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ABSTRACT

Variables related to health, reproduction, replace-
ment, and milk production in 111 Danish dairy herds
were studied with factor analysis. The objectives were
to identify management types and to assess the
relevance of those types for herd milk production.
Median herd size and total milk production were 59
cows and 7100 kg of energy-corrected milk, respec-
tively. Based on cow data, 22 herd variables were
defined. A factor analysis identified 10 first-order fac-
tors and 5 second-order factors. The latter factors
were valid indicators of replacement intensity, varia-
bility of milk production, potential for peak milk
production, disease, and a complex pattern related to
herd size and age, cow size, and live cattle sales. The
potential for peak milk production, replacement in-
tensity, and variability of milk production were
strong predictors of herd milk production. Interac-
tions with herd size were important. The derived
factor scoring coefficients allowed assessment of the
management type of a given herd.

(Key words: factor analysis, systems analysis,
production management, health management)

INTRODUCTION

Evaluation of the efficiency of production in a dairy
herd is important for producers and production con-
sultants who want to identify economically optimal
farm management improvements. Valid and precise
indications of promising areas for management im-
provement may also serve to motivate the producer to
change production routines, tactics, and strategies.
Farm organization leaders, politicians, or scientists
may also want to analyze the production efficiency of
a broad spectrum of herds prior to making decisions
in the areas of animal welfare legislation, allocation
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of research grants and extension efforts, and determi-
nation of breeding goals.

The identification of weak or strong points of herd
management is usually based on relatively systematic
comparisons of management indicators, for instance,
those indicators related to milk production and
reproduction, for herds that have similar opportuni-
ties for production. Such herds then serve as refer-
ence, or “target”, herds. Comparison is relatively sim-
ple if it concerns a minor part of herd management,
such as mastitis control. An evaluation of manage-
ment across a large number of herds, however, is
difficult for two reasons. First, data may be scarce
and not comparable. For instance, pregnancy checks
may only be available for a few herds. Consequently,
the most precise indicators of reproduction efficiency
may not be available on a larger scale, and this lack
of data may be related to management. Second, a
dairy herd is a complex and dynamic system in which
input and output are related to management strate-
gies and animal status in a complex manner (3).
Consequently, many management indicators are
strongly interrelated, which makes it difficult to
specify explicitly those variables that are dependent
and those that are independent in a traditional
statistical analysis. Therefore, evaluation of herd
management indicators is a complicated task.

This study was designed to provide support to the
development of management indicators that validly
and precisely identify dairy herds that differ mar-
kedly from the typical or expected pattern of compara-
ble herds. The study was aimed at utilizing herd data
that could be available in any dairy herd enrolled in a
typical DHI scheme.

The specific objectives of this study were twofold:
1) to describe the structure of dairy herd manage-
ment indicators related to health, reproduction,
replacement, and milk production, that is, to consoli-
date related variables into fewer, interpretable or-
ganizing concepts or labels to allow a simple, valid,
and precise indication of production characteristics;
and 2) to assess the relevance of these indicators for
milk production, which is the most important source
of income in a dairy herd.
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MATERIALS AND METHODS

Data

Data from 86 dairy herds constituting a broad
spectrum of herd types were made available through
collaboration with four Danish practicing veterinari-
ans. Data from 34 herds participating in other studies
of farming systems were also available (7). Data
from this total of 120 herds were collected through
the Danish milk recording scheme. Monthly milk
production and SCC were collected for individual
cows. Dates of calvings, cullings, and disease treat-
ments were available, and diagnoses at disease treat-
ment were recorded. Breeding values for milk produc-
tion were also available. Nine herds were excluded
because some of the variables described could not
meaningfully be derived because the herds were too
small (<25 cow yr).

Definition of Herd Variables

Twenty-two variables were calculated for the 111
herds with suitable records, and these variables are
described in Table 1 by means of 5, 25, 50, 75, and 95
percentiles. Cut-off dates for calculations varied from
April 30, 1993 to December 31, 1994. Variable defini-
tions, measurement characteristics, and the purposes
of including the variables in the study follow.

Herd size. Dates of first calvings, purchases, and
cullings of individual dairy cows were used to deter-
mine herd size. The numbers of heifers and cows that
were present at any day in each herd during the last
year prior to the cut-off date were summed and then
divided by 365. Herd size was thus measured as the
mean number of cow years during the last year of
observation. Herd size was included because housing
system and management strategies and routines
often differed with herd size.

Mature BW. Breed information in the cow files
was used tc estimate mature BW. Jersey, crossbreeds,
Danish Red Breed, and Danish Friesians were as-
sumed to have mature BW of 430, 550, 625, and 625
kg, respectively. Calculations were based on all cows
that calved during the last 2 yr prior to the cut-off day
minus 50 d. Basically, the mature BW variable meas-
ured breed. The variable was included because cow
size or breed probably influenced several biologic
responses, such as feed conversion efficiency and
health (e.g., less dystocia and better claw health
among Jerseys).

