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Evaluations of body form and measures of milk production were

recorded for 188 Holstein lactations and 77 Jersey lactations in the

Oregon State University Dairy Herds. Components of body form

included general appearance, dairy character, body capacity, and

mammary system and 34 sub-components of these four traits plus body

weight and wither height. Subjective components of body form were

scored by two judges at approximately 30 days post-partum independent

of age and previous score. Measures of milk production included actual

and mature equivalent yields of milk, fat, and SNF, and percentages of

fat and SNF plus peak yield, persistency of milk yield, solids-

corrected milk, and test-day yields of milk for the first six months

of lactation. Age at parturition and estimated breeding value were

also included in this study.

Sub-components of body form were quite effective in explaining

the variation in the four major components. General appearance, dairy

character, body capacity, and mammary system had R
2
values of .84, .94,

.95, and .95, and .82, .95, .94, and .96, respectively for Holsteins



and Jerseys. Correlations among the sub-components of dairy character

and of body capacity were quite strong, ranging from .49 to .96 for

both breeds. Correlations among the sub-components of general appear-

ance were lowest and the most variable of the four major components

(-.08 to .91). Correlations among components of mammary system were

intermediate.

Path coefficients indicated that the sub-components with the most

effect on overall score for general appearance were stature, feet and

legs, and rump or its components. Sub-components of dairy character

had about equal effects on overall score for dairy character except

that scores for pins and hide had the least influence. Scores for

overall body capacity were influenced the greatest by depth of barrel.

In scoring mammary system the most emphasis was placed on fore udder,

followed by rear udder and score for teats.

Final score was most influenced by scores for mammary system. It

was found that the relative emphasis as indicated by path coefficient

analyses was strongly affected by the variability of the traits

involved.

The effect of age was found to be significant in this study making

interpretation of the correlations more difficult. Dairy character,

body capacity, body weight, and wither height all increased with age.

General appearance and final score were less affected by age. Scores

for mammary system decreased with advancing age.

Milk yield was correlated .99 with SNF yield. Milk yield with fat

yield (.92 in Holsteins and .94 in Jerseys) were higher than previously



reported. Age had no significant effect on percent fat but caused a

decrease in percent SNF with advancing age.

Correlations of most of the components of body form with milk

yield were rather low. Dairy character was correlated .46 and .15 with

actual milk yield in Holsteins and Jerseys, respectively. Adjusting

the milk, fat, and SNF to mature equivalents or adjusting milk to a

common energy basis were not effective in increasing the correlations

of body form with milk production. Dairy character was correlated .43

and -.09 with peak yield and persistency, respectively for Holstein and

.26 and .01, respectively for Jerseys. Measures of body size (body

capacity, body weight, and wither height) were more highly correlated

with peak production than with other measures of milk production.

Their respective correlations with peak yield for Holsteins and Jerseys

were .25 and .17 for body capacity, .39 and .41 for body weight, and

.32 and .25 for wither height. The corresponding correlations of these

components with persistency were -.07 and -.01 for body capacity, -.33

and -.23 for body weight and -.23 and -.08 for wither height.
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INTERRELATIONSHIPS AMONG CHARACTERISTICS OF BODY FORM
AND MILK PRODUCTION IN DAIRY CATTLE

INTRODUCTION

Man has looked at many traits in his attempt to evaluate and

improve the productiveness of his dairy cattle. These traits are

expressions of many genes and environment on body form and lactation.

They may be correlated by a common influence from environment or

genotype or by a causual relationship of one trait influencing

another.

Dairymen, animal scientists and geneticists can benefit from an

understanding of the extent and nature of these correlations and

causual relationships. If a relationship is strong, it may be used

to predict a trait which has not yet been expressed or measured;

e.g., using body form to predict future production or longevity.

Many relationships have been alleged on the basis of intuition and

limited observations and may be little more than wives' tales. If

some of these alleged relationships are indeed non-significant,

dairymen can direct their attention to more important relationships.

These relationships may be used by the animal scientist as a means

of explaining part of the variation that he observes in experiments.

They are important to the breeder and geneticist, as they affect the

changes in correlated traits when selecting for one trait or affect

the total progress made when selecting for two or more related traits.

Quite a number of workers have studied the relationships of milk

and fat yield to final classification score and some of its major
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components and in general have found these correlations to be quite

small. Others have studied the relationship of milk and fat to body

weight. A few have studied other objective body measures. Few

studies, however, have considered more than 10 components of body

form. Persistency of lactation, peak production, monthly production,

and solids-not-fat (SNF) as related to body form have received little

or no attention.

The purpose of this study was to evaluate the interrelationships

of body form and various measures of milk production, including milk

yield, fat and SNF yields, percent fat, percent SNF, solids-corrected

milk (SCM), persistency, peak test-day milk yield, and monthly test-

day milk yields for the first six months.

These findings should enlarge our overall understanding of the

relationships of components of body form and milk production. These

relationships should clarify in the breeder's mind which trait or

traits are important to the improvement of his herd and breed.
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REVIEW OF LITERATURE

Components of body form and milk production have received

considerable attention and the literature on this subject is quite

voluminous. This review is an attempt to extract the findings most

pertinent to the relationships among components of body form and

components of milk production and the relationships between them.

Characteristics of Body Form

Traits of body form are not easy to measure or evaluate. Some

traits are such that they must be evaluated subjectively by comparing

one individual to another or to an "ideal". Objective measures may

be made on body form; but owing to the irregular and semi-fluid shape

of cattle, even these measures are difficult to define. Both subjec-

tive and objective measures have been studied.

Subjective methods of evaluation used by judges and classifiers

involve weighing various attributes against a set of standards

considered to be ideal. From this evaluation, animals may be ranked

or given a numerical score for overall body form and its various

components. These numerical scores lend themselves to statistical

analyses of phenotypic and genetic parameters. The major disad-

vantages of subjective evaluations include the considerable variation

in the evaluation of a trait as well as the actual variation in the

trait itself. However, many characteristics which are not measurable

directly by objective methods may be evaluated subjectively.



4

Objective measures of body form have been less widely applied in

the dairy industry. The most commonly measured traits are body

weight and wither height. A few others have been studied and will be

enumerated below.

Variation in Body Form

Before considering the relationships among components of body

form, it is essential to consider the variability of these traits

and the causes of this variability in order to interpret more

accurately and understand more fully the relationships among them.

Several workers have reported the total variation of subjective

components of type. These are summarized in Table 1. The coeffi-

cients of variation were recorded as published by Wilcox et al.

(1958b). The others were calculated from the given mean and standard

deviation. Evaluation of these components of body form was made

possible by assigning a numerical value to the subjective classifi-

cations: poor, fair, good, good plus, very good, and excellent.

This assignment of numbers affects the mean and the standard

deviation and is not consistent among workers. To compare the

variation found by the various workers, the means and standard

deviations can be converted to the same scale. This has been done

in Table 2, assigning values of one through six to the six cate-

gories of classification, respectively.

Several interesting observations may be made from Table 2. One

concerns the four major components of the Purebred Dairy Cattle



Table 1. Summary of means and standard deviations of subjective components of body form.

Item
a

Final
Score GA DC BC MS

Fore
Udder

Rear
Udder

Feet
& Legs Rump Source and Condition

Mean 78.72 6.27 7.33 7.12 6.35 6.39 6.55 6.17 6.42 Specht, Carter, and Van Vleck
S. D. 3.37 .81 .59 .65 .80 .84 .83 .81 .96 (1967); 31,719 first scores for
C. V. .04 .13 .08 .09 .13 .13 .13 .13 .15 Holsteins; six classes, scale of

4 to 9.

Mean 2.79 2.80 3.41 3.28 2.69 2.60 2.74 Mitchell, Corley, and Tyler (1961)
S. D. .91 .90 .84 .88 .93 -- .95 1.08 3,357 Holstein cows in 467 herds;
C. V. .33 .32 .25 .27 .35 -- .37 .39 six classes, scale of 0 to 5.

Mean 3.23 3.41 3.91 3.91 3.27 3.29 3.31 2.92 -- Wilcox et al. (1958b)
S. D. .54 .62 .50 .63 .59 .66 .64 .70 -- 94 Holsteins in one herd;
C. V. .17 .18 .13 .16 .18 .20 .20 .24 -- six classes, scale of 1 to 6.

S. D. 2.12 2.38 1.69 2.07 2.24 2.50 1.99 2.72 3.49 Johnson and Ross (1964)
348 Holsteins and Jerseys in one
herd; 18 classes, scale of
1 to 18.

S. D. 2.80 .59 .45 .52 .58 -- .61 -- Carter, Rennie, and Burnside
(1965); within herd standard
deviation of 39,000 Holstein;
six classes.

a
Statistical abbreviations: S. D. = sample standard deviation;

C. V. = coefficient of variation as defined by (S. D./Mean).

bOfficial classification score expressed as a percentage.



Table 2. Summary of means and standard deviations converted to a common scale from Table 1 for
subjective components of body form.

Item
Final
ScoreScore GA DC BC MS

Fore
Udder

Rear
Udder

Feet
& Legs Rump Source

Mean -- 3.27 4.33 4.12 3.35 3.39 3.55 3.17 3.42 Specht, Carter, and Van Vleck
S. D. -- .81 .59 .65 .80 .84 .83 .81 .96 (1967)

Mean 3.79 3.80 4.41 4.28 3.69 3.60 3.74 Mitchell, Corley, and Tyler (1961)
S. D. .91 .90 .84 .88 .93 .95 1.08

Mean 3.23 3.41 3.91 3.91 3.27 3.29 3.31 2.92 - Wilcox, et al. (1958b)
S. D. .54 .62 .50 .63 .59 .66 .64 .70

S. D. .71 .79 .56 .69 .75 .83 .66 .91 1.16 Johnson and Ross (1964)

S. D. -- .59 .45 .52 .58 .61 -- Carter, Rennie, and Burnside (1965)

a
Parameters converted to a common scale (1 to 6).

b
S. D. = sample standard deviation.
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Associations Unified Dairy Cow Score Card, which serves as the guide

for official classification (See Trimberger, 1958). According to the

Unified Score Card, general appearance (GA) and mammary system (MS)

should each account for 30 points of the final score; and dairy

character (DC) and body capacity (BC) should each account for 20

points. We may observe from the table that, with the exception of

the data of Wilcox et al. (1958b), which represents only 94 cows,

dairy character and body capacity have less variation than general

appearance and mammary system.

It is also of interest to note (Table 2) that dairy character

and body capacity consistently had the highest means in these data.

The evaluation of rump consistently exhibited the largest variation.

Data on objective measurements are not as voluminous as class-

ification data. Nonetheless, studies have been made indicating

their means and variability. Parameters for objective measurements

of body form were given by the analyses of Gowen (1925, 1933) on

data from the Jersey and Holstein-Friesian Associations and by

Touchberry and Lush (1950) on data collected at Iowa State University.

A summary of these findings are presented in Table 3. The body

weights reported by Gowen (1925, 1933) in these studies were

425 52.1 and 453.6 4- 74.4 kg. for Jerseys and Holsteins, respectively.

Their corresponding coefficients of variation were .123 and .164.

Miller, Hooven, and Creegan (1969) gave Holstein weights for first,

second, third, and fourth or more lactations at the time of parturi-

tion as 544, 613, 668, and 690 kg., respectively; and their



Table 3. Summary of objective measures of body form.a

Wither Body Heart Paunch Chest Hip Rump

Item
b

Height Length Girth Girth Depth Width Length Source and Condition

Mean 121.4 96.3 182.6 225.0 70.4 52.8 53.3 Gowen (1933)

S. D. 4.37 6.12 8.79 12.8 3.91 3.81 3.40 840 ROM Jerseys; age

C. V. 3.6 6.4 4.8 5.7 5.6 7.2 6.4 adjusted to 8 years,
3 months.

Mean 134.1 157.5 185.9 20.4 Gowen (1925)

S. D. 4.93 9.47 11.7 - 3.66 385 Holsteins, average 3.9
C. V. 3.7 6.0 6.3 7.1 years old.

Mean 133.6 158.9 186.3 230.3 71.3 Touchberry and Lush (1950)

S. D. 3.64 4.70 7.39 11.48 2.50 - 244 cows with 3 measure-

C. V. 2.7 3.0 4.0 5.0 3.5 ments each; error due to
measurement removed from
standard deviation.

aMeasures expressed in centimeters.

b
Statistical abbreviations: S. D. = sample standard deviation;

C. V. = coefficient of variation as defined by (S ./Mean).

00
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corresponding coefficients of variation were .089, .088, .079, and

.076. These coefficients of variation indicate less variation for

body weight than those of Gowen (1925, 1933) but still show greater

variation for body weight than for other body measurements.

