the calves 

were included in survival category 3. Mean survival scores of calves 

in each dystocia score category at first and second parturition are
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presented in Table 20. Discounting the three Brahman-sired calves at 

first parturition (see p. 44, Results and Discussion), mean survival 

scores of calves on a within breed basis follow the same pattern as do 

the mean survival scores of calves on an overall herd basis. At first 

parturition, mean survival score is lower in dystocia category 4 

(P < .05) than in dystocia categories 1, 2 and 3. Mean survival score 

was also lower in dystocia category 3 (P < .05) than in dystocia cat

egories 1 and 2. At second parturition, mean survival score in dys

tocia category 4 was also lower (P < .05) than mean survival scores 

in dystocia categories 1, 2 and 3. These results are in agreement with 

Smith et al. (1976) and Laster and Gregory (1973) who reported that 

calf death losses at or near birth were greater in calves experiencing 

difficulty at birth than those calves born without difficulty.

Table 21 presents the results of multiple classification 

analyses of variance of factors affecting calf survival at first and 

second parturition. At first parturition, dystocia score was the only 

variable significantly affecting survival score (P < .001). Dystocia 

score accounted for 52.5% of the explained sum of squares, but only 

accounted for 11,6% of the total sum of squares. The variables avail

able on the dam at time of initial breeding only accounted for 1.3% of 

the total sum of squares for survival score at first parturition. At 

second parturition, dystocia score again had a significant effect on 

survival scores (P < .001), accounting for 67.2% of the explained sum 

of squares, Gestation length also had a significant effect (P < ,05)
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Table 20. Mean Survival Scores in Each Dystocia Score Category at 
First and Second Parturitions3

Mean Survival Scores^
1

Dystocia Score0 
2 3 4

First Parturition 2.94f 2,79f 2.29e 1.90d
(260) (47) (62) (10)

Charolais-sired 2.93f 2.86f 2.64e 1.57d
(194) (35) (39)

1.70
(7)

Brahman-sired 2. 95e 2.58 2.67e
(66) (12) (23) (3)

Second Parturition 2. 91f 2. 67e 2.71e »f 1.33d
(239) (18) (21) (6)

Charolais-sired 2.90e 3.00e 2. 78e 1.40d
(165) (15) (18) (5)

Brahman-sired 2. 95f 1.00d 2.33e 1.00d
(74) (3) (3) (1)

aNumber of observations in 
bl = calf born dead or died

parentheses 
within 24 hours postpartum; 2 = calf died

between 24 hours postpartum and weaning; 3 = calf survived to weaning 
^See^Appendix B
’e> Means with differing superscripts within rows are significantly 

different, p < .05.
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1 Table 21. Analyses of Variance of Factors Affecting Survival at 
First and Second Parturition

Source of Variation
Degrees of 
Freedom

Mean
Squares

Partial Regression 
Coefficients

First Parturition 

, Covariates 4 .33
Pelvic height of cow 1 .11 .000
Yearling weight of cow 1 .54 .001
Gestation length 1 .20 - .004
Age of cow at first

conception 1 .29 .000
Main Effects 10 1.97***

Dystocia score 3 4.06***
Birth weight 5 .18
Sex of calf 1 .07
Breed of sire of calf 1 .22

Residual 305 .27

Second Parturition

Covariates 4 .26
Pelvic height of cow 1 .20 — . 000
Yearling weight of cow 1 .01 - .000
Gestation length 1 .75* - .oio
Age of cow at second

conception 1 .08 .000
Main Effects 10 1.49***

Dystocia score 3 3.89***
Birth weight 5 .09
Sex of calf 1 .47
Breed of sire of calf 1 .29

Residual 202 .18

*P < .05
**P < .001
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on survival scores at second parturition, accounting for 4,3% of the 

explained sum of squares. The negative partial regression coefficient 

indicates greater calf survival with decreasing gestation length. Dys

tocia score and gestation length together accounted for 22.8% of the 
total sum of squares for calf survival at second parturition. These 

results are, again, in agreement with those reported by Smith et al. 

(1976) and faster et al. (1973) who indicated that dystocia score was 

the most important factor influencing calf survival.

Regression analyses for calf survival at first and second par-
2turition are presented in Table 22. As can be seen from the R values 

listed, dystocia score alone accounted for 16.6% of the variation in 

survival score at first parturition and 21.9% of the variation at sec

ond parturition. Sex of calf, breed of sire of calf and age of cow at
2first breeding had no effect on the R values for both first and sec

ond parturitions. Based on the partial regression coefficients for 

each variables listed, a prediction equation could be developed for 

calf survival at each parturition. With only 19.9% of the variation 

in survival score accounted for when all variables were included in the

analysis at first parturition, the accuracy of predicting calf survival
2at first parturition would have limited value. The increased R value 

for calf survival at second parturition (28.1% with all variables in

cluded in the analysis) would suggest an increased prediction accuracy 

for calf survival at second calving, although it is still too low to 

be of practical value.
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Table 22, Partial Regression Analyses of Calf Survival at First and 
Second Parturitions

Partial Regression 
Variables Coefficients (B)

Cumulative
R R2

First Parturition

Dystocia score - .262 .408 .166

Yearling weight of cow .001 .436 .190

. Breed of sire of calf - .087 .441 .194

Age of cow at first 
conception .001 .445 .198

Birth weight of calf - .002 .446 .199

Sex of calf .008 .447 .199

Constant A 2.544

Second Parturition

Dystocia score - .288 .468 .219

Birth weight of calf - .007 .509 .259

Yearling weight of cow .000 .522 .272

Sex of Calf .076 .528 .278

Breed of sire of calf - .065 .530 .281

Age of cow at first 
conception . 000 .530 .281

Constant A 3.415



Discriminant analyses for calf survival at first and second 

parturition are presented in Table 23, At both parturitions, dystocia 

score made the greatest contribution to discriminating between calf 

survival scores (55.9% and 53.1% at first and second parturitions, re

spectively). At first calving, yearling weight of the cow, breed of 

sire of calf and age of cow at first conception made approximately the 

same contribution to discriminating between calf survival scores 

(14,1%, 13,0% and 12.4%, respectively). At second calving, birth weight 

of the calf ranked second in importance of factors contributing to the 

discriminant function (23.7%). These results are in agreement with 

Laster et al. (1973) who reported that dystocia score was the most im

portant factor influencing calf survival. Laster also reported that 

sex and breed of sire of calf had no significant influence on calf 

survival in unassisted parturitions. The importance of birth weight on 

calf survival at second parturition is in agreement with Gregory et al. 