Age at first calving. The age at first calving was
estimated from the same cows as were used to meas-
ure BW. Dates of birth were available for >86% of all
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cows in all herds and could, consequently, be calcu-
lated very precisely. Age at first calving most likely
was a reflection of management strategy and was
expected to influence milk production in some way,
depending on management of replacement heifers.

Calving interval. Calving interval was based on
all calvings in each herd from 3.5 to 1 yr prior to the
cut-off day. For these calvings, the interval to the
subsequent calving or culling was identified. This
interval was analyzed in an event time analysis with
censoring (16) by means of PROC LIFETEST (12).
Culling was used as a censoring variable. This analy-
sis identified the number of days postpartum by
which half of the cows had calved again. This median
calving interval was less influenced by the very long
calving intervals and by the nonpregnant cows than
by the mean calving interval based only on cows
calving again (9). Calving interval is generally ac-
cepted as a very important herd variable. Pregnancy
checks were not performed uniformly in all herds, and
some herds used bulls according to unknown strate-
gies (e.g., problem cows or during pasture grazing).
Consequently, more precise and actual indicators of
reproductive efficiency were not included in the study.
A long observation period was chosen because calving
interval might have long-term effects, especially when
replacements are home reared and because variances
of means increased as numbers of observations
decreased.

Calf survival. Data used to determine calf sur-
vival included all calvings during the 2 yr prior to the
cut-off day. Time of death or, alternatively, sale for
slaughter or fattening (bull calves) was identified.
Bull calves were included because parturition
management was expected to be the same for bull and
heifer calves. Mortality during the first 6 mo of life for
heifers and for bull calves was estimated for each
herd by means of an event time analysis; data con-
cerning slaughter, sale for fattening, and study cut-off
date were used as censor variables. Typically, files for
young stock are kept much less accurately than are
cow files. Consequently, the mortality rates in this
study were probably underestimated. However, be-
cause individual animal identification is mandatory
in Denmark and because the largest proportion of
mortality occurs peripartum, lack of calf identification
after calving was regarded as a valid indicator of
death. The long period of observation was chosen to
reduce random error and to consider the long-term
effects of calf mortality on herd production efficiency.
Perinatal mortality was expected to be strongly cor-
related with postpartum reproduction disorders in
cows and heifers. Such disorders appear to decrease
production markedly (8).
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Cow survival. The same data files as were used to
determine BW and age at first calving were used to
determine cow survival (2-yr period). The proportion
of cows being culled for any reason before 12 wk
postpartum was calculated. This relatively short
period was chosen because culling later in lactation
probably was heavily influenced by numerous factors,
such as reproductive efficiency, milk production, and
cash flow. Early cullings, before 12 wk postpartum,
were most likely to be involuntary and probably of
major biological and managerial relevance.

Calving rate. Using the same data file as for cow
survival, calving rate was estimated. The number of
calvings was divided by the number of cow years
during the same period. This variable measured the
overall intensity of calvings. Little measurement er-
ror was expected for the reasons already stated. Calv-
ing rate was primarily expected to be a function of
calf and cow survival (health), reproductive effi-
ciency, and replacement policy.

Sales of live cattle. Records of sales and pur-
chases of cows and heifers for reasons other than
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slaughter during the last year prior to the cut-off date
were used to determine the variable sales of live
cattle, which was calculated as sales minus purchases
of replacement heifers, heifers, or cows. Values of zero
indicated a closed herd. Very little measurement error
related to purchases was expected because the na-
tional animal identification system uniquely identi-
fies animal and herd of birth. Sales were more
difficult to separate precisely between slaughter and
livestock sales. The variable was expected to be
primarily a function of calf and cow survival
(health), reproduction efficiency, changes in herd size
or milk quota, and replacement policy. Open versus
closed herds might have health effects.

Cow age. The mean lactation number during the
last 2 yr was cow age. Virtually no measurement
error was expected. The variable was expected to be
primarily a function of calf and cow survival
(health), reproduction efficiency, changes in herd size
or milk quota, and replacement and production policy.

Breeding value for milk production. Calcula-
tions for breeding value for milk production were

TABLE 1. Five, 25, 50, 75, and 95 percentiles! of 22 variables describing 111 Danish dairy herds.