Sources of variation have been studied by various workers for

both the subjective and objective measures. In general, these sources

of variation may be attributed to environmental and hereditary

causes.

A number of important environmental factors which influence

body form have been reported. These include age, stage of lactation,

season, classifier, and random error. Hyatt and Tyler (1948) found

that older cows tended to score higher and had a significant increase

in score between four and five years of age. Touchberry and Tabler

(1951) classified 36 cows at intervals of 10 months. Analysis of

variance revealed small main effects due to the time of evaluation,

but a high interaction of time with cow-within-breed for final score,

dairy character, general appearance, and mammary system. This indi-

cates that important changes occur with time but not all these

changes are in the same direction. The effects of age, stage of

lactation, and season were confounded in this study. The interaction

term was smaller for feet and legs, rump, and body capacity, which

perhaps indicates that change with time for these traits is more

consistent with less effect being due to stage of lactation than to

age.
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Wilcox et al. (1959) confirmed a general trend of increasing

score with age for overall classification and for most components of

type, including general appearance, dairy character, body capacity,

mammary system, fore udder, rear udder, feet and legs, and rump from

the first through sixth lactations. The least change was in fore

udder with all other components increasing from 1/2 to 1 complete

score on a scale of one to six, and overall classification increasing

.92. These 233 Holsteins at the New Jersey Agricultural Experiment

Station were scored twice annually (once in the spring and once in

the fall) and were evaluated independently of the previous classi-

fication score. From these data, Wilcox et al. (1959) also showed

a significantly lower score in the fall as compared to the spring for

final score and for all other components except fore udder, feet and

legs, and rump. The effect of stage of lactation was more variable

but still significant. Comparing early, middle, and late lactation

(,including dry period), late-lactation scores were higher than mid-

lactation for all components except dairy character which was

significantly lower, probably due to increased fleshing in late

lactation. Early lactation scores were significantly higher than

mid-lactation for overall score, general appearance, mammary system,

fore udder, rear udder, and feet and legs. Early lactation had

little effect on scores for dairy character, body capacity, and

rump. In these data there were also significant differences among

classifiers. The problem in interpreting these changes with age and

stage of lactation is that they do not necessarily represent a
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corresponding change in the trait, but may instead reflect a differ-

ence in the ideal or standards of comparison at different ages and

stages of lactation.

Hansen, Barr, and Wieckert (1969) determined the magnitude of

the effect of age and stage of lactation on scores for body forms.

Rescoring every 16 months, they had available for study 4,656

classifications of 2,518 Holsteins in 41 Wisconsin herds. They

observed the same trends as Wilcox et al. (1959) for age and stage

of lactation. Final score, general appearance, dairy character, body

capacity, and mammary system showed significant increases in score

from two through six years of age. Interpretation of the curve for

the least squares means showed higher scores at the beginning and

the end of lactation for final score, general appearance, body

capacity, and mammary system with a lower peak about the fourth

month. Dairy character, on the other hand, closely followed the

shape of a general lactation curve, peaking in the third month and

declining through the remainder of the lactation. Ratio factors were

developed from these data to adjust for age and stage of lactation but

were not presented (Hansen, Barr, and Wieckert, 1969).

Other components affected by age were reported by White, Legates,

and Koonce (1967). These included scores for back, hind legs (side

view), pasterns, depth of barrel, chest, udder depth, udder floor,

fore and rear udder attachment, rear teat shape, and fore and rear

teat position. Stage of lactation affected scores for withers, hind

legs (rear view), depth of barrel, chest, udder depth, width and
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height of rear udder, fore and rear udder attachment, udder quarter-

ing, fore and rear teat position, and teat placement.

The classifier as a source of variation has been reported by

several workers, including Hyatt and Tyler (1948); Wilcox et al.

(1957); McGilliard and Lush (1956); Wilcox et al. (1959); and

Carter, Rennie, and Burnside (1965). In general, it was observed

that there was variation due to classifier but that it was relatively

small for experienced classifiers compared to other sources of

variation. Hyatt and Tyler (1948) indicated a large part of variation

in inspectors was due to inability to consistently criticize defects

in mammary system and feet and legs. Wilcox et al. (1957) reported

that general appearance, body capacity, and rump were more uniformly

scored than the mammary system, dairy character, and feet and legs.

Specht, Carter, and Van Vleck (1967), on the other hand, indicated

greater variation in general appearance, body capacity, and feet and

legs than other traits in their study of body form.

The effect of environment on objective measures of body form

has received some attention, primarily concerning age and body

weight. The effect of age on body measurements is rather funda-

mental, as most of these measures are primarily measures of skeletal

growth which is unidirectional. Harville and Henderson (1966)

reported phenotypic correlations on 22,767 Holstein, 2,174 Guernsey,

and 1,036 Jersey first-lactation traits. Age at first calving and

body weight were correlated .43, .34, and .48, respectively, for

these breeds. Miller, Hooven, and Creegan (1969), studying the
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effect of stage of lactation and lactation number on body weight and

production, found a consistent increase in body weight for the first

through the fourth lactation for corresponding stages of lactation.

Body weight declined for the first two months and then increased to

parturition for the second and later lactations. In the first lacta-

tion, however, there was no decline--only a steady increase to

parturition. Season, too, was found to be a significant source of

variation by Hooven, Miller, and Plowman (1968) for first lactation

body weight. They indicated that weight change in the first lacta-

tion was primarily due to growth.

There has been concern that the order of birth may have an

effect on body size and production, the first born being adversely

affected. Kincaid and Touchberry (1966) indicated that this concern

was not warranted, as the effect of the order of birth was not

significantly different from zero on body weight, wither height, body

length, and heart girth. The effect of plane of nutrition on growing

identical twin heifers was studied by Hanson (1956). His results

indicated that body weight tended toward the same end point regard-

less of the rearing intensity owing to compensatory growth when

placed on a higher plane of nutrition just prior to parturition.

This study, however, did not indicate the result of a continued

restricted diet.

The accuracy of measurement of wither height, chest depth,

body length, heart girth, and paunch girth was studied by Touchberry

and Lush (1950). Three repetitions of these measurements were made
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at the same time after moving the animal to a new position for each

measurement. The error component of variance was very small compared

to other components. Touchberry and Lush (1950) concluded that,

single measurements are accurate enough for most practical

purposes provided one can be sure no gross errors, such as reading a

measurement 10 cm. too large or small goes undetected." The largest

variation in measurement was found for body length.

Heredity is a cause of variation in body form, but the extent of

its effect varies from trait to trait and has not been well estab-

lished. Heritability estimates for final score have ranged from .00

to .40 with most estimates between .15 and .30 (see Table 4, and also

Tyler and Hyatt 1948; Stone, Rennie, and Raithby, 1955; Tabler and

Touchberry, 1956; Harvey and Lush, 1952; Rennie, 1951; Evans, Branton,

and Farthing, 1964; and Specht, Carter, and Van Vleck, 1967). Even

when the data was taken from the same herds and was restricted to the

first official classification score, there was wide yearly variation

from .00 to .39 (Specht, Carter, and Van Vleck, 1967). Heritability

estimates for the major components are summarized in Table 4. It may

be observed in Table 4 that Wilcox et al. (1962) found higher heri-

tabilities when they used the average of repeated classifications on

the same cow for their estimates.

Heritabilities for other components are similar to the major

components, most lying in the range of .10 to .25 (Grieve, Rennie,

and Raithby, 1958; O'Bleness, Van Vleck, and Henderson, 1960;

Van Vleck, 1964; and White, Legates, and Koonce, 1967). The higher



Table 4. Summary of heritabilities for major subjective components of body form.

Feet

Methoda Final GA DC BC MS E Legs Rump S. E Source and Condition

2 .35 .33 .30 .23 .23 .19 .36 .11-.16 Johnson and Fourt (1960)
3,161 pairs Brown Swiss,

1 .15 .12 .03 .10 .12 .12 .31 .03-.04 Mitchell, Corley, and Tyler (1961)
3,357 Holsteins, before 1940.

1 .24 .24 .09 .15 .21 .18 .31 .03-.04 Mitchell, Corley, and Tyler (1961)
3,831 Holsteins, Low Production.

1 .20 .19 .09 .12 .18 .16 .27 .03-.04 Mitchell, Corley, and Tyler (1961)
3,991 Holsteins, Medium Production.

1 .18 .21 .06 .14 .14 .12 .24 .03-.04 Mitchell, Corley, and Tyler (1961)
3,548 Holsteins, High Production.

1 .12 .14 .17 .27 .09 .23 .19 .46-.54 Wilcox et al, (1962)
233 Holsteins, one record each.

1 .24 .29 .50 .66 .22 .71 .31 .46-.54 Wilcox et al. (1962)
233 Holsteins, 2.88 records/cow.

1 .32 .11 .34 .35 .28 .19 Carter, Rennie, and Burnside (1965)
29,000 Holsteins.

1 .26 .21 .20 .24 .27 .10-.12 Hansen, Barr, and Wieckert (1969)
2,518 Holsteins.

aHeritability calculated by: 1 = paternal half sib; 2 = regression of daughter on dam.

b
S. E. = range of standard errors of the estimates of heritability.
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heritabilities found by O'Bleness, Van Vleck, and Henderson (1961)

were for depth of barrel .33, udder texture .28, strength of rear

udder attachment .30, and depth of udder .22. Both Van Vleck (1964)

and Grieve, Rennie, and Raithby (1958) used a binomial evaluation of

these components. Van Vleck (1964) found characteristics describing

strength of udder attachments, depth of udder, and levelness of udder

floor have heritabilities ranging from .10 to .32, which were higher

than other udder traits. Other high estimates included shoulder .18,

depth of body .10 to .20, and upstandingness .15 to .30. In general,

it appears that the heritabilities of subjective components are rather

low.

As might be expected, higher heritabilities have been found for

objective measures of body form. These are summarized in Table 5.

Touchberry (1951) observed that the heritabilities were higher for

characteristics which are primarily measures of skeletal size,

including wither height, chest depth, body length, and heart girth.

Characteristics which involved a "flesh factor" as well as a

"skeletal factor" had lower heritabilities, including body weight and

paunch girth. In Table 5, the first lactation heritabilities esti-

mated by Blackmore, McGilliard, and Lush (1958a) and by Brum and

Ludwick (1969) support this contention. The twin data of Christian,

Houser, and Chapman (1965) and the five-year-old heritabilities of

Brum and Ludwick (1969), however, indicate some discrepancy. McDaniel

and Legates (1965) and Harville and Henderson (1966) calculated

heritabilities for body weight estimated from heart girth. These



Table 5. Summary of heritabilities of objective components of body form.

Body Wither Chest Body Heart Paunch
Methods Weight Height Depth Length Girth Girth S. E. Source and Condition

3 .37 .73 .80 .58 .61 .26 <.15 Touchberry (1951)
187 pairs of three year old Holsteins.

2 .53 .86 .79 .63 .55 .41 Blackmore, McGilliard, and Lush (1958a)
334 pairs of two year old Holsteins.

4 .79 .88 .72 Christian, Houser, and Chapman (1965)
12 pairs of identical Hereford twins,
two years old.

4 .83 .50 .98 Christian, Houser, and Chapman (1965)
30 pairs of identical and fraternal
Hereford twins.

1 .38 .42 .41 .47 .07-.08 Brum and Ludwick (1969)
First lactation Holsteins.

1 .43 .22 .40 .16 .09-.13 Brum and Ludwick (1969)
Five year old Holsteins.

aHeritability calculated by: 1 = Paternal half sib,
2 = Intra-sire regression of daughter on dam,
3 = Intra-sire daughter-dam correlation,
4 = Ratio of within and between pair variances.
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heritabilities range from .16 to .58, but in general were similar to

heritabilities of actual body weight.

Relationships Among Components of Body. Form

Relationships as measured by phenotypic and genetic correlations

are rather high among the major subjective components of body form.

These correlations are summarized in Table 6. It may be noted from

this table that general appearance and mammary system are phenotypi-

cally correlated more highly with final score than are dairy

character and body capacity. This is to be expected as general appear-

ance and mammary system are weighted 30 points each and dairy

character and body capacity 20 points each in the Unified Score Card.

It has been suggested, however, that more emphasis is placed on

general appearance and mammary system by classifiers than is speci-

fied by the Unified Score Card. Atkeson, Meadows, and McGilliard

(1968) used multiple linear regression analysis to determine the

emphasis placed on these four components by classifiers on 12,890

Holsteins. The regression parameters were standardized and expressed

as a percentage of the sum of the four paramaters. They concluded

that classifiers were placing less emphasis on dairy character and

body capacity than is specified by the Unified Score Card. Hansen,

Barr, and Wieckert (1969) concurred with this conclusion, using

similar techniques on 2,518 Holsteins in 41 Wisconsin herds.