(1978a) who reported that increased birth weight was a primary factor 

contributing to increased perinatal mortality.

Table 24 presents the classification results of discriminant 

analyses of calf survival at first and second parturition. As can be 

seen from the percentage of cases correctly classified, predictive 

value was improved at second parturition as compared to first parturi

tion (67.1% vs. 55.0%)• At both parturitions, prediction was more 

accurate for calves who were dead at birth or died within 24 hours 

postpartum (81.5% and 76.9% at first and second calvings, respectively).
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Table 23. Discriminant Analyses for Calf Survival at First and Second 

Parturitions

Variables
Discriminant Function 

Coefficients
Percentage

Contribution

First Parturition

. Dystocia score .99 55.9%

Yearling weight of cow — • 25 14.1%

Breed of sire of calf .23 13.0%

Age of cow at first 
conception - .22 12.4%

Birth weight of calf .08 4.0%
Sex of calf .01 .6%

Second Parturition

Dystocia score .94 53.1%

Birth weight of calf . 42 23 . 7%

Sex of calf - .14 7.9%

Breed of sire of calf . 13 7.3%

Yearling weight of cow - .13 7.3%

Age of cow at first 
conception .01 . 6%



99
Table 24. Discriminant. Analyses— Prediction Results of Variables

Affecting Calf Survival at First and Second Parturitions

Actual Predicted Survival Score
Survival N of
Score Cases 1 2  3

First Parturition:3
1 27 81.5% 11.1% 7.4%

2 10 10.0% 60.0% 30.0%

3 283 17.7% 30.0% 52.3%

Second Parturition:^

1 13, 76.9% 7.7% 15.4%

2 3 0.0% 66.7% 33.3%

3 200 7.5% 26.0% 66.5%

f*55,0% of known cases correctly classified. 
67.1% of known cases correctly classified.
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These results indicate that other factors besides calving difficulty 

score are influencing calf survival from 24 hours postpartum to wean

ing.

Simple correlations between the factors studied and calf sur

vival are presented in Table 25. Dystocia score was significantly 

correlated with calf survival (-.45 and -.37 at first and second par

turitions, respectively) indicating increased survival with decreasing 

dystocia score. Birth weight of the calf was also negatively corre

lated (P < .01) with calf survival (-.24 and -.17 for first and second 

parturitions, respectively), indicating increased survival with de

creasing birth weight. Sex of calf was positively correlated with 

calf survival (P < .05) (.14 and .10 for first and second parturitions, 

respectively), reflecting the increased survival among female calves. 

These results are in agreement with Smith et al. (1976), Patterson,

Carr et al. (1979) and Laster and Gregory (1973) who reported higher 

death losses in calves experiencing difficult parturitions, in calves 

of heavier birth weight and in male calves vs. female calves. Age of 

cow at second conception and yearling weight of cow had a statistically 

significant correlation with calf survival, but these correlations are 

so low that they are not thought to be biologically significant.

Fertility

Services per conception (S/C) and postpartum interval to con

ception (PPI) were used as measures of fertility after first parturi

tion. Only PPI data were available as a measure of fertility after
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Table 25. Simple Correlation Coefficients between Variables Studied 
and Calf Survival

Variables
Calf survival at 
1st parturition

Calf survival at 
2nd parturition

Dystocia score -.45*** -.37***

Birth weight of calf -.24*** -.17**

Sex of calf .14** .10*
Breed of sire of calf -.16*** -.03

Age of cow at first conception .02
Age of cow at second conception .12*
Yearling weight of cow .11 -.04

*P < .05
**P < .01

***P < .001
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second parturition. For fertility after first calving9 mean S/C was 
1.48 and mean PPI was 98.16 days based on 311 cows that re-entered the 

breeding herd and conceived at second breeding. For fertility after 

second calving, mean PPI was 87.32 days based on 217 cows that re

entered the breeding herd and conceived at third breeding. It should 

be noted that none of the heifers experiencing the greatest degree of 

calving difficulty (dystocia score 4) at either first or second par

turitions returned to the breeding herd due to death of the cow, 

severe damage to her reproductive tract, or failure to conceive to 

numerous services after calving. Of the 10 heifers in dystocia cat

egory 4 at first parturition, 2 died during delivery, 3 were sold due 

to severe damage, and 5 were exposed to subsequent breeding but did 

not conceive. Of the 6 cows in dystocia category 4 at second parturi
tion, 1 cow died during delivery, 2 cows were sold due to reproductive 

tract damage and 3 cows did not conceive to subsequent breeding ef

forts. These results point out the severe effect that extremely 

difficult parturitions have on subsequent fertility.

Means of S/C and PPI in each dytocia score category after 

first and second parturitions are presented in Table 26. After first 

calving, heifers in dystocia category 3 required more, S/C (P < .05) 

than did heifers in dystocia categories 1 or 2 (1.67 vs. 1.44 and 1.44, 

respectively). The same trend of more S/C required with Charolais-bred 

and Brahman-bred heifers in dystocia category 3 was apparent after 

first calving, but the mean differences were not significant. These 

results are in agreement with Schpenfelder (1975) who stated that

(
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Table 26. Means 
after

of Services per Conception and Postpartum Periods 
First and Second Parturitions

Variable
Dystocia Score Categoria3 

lb 2b 3b 4b

First Parturition
Services to conception 1.44° 1.44C,d 1.67 6 —  —  —

(228) (34) (49) (0)
Charolais-bred 1.42 1.48 1.67

(169) (27) (33) (0)
Brahman-bred 1.49 1.29 1.69 --

(59) (27) (33) (0)
Post-partum period(days) 98.36 97.38 97.76 —  —  —

(228) (34) (49) (0)
Charolais-bred 102.30 97.81 98.08 —  —

(169) (27) (33) (0)
Brahman-bred 87.10 95.71 97.19 — —

(59) (7) (16) (0)
Second Parturition

Post-partum period(days) 86.98 78.31 93.89 --
(186) (13) (18) (0)

Char ola is-bred 88.51 80.08 94.67 —  —  —

(127). (12) (15) (0)
Brahman-bred 83.68 57.00 90.00 ———

' (59) (1) (3) (0)

^See Appendix B
cNipber of observations in parentheses 
’ ’ Means with differing superscripts on same row are significantly 

different, P < .05
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heifers in dystocia categories 2 or greater might require more than 
one service after parturition to settle. There were no significant 

mean differences (P > .05) between PPI of heifers in dystocia categor

ies 1, 2 or 3 after either first or second parturitions. After first 

parturition. Brahman-bred heifers showed an increase in PPI with in

creasing dystocia score, but the means were not significantly differ

ent from each other (P > .05). After second parturition, all cows in 

dystocia category 3 showed a greater PPI than did contemporaries in 

dystocia categories 1 and 2, but, again, the differences were not 

significant. These results are in partial agreement with Brinks et 

al. (1973) who reported that postpartum period was 13 days longer in 

dystocial heifers as compared to eutocial heifers .(P < .05). It 

should be noted that average PPI decreased by approximately 11 days 

after second parturition compared to first parturition.

Table 27 presents the results of multiple classification 

analysis of variance of factors affecting fertility after first and 

second parturitions. For S/C after first calving, only PPI, account

ing for 65.6% of the explained variation, and sex of calf, accounting 

for 9.9% of the explained variation, were significantly associated 

with services to conception. PPI effect was expected as more services 

required per conception would naturally result in a longer postpartum 

interval. PPI and sex of calf only accounted for 20.0% of the total 

sum of squares for services per conception. For PPI after first 

calving, yearling weight of cow, age of cow at first conception, and 

dystocia score were significant, accounting for 22.0%, 9.8% and 7.5% of
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Table 27. Analyses of Variance of Factors Affecting Fertility after 
First and Second Parturitions

Source of Variation
Degrees of 
Freedom

Mean
Squares

Partial Regression 
Coefficients

First Parturition

Services to Conception
Covariates 4 5.89***

Yearling weight of cow 1 .19 .000
Pelvic height of cow 1 .00 .000
Age of cow at 1st

conception 1 .17 .000
Postpartum period 1 21.89*** .010

Main Effects 11 1.46
Dystocia score 2 .89
Calf survival score . 2 .24
Birth weight of calf 5 1.75
Sex of calf 1 3.30
Breed of sire of calf 1 .33

Postpartum Period (days)
Covariates 3 3027.74*
Yearling weight of cow 1 6188.26** .074
Pelvic height of cow 
Age of cow at 1st

1 . 95 

2741.70+

- .001
conception 1 - .043

Main Effects 11 1406.58+
Dystocia score 2 2106.16+
Calf survival score 2 854.54
Birth weight of calf 5 1547.11
Sex of calf 1 581.87
Breed of sire of calf 1 1962.50

Second Parturition

Postpartum Period (days)
Covariates 4 3711.91

Yearling weight of cow 1 7073.20+ .103
Pelvic height of cow 1 2724.65 - .057
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Table 27. Continued

Source of Variation
Degrees of 
Freedom

Mean
Squares

Partial Regression 
Coefficients

Age of cow at 2nd
conception 1 4457.44

Postpartum period 
after 1st cavling 1 1736.25

Main Effects 11 689.32
Dystocia score 2 427.43
Calf survival score 2 843.29
Birth weight of calf 5 687.85
Sex of calf 1 904.32
Breed of sire of calf 1 189.64

P < .10
*P < .05

**P < .01
***P < .001
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the explained sum of squares«, respectively. The positive partial 

regression coefficient for yearling weight of cow indicates an in

crease in PPI with increasing yearling weight. Conversely, the neg

ative partial regression coefficient for age of cow at first 

conception indicates an increase in PPI with decreasing age of cow 

at first conception. All three variables, however, accounted for only 

4.6% of the total sum of squares for PPI after first calving. For 

PPI after second calving, only yearling weight of cow was significant 

(P < .10), accounting for 26.6% of the explained sum of squares. The 

positive partial regression coefficient for yearling weight, again, 

indicates an increase in PPI with increasing yearling weight. Year

ling weight of cow, however, only accounted for 2 .2% of the total sum 

of squares for PPI after second calving. These results emphasize that 

there are obviously other factors affecting subsequent fertility be

sides the ones used in this study.

Regression analyses for fertility after first calving are pre-
2sented in Table 28. As can be seen from the R values listed, sex of

calf alone accounted for only 1,3% of the variation in services per

conception (S/C). Calf survival, birth weight of calf and age of cow
2at first conception did not affect the R values for S/C. With only 

3.5% of the variation in S/C accounted for when all variables were 

included in the analysis, a prediction equation utilizing these var

iables would be useless.