The other four components in Table 6 (fore udder, rear udder,

feet and legs, and rump) are significantly correlated with final



Table 6. Summary of phenotypic and genotypic correlations of some subjective components of body form, a

Item
Fore Rear Feet

GA DC BC MS Udder Udder & Legs Rump Sourceb

Final Score . 82/-- 50/-- . 33/-- . 791-- . 69/-- . 65/-- 44/-- 50/-- A

.79/. 84 . 57/, 76 .56/. 83 76/. 99 .64/. 85 58/. 72 33/. 89 . 54/. 68

. 79/. 99 . 38, . 79 . 46/. 65 . 80/. 97 43/, 52 . 50/. 76

. 78/. 97 . 39/. 87 . 48/. 73 81/. 89 . 43/. 68 , 50/. 72

. 77/. 96 . 37/. 33 46/. 77 . 78/. 89 . 44/. 44 49/. 65

. 82/. 86 . 46,', 96 49/.44 . 81/. 85 , 42/. 31 53/, 72

. 84/. 97 46/1. 11 53,', 84 .76/, 58 . 44/. 13 45/, 02

. 87/. 81 601, 38 . 60,'. 57 . 87/. 86

GA . 46,', 96 . 52/. 94 . 58/. 96 . 50/. 82 . 46/. 55 . 35/.70 . 62/, 72 B

. 31/. 75 . 48/. 66 . 56/. 90 , 47/, 53 , 60/. 78 C

. 31/.65 . 50/. 76 . 56/. 74 . 501. 80 . 58/. 92 D

, 24/. 31 . 461. 85 . 53/. 72 . 47/, 64 . 58/. 70 E

. 42/1.00 . 48/. 72 .63/. 61 . 32, -. 01 . 59/. 85 F.

. 37/. 89 . 49/. 65 .62/. 84 . 38/. 11 . 54/. 15 G

. 50/. 29 . 60, . 62 , 57/. 41 H

DC . 32/. 90 . 50/, 99 . 39/, 81 . 42/, 90 . 17/, 68 . 31/. 75 B

. 22,', 26 . 28/. 69 .11/,-.07 .21/.35 C

. 19/. 37 . 32/. 64 . 10/. 25 , 16/.27 D

. 18". 55 .29/. 07 , 09/-. 19 , 16/, 42 E

. 29,', 45 . 38/. 36 . 12/, 24 , 24/. 37 F

. 40,'. 13 . 301. 17 .11/, 08 , 16/, 02 G

. 38/.35 . 46/. 34 H

BC . 38/. 89 . 36/. 76 . 42/. 86 . 17/. 86 . 31/. 80 B

. 28/.05 .23/. 44 . 32/. 51 C

. 30/. 55 .257, 65 .31/, 35 D

. 28/. 39 , 23/. 32 . 29/. 55 E

. 34/, 15 .21/.01 .31/.46 F

. 33/.03 . 21/.38 19/, 02 G

. 34/. 19 H

MS

Fore Udder

Rear Udder

Feet & Legs

. 75/. 90 .67/.

. 44/.

93

74

22/, 83
30/. 46
32/.40
32/, 13
31/. 30
32/, 12

. 20/. 57

24/. 58

37/. 93
. 33/, 60
. 33/. 41
. 31/. 50
, 35/, 28

32/. 41

. 31/. 67

. 53/. 54

24/. 54
, 29/. 37
31/,83
27/. 19
29/, 37

, 28/. 56

a
Data in the form (rp/r G); where rp = phenotypic correlation and rG = genotypic correlation.

b
Sources: A =< Rennie and Rathby (1955)

B = Johnson and Fourt (1960)
C = Mitchell, Corley, and Tyler (1961); Low producing herds.
D = Mitchell, Corley, and Tyler (1961); Medium producing herds,
E = Mitchell, Corley, and Tyler (1961); High producing herds.
F = Mitchell, Corley, and Tyler (1961); Records before 1940.
G = Wilcox et al. (1962),
H = Hansen, Barr, and Wieckert (1969).
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score. However, Atkeson, Meadows, and McGilliard (1968) determined

by multiple regression analysis that the four major components (general

appearance, dairy character, body capacity, and mammary system) are

just as useful for predicting final score as all eight components.

In Table 6 it may also be observed that the phenotypic and

genotypic correlations of general appearance with the remaining

components are generally higher than the correlations among these

remaining components. The high genetic correlations indicate that

selection for final score or general appearance would result in

increased score for the other components.

Studying other components not listed in Table 6, Freeman and

Dunbar (1955) found similar correlations as those listed in the

table. Johnson and Ross (1964), however, studied correlations among

finely defined characteristics of the mammary system and found them

to be quite small--both positive and negative.

Phenotypic and genetic correlations among objective components

of body form have been studied by Touchberry (1951) and by Blackmore,

McGilliard, and Lush(1958a) and are presented in Table 7. The low

correlations of final score with the objective components (.14 to

.23) indicates that they would be of little value in predicting final

score, as compared to the subjective components. The phenotypic

correlation of body weight with the other measures indicates that

wither height has less effect on body weight than do the other

components which are more direct measures of body volume. The high

genotypic correlations indicate that selection for body weight would



Table 7. Summary of phenotypic and genotypic correlations among objective components of body form.a

Final Body

Score Weight

Final Score .23/--

Body Weight .00/--

Wither Height .00/-- .70/.70

Chest Depth .00/-- .72/.77

Heart Girth .00/-- .88/.84 .61/.60

Body Length .00/-- .83/.70

Paunch Girth .00/-- .69/.86

Wither
Height

Chest Body
Depth Length

Heart
Girth

Paunch
Girth

.14/-- .18/-- .15/-- .21/-- .21/ --

.53/.52 .67/.62 .70/.65 .81/.83 .84/.82

G t4s

.67/.76Ph .74/.75

.81/ .78 en°t-Pt''sic2c 16841/1::

eno .27/.39

.71/.74 .43/.53

.65/.79 .84/.95 .56/.61

.58/.56.80/.69 .76/.61 .40/.42

.31/.24 .51/.35 .18/.22 .79/.48

aListing of two sources (1/2): 1 = Touchberry (1951),
2 = Blackmore, McGilliard, and Lush (1958a).
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give considerable increase in all the other measures of size.

Likewise, selection for wither height would have considerable

influence on all other measures of body size with the exception of

paunch girth.

Characteristics of Milk Production

There are many ways of measuring or evaluating milk production.

The most common methods involve measuring or estimating the weight of

yield for a given period of time. The periods of time have been

standardized to make easier the comparison of individual cows and

estimation of population parameters. Common periods of time include

the day, month, and the first 305 days of lactation. The daily milk

yield follows a rather characteristic pattern of initial increase and

decline from parturition to the dry period. This makes possible the

evaluation of lactation yield of a cow in terms of the maximum or

peak yield and a measure of the ensuing decline. This rate of

decline, expressed as persistency, has been measured in different

ways by different workers. Assuming the decline to be an exponential

decay, some workers have used the method of Brody et al. (1923)

expressing persistency as the constant of exponential decay. Other

methods of measuring persistency essentially involve expressing one

or more portions of the lactation as a percentage of preceding

portions.

Other measures are made on the quality or composition of milk in

terms of the weight yield of components and in terms of percentage

composition.
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Variation in Milk Production

As in traits of body form, it is of value to consider briefly the

variation and its causes in traits of milk production.

Constituents of milk, other than milk fat, have only recently

received much study in terms of population parameters owing to the

recent incorporation of tests for these constituents into regular

testing programs. These constituents include solids-not-fat (SNF),

protein, and total solids (TS). Both yields and percentages of these

components have been studied. Total variations of these components

expressed as standard deviations are presented in Table 8, along

with the sample means and coefficients of variation. Comparison of

the coefficients show that 305 day yields of milk and constituents of

milk are equally variable and have considerably more variation than

the percentages of the constituents. Among the percentages of milk

constituents, percent SNF appears to have the least variability

(C. V. = .03 to .04) and percent fat the most (C. V. = .08 to .11).

The variation in peak yield of milk appears to be similar to the

variation in complete lactation yields (305 days). Rakes, Stallcup,

and Gifford (1963) reported standard deviations which gave coeffi-

cients of variation of .23, .23, .16, and .15 for Holsteins, Jerseys,

Brown Swiss, and Guernseys, respectively.

Environmental factors affecting milk production have received

considerable study. These factors include herd, age, season, and

year effects. Loganathan and Thompson (1968) estimated that age

accounted for 10.0 to 14.3% of the total variation for milk, fat, and



Table 8. Summary of means and standard deviations for milk and components of milk production.a

Item' Milk Fat SNF TS Protein % Fat % SNF % TS % Protein Source and Condition

Mean 7,024 261 597 846 225 3.67 8.45 11.99 3.12 Gaunt et al. (1968)

S. D. 1,449 59 125 177 48 .38 .30 .57 .25 6,630 Holstein records.

C. V. .21 .23 .22 .21 .21 .10 .04 .05 .08

Mean 6,820 245 560 3.67 8.51 Loganathan and Thompson

S. D. 1,384 50 112 .41 .37 (1968); 4,664 Holstein

C. V. .20 .20 .20 .11 .04 records.

Mean 7,626 3.67 8.56 3.14 Sargent, Butcher and

S. D. 1,090 .28 .22 .18 Legates (1967); 2,936

C. V. .14 .08 .03 .06 Holstein records.

a
Means and standard deviations expressed in kilograms.

b
Statistical abbreviations: S. D. = sample standard deviation;

C. V. = coefficient of variation (S. D./Mean).
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SNF yields. Additional causes studied included: days milked, 14 to

18%; month of calving, .5 to 5.8% and days carried calf, .1 to 1.2%.

This was in close agreement with the findings of Gacula, Gaunt, and

Damon (1968a) who also attributed 15.7% of the total variation to herd

effects. Sargent, Butcher, and Legates (1967) attributed a larger

portion of the variation in milk to age (21.7%).

Environmental effects on the percentages of constituents are in

the same order as constituent yields, only smaller. Loganathan and

Thompson (1968) reported that age explained 12.4% of variation in

percent SNF and days carried calf explained .4% of the variation.

They found no significant environmental effect on percent fat.

Gaunt et al. (1968), however, attributed 27% of the variability to

age for percent fat and 4% for percent protein. Gacula, Gaunt,

and Damon (1968a)indicated the declining trend with age for percent-

age constituents--slight for percent fat and protein, and greater for

percent SNF and total solids. Seasonal effects caused percentage

constituents to be higher in the summer and fall as compared to

winter and spring except for Brown Swiss, which had smaller and more

varied responses.

Age and seasonal effects on persistency have been reported.

Gaines (1927), using the exponential constant as a measure of

persistency, indicated a sharp rise in persistency followed by a

gradual decline with age. Rakes, Stallcup, and Gifford (1963)

indicated a greater persistency in fall-freshening Jerseys and

Holsteins with no specific pattern for the other seasons.
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Genetic influence, as indicated by heritabilities, is quite

variable among the various components of milk production. Repeat-

abilities and heritabilities for the constituent yields and percent-

ages are presented in Table 9. These findings, with some exceptions,

indicated higher repeatabilities and heritabilities for the percent-

age of the constituents than for total yields of these constituents.

Heritabilities for monthly milk and fat yield appear to be

considerably lower than for total lactation yields. Lamb and

McGilliard (1967) presented heritabiliteis and repeatabilities for

monthly yield of milk and fat for 24,602 Holsteins. Heritabilities

varied around .10 and increased some in later lactation. Repeat-

abilities ranged from less than .25 to greater than .50 and were

generally higher in the center months of lactation. Spike and Freeman

(1968) observed similar test-day parameters for 23,000 Holsteins.

They found slightly higher heritabilities which decreased from .18 to

.13 for the first through the fourth month and increased to .21 for

the tenth month. Repeatabilities increased from .29 to .43 in the

sixth month and declined to .26 in the tenth month.

Heritability of persistency of milk yield may be somewhat lower

than for total milk yield. Rose, Young, and Cole (1965) studied

persistency as measured by the ratio of total lactation yield to

121-day yield. Heritabilities on 5,176 paternal half-sib records

for persistency were .32 to .40 as compared to .42 to .50 for

lactation yield. Regression of daughter on dam for 859 pairs gave

lower heritabilities of .19 for persistency as compared to .36 for



Table 9. Summary of repeatabilities and heritabilities for components of milk production, a

Method Milk Fat SNF TS Protein 96 Fat % SNF 0/6 TS % Protein S. E. Source and Condition

Wunder and McGilliard (1964)
2 /. 17 /. 14 1.14 /.62 /. 54 1, 067 Holstein pairs;
2 /. 05 /. 15 /. 03 /.43 /.22 239 Guernsey pairs.