Of the three methods used to analyze postpartum period (PPI) 

after first calving. Method 3 (PPI divided into six categories)
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Table 28. Partial Regression Analyses of Fertility after First 
Parturition

Variables

Partial 
Regression 
Coefficients (B)

Cumula
tive
R R2

Services to conception

Sex of calf - .147 .112 .013
Yearling weight of cow .001 .152 .023
Breed of sire of calf .156 .176 .031
Dystocia score .052 .182 .033
Survival score .065 .187 .035
Birth weight of calf .001 .188 .035
Age of cow at 1st conception . - .000 . .188 .035
Constant A .194

Postpartum Period (days)

Method 1.(5 categories)3
Age of cow at 1st conception - .002 .203 .041
Yearling weight of cow .002 .243 .060
Dystocia score .261 .269 .073
Birth weight of calf - .015 .316 .100
Breed of sire of calf .326 .342 .117
Calf survival score .140 .350 .123
Sex of calf - .048 .351 .123
Constant A 2.867

Method 2 (2 categories)^

Dystocia score .090 .174 .030
Yearling weight of cow .001 .206 .042
Calf survival score .034 .211 .044
Breed of sire of calf .052 .216 .047
Birth weight of calf - .002 .222 .049
Age of cow at 1st conception .000 .227 .051
Sex of calf - .029 .230 .053
Constant A .446

Method 3 (6 categories)0

Age of cow at 1st conception - .003 .254 .064
Dystocia score .368 .287 .082
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Table 28. Continued

Partial Cumula
Regression tive oVariables Coefficients (B) R R

Birth weight of calf - .021 .332 .110
Yearling weight of cow .003 .345 .119
Breed of sire of calf .492 .373 .139
Calf survival score .170 .378 .143
Sex of calf - .040 .378 .143
Constant A 3.838

f*See p . 41 (Materials and Methods) for description of Method 1.
See p. 41 (Materials and Methods) for description of Method 2.

CSee p. 41 (Materials and Methods) for description of Method 3.
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appeared to be most useful in terms of the predictign equation 

(Table 28), Age of cow at conception alone accounted for 6.4% of the 

variation in PPI. Sex of calf, as opposed to being the most important 

variable included in the regression analysis for S/C, made no contri

bution to the explained variation in PPI in any of three methods 

analyzed. With all variables included in the regression analysis in 

Method 3, only 14.3% of the variation in PPI was accounted for. Al

though a prediction equation could be developed for PPI after first 
2calving the R values (.123 for Method 1, .053 for Method 2, and .143

for Method 3) are so low that it would not be of practical utility.

Regression analyses for fertility after second calving, as

measured by PPI only, are presented in Table 29. As can be seen from 
2the R values listed, birth weight made the greatest contribution to 

explained variation in all three models of analyses, accounting for 

3.0% in Method 1, .9% in Method 2 and 2.8% in Method 3. The negative 

partial regression coefficients for birth weight (-.016, -.004 and 

-.023 for Methods 1, 2 and 3, respectively) indicate an increase in 

PPI with decreasing birth weight. With all variables included in the 

regression analyses, less than 5% of the variability in PPI after sec

ond calving was accounted for in any of the three models used. A

prediction equation for PPI after second calving, based on these low 
2R values, would be useless. Although birth weight was the most im

portant factor influencing PPI after second parturition, none of the 

variables used had a consistent influence on PPI after first parturi

tion.
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Table 29. Partial Regression Analyses of Fertility after Second
Parturition

Variables

Partial 
Regression 
Coefficients (B)

Cumula
tive
R R2

Postpartum interval (days)

Method 1 (5 categories)

Birth weight of calf - .016 .172 .030
Calf survival score .251 .192 .037
Yearling weight of cow .001 .202 .041
Breed of sire of calf ' .215 .216 .047
Dystocia score .085 .222 .049
Sex of calf - .025 .222 .049
Age of cow at 1st conception .000 .222 .049
Constant A 2.523

Method 2 (2 categories)^

Birth weight of calf - .004 .095 .009
Sex of calf — . 084 .154 .024
Dystocia score - .046 .172 .030
Age of cow at 1st conception . 000 .177 .031
Calf survival score - .028 .179 .032
Breed of sire of calf .024 .180 .032
Yearling weight of cow . 000 .181 .032
Constant A 1.586

Method 3 (6 categories)0
Birth weight of calf - .023 .167 .028
Yearling weight of cow .002 .186 .035
Calf survival score .301 .196 . 038
Breed of sire of calf .238 .204 .042
Dystocia score .160 .213 .045
Age of cow at 1st concpetion .429 .214 .046
Sex of calf .025 . 214 .046
Constant A 2.643

f’See p» 41 (Materials and Methods) for description of Method 1.
See p. 41 (Materials and Methods) for description of Method 2.

cSee p. 41 (Materials and Methods) for description of Method 3.
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Discriminant analyses for fertility after first parturition, 

as measured by services to conception and postpartum period, are pre

sented in Table 30. For services to conception after first calving, 

dystocia score made the greatest contribution to the discriminating 

function, accounting for 27.8%. Calf survival, sex of calf and birth 

weight of calf ranked second, third and fourth (19.1%, 18.7% and 13.5%, 

respectively). For postpartum period after first calving in Method 1, 

age of cow at initial conception and birth weight of calf made the 

greatest contribution to the discriminating function (23,4% and 22.2%, 

respectively). Breed of sire of calf, dystocia score and yearling 

weight of cow contributed 16.8%, 14.4% and 14.2%, respectively, to the 

discriminating function. In Method 2, dystocia score made the greatest 

contribution (31.9%) to the discriminating function, with yearling 

weight of cow, birth weight of calf and breed of sire of calf ranking 

second, third and fourth (22.6%, 11.2% and 11.2%, respectively). In 

Method 3, age of cow at initial conception made the greatest contribu

tion (26.4%) to the discriminating function with birth weight of calf, 

breed of sire of calf and dystocia score ranking second, third and 

fourth (20.6%, 17.2% and 15.6%, respectively). Sex of calf and calf 

survival made little contribution to the discriminating function of PPI 

in all three methods used.

The prediction results for the discriminant analyses of fertil

ity after first calving are presented in Table 31. For S/C, only 36.2% 

of the known cases were correctly classified, indicating that the vari

ables used in the analysis of S/C cannot accurately discriminate or
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Table 30. Discriminant Analyses for Fertility after First Parturition

Variables
Discriminant 

Function Coefficients
Percentage

Contribution

Services to Conception

Dystocia score — . 884 27.8%
Calf survival score - .606 19.1%
Sex of calf - .594 18.7%
Birth weight of calf ' .430 13.5%
Breed of sire of calf - .312 9.8%
Age of cow at 1st conception — . 248 7.8%
Yearling weight of cow - .107 3.4%

Postpartum Period (days) 

Method 1 (5 categories)3
Age of cow at first conception - .693 23.4%
Birth weight of calf - .657 22.2%
Breed of sire of calf .497 16.8%
Dystocia score .457 15.4%
Yearling weight of cow .421 14.2%
Calf survival score .221 7.5%
Sex of calf - .017 .6%

Method 2 (2 categories)'3

Dystocia score - .887 31.9%
Yearling weight of cow - .628 22.6%
Birth weight of calf .312 11.2%
Breed of sire of calf - .310 11.2%
Calf survival score - .233 8.4%
Age of cow at 1st concpetion - .220 7.9%
Sex of calf .186 6.7%

Method 3 (6 categories)0
Age of cow at 1st conception - .752 26.4%
Birth weight of calf - .589 ' 20.6%
Breed of sire of calf .491 17.2%
Dystocia score .446 15.6%
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Table 30. Continued

Variables
Discriminant 

Function Coefficients
Percentage

Contribution

Yearling weight of cow .398 14.0%
Calf survival score .173 6.1%
Sex of calf .004 .1%

^See p. 41 (Materials and Methods) for description of Method 1.
See p. 41 (Materials and Methods) for description of Method 2.

CSee p. 41 (Materials and Methods) for description of Method 3.



Table 31. Discriminant Analyses— Prediction Results for Fertility after First Parturition

Method
Actual
Category

N of
Cases 1 2 3 4 5 6

Services to conception^

1 159 34.6% 27.0% 21.4% 14.5% 2.5%
2 78 25.6% 38.5% 19.2% 10.3% 6.4%
3 16 25.0% 12.5% 31.3% 18.8% 12.5%
4 3 33.3% 0.0% 0.0% 66.7% 0.0%
5 1 0.0% 0.0% 0.0% 0.0% 100.0%

Postpartum Interval
Method 1 (5 categories)^?C

1 2 100.0% 0.0% 0.0% 0.0% 0.0%
2 33 24.2% 36.4% 15.2% 9.1% 15.2%
3 116 10.3% 22.4% 16.4% 29.3% 21.6%
4 71 2,8% 16.9% 7.0% 56.3% 16.9%
5 35 2.9% 17.1% 5.7% 25.7% 48.6%

Method 2 (2 categories)^’6
1 222 72.5% 27.5% "
2 35 48.6% 51.4%

Method 3 (6 categories)^’®
1 4 75.0% 25.0% 0.0% 0.0% 0.0%
2 31 22.6% 32.3% 19.4% 9,7% 6.5%
3 50 14.0% 18.0% 22.0% 10.0% 20.0%
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Table 31. Continued

Method
Actual
Category

N of
Cases 1 2 3 4 5 6

4 66 16.7% 12.1% 7.6% 15.2% 27.3% 21.2%
5 71 5.6% 15.5% 4.2% 9.9% 49.3% 15.5%
6 35 8.6% 8.6% 11.4% 8.6% 20.0% 42.9%

^36.2% of known cases correctly classified.
See p. 41 (Materials and Methods) for description of Method 1.

^35.0% of known cases correctly classified.
See p. 41 (Materials and Methods) for description of Method 2.

^69.6% of known cases correctly classified.
See p. 41 (Materials and Methods) for description of Method 3.

^32.7% of known cases correctly classified.
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predict how many services are required for the cow to conceive after

first calving. The discriminant analysis of S/C after first calving
2support the regression analysis (R = .035), suggesting that there are 

other factors which influence S/C after first calving that were not in

cluded in this study.

For the discriminant prediction results of PPI after first 

calving (Table 31), only Method 2 showed fairly accurate prediction 

results, with 69.6% of the known cases correctly classified. The great

est problem encountered by the discriminant analysis for PPI in Method 

2 was to discriminate between those cows in category 2 (greater than a 

120 day postpartum interval), classifying only 51.4% into the correct 

category. The relative order of importance of variables in each method 

used in the discriminant analyses of PPI is in general agreement with 

those obtained by regression analyses. For example, age of cow at ini

tial conception was the most important variable in Methods 1 and 2, 

while dystocia score was the most important variable in Method 3 for 

both regression and discriminant analyses of PPI after first calving.

The prediction results obtained for each method by discriminant analyses,
2however, do not agree with the R values obtained for variables affect

ing PPI after first calving. For example, discriminant analysis showed

the greatest prediction accuracy for PPI by using Method 2 (69.6% of
2known cases correctly classified), while the R values obtained by re

gression analysis indicate that Method 2 has the lowest predictive 

value (.053 for Method 2 compared to .123 for Method 1 and .143 for 

Method 2). The author has no explanation for this discrepancy between
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the two types of analyses for predicting PPI after first calving. She 

believes that, in any event, prediction of PPI, based on the variables 

included in this study* is not reliable.