Butcher, Sargent, and
Legates (1967)

2 . 53/. 28 48/. 17 . 50/.24 .49/.21 . 52/.21 . 63/. 62 .61/. 53 . 67/. 62 . 61/. 47 .06 -. 10 3, 841 Holstein lactations.

Blanchard, Freeman, and
Spike (1966)

1 /. 29 l. 29 /. 28 I. 27 /. 68 1. 68 I. 71 . 04 Deviated records of 8, 271
Holsteins.

Gaunt et al. (1968)
6, 630 Holsteins;

1 . 53/.21 51/. 20 . 52/. 19 . 51/. 19 . 55/, 13 . 76/. 53 69/. 54 . 77/. 56 66 /. 36 .05 -.08 Deviated records;
1 . 51/.24 46 /. 24 . 49/. 26 .47/.25 . 49/, 20 . 70/. 57 . 60/. 89 . 73/. 72 . 42/. 45 . 05-, 08 Mature equivalent;
2 1. 25 22 I. 19 I. 19 I. 17 /. 49 I. 46 I. 53 /. 68 .06 -, 09 Mature equivalent.

Gacula, Gaunt, and Damon
(1968b)

1 . 48/. 43 . 47/. 34 . 47/. 40 . 47/. 39 48/.37 . 69/, 02 . 60/. 26 70/. 12 . 65/. 09 . 13-. 19 337 Ayrshires;
1 . 38/. 19 . 41/. 41 . 40 /. 29 .39/. 32 . 46/. 41 . 74/.60 62/. 46 . 72/, 57 . 65/, 25 16, 20 337 Guernseys;
1 42/, 37 41/. 45 41/. 40 . 40/, 42 . 39/. 30 . 76/. 45 . 74/. 27 79/. 42 . 69/. 79 . 20-. 25 276 Holsteins;
1 . 38/. 46 . 31/, 10 . 36/. 37 . 33/. 25 34/. 20 72/. 61 59/. 56 . 58/. 60 . 57/. 35 , 20-, 25 247 Jerseys;
1 47/.29 . 401.03 . 43/.24 . 42/. 18 42/, 20 . 56 /. 44 . 53/.24 . 56/. 53 67/. 50 , 19 -.24 252 Brown Swiss;
1 /.35 /.27 1. 34 1. 31 /.30 /.42 /.36 I. 45 I. 40 Average.

Spike and Freeman (1968)
1 48/. 16 . 44/, 16 . 45/. 13 23, 000 Holsteins.

2 2a Data presented in the form (R/h ) where R = repeatability and h = heritability.
bHeritability calculated by: 1 = paternal half sib; 2 = regression of daughter on dam.
c
S. E. = range of standard errors of the estimates of heritability.
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milk yield. Persistency in this analysis was adjusted for age and

for days the calf was carried.

Relationships Among Measures of Milk Production

The correlations among constituents of milk yield have recently

been studied and are summarized in Table 10. The phenotypic corre-

lations among yields of milk and of milk constituents are quite high

(.84 to .99). The correlations of SNF with milk are the highest

(.98 to .99), reflecting the small variation in percent SNF as com-

pared to the other constituent percentages observed in Table 8

(C. V. = .08 to .11). The genetic correlations of these components

are quite similar to slightly lower than the phenotypic correlations.

Percentages of the constituents were negatively correlated

(-.14 to -.25), indicating higher yields of milk tended to result in

lower percentages of constituents. The phenotypic correlations

among the percentages of constituents were intermediate, ranging from

.41 to .68 with the exception that total solids was more highly

correlated with percent fat and percent SNF (.85 to .90). But this

higher correlation was due, at least in part, to the mathematical

relationship of the sum to its parts (total solids = fat + SNF).

Phenotypic correlations among test-day milk yields have been

reported. Madden, McGilliard, and Ralston (1959) found correlations

among all test-day milk yields on 6,715 Holstein lactations that

ranged from .38 to .89. Adjacent test-day yields were correlated

.73 to .89 with the highest correlations in the middle of the



Table 10. Summary of phenotypic and genotypic correlations among milk constituent yields and percentages, a

Item Sourceb Milk Fat SNF TS Protein % Fat % SNF % TS

Fat A . 88/ .74
B 87/
C 84/ .80
D / .71

/ .69
SNF A . 98/ .95 .90/.81

B .99/ .90/
C .98/ .97 . 87/. 83
D / .94 /. 81
E / .96 1.78

TS A .97/ . 92 . 95/.90 . 99/ .98
B .97/ .96/ .99/
D / .91 /.90 / .98
E / .92 /.89 / .98

Protein B / .89/ .96/ .96/
D / .82 /. 56 / . 82 / . 79
E / . 76 /. 84 / . 87 / .92

% Fat A -.25/-.38 .23 /. 34 -.15/-.21 -, 04/ -.04
B -.17/ .32/ -.09/ .04/ .03/
C -. 24/-. 36 .29/.20 -. 16 /-. 26
D / -, 34 /. 43 /-. 07 / .05 /-.1.6
E /-. 41 I. 36 /-. 26 /-. 07 / .14

% SNF A -. 16/-, 23 .07/.16 . 06/-. 08 .06/ .10 . 47/. 54
B -.15/ .09/ .01/ .04/ .12/ .51/
C -.14/-. 16 .08/.09 .06/ .07 41/. 48
D / .06 /. 46 / .39 / . 43 /. 31 /. 55
E /-. 17 /. 28 / . 09 / .16 I. 44 I. 58

% TS A -.24/-, 34 .18/.29 - .061 -,06 .01/ .04 . 85/. 86 . 85/. 71
B -.19/ .25/ -.05/ .04/ .08/ .90/ .83/
D /-. 16 I. 55 / .16 / .27 I. 10 I. 88 /. 88
E. /-. 35 /. 36 /-. 13 / .03 /. 31 /. 92 /, 85

% Protein B -.33/ -.06/ -.21/ -.17/ .04/ .51/ .68/ .67/
D / .12 I. 41 / .33 / .39 I. 66 I. 34 /. 50 /. 47
E /-. 30 I. 30 / -.04 / .08 /. 37 I. 67 I. 80 I. 85

Data in the form (r
p

/r G) where rp = phenotypic correlation and rG = genotypic correlation,
b
Source: A =Blanchard, Freeman, and Spike. (1966) 8,271 Holsteins.

B = Butcher, Sargent, and Legates. (1967) 3,841 Holstein records.
C = Loganathan and Thompson. (1967) 4,688 Holsteins.
D = Gaunt et al. (1968) 7,943 Holstein lactation records.

= Gaunt et al. (1968) 7, 943 Holstein deviated records.
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lactation. These workers also reported that the correlation between

test-day yield and total lactation yield of milk ranged from .67 to

.93. The highest correlations were found with the fourth through the

seventh test days (near .90). Phenotypic correlations between

adjacent months by Lamb and McGilliard (1967) on 24,602 Holsteins were

somewhat lower, ranging from .60 to .86 in the first lactation, .55

to .85 in the second, and .54 to .84 in the third and over lactations.

These correlations, too, were highest in the fourth through the

seventh month of lactation (.81 to .86).

The correlation of peak milk yield with test-day yield appeared

to be highest in the first month (.71 to .89), decreasing through the

lactation (.10 to .27 in the ninth month) as reported by Rakes,

Stallcup and Gifford (1963). Lennon and Mixner (1958) reported that

peak yield was correlated with total lactation yield by .81 on a

within-breed basis.

Lennon and Mixner (1958) also reported the phenotypic corre-

lations of persistency with peak and total lactation yields. They

measured persistency by the exponential method and found it was

correlated .32 with total lactation yield and only .04 with peak

yield. Using the ratio of lactation yield to 121-day milk yield as

a measure of persistency, Rose, Young, and Cole (1965) found a

similar correlation of persistency with lactation yield (r = .36).

In general, it appears that yields of milk and its constituents

are highly correlated, while the correlations of the percentages of

milk constituents are lower. Test-day yields are rather highly
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correlated, as might be expected by the relative continuity of the

lactation curve. Peak yield and persistency are essentially

independent, but both are correlated with milk yield.

Relationships of Body Form with Milk Production

As early as 1917, Aldrich and Dana made a study to relate milk

production to body form; in particular, they studied the correlation

of dimensions of the milk vein to milk and fat yield. On 300 to

600 cows, they found correlations with milk yield ranging from .00

for length of milk vein to .28 for diameter of milk vein.

John Gowen (1920, 1921, 1923, 1925, 1931, and 1933) made a

series of studies relating milk production to body form, using both

objective measures and subjective characteristics. In general, he

found higher correlations than more recent work. His correlations of

objective measures with milk yield ranged from .21 to .59 (Gowen,

1925). He found that subjective measures with milk production had

correlations ranging from .18 to .88 in officially classified Jersey

cattle.

Copeland (1941) also studied the Jersey classification scores

and found that final score was correlated .25 with milk. It appeared

that part of the correlation was due to the fact that herds with

higher type score also had higher production. Tyler and Hyatt (1948)

supported this explanation when they found the between-herd corre-

lations were higher (.42 to .53) than the within-herd correlations

(.16 to .19) for final score with fat yield.
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More recent reports relating milk, fat, percent fat, and fat-

corrected-milk (FCM) with the major subjective components of body

form are presented in Table 11. Table 11 and other studies (Fosgate,

Pace, and Carmon, 1967; Rakes, 1964; Stone, Rennie, and Raithby,

1955; Rennie, 1951; Tyler and Hyatt, 1948; and Touchberry, 1951)

indicate that the phenotypic correlations of milk, fat, and FCM

yields with final score are in the range of .13 to .25. Phenotypic

correlations with the other major components, general appearance,

body capacity, mammary system, feet and legs, and rump appear to be

lower than those for final score, mostly ranging from .00 to .20.

Dairy character appears to be more highly correlated with milk, fat,

and FCM yields than the other components of body form with estimates

ranging from .20 to .32.

Johnson and Ross (1964) and Johnson and Fourt (1960) also

reported on fore udder and rear udder in their studies and indicated

correlations quite similar to those for general appearance, body

capacity, and mammary system with a range of .16 to .45 with milk

and fat yields.

Other subjective components of body form were studied by

O'Bleness, Van Vleck, and Henderson (1960) on 25,000 records of all

breeds who found the highest phenotypic correlations with milk and

fat yields for dairy character, withers, depth of barrel, udder

shape, and depth of udder (.10 to .20). Other components had

correlations ranging between -.10 and .10 in their data.



Table 11. Summary of phenotypic and genotypic correlations between body form and milk constituents.a

Item
Final
Score GA DC BC MS

Feet
& Legs Rump Source and Condition

Johnson and Ross (1964)
Milk .21/ .23/ .24/ .33/ .02/ .00/ .02/ 119 Holsteins
Milk .35/ .38/ .30/ .26/ .29/ .25/ .27/ 89 Jerseys

Wilcox et al. (1962)
Milk .14/.08 .15/.12 .20/.13 .12/.13 .13/.16 .08/.15 .07/.15 671 Holstein records

Mitchell, Corley and Tyler (1961)
Milk .13/.08 .09/.01 .23/.61 .08/-.06 .11/.11 .02/-.17 .04/-.05 3,831 Holstein pairs-Low Production
Milk .16/.28 .12/.02 .25/.82 .10/.33 .13/.23 .06/.26 .04/.12 3,991 Holstein pairs-Medium Production
Milk .14/-.04 .09/-.02 .24/.61 .06/.12 .11/-.13 .03/.07 .04/-.01 3,548 Holstein pairs-High Production
Milk .16/-.08 .15/-.04 .20/.04 .12/.01 .13/-.03 .06/-.07 .08/.18 3,357 Holstein pairs-Before 1940

Johnson and Ross (1964)
Fat .19/ .23/ .27/ .37/ .01/ .04/ .00/ 119 Holsteins
Fat .47/ .47/ .30/ .37/ .45/ .33/ .41/ 89 Jerseys

Wilcox et al. (1962)
Fat .13/.20 .13/.23 .18/.26 .09/.09 .12/.16 .08/.15 .05/.04 671 Holstein records

Mitchell, Corley and Tyler (1961)
Fat .14/.09 .11/.04 .22/.63 .10/-.01 .12/.15 .02/-.18 .06/-.03 3,831 Holstein pairs-Low Production
Fat .16/.25 .12/.03 .25/.84 .10/.31 .13/.17 .05/-.07 .05/.08 3,991 Holstein pairs-Medium Production
Fat .16/.02 .11/.02 .24/.36 .07/.19 .13/-.08 .25/-.01 .05/.07 3,548 Holstein pairs-High Production
Fat .17/-.10 .16/-.07 .20/.07 .12/-.24 .14/-.08 .04/-.08 .08/.07 3,357 Holstein pairs-Before 1940

Johnson and Fourt (1960)
Fat .26/.24 .17/.45 .32/.41 .17/.38 .28/.41 .09/.24 .00/.21 3,161 Brown Swiss pairs

Wilcox et al. (1962)
% Fat -.03/.01 -.03/.02 .00/.01 -.03/.01 .03/.04 -.05/.01 -.13/.01 671 Holstein records

Wilcox et al. (1962)
FCM .15/.22 .15/.14 .20/.14 .09/.11 .13/.17 .07/.19 .07/.15 671 Holstein records

a
Data in the form (r

P
/r

G
) where r = phenotypic correlation and r

G
= genotypic correlation.
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Body form appears to have little correlation with percent fat.