Discriminant analyses to predict fertility after second calving, 

as measured by PPI only, are presented in Table 32. In Method 1, calf 

survival was the most important factor for discriminating between the 

first postpartum interval categories, contributing 39.4% to the discrim

inant function. Dystocia score ranked second in importance (28.7%) 

with sex of calf, breed of sire of claf, and age of'cow at initial con

ception each contributing less than 10% to the discriminant function.
In Method 2, birth weight and sex of calf were the most important fac

tors for discriminating between the two postpartum interval categories, 

contributing 29.4% and 26.5%, respectively. Dystocia score ranked 

third in importance, contributing 1,6.6% to the discriminant function.
In Method 3, dystocia score was the most important factor for discrim

inating between the six postpartum interval categories, contributing 

27.3% to the discriminant function. Sex of calf and yearling weight of 

cow ranked second and third in importance (19.0% and 18.4%, respective-

ly).
The prediction results for the discriminant analyses of fertil

ity after second calving, as measured by PPI only, are presented in 

Table 33. Again, Method 2 had the highest percentage of cases correctly 

classified into the appropriate postpartum interval categories (64.6%). 

Method 1 and Method 2 only had 34.8% and 29.7%, respectively, of known 

cases correctly classified into the appropriate postpartum interval
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Table 32. Discriminant Analysis for Fertility after Second Parturition

Variables
Discriminant 
Function coefficients

Percentage
Contribution

Postpartum interval (days)3 
Method 1 (5 categories)
Calf survival score .804 39.4%
Dystocia score .585 28.7%
Sex of calf .176 8.6%
Breed of sire of calf -.170 8.3%
Age of cow at 1st conception -.166 8.1%
Birth weight of calf -.123 6.0%
Yearling weight of cow .016 .8%

Method 2 (2 categories)
Birth weight of calf .759 29.4%
Sex of calf .683 26.5%
Dystocia score ' .429 16.6%
Age of cow at 1st conception -.207 8.0%
Breed of sire of calf -.192 7.4%
Yearling weight of cow -.158 6.1%
Calf survival score .151 5.9%

Method 3 (6 categories)
Dystocia score .747 27.3%
Sex of calf .520 19.0%
Yearling weight of cow .504 18.4%
Birth weight of calf -.349 12.8%
Breed of sire of calf .322 11.8%
Calf survival score . 170 6.2%
Age of cow at 1st conception -.122 4.5%.

aSee p. 41 for complete description of three methods used
\

l



Table 33. Discriminant Analyses— Prediction Results for Fertility after Second Parturition

Method
Actual
Category

N of
Cases 1 2 3 4 5 6

Postpartum period (days)
Method 1 (5 categories)5 ^

1 2 50.0% 0.0% 0.0% 50.0% . 0.0%
2 35 5.7% 28.6% 20.0% 25.7% 20.0%
3 71 2.8% 32.4% 31.0% 14.1% 19.7%
4 28 0.0% 3.6% 28.6% 50.0% 17.9%
5 22 4.5% 31.8% 9.1% 18.2% 36.4%

Method 2 (2 categories)0
1 136 64.7% 35.3%
2 22 36.4% 63.6%

Method 3 (6 categories)^
1 8 62.5 0.0% 0.0% 25,0% 0.0% 12.5%
2 29 10.3% 17,2% 17.2% 17,2% 17.2% 20.7%
3 30 13.3% 20.0% 26.7% 13.3% 13.3% 13.3%
4 41 12.2% 17.1% 24.4% 24,4% 12.2% 9.8%
5 28 14.3% 3.6% 17.9% 3.6% 50.0% 10.7%
6 , 22 18.2% 13.6% 18.2% 13.6% 13.6% 22.7%

See p. 41 for complete descriptions of methods used. 
34.8% of known cases correctly classified.
,64.6% of known cases correctly classified.
29.7% of known cases correctly classified.

OZ
T



121

categories, For PPI after second calving, discriminant analyses and 

regression analyses are in general agreement with regards to the ac

curacy of fertility prediction, being low in both types of analyses.

The relative order of importance of the variables in each method by 

discriminant analyses, however, is not in agreement with results ob

tained by regression analyses. For example, birth weight of the calf 

was the most important factor accounting for variation in PPI after 

second calving in all methods by regression analyses. Conversely, 

birth weight was only the most important variable in Method 2 by discrim

inant analyses, ranking last in importance in Method 1 and fourth in 

importance in Method 3. Again, the author has no explanation for the 

discrepancies observed between the two types of prediction analyses, 

but believes that prediction of fertility after second calving is not 

reliable based on the variables used in this study.

Simple correlations between variables studied and fertility 

after first and second calving are presented in Table 34. Birth weight 

was significantly correlated with S/C after first parturition (.12), in

dicating an increased number of services required per conception with 

increasing birth weight. However, birth weight showed a significantly 

negative correlation with PPI after first calving (-.27), indicating an 

increase in postpartum period with decreasing birth weight. The cor

relation between birth weight and postpartum period after second calv

ing was also negative, but non-significant. Age of cow at initial 

conception showed a significant negative correlation with PPI after
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Table 34. Simple Correlation Coefficients between Variables Studied 

and Fertility after First and Second Parturitions

Postpartum Postpartum 
Services to period after period after 

Variable Conception 1st calving 2nd calving

Dystocia score- .11* -.01 .03

Birth weight of calf .12* -.27*** -.06

Sex of calf -.11* .01 -.00

Calf survival score -.00 .07+ .05

Breed of sire of calf .04 -.14** -.05

Age of cow at conception .04 -.36*** -.14*

Yearling weight of cow .os1" .16* .16*

tP < .10
*P < .05

**P < .01
***? < .001



both first and second calvings (r-36 and -.14, respectively), 

indicating an increase in PPI with decreasing age of cow at initial 

conception. Dystocia score, sex of calf, calf survival score, breed 

of sire of calf and yearling weight of cow all showed statistically 

significant correlation coefficients with fertility, but do not ac

count for any biological correlation based on the low coefficients.

It should be emphasized again that the variables used in the analyses 

of fertility show no strong correlations, have no consistent discrim

inating power, and account for so little of the variation in subsequent 

fertility that they are not of any practical value.



CHAPTER 5

SUMMARY AND CONCLUSIONS

In this study of purebred Charolais heifers, 68.7% experienced 

no difficulty, 12.4% experienced slight difficulty, 16.3% experienced 

hard pull deliveries and 2.6% experienced extremely difficult deliv

eries at first parturition. At second parturition, 85.0% experienced 

no difficulty, 6.6% experienced slight difficulty, 6.6% experienced 
hard pull deliveries and 1.9% experienced extremely difficult deliv

eries.

After extensive statistical analyses of calving difficulty, 

it can be concluded from this study that birth weight of the calf was 

the most important factor studied in influencing dystocia. Birth 

weight alone accounted for 50.9% and 47.2% of the explained variation 

in dystocia scores at first and second parturition, respectively.

Heavy birth weights appear to be more critical in first calf two year 

old heifers than it was in second calf three year old cows. Mean 

birth weight was 39.0 kg for first calf heifers and 44.3 kg for second 

calf cows. When birth weight exceeded 45.5 kg at first parturition, 

a marked increase in the incidence of dystocia was observed, while^ 

most of the second calf cows were able to deliver calves in excess of 

50.0 kg without extreme calving difficulty. Sex and gestation length 

had a significant effect on birth weight. Birth weights were greater
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in male than in female calves (40.5 kg vs. 37.5 kg at first 

parturition, and 45.8 kg vs. 42.7 kg at second parturition for male 

vs. female calves, respectively). Sex and gestation length, however, 

did not significantly affect calving difficulty when birth weight was 

included in the analyses, accounting for only 5.1% and 9.0% of the 

explained variation in calving difficulty scores at first and second 

parturition, respectively.

Of all the variables available on the dam at time of breeding, 

only yearling weight had a consistent effect on calving difficulty. 

Generally, heifers with the heaviest yearling weights were found in 

dystocia category 2 at both first and second parturitions, suggesting 

a possible overconditioning effect. Correlation coefficients between 

yearling weight and calving difficulty at both parturitions were pos

itive, but non-significant. Pelvic height measurements taken at time 

of initial breeding had no significant or consistent effect on calving 

difficulty at first parturition, accounting for only .5% of the 

explained variation in calving difficulty scores. At second parturi

tion, pelvic height did show a significant effect on calving difficulty 

with cows in dystocia category 4 having smaller pelvic heights 

(P<.05) at initial breeding than did contemporaries in dystocia cate

gory 1 (12.83 cm vs. 13,28 cm). The significant effect of pelvic

height on calving difficulty at second parturition suggests that pel-
'■>

vie height measurements taken at initial breeding might be an indicator 

of mature pelvic size. Conversely, the lack of any significant effect 

of pelvic height at first parturition suggests that pelvic height
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measurements taken at initial breeding do not reflect pelvic size of 

first calf two year old Charolais heifers.

There were no significant breed of sire effects on dystocia, 

accounting for only .9% and 1.6% of the explained variation in dys

tocia score at first and second parturitions, respectively. Individ

ual sires, however, did show significant effects on calving difficulty. 

Generally, sires bred to heifers experiencing the most calving diffi

culty at both first and second parturitions, also showed greater calf 

birth weights, longer gestation lengths and higher calf mortality 

than did those sires bred to heifers experiencing no calving diffi

culty.

Calving difficulty score was the most important factor 

influencing calf survival, accounting for 52.5% and 67.2% of the 

explained variation in survival score at first and second parturitions, 

respectively. Calf survival was lowest in those heifers experiencing 

the higher levels of calving difficulty (dystocia categories 3 and 4) 

than in heifers in dystocia categories 1 and 2. Correlations between 

calving difficulty and survival were highly significant (-.44 at 

first parturition, and -.38 at second parturition), indicating an 

increase in calf survival with decreasing dystocia score.

Dystocia score had a marked effect on subsequent fertility in 

those heifers experiencing the greatest degree of calving difficulty 

(dystocia category 4) at both parturitions. None of the heifers in 

dystocia category 4 returned to the breeding herd after parturition 

due to death, severe damage to the reproductive tract.or failure to
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conceive to numerous rebreeding efforts. Dystocia score had a 

significant effect on services to conception after first parturition. 

More services were required per conception for those heifers in dys

tocia category 3 (P<.05) than contemporaries in dystocia categories 

1 and 2 (1.67 vs. 1.44). Dystocia score had some effect on fertility, 

as measured by postpartum interval to conception (PPI), but its impor

tance was quite inconsistent when other variables were included in the 

analyses. In fact, none of the dam or calf variables had a consistent 

effect on PPI. This inconsistent influence on PPI could possibly be 

due to confounding effects, or to the fact that none of the heifers 

in dystocia category 4 were available for further analyses after par

turition. It has been documented that increased frequency of suckling 

increases postpartum interval to conception. With heifers that have 

lost calves due to difficult parturitions, there is no suckling influ

ence on postpartum period. Heifers that lost calves had a 10.5 day 

shorter PPI after first parturition and an 8.9 day shorter PPI after 

second parturition based on an overall herd average.