The data in Table 11 by Wilcox et al. (1962) indicates quite small

and mostly negative correlations with the components of body form.

Stone, Rennie, and Raithby (1955) and Tabler and Touchberry (1955)

also found quite small correlations of percent fat with final score

(.02 and .05, respectively).

The estimates of genetic correlations were more variable,

making it difficult to form conclusions. However, with the possible

exception of dairy character with yield of milk, fat, and FCM, it

would appear that there would not be any strong genetic correlation

among the subjective components of body form and milk production.

Objective components appear to have even less correlation to

milk and fat yield than the subjective components, especially when

the effect of age is reduced by taking measurements at a fixed

time, such as the first parturition. Phenotypic correlations were

estimated by Brum and Ludwick (1969); Wilk, Young, and Cole (1963);

and Touchberry (1951). Correlations with milk and fat yields were

similar; ranging from -.08 to .04 for body weight, -.04 to .11 for

wither height, -.01 to .15 for chest depth, and -.10 to .04 for

body length. Wilk, Young, and Cole (1963) and Touchberry (1951)

also reported phenotypic correlations of milk and fat yields of

-.09 to .09 with heart girth and -.03 to .00 with paunch girth.

Estimates of genetic correlations of milk and fat yield with

the objective components were even more variable than with the

subjective components, owing to small numbers. Wilk, Young, and
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Cole (1963) gave estimates from -.09 to .03 on 371 Guernseys and

Holsteins. Blackmore, McGilliard, and Lush (1958b) estimated -.34 to

.23 on 334 Holsteins. Touchberry (1951) on 187 daughter-dam pairs

found estimates that ranged from -.58 to -.08 on milk yield and -.28

to .50 on fat yield.

A number of other studies have related body weight to production.

Harville and Henderson (1966) studied 22,767 Holsteins, 2,174 Guernsey,

and 1,034 Jersey first-lactation records and found phenotypic corre-

lations in the range of .10 to .20 for milk and fat yield and .00 to

.11 for percent fat. They found genetic correlation in the range

of .23 to .60 for milk and fat and -.28 to .52 for percent fat.

Higher phenotypic correlations were found by Hooven, Miller, and

Plowman (1968) when they did not adjust for age nor restrict their

study to the first lactation. Their correlations of body weight

with milk and fat were .42 and .43, respectively. Relating body

weight to milk constituents, Erb and Ashworth (1961) found in 154

Holsteins, Jerseys, and Guernseys that the correlations of body

weight and yields of milk, fat, total solids, FCM, SNF, protein,

and lactose are quite similar. Their estimates were .37 to .44 for

Holsteins, .17 to .32 for Jerseys, and -.31 to .10 for Guernseys

with the common correlations for the three breeds, ranging from .23

to .32. When they held the effect of age constant, the partial

correlations of weight with the yields were reduced by one half or

more.
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In general, the literature indicated that the correlations among

components of body form and milk production were low. It appears that

there is considerable environmental influence on components of body

form as well as components of milk production. The approximate

heritabilities were .15 to .30 for subjective components of body

form, .40 to .80 for objective components of body form, .20 to .40

for milk and milk constituent yields, and .40 to .70 for percentages

of milk constituents.

The determination of final score in terms of the major compo-

nents has received some recent study indicating that the relative

emphasis on the components by classifiers may not have been as

prescribed in the Unified Score Card. The determination of the major

components in terms of the sub-components has not been evaluated,

but this information would be useful in re-evaluation of the Unified

Score Card and procedures of judging.

Due to the high correlation of SNF yield with milk yield, it

might be expected that the relationship of body form with SNF yield

would be similar to that of body form and milk yield. The relation-

ships of body form, SNF yield, and percent SNF were not found in the

literature. Likewise, the effect of body form on persistency of the

lactation curve has not been reported.
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METHODS AND MATERIALS

Source of Data

Evaluations for 38 components of body form during 188 lactations

of Holsteins and 77 lactations of Jerseys in the Oregon State Univer-

sity Dairy Herd were available for this study. Dairy Herd Improvement

Registry (DHIR) records for milk, fat, solids-not-fat (SNF) were also

available. In addition, estimates of breeding value for milk yield

were calculated for these cows.

Body form was evaluated approximately 30 days post-partum by two

experienced judges. Each judge scored independently of the other

without reference to any previous score. After the cows were evaluated

for body form, they were weighed for body weight and_ measured for

wither height.

The 38 components of body form were chosen to represent those

aspects of body form described in the Unified Score Card. The major

components were general appearance, dairy character, body capacity, and

mammary system. Each of the major categories was sub-divided further

into its components. Components of general appearance included stature,

head, shoulder, top line, rump (sub-divided into thurls, pins, and

tail setting), and feet and legs (sub-divided into front legs, front

feet, rear legs, and rear feet). Components of dairy character

included neck, withers, chine, hips, pins, thighs, and hide. Com-

ponents of body capacity included width of chest, depth of heart,

depth of barrel, spring of fore rib, and spring of rear rib. And
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finally, components of mammary system included fore udder, rear udder,

depth of udder, teat placement (sub-divided into front teats and rear

teats), teat size, udder quality, and veining. The criteria used in

evaluating these components are the standards described in the Unified

Score Card and the texts on judging (e. g., Trimberger, 1958).

Each component of body form was scored on a scale of 0 to 17,

where 0 represented a rating of "poor minus" and 17 represented

"excellent plus". Final score was calculated by each judge as the

average of the four major components rounded to the nearest whole

number with a decimal of .5 rounded down to the next lower integer.

Unlike the Unified Score Card, this average did not give the 30, 20,

20, and 30% weights for general appearance, dairy character, body

capacity, and mammary system, respectively; but it did insure that

final score was determined in an objective manner from those com-

ponents. The scores used in the analysis were the average of the

scores by the two judges rounded to the whole number (.5 rounded

down).

Records for 305-day milk, fat, and SNF yield were matched with

the corresponding evaluations of body form. Records less than 305

days were extended when they were incomplete or were short due to

culling, injury, disease, or to insure a 60-day dry period. Unexplain-

ably short records were not projected. Projections were made by the

ratio factors developed by McDaniel, Miller, and Corley (1965).

Both actual (as projected) and mature-equivalent records were

studied. Records were adjusted to a mature equivalent by the age
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adjustment factors presented by McDaniel, Miller, and Corley (1967).

Yields of SNF were adjusted by the same factors as milk yields. The

use of milk factors for adjusting SNF yields appears to be justified

by the high correlation of milk and SNF yields (Butcher, Sargent, and

Legates, 1967; Blanchard, Freeman, and Spike, 1966: and Loganathan

and Thompson, 1967). Also, Blanchard, Freeman, and Spike (1965)

developed age adjustment factors for SNF which closely agreed with

the factors presented by McDaniel, Miller, and Corley (1967).

The effect of adjusting milk to a common energy basis was also

studied. Both fat and SNF values were used to determine solids-

corrected-milk (SCM) by the equation of Tyrell and Reid (1965).

SCM = 12.3 (fat) + 6.56 (SNF) - .0752 (milk)

They indicated that the formula for SCM is considerably more accurate

than the formula of Gaines, using only fat to determine 4% fat-

corrected-milk (FCM) which could underestimate by as much as 15% the

true energy value of milk containing less than 3% fat.

The test-day milk yields for the first six months were included

for the calculation of a persistency index. The index was calculated

as the sum of the fourth, fifth, and sixth test-day yields divided by

the sum of the first, second, and third test-day yields. This index

of persistency was presented by Johansson and Bendel (1968) who

indicated that it was not affected by the length of calving interval

and had a heritability of .20. Peak yield was also studied and was

taken as the highest test-day yield.
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Breeding values were estimated by the milk merit index

(McGilliard, 1962). The milk merit index (MMI) is a selection index

for 305-day milk yield based on appropriate weighting of the milk

yields of close relatives deviated from the herd means.

Analysis of Data

The extent or degree of associations among the above components

of body form and milk production were determined by Pearson's product-

moment correlation coefficients (r). These simple phenotypic corre-

lations were determined among all possible combinations by the method

of least squares. Approximate standard errors are presented in the

appendix. These standard errors are approximate, due to the non-

normality of the distribution of correlation coefficients. The sample

correlations were tested for significance against the null hypothesis

that the population correlations were zero, using the table by

Snedecor (1956, p. 174).

In addition, selected relationships were evaluated by multiple

linear regression analysis to determine the association of several

components with another. Partial regression coefficients for these

relationships were estimated by least squares using the general model:

X
03

. = (30 = So. X.. + ej
13

.th
where X

03
. is the dependent variable of concern measured on the 3-- cow,

So is the effect common to all cows (true intercept),

3

.th
X1.. is the j- independent variable of interest measured on the

th
3 cow and assumed to be measured without error,
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So.

.th
. is the partial regression coefficient for the 3 variable,

and

.th
6 is the deviation of the y-- cow not explained by the given

independent variables and is assumed to be independently

distributed.

The relative importance of the various independent variables was

studied by standardizing the partial regression coefficients to a

common scale with variances equal to one, giving "standardized partial

regression coefficients" or "path coefficients", (Wright, 1968):

P . = 0 .a./a
01 01 1 o

where P
oi

is the path coefficient relating dependent variable X
o

to

independent variable Xi,

0
oi

is the corresponding partial regression coefficient,

a
o
is the standard deviation of variable X

o
, and

a. is the standard deviation of variable X..
1 1

As an aid in comparing the relative importance of various components,

the path coefficients were expressed as a percentage of the sum of

all path coefficients. This technique was used to determine the

relative importance of the four major components in determining final

score by Atkeson, Meadows, and McGilliard (1968).

The effect of lactation number on selected components was

determined in the Holstein data by completely randomized analysis of

variance. Seasonal effects on the major components of body form were
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determined by comparison of the means in the Holstein data, but these

means were not subjected to statistical analysis. Heritabilities were

determined by paternal half-sib analysis on selected first-lactation

traits, but their standard errors were too large to warrant the

inclusion of these estimates in this study.
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RESULTS AND DISCUSSION

Characteristics of Body Form

Relationships Among Subjective Components

Multiple correlation coefficients (R
2
) of the regression analyses

indicated that the sub-components included in this study were effective in

explaining most of the variation in the major components. In

Holsteins, 84, 94, 95, and 95% of the variation in general appearance,

dairy character, body capacity, and mammary system, respectively, were

explained by the linear relationships with their sub-components. In

Jerseys, the R
2
values were 82, 95, 94, and 96%, respectively, for the

same major components. It was not determined if more variation could

be explained by including non-linear functions of sub-components in

the model.

Phenotypic correlations among components of general appearance

are presented in Table 12. Correlations of these components with

final score are also included. Negative correlations among these

components are few and small. The correlations of the sub-components

with general appearance are all significant (P < .01), ranging from

.40 to .70. As might be expected, correlations are rather high (.85

to .91) for rump with its sub-components (thurls, pins, and tail

setting). This relationship is strengthened by the high correlations

(.67 to .74) among these sub-components of rump. The correlations of

feet and legs with its sub-components are smaller than those of rump.

It appears that scores for rear legs are relatively independent of



Table 12. Phenotypic correlations among general appearance (GA), its components, and final score (Holsteins/Jerseys). a

Item GA st h sh tl R th p is FL fl ff rl rf

Stature (st) .63/.50

Head (h) . 54;.56 . 48/. 29

Shoulder (sh) ) . 58/. 64 . 39/. 39 . 46 /. 54

Top Line (tl) . 58/. 55 .26,'. 30 . 35/, 35 51/. 50

Rump (R) . 70/. 55 . 24/-. 03 ,37/.26 . 40/. 33 . 64/. 47

Thurls (th) .601. 54 . 22 05 . 29/. 32 .35;.43 . 42/. 45 .85/. 85

Pins (p) . 65/. 44 . 35/-. 08 . 43/. 23 . 36/. 19 . 52/, 23 . 82/. 81 . 74/. 69

Tail Setting (ts) . 62/. 51 . 20/. 01 .29/.22 .36/, 33 . 65/. 49 . 91/. 89 . 74/. 73 . 74/.67

Feet and Legs (FL) . 50/, 67 12/. 14 . 15/.27 . 34/, 39 . 11/.32 . 24/. 46 . 27/. 42 . 24/. 34 . 11/, 36

Front Legs (fl) 24/, 16 32/, 31 , 44/.29 . 26/. 14 34/, 30 , 35/. 39 , 38/. 35 25/. 22 .66/. 54

Front Feet (ff) ) 42,'. 52 . 18/, 10 , 24/. 29 34/, 38 . 13/. 32 . 17/. 46 . 14/. 43 . 20/. 29 , 07/, 39 73/. 79 . 70/.68

Rear Legs (rl) . 39/, 58 .03/. 14 -.04/. 28 . 26/, 38 . 05/. 30 .20/.25 , 24/, 20 17/. 18 . 10/. 16 , 87/. 76 . 44/. 24 . 54/. 50

Rear Feet (rf) 40/. 51 .05/ -.04 . 06/. 21 . 28/. 25 .02/. 26 17/. 33 . 25/. 26 . 19/. 18 04/. 20 . 88/. 78 50/. 19 .61/. 58 . 83/. 71

Final Score . 78/. 76 . 49/. 33 . 47/, 61 . 44/.63 . 46/. 49 . 50/. 49 . 41/. 50 52/. 38 41/. 46 45/. 49 .42/.37 38/. 45 34/. 45 38/.

a
Correlations > 14 for Holsteins and > 23 for Jerseys are significant (P <. 05),
Correlations > . 19 for Holsteins and > . 29 for Jerseys are significant (P <. 01).

36
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the scores for front legs with correlations of .44 and .24 for

Holsteins and Jerseys, respectively.

The relative effects of the sub-components on general appearance

are indicated by the results of multiple linear regression analysis

in Table 13. Also recorded are the means and standard deviations of

these traits. The phenotypic correlations are again recorded for

easy reference. The path coefficients (standardized partial regression

coefficients) indicate that of the sub-components, stature and feet

and legs had the most influence in determining the overall score for

general appearance in both Holsteins and Jerseys. In Holsteins, the

score for rump also had considerable influence on general appearance;

but in Jerseys, the score for rump had little effect. In the

Holsteins, this indicates that there was some residual variation in

the score of rump which could not be predicted by the additive linear

functions of its sub-components, but which had an influence on the

overall score for general appearance. Including another factor such

as levelness of rump might have reduced this residual variation. In

the Jerseys, there appeared to be no residual variation in the score

for rump that was not explained by its sub-components, or else the

residual variation had no effect on overall score for general

appearance.

Phenotypic correlations and path coefficients for the components

of dairy character are recorded in Tables 14 and 15, respectively.

In general, the correlations among the components of dairy character

were quite high (.49 to .96). These high correlations probably
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Table 13. Multiple regression analysis of general appearance on its
components (Holsteins/Jerseys).

Item Mean S. D.
a

r
P

d

General
Appearance 10.6/10.9 1.4/1.3

Stature 11.6/11.1 2.1/2.0 .63/.50 .40/.35 26/20

Head 10.7/11.1 1.7/2.0 .54/.56 .12/.17 8/10

Shoulder 11.6/11.6 1.7/1.4 .58/.64 .05/.14 3/08

Top Line 11.2/11.6 2.0/1.8 .58/.55 .13/.06 9/03

Rump 10.3/10.8 1.7/1.6 .70/.55 .31/.00 20/00

- Thuris 10.6/11.0 1.5/1.5 .60/.54 .00/.01 00/01

-Pins 11.1/10.8 1.8/1.6 .65/.44 -.04/.14 3/08

-Tail

setting 9.8/10.7 2.1/1.9 .62/.51 .12/.19 8/11

Feet
and Legs 10.4/10.8 1.6/1.3 .50/.67 .21/.23 14/13

-Front legs 11.2/11.4 1.6/1.3 .51/.40 .00/.05 00/03

-Front feet 10.9/10.9 1.5/1.4 .42/.52 .01/-.13 1/07

-Rear legs 10.3/11.1 1.9/1.6 .39/.58 .05/.11 3/06

-Rear feet 10.2/10.5 2.0/1.7 .40/.51 .07/.19 4/10

a
S. D. = sample standard deviation.

brp = phenotypic correlation.

c
p = path coefficient (standard partial regression coefficient).

d
%p = path coefficient expressed as a percentage of the sum of all path

coefficients.



Table 14. Phenotypic correlations among dairy character (DC), its components, and final score
(Holstein /Jersey).

Item DC n w ch p th

Neck (n) .87/.90

Withers (w) .89/.92 .77/.82

Chine (ch) .90/.93 .76/.82 .95/.96

Hips (h) .90/.93 .79/.88 .80/.87 .82/.90

Pins (p) .91/.90 .80/.80 .83/.83 .84/.88 .93/.89

Thighs (th) .86/.90 .74/.77 .72/.82 .72/.84 .80/.85 .84/.91

Hide (h) .57/.70 .49/.62 .53/.63 .52/.64 .49/.60 .49/.63 .58/.71

Final Score .36/.38 .26/.39 .30/.33 .30/.29 .33/.38 .29/.23 .35/.31 .47/.46

a
Correlations >.14 for Holsteins and >.23 for Jerseys are significant (P. <.05).
Correlations >.19 for Holsteins and >.29 for Jerseys are significant (P < .01).
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Table 15. Multiple regression analysis of dairy character on its
components (Holsteins/Jerseys).

Item Mean S. D.
a rpb pc

<Di)

d

Dairy
Character 12.4/11.8 1.9/2.2

Neck 12.3/11.6 1.8/2.2 .87/.90 .23/.25 22/23

Withers 12.7/11.9 2.0/2.7 .87/.92 .09/.25 8/24

Chine 12.8/11.8 2.1/2.7 .90/.93 .27/.10 25/09

Hips 12.5/11.9 2.0/2.2 .90/.93 .20/.13 18/12

Pins 12.3/11.2 2.1/2.5 .91/.90 .03/.07 3/06

Thighs 11_7/11.6 2.1/2.3 .86/.90 .22/.20 21/18

Hide 12.2/11.6 1.5/1.8 .57/.70 .03/.07 3/07

a
S. D. = sample standard deviation.

brp = phenotypic correlation.

c
p = path coefficient (standard partial regression coefficient).

d9,
= path coefficient expressed as a percentage of the sum of all
path coefficients.
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reflect a common influence of fleshing on all the components of dairy

character. Although the percentage path coefficients indicate con-

siderable influence of both withers and chine on dairy character, the

high correlations (.95 and .96) between withers and chine indicate

that evaluation of one of these components might be eliminated in the

determination of dairy character. It is interesting to note that the

score for hide was more highly correlated with final score than was

the overall score for dairy character. This might have been due to

the fact that hide was also correlated with general appearance (.41

for Holsteins and .20 for Jerseys).

Phenotypic correlations and path coefficients for components of

body capacity are presented in Tables 16 and 17. The correlations

among the components of body capacity were quite high as were the

components of dairy character, ranging from .63 to .88. It may be

noted that final score in Holsteins was more closely associated with

body capacity and its components than it was in Jerseys. The percent-

age path coefficients show that depth of barrel had the largest single

influence on overall score for body capacity in both Holsteins and

Jerseys.

The phenotypic correlations among the components of mammary

system (Table 18) are lower than the correlations among the other

three major components, indicating that the traits are more inde-

pendent. The correlations among components of the mammary system

ranged from .21 to .92. Veining appeared to have the lowest corre-

lation with all other components of mammary system, as well as



Table 16. Phenotypic correlations among body capacity (BC), its components and final score
(Holsteins /Jerseys).``

Item BC c h b sf sb

Width of Chest (c) .87/.87

Depth of Heart (h) .91/.82 .84/.76

Depth of Barrel (b) .93/.92 .79/.78 .88/.82

Spring Fore Rib (sf) .92/.86 .82/.76 .82/.69 .85/.78

Spring Rear Rib (sb) .83/.88 .71/.77 .73/.63 .77/.79 .83/.86

Final Score .63/.36 .53/.24 .61/.18 .62/.28 .62/.29 .S2/.34

a
Correlations >.14 for Holsteins and >.23 for Jerseys are significant (P <.05).
Correlations >.19 for Holsteins and >.29 for Jerseys are significant (P < .01).
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Table 17. Multiple regression analysis of body capacity on its
components (Holsteins/Jerseys).

Item
b

Mean S. D.
a

r
P P

c ,

p
d

<:,

Body

Capacity 11.2/12.2 1.9/1.6

Width of
Chest 11.2/11.5 1.8/1.6 .87/.87 .16/.23 15/21

Depth of
of Heart 11.3/12.4 2.0/1.6 .91/.82 .19/.11 18/10

Depth
of Barrel 11.4/12.6 2.1/1.7 .93/.92 .34/.36 32/34

Spring of
Fore Rib 10.9/11.8 1.8/1.6 .92/.86 .26/.12 24/12

Spring of
Rear Rib 11.1/12.4 1.8/1.7 .83/.88 .11/.24 11/23

a
S. D. = sample standard deviation.

brp = phenotypic correlation.

c
p = path coefficient (standard partial regression coefficient).

d
%p = path coefficient expressed as a percentage of the sum of all

path coefficients.



Table 18. Phenotypic correlations among mammary system (MS), its components, and final score
(Holsteins/Jerseys).

Item MS fu ru d TP ft rt ts

Fore
Udder (fu) .86/.88

Rear
Udder (ru) .86/.90 .70/.79

Depth of
Udder (d) .83/.91 .74/.83 .73/.84

Teat Place-
ment (TP) .83/.90 .61/.74 .62/.77 .69/.80

-Front
Teats (ft) .78/.80 .59/.63 .60/.65 .60/.66 .90/.88

-Rear
Teats (rt) .74/.80 .50/.62 .54/.67 .64/.74 .92/.90 .77/.71

Teat
Size (ts) .66/.69 .42/.51 .54/.59 .58/.67 .73/.75 .63/.61 .73/.74

Udder
Quality (q) .83/.80 .67/.62 .77/.77 .73/.73 .78/.79 .71/.66 .73/.71 .70/.71

Veining (v) .48/.36 .43/.21 .46/.43 .38/.28 .45/.29 .37/.27 .38/.33 .37/.28 .54/.50

Final Score .61/.64 .52/.67 .58/.59 .38/.49 .50/.56 .50/.55 .43/.49 .48/.50 .53/.55 .43/.42

a
Correlations >,14 for Holsteins and >.23 for Jerseys are significant (P <.05).

Correlations >.19 for Holsteins and >.29 for Jerseys are significant (P <.01).
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overall score for mammary system (Table 18). The scores for fore

udder and rear udder have the greatest influence on the overall score

for mammary system (Table 19).

The relationship of final score to the major components was

studied and the results are shown in Tables 20 and 21. Phenotypic

correlations indicate a rather high association of body capacity and

general appearance (r = .62 and .48). Mammary system is also signif-

icantly correlated with general appearance (.34 and .41). The corre-

lations of the components with final score are not equal as might

first be expected, knowing that final score was calculated as the

average of the four components. In Jerseys, the percentage path

coefficients indicated a stronger influence of mammary system and

dairy character on final score than general appearance and body

capacity. In Holsteins, mammary system and general appearance exerted

stronger influences on final score than dairy character and body

capacity. These findings are in agreement with the reports of

Atkeson, Meadows, and McGilliard (1968) and Hansen, Barr, and

Wieckert (1969) in Holsteins.

It was observed in this study that the regressions only explained

85 and 90% of the variation in final score for Holsteins and Jerseys,

respectively. As final score is determined objectively from only the

four major components, it was assumed that the remaining variation

was due to rounding when the scores of the two judges were averaged

and when final score was calculated. To test this assumption and

determine its impact, calculated final scores for the Holstein data
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Table 19. Multiple regression analysis of mammary system on its
components (Holsteins/Jerseys).

Item Mean S. D.
a rPb pc d

Mammary
System 9.4/10.1 2.2/2.4

Fore Udder 9.0/9.7 2.2/2.3 .86/.88 .35/.27 31/23

Rear Udder 9.8/10.7 2.4/2.5 .86/.90 .31/.22 27/20

Depth
of Udder 10.1/10.8 2.3/3.0 .83/.91 .09/.22 8/20

Teat
Placement 9.4/9.7 2.3/2.6 .83/.90 .17/.01 15/01

Front Teats 9.1/9.6 2.2/2.4 .78/.80 .09/.18 7/16

Rear Teats 9.7/9.8 2.6/3.0 .74/.80 .06/.13 5/11

Teat Size 10.8/11.3 2.2/1.9 .66/.69 .06/.00 5/00

Udder
Quality 10.8/10.8 2.3/2.2 .83/.80 .01/.06 1/06

Veining 11.0/10.4 2.0/1.5 .48/.36 -.01/.02 1/02

a
S. D. = sample standard deviation.

brp = phenotypic correlation.

c
p = path coefficient (standard partial regression coefficient).

do
= path coefficient expressed as a percentage of the sum of all

path coefficients.
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Table 20. Phenotypic correlations amongafinal score, its components,
and age (Holsteins/Jerseys).