Prediction of dystocia based on information available on the 

dam at initial breeding proved fruitless with only 8.8% and 3.9% of 
the variation in calving difficulty scores at first and second partu

ritions accounted for, respectively. Prediction of calf mortality 

was the most successful with 19.9% of the variation in calf survival 

rates accounted for by variables studied at first parturition and 

28.1% of the variation in calf survival rates accounted for by vari

ables studied at second parturition. Prediction accuracy of fertility
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ranged from a low of 3.2% for second parturition to a high of 14.3% 

after first parturition. In any event, prediction of fertility is 

not accurate with respect to the variables included in this study.

Generally3 this study agreed with other workers with regard 

to factors attributable to the calf in relation to their effect on 

dystocia. However, those measurements and data available on the 

heifer at time of initial breeding used as a selective or predictive 

tool, particularly in regard to pelvic height measurements, is not 

of any value in predicting dystocia, mortality or subsequent fertility 

in Charolais heifers.



APPENDIX A

LITTON-KRAUTMAN PELVIC METER

The pelvic meter consists of two syringes (hydraulic cylinders) 

which are connected by a steel-jacketed, flexible teflon tube. Syn

thetic rubber no" rings seal the plungers (pistons). All metal parts 

are of stainless steel. Castor oil serves as hydraulic fluid.

The heavier syringe, which receives the measurement inside the 

cow, is called the receptor. The longer, slender syringe has a scale 

on its piston rod and is called the recorder. The fluid system has 

been carefully loaded with the proper volume of gas-free oil. Loss of 

fluid causes magnified recordings. Air bubbles and generated gasses 

such as steam cause piston sponginess. Neither of the pistons should 

ever be pulled. Negative pressure in the fluid system could suck air 

into the oil. Oil thickens with cold, so the instrument should be used 

at room temperature. Soiling cylinder cavities with water, manure, and 

dust should be avoided as grit causes piston resistance. The instru

ment should be stored in a plastic glove or other dust free chamber 

and at moderate temperature.

The instrument has been designed as durably as possible. The 

tube will not tolerate kinking, however. Heat will not destroy the 

materials, but it might expand the fluid and result in leakage or
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explosion. Initial piston resistance often occurs if the seated 

pistons have not been moved recently.

The fluid intake butt enters the receiver. The heavy, round 

bar attached to the end of the fluid intake butt is the extension butt. 

The extension butt provides an additional five centimeters of scale 

and is used only in measuring large animals.

The heavy knob on the end of the thin piston rod of the 

receiver is the piston end butt. Together the piston end butt and the 

fluid intake butt form the sensory apparatus of this machine.

Small shallow holes on the circumference of most parts are 

for spanner wrenches, which are used to protect the sanitary, polished 

surfaces during assemblage and adjustment. Five prominent rings, 

interspaced by five fainter rings, are etched on the piston rod of the 

recorder. These rings, starting at the butt end of the piston rod, 

represent readings of 16, 15-5, 15, 14^, 14, 13^, 12^, 12 and 11^ cm.
The 11 cm position has no ring. This scale magnifies the actual read

ing inside the cow, since the recorder is longer than the receiver.

Approximately a 1 mm fluctuation in both pistons is inherent 

in a normal functioning pelvic meter. Greater play indicates that a 

cushion of compressible gas has entered the unit. Calibration of the 

pelvic meter should be verified before each use. A metric ruler posi

tioned alongside the receiver serves as a standard. Units which lose 

calibration through loss of fluid or air contamination must be recali

brated.



APPENDIX B

BVA EASE OF CALVING SCORING SYSTEM

Scoring is based on a point system of 0 to 50 in increments 

of 5 which are assessed at time of calving. This BVA scoring system 

is based on the usual no assistance, slight assistance, hard pull, 

and cesarean categories of calving difficulty with alternatives pro

vided if the score belongs somewhere between one of these four cate

gories. For example, a hard pull would be scored at 35. Just as 

high and low choice is assigned to carcasses a little above or below 

the normal choice designation, this scoring system provides for 

points of 30 and 40 to be assessed those animals a little above or 

below hard pull designation.

The BVA system considers both the age of the dam and sex of 

the calf in evaluating the ease of calving score assigned each calv

ing. '
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Usual Scoring System EVA Scoring System Comments

No Assistance 

(Dystocia Score 1)

Slight Assistance 

(Dystocia Score 2)

Hard Pull 

(Dystocia Score 3)

0— Cow or heifer calves by herself in
short order or with such little effort 
that her calving went undetected.

5— This is also a natural delivery, but 
cow or heifer was observed working at 
it some time.

10— Cow or heifer assisted manually but
assistance showed no assistance neces
sary.

15— Cow or heifer assisted manually but 
only slight effort was required.

20— Cow or heifer assisted mechanically, 
but not much assistance was needed.

25— Cow or heifer assisted mechanically with 
that level of assistance indicating you 
were pleased you were there to help.

30— A cow or heifer given this score is 
one in which you feel reasonably sure 
assistance was necessary. Those scored 
30 or above have double points assessed.

35— Cow or heifer that you are confident
could not have calved without mechanical 
assistance.

Under commercial range 
conditions calf would have 
been born naturally. 
However, higher scores 
might cause cow to require 
more than one service to 
settle after calving.

Under commercial range 
conditions it is probable 
that calf would have been 
lost in calving.



Usual Scoring System BVA Scoring System Comments

Hard Pull 

(Dystocia Score 3)

Extreme Difficulty 
involving damage to 
cow or cesarean or 
dead calf

(Dystocia Score 4)

40— Cow or heifer required a great deal of 
mechanical assistance• Those scored 40 
or above have four times as many points 
assessed against them.

45— This score goes to a cow or heifer
needing such mechanical assistance that 
the calf may be lost because of the dif
ficult delivery, the cow or heifer may 
have been badly torn and it is thought a 
cesarean should have been performed.

Under commercial range 
conditions it is probable 
both cow and calf would 
have been lost in calving.

50— Cesarean.
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