Item

Final
Score GA DC BC MS

GA .78/.76

DC .36/.38 .17/.06

BC .63/.36 .62/.48 .13/.18

MS .61/.64 .34/.41 .10/-.08 .12/-.01

Age .20/-.04 .13/-.21 .28/.49 .42/.12 -.24/-.47

a
Correlations >.14 for Holsteins and >.23 for Jerseys are signifi-
cant (P < .05).

Correlations >.19 for Holsteins and >.29 for Jerseys are signifi-
cant (P <.01).

Table 21. Multiple regression analysis of final score on its
components (Holsteins/Jerseys).

Item Mean S. D.
a rDb pc

ip
d

Final Score 10.5/11.0 1.3/1.3

GA 10.6/10.9 1.4/1.3 .78/.76 .39/.39 29/24

DC 12.4/11.8 1.9/2.2 .36/.38 .24/.46 18/28

BC 11.2/12.2 1.9/1.6 .63/.36 .33/.28 24/17

MS 9.4/10.1 2.2/2.4 .61/.64 .41/.51 30/31

a
S. D. = sample standard deviation.

brp = phenotypic correlation.

c
p = path coefficient (standard partial regression coefficient).

d
%p = path coefficient expressed as a percentage of the sum of all

path coefficients.



56

were determined as the average of the four components and carried to

full decimal accuracy.

Multiple regression analysis gave the expected R
2

equal to 100%;

and the partial regression coefficients were .25 for all four com-

ponents, as compared to coefficients of .36, .17, .22, and .24 for

general appearance, dairy character, body capacity, and mammary system

on the original final scores. The resulting correlations and path

coefficients are presented in Table 22. There was some difference

in the correlations between the two systems, but it was not as great

as the difference in the partial regression coefficients. As a con-

sequence, the percent path coefficients were changed, with general

appearance receiving less emphasis than the other components.

Table 22. Multiple regression analysis of final score for Holsteins,
calculated without rounding.

Item Mean S. D.
a d

Final Score 10.8 1.2

GA 10.6 1.4 .78 .30 19

DC 12.4 1.9 .50 .40 26

BC 11.2 1.9 .65 .40 26

MS 9.4 2.2 .65 .46 30

a
S. D. = sample standard deviation.

brp = phenotypic correlation.

c
p = path coefficient (standard partial regression coefficient).

d
%p = path coefficient expressed as a percentage of the sum of all

path coefficients.
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The path coefficients are calculated from the partial regression

coefficients by dividing by the standard deviation of the final score,

which is constant for all the coefficients, and by multiplying by the

standard deviation of the component, which is, of course, unique for

each component. This function makes the path coefficient for a

component directly proportional to the standard deviation of that

component when the partial regression coefficients are equal. The

result is that greater emphasis is unconsciously placed on the com-

ponents with greater variability.

Analysis was made of the effect of age and season on the evalu-

ations for the major subjective components of body form in the

Holstein data. Analysis of variance by lactation (Table 23) indicated

a significant (P <.01) effect of lactation number on the scores for

dairy character and body capacity. Both characteristics increased

in score with advancing age. This is supported by correlations of

.28 and .42 (Table 20), respectively for dairy character and body

capacity with age in the Holsteins. Jerseys also had a high corre-

lation of .49 for dairy character with age; body capacity was corre-

lated only .12 in Jerseys. This increasing trend in score with age

is in agreement with the findings reported by Wilcox et al. (1959) who

found increasing scores for the four major components and final score

for two through six years of age. In the present study, however,

final score and general appearance appeared to be little affected by

age, except that cows with six and over lactations scored higher in

both traits. Scores for mammary system, contrary to the report of
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Table 23. Effect of age on major subjective components of body
form in Holsteins.

Lactation Means
Trait 1 2 3 4 5 6 7 & Over F-ratio

GA 10.30 10.73 10.58 10.37 10.50 11.50 11.14 1.218

DC 11.89 12.15 11.93 13.43 13.20 13.67 13.71 3.628 **

BC 10.39 11.16 11.59 11.50 11.50 13.00 13.57 6.032 **

MS 10.14 9.25 8.72 8.63 8.40 9.83 8.57 2.852 *

Final
Score 10.31 10.54 10.38 10.69 10.40 12.00 11.43 2.462 *

**Significant (P <.01) with 6 and 181 degrees of freedom.

*Significant (P <.05) with 6 and 181 degrees of freedom.

Table 24. Effect of season on the mean of scores for components of
body form in Holsteins.

Season
Number

of Records GA DC BC MS
Final
Score

January-
March 46 10.24 12.39 11.41 9.63 10.59

April-
June 40 10.60 11.83 11.73 8.33 10.28

July-
September 26 10.58 12.85 11.00 9.04 10.38

October-
December 74 10.70 12.57 10.93 9.80 10.65
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Wilcox et al. (1959), declined with age to the sixth lactation. This

may indicate less conservatism of the judges in this study in the

evaluation of young animals. In the Jerseys, the correlation of -.47

(Table 20) indicates and even greater decline with age in the score

for mammary system than was found in the Holsteins.

The mean scores by season were determined for the major com-

ponents and final score for the Holstein data and are listed in Table

24. While the means were not tested for significance, the differences

appear to be small with the exception that dairy character and mammary

system scores were lower for April to June than for the other seasons.

Wilcox et al. (1959), on the other hand, found no difference in

mammary system between cows scored in the fall and spring; but he

reported that dairy character was lower in the fall than in the

spring. In their study, the cows were not evaluated at a fixed time

in lactation, as were the cows in the present study, making it diffi-

cult to compare the results.

Objective Components of Body Form

Measures of body weight and wither height were included in the

present study. Of the two, body weight was more variable with means,

standard deviations, and coefficients of variation of 1,374 lb.,

191 lb., and .14 in Holsteins and 930 lb., 104 1., and .11 in Jerseys.

The corresponding values for wither heights were 140.6 cm., 5.3 cm.,

and .05 in Holsteins and 123.6 cm., 4.0 cm., and .03 in Jerseys.

Phenotypic correlations of body weight, wither height, and age
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at time of evaluation with the major subjective components and final

score were studied to determine their relationships. These correla-

tions are listed in Table 25. The correlation of body weight with

wither height (.54 and .42) are close to the values of .53 and .52

reported by Touchberry (1951) and Blackmore, McGilliard, and Lush

(1958), respectively.

Table 25. Phenotypic correlations among age, body weight, wither
height, final score, and the major components of final
score.a

Body Wither Final

Item Breed Weight Height Score GA DC BC MS

Age Holstein .53 .37 .20 .13 .28 .42 -.24

Age Jersey .31 .31 -.04 -.21 .49 .12 -.47

Body weight Holstein .54 .32 .42 -.05 .64 -.15

Body weight Jersey .42 .06 .15 -.24 .44 -.15

Wither height Holstein

Wither height Jersey

.22 .31 .09 .30 -.06

.08 .11 .22 .20 -.26

a
Correlations > .14 for Holsteins and > .23 for Jerseys are signif-
icant (P <.05).
Correlations > .19 for Holsteins and > .29 for Jerseys are signif-
icant (P <.01).

Final score was correlated with body weight .32 in Holsteins and

.06 in Jerseys. Final score with wither height was .22 and .18 for

these breeds, respectively. The corresponding correlations by

Touchberry (1951) in Holsteins were midway between these values (.23

for body weight and .14 for wither height).
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The positive associations of weight and height with final score

may reflect the positive correlations with body capacity and general

appearance. These correlations were stronger in Holsteins than in

Jerseys; body weight and wither height were correlated .64 and .30

with body capacity in Holsteins, but only .44 and .20 in Jersey.

General appearance with weight and height were .42 and .31 in

Holsteins, and only .15 and .11 in Jerseys. This indicates that

heavier Holsteins scored higher in general appearance and body

capacity than lighter Holsteins. Since age was not held constant in

this study, it was difficult to determine what portion of these rela-

tionships were a causitive effect of body size on general appearance

and final score and what portion was due to other changes in body

form or standards of evaluation with advancing age.

Characteristics of Milk Production

The relationships among milk and its constituents were evaluated

on an actual basis as well as a mature equivalent basis. The means

and standard deviations were calculated and are listed in Table 26.

The Holstein mature equivalent mean and standard deviation of milk

yield may be converted to kilograms and compared to the parameters

found by other workers (Table 8). The mean milk yield was 7,988 kg.

and the standard deviation was 1,594 kg. Both the herd mean and

standard deviation were larger than the parameters from the litera-

ture, all of which were estimated from a large number of herds. This

may indicate that a higher level of management results in more
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Table 26. Means, standard deviations, and coefficients of variation
for milk and its constituents.a

Item Milk Fat SNF % Fat % SNF SCM

Holstein actual records

Mean 15,626 570 1,320 3.66 8.56 14,499
S. D. 3,443 127 288 .30 .27 3,145
C. V. .22 .22 .22 .08 .03 .23

Jersey actual records

Mean 8,169 431 762 5.30 9.35 9,689
S. D. 2,013.7 105 180 .44 .33 2,301
C. V. .25 .24 .24 .08 .03 .24

Holstein mature equivalent records

Mean 17,612 631 1,490 3.60 8.46 16,214
S. D. 3,515 125 304 .30 .27 3,201
C. V. .20 .20 .20 .08 .03 .20

Jersey mature equivalent records

Mean 9,130 474 853 5.21 9.36 10,738
S. D. 2,003 103 183 .43 .33 2,288
C. V. .22 .22 .22 .08 .04 .21

aMilk, fat, and SNF yield means and standard deviations expressed in
pounds.

b
Statistical abbreviations: S. D. = sample standard deviation,

C. V. = coefficient of variation
(S. D./Mean).
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variation. The coefficients of variation, however, are more in line

with those reported by Gaunt et al. (1968) and Loganathan and

Thompson (1968) but greater than estimated by Sargent, Butcher, and

Legates (1967) for milk, fat, and SNF yields. The percentages in

the present study appear to be less variable than those of the first

two reports, but were the same as those found by Sargent, Butcher,

and Legates (1967).

The phenotypic correlations among actual and among mature

equivalent yields and percentages are recorded in Table 27. Also

included are the calculated values for solids-corrected milk (SCM),

both actual and mature equivalent, and the most recent estimates of

breeding values (MMI).

The correlations of milk yield with SNF in both Holsteins and

Jerseys were .99. These were in agreement with the findings of

previous workers (Table 10). The correlations of milk yield with

fat (.92 to .94) were higher than those previously reported (.84 to

.87). The higher correlations for fat with milk yield may indicate

a more uniform environment, which would reduce the environmental

variation in fat percentage. Yields of SNF were also correlated more

highly with fat yield than indicated in the literature (Table 10),

probably for these same reasons. The correlations were essentially

in line with those found in the literature (Table 10) for the

percentages of fat and SNF.

Correlations among the test-day yields for the first six months

were included in the present study, but add little to previous reports



Table 27. Phenotypic correlations among milk and milk constituent yields and percentages,
solids-corrected milk yield, and milk merit index (Holsteins/Jerseys).

Item Milk Fat SNF % Fat % SNF SCM MMI

Milk

Fat

SNF

.92/.92

.99/.99

.94/.94

.92/.94

.99/.99

.94/.95

-.21/-.16

.14/.19

-.18/-.08

-.18/-.34

-,10/.15

-.04/-.21

% Fat -.28/-.19 .11/.20 -,25/-.10 .26/.53

% SNF .01/-.19 .08/.02 .16/-.03 .21/.53

SCM .97/.96 .98/.99 .98/.98 -.08/.07 .14/.01

MMI .47/.53 .42/.44 .46/.48 -.16/-.26 .00/-.48

.98/.97 .46/.56

.98/.99 .40/.46

.98/.99 .46/.51

-.19/.07 -.19/-.27

-.06/-.17 .00/-.48

.44/.48

.45/.46

a
Correlations above and to the right are among actual records, and correlations below and to the
left are among age-adjusted records.
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(Madden, McGilliard, and Ralston, 1959 and Lamb and McGilliard, 1967).

Phenotypic correlations between adjacent months were .66 to .86 in the

Holsteins and .76 to .87 in the Jerseys. These are in agreement with

the findings of the authors cited above.

Analyses of the effect of age on percent fat, percent SNF, and

persistency of milk yield was made on the Holstin data and are given

in Table 28. No significant effect of age on fat percentage was

observed while percent of SNF showed a highly significant decline with

age. These findings support the findings of Loganathan and Thompson

(1968) who found no significant effect of age on percent fat and the

report of Gaucula, Gaunt, and Damon, who found only a slight decline

of percent fat with age and a much greater decline of percent SNF

with age. These findings differ, however, from the study of Gaunt

et al. (1968) who found that 27% of the variability in percent fat

was due to age.

Persistency was also significantly affected by age (Table 28)

with first lactation being the highest and the sixth lactation being

the lowest. The remaining lactations were intermediate. No apparent

reason could be found to explain the low persistency in the sixth

lactation. This is in partial agreement with the findings of

Lennon and Mixner (1958) who found that the first lactation had the

highest persistency with no consistent variation among the remaining

lactations.

Phenotypic correlations among age, peak test-day yield, and

persistency are listed in Table 29. The phenotypic correlations of



Table 28. Effect of age on persistency, percent fat, and percent SNF in Holsteins.

Lactation
Trait 1 2 3 4 5 6 7& Over F-ratio

% Fat 3.61 3.64 3.77 3.81 3.63 3.56 3.75 1.95

% SNF 8.62 8.43 8.36 8.34 8.28 8.24 8.31 8.49 **

Persistency 89.01 76.08 81.28 82.96 85.14 73.21 80.21 5.58 **

**Significant (P < .01) with 6 and 181 degrees of freedom.

Table 29. Phenotypic correlations of age, peak yield, and persistency with actual yields of milk
and its constituents (Holsteins/Jerseys).a

Trait Peak Persistency Milk Fat SNF % Fat % SNF SCM

Age .40/.50 -.15/.01 .34/.35 .37/.34 .28/.31 .11/-.04 -.39/-.41 .33/.32

Peak Yield -.36/-.18 .80/.82 .72/.77 .77/.80 -.24/-.12 -.29/-.35 .75/.79

Persistency .00/.20 .05/.19 .03/.19 .18/-.03 .29/-.13 .05/.19

a
Correlations .14 for Holsteins and > .23 for Jerseys are significant (P <.05).
Correlations > .19 for Holsteins and ) .29 for Jerseys are significant (P < .01).
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these factors with the actual records for yields of milk and yield and

percentages of milk constituents are also listed. Persistency was

correlated -.36 and -.18 with peak yield in this study; whereas, a

previous study indicated this correlation was nearer to zero (Lennon

and Mixner, 1958). Their study was on a within-lactation basis, which

essentially eliminated the effect of age. However, in the present

study, the effects of age were not removed, which may account for the

negative correlations.

Peak yield was correlated quite highly with actual milk yield

(.80 and .82), but the correlation of persistency with milk yield

was rather low (.00 and .20). This implies that cows with high

persistency may have a lower peak yield resulting in little or no

increase in actual lactation yield. If the peak yield is fixed, it

is to be expected that persistency would then be correlated to total

lactation yield. The partial correlation of persistency with total

lactation yield, independent of peak yield, was .51 in the Holstein

data. These results indicate that both peak yield and persistency

are highly associated with total lactation yield, but they may not

be as independent of each other (near zero) as Lennon and Mixner

(1958) reported.

Relationships of Body Form with Milk Production

The phenotypic correlations of the components of body form with

the measures of milk production were determined. The correlations

involving the major components of body form are listed in Table 30.



Table 30. Phenotypic correlations of milk and milk constituents with major objective and subjective
components of body form (Holstein/Jerseys).a

Item Age
Body

Weight
Wither
Height

Final
Score GA DC BC MS

Age .53/.31 .37/.31 .20/-.04 .13/-.21 .28/.49 .42/.12 -.24/-.47

Actual Milk .34/.35 .18/.24 .21/.10 .21/.03 .05/.04 .46/.15 .14/.08 .07/-.19
M. E. Milk b .00/.04 -.09/.08 .04/-.02 .15/.02 -.01/.09 .39/.01 -.02/.03 .20/-.05

Actual Fat .37/.34 .21/.21 .14/.07 .17/.12 .05/.07 .40/.18 .16/.11 .01/-.11
M. E. Fat .09/.05 -.02/.04 -.02/-.06 .12/.11 -.01/.10 .35/.07 .01/.03 .13/.02

Actual SNF .28/.31 .14/.24 .19/.09 .20/.07 .04/.08 .43/.15 .12/.08 .09/-.13
M. E. SNF -.07/-.02 -.12/.04 .01/-.04 .13/.07 -.02/.13 .35/.01 -.05/.02 .13/.07

Actual % Fat .11/-.04 .11/-.08 -.18/-.11 -.10/.19 -.02/.02 -.19/.08 .03/.01 -.14/.18
M. E. % Fat .22/.03 .16/-.10 -.14/-.10 -.08/.17 -.01/-.02 -.15/.13 .07/-.01 -.16/.02

Actual % SNF -.39/-.41 -.24/-.24 -.15/-.13 -.10/.23 -.11/.20 -.23/-.04 -.21/-.11 .14/.40
M. E. % SNF -.39/-.41 -.24/-.24 -.15/-.13 -.10/.23 -.11/.20 -.23/-.04 -.21/-.11 .14/.40

Actual SCM .33/.32 .18/.21 .17/.08 .19/.10 .05/.07 .42/.17 .14/.10 .06/-.12
M. E. SCM .00/.02 .08/.04 .00/-.05 .13/.10 -.02/.12 .36/.04 -.03/.03 -.18/.02

Peak Yield .40/.50 .39/.41 .32/.25 .25/.12 .14/-.03 .43/.26 .25/.17 .01/-.19

Persistency -.15/.01 -.33/-.23 -.23/-.08 -.01/-.13 .02/-.09 -.09/.01 -.07/-.01 .17/-.19

a
Correlations > .14 for Holsteins and > .23 for Jerseys are significant (P < .05).
Correlations > .19 for Holsteins and > .29 for Jerseys are significant (P < .01).

b
M. E. = mature equivalent.
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The correlations with age are also listed. In general, the correla-

tions of body form with milk production were not strong. Dairy

character was, as other workers have found (Table 11), the most highly

correlated trait with measures of milk yield. In Holsteins, wither

height, final score, and dairy character were significantly (P <.01)

correlated with actual milk yield. In Jerseys, only body weight was

significantly correlated (P < .05) with actual milk yield. The

correlations of body form with actual SNF yield were only slightly

lower than with actual milk yield.

The correlations of body form with actual fat yield were little

different than for body form with actual milk and SNF yields. In

general, age adjusting the milk constituent yields resulted in lower

correlations with all traits except for mammary system.

Adjusting the milk yields to a common energy basis (SCM) did

not give any larger correlations with body form than actual yields

of milk.

Peak yield was more highly correlated than total lactation yields

with body weight, wither height, final score, and body capacity.

Since the scores for these components increase with age, as does

peak yield, it is difficult to determine whether the larger body

size causes a higher peak yield or whether both higher peak production

and body size are merely the result of advancing age. It is likely

that both size and maturity may play a role in determining peak

yield.

The phenotypic correlations of persistency with components of

body form were mostly negative, particularly the correlations of
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persistency with body weight and wither height (-.33 and -.23,

respectively for Holsteins and -.23 and -.08, respectively, for

Jerseys). This negative association may have been due in part to

the fact that the larger cows were older and had a higher peak yield,

which, as was shown previously, had a negative correlation with

persistency.

The correlations of percentages of milk constituents with the

components of body form were small and mostly negative.

The correlations of the sub-components of body form with all

measures of milk production were for the most part quite similar to

the correlations of the major components of body form. In Jerseys,

topline was negatively correlated with actual milk, fat, and SNF

yields by -.18, 0.13 and 0.15, respectively, and positively corre-

lated with percent SNF by .23. In Holsteins, topline had little

relationship to milk production measures, but the score for shoulders

was negatively correlated with actual and mature equivalent yields

and percentages.
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CONCLUSIONS

General appearance, dairy character, body capacity, and mammary

system can be quite effectively predicted by a linear function of

their sub-components, as indicated by multiple correlation coefficients

(.82 and greater). General appearance has the greatest residual

variation not explained by its sub-components. Part of this remaining

variation may be explained by body capacity and mammary system which

were correlated with general appearance by .62 and .34, respectively,

in Holsteins and .48 and .41 in Jerseys. The phenotypic correlations

among the sub-components indicate that the sub-components of general

appearance were less related to each other than were the sub-components

of dairy character, body capacity, and mammary system. This indicates

that it would be more difficult to make genetic progress in all the

components of general appearance by selecting on an overall score.

Perhaps general appearance could be divided into sub-groups with

stronger correlations among the components, giving components which

are more useful for description, selection, and evaluation of cows.

Path coefficients indicated that greater emphasis was placed on

mammary system than on general appearance, dairy character, and body

capacity in spite of the objective equation used to determine the

final score as the average of the four components. The emphasis on

each component was automatically a function of its variation with

more emphasis given to the more variable traits. A re-evaluation of

the scoring system needs to be made to determine whether a certain

number of points should be given to each component or whether an
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equation should be developed that would allow a specified portion of

the variation to be explained by each component. An equation of this

sort could be applied if classifiers were to score several major

components and return these scores to breed association offices where

final score could be determined by electronic data processing.

Rounding the data had a more detrimental effect than was expected.

The standard deviations of the major components were 1.3 to 2.4, which

would mean that a rounding error of .5 would be .3 to .4 standard

deviations. It appears that the score should be carried to two-place

decimal accuracy. The small standard deviations indicate that the

use of the 18 categories of classification is more desirable than

the use of only six, as used by other workers. Use of a scale with

only six categories gives standard deviations less than one; thus an

error in classification would be greater than one standard deviation.

Environmental factors affected the scores for components of

body form. In this study, stage of lactation had no effect as all

animals were evaluated within 30 days post-partum. Age, however,

had a considerable effect. Body weight and wither height increased

with age. Although the subjective components were evaluated without

regard to age, the scores were affected by age. Dairy character,

body capacity, and mammary system were most affected. Scores of

dairy character and body capacity increased with advancing age,

while scores of mammary system decreased. General appearance and

final score were less affected by age.

Further study of the relationships among the components of body

form would be more effective if the effect of age was isolated or
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eliminated by studying the correlations within the lactations or by

age adjusting the subjective and objective measures of body form.

The objective components, body weight and wither height, were

correlated with body capacity (.64 and .30, respectively in Holsteins

and .44 and .20, respectively in Jerseys). This was reflected in

the positive correlations with final score for these components of

body form. Since the objective measures are more highly heritable

(.40 to .80) than the subjective sources for body capacity (.10 to

.35), it may be of more value to dairymen and scientists to use

objective measures rather than the subjective evaluation of body

capacity in the classification program.

The phenotypic correlations found in this study among milk con-

stituents were mostly similar to previously reported values. Milk

yield was correlated with SNF yield by .99 in both Jerseys and

Holsteins. Milk yield with fat yield, however, was found to have

higher correlations (.92 to .93) than previously reported. The

correlations between adjacent test days were .66 to .86 in Holsteins

and .76 to .87 in Jerseys.

Analysis of the effect of age on constituent percentages in

Holsteins indicated no effect on fat percentage but a significant

decline in percent SNF with advancing age. Persistency was also

affected by age with the highest persistency in the first lactation

and the lowest in the sixth, the remaining lactations being

intermediate.
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In general, the correlations of body form with milk production

traits do not appear to be very strong. The characteristic of body

form most highly correlated with measures of milk yield was dairy

character. The components of body form were more highly correlated

with actual yields than with age adjusted records. There was no

apparent advantage in adjusting milk yield to a common energy basis.

The correlations of peak yield with measures of body size (body

weight, wither height, and body capacity) were higher than were the

correlations of total lactation yields with these components.

Persistency appeared to have little correlation with most

components of body form, except it was found to be negatively

correlated with body weight (-.33 and -.23 for Holsteins and

Jerseys, respectively).

It appears that future studies would be more effective if

records were age adjusted or the effects of age were held constant

by using intra-lactation correlations in evaluating the relationships

of body form, peak yield, and persistency.
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TABLE OF APPROXIMATE STANDARD ERRORS OF CORRELATION COEFFICIENTS
a

r r
2

Jerseys Holsteins

.00 .00 .114 .073

.10 .01 .113 .072

.20 .04 .110 .070

.30 .09 .104 .066

.40 .16 .096 .061

.50 .25 .086 .054

.60 .36 .073 .046

.70 .49 .058 .037

.80 .64 .041 .026

.90 .81 .021 .013

.95 .9025 .011 .007

a
Standard errors calculated as described by Sewall Wright
(1968, p. 258):

Standard Error = 1 r
2

V n 1

where: r = phenotypic correlation coefficient, and
n = number of observations.