Percentile

Variable 5 25 50 75 95

1 Herd size, cow years 34 46 59 71 118
2 Mature BW, kg2 431 605 623 625 625
3 Age at first calving, d 754 798 823 862 939
4 Calving interval, median d to calving or culling 412 393 375 361 346
5 Calf survival, % alive at 6 mo postpartum 77 83 88 92 95
6 Cow survival, % in herd at 12 wk postpartum 88 93 95 96 98
7 Calving rate, calves born per 100 cow years 96 105 111 119 128
8 Livestock sales, no.3 -23 0 2 10 25
9 Cow age, mean lactation number 19 2.2 2.3 25 2.9
10 Breeding value for milk, index* -290 ~124 -20 79 241
11 First parity peak milk, kg of ECMS5 18 20 23 25 27
12 Cow peak milk, kg of ECM5 (parity 23) 25 28 31 33 37
13 First parity persistency, kg of ECMS6 0.5 1.3 19 2.4 3.6
14 Cow persistency, kg of ECMS6 (parity 23) 2.7 4.2 49 5.7 6.9
15 First parity peak variability (CV), % 10 12 16 23
16 Cow peak variability (CV), % (parity 23) 8 10 13 19
17 First parity persistency variability, 75 to 25 percentile 0.5 1.0 1.0 2.0 2.5
18 Cow persistency variability, 75 to 25 percentile 0.0 1.0 2.0 2.5 4.0
19 Disease-related milk loss, %7 5 7 9 11
20 Mastitis level, mean annual SCC 163 236 304 354 414
21 Drug use, administrations per 100 calvings 29 63 99 145
22 Milk quota constraints, composite score8 -0.9 -0.4 0.0 04 1.0

IThe 50th percentile (the median), for instance, is the number at which 50% of the observations have either lower or higher values.

2Estimated from breed means.
3Sales minus purchases per 100 cow years.
4Deviation from sire breed means in the entire data file.

5Kilograms of ECM (energy-corrected milk) at 4 wk postpartum.

6Kilograms of ECM decline per 100 d postpartum.

"Disease-related milk loss as a percentage of mean herd production capacity.

88core derived from data related to changes in policies for drying off and culling over the quota year.
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made from the breeding value for milk production for
the sire of each lactating cow present in the herd
during the last year prior to the cut-off date. The
variable was calculated as the mean deviation from
the sire breed means in the entire data file.

Eight variables related to lactation curve charac-
teristics were derived. All of these variables were
based on an approach that identified cows without
evidence of disease symptoms and estimated varia-
bles within herd and within test day (2). The method
allowed description of seasonal variation in lactation
curve parameters and estimation of the milk produc-
tion loss associated with records of disease symptoms.
All of the milk production variables were based on
individual cow test day records from the last 13
monthly test days prior to the cut-off day. Variables
were estimated separately for first lactation heifers
and cows in third or later lactation. The variables
were expected to be functions of feeding and manage-
ment strategies in particular. Variables might also be
risk factors for disease. The potential effects of varia-
bility in these variables was of particular relevance.

Peak production of heifers and cows. Two vari-
ables, peak milk production of heifers and peak milk
production of cows, were estimates of milk production,
given that no detrimental effect of disease was re-
vealed. The two variables were calculated as the
means of the expected milk production (kilograms of
energy-corrected milk) at each test day at wk 4 post-
partum for a heifer and a cow, respectively.

Production persistency. The two variables, per-
sistency of first parity production and persistency of
cow production, were estimates of slopes of lactation
curves, given that no detrimental effect of disease was
revealed. Persistency of milk production was calcu-
lated as the means of the slopes of the lactation
curves for first parity heifers and cows, respectively,
at each test day. The units were kilograms of decline
in energy-corrected milk per 100 d during the entire
lactation.

Peak variability. Two variables, peak variability
of first parity heifers and peak variability of cows,
were defined as the coefficients of variation of the 13
peak values that were estimated for both first parity
heifers and cows, respectively.

Persistency variability. The two variables, per-
sistency variability of first parity heifers and per-
sistency variability of cows, were defined as the differ-
ences between the 75 and the 25 percentiles of the 13
values for slopes of the lactation curves for both first
parity heifers and cows.

Disease-related milk loss. The sum of differences
between expected and observed milk production for

Journal of Dairy Science Vol. 79, No. 7, 1996

ENEVOLDSEN ET AL.

all cows as a percentage of the total expected herd
milk production defined disease-related milk loss. The
calculation methods (2) primarily aimed at identify-
ing acute depressions of milk production with a low
rate of false positives. Consequently, minor depres-
sions of milk production, for instance, those that were
due to diseases such as subclinical mastitis, probably
would not be quantified.

Mastitis level. Mastitis level was defined as the
sum of somatic cells in the milk of the individual cows
and heifers at all test days during the last year (SCC
per milliliter times kilograms of milk produced per
cow) divided by kilograms of milk produced per herd
during the same period. This measure combined the
frequency and severity of udder inflammation of all
cows in the herds. Frequency and severity were
regarded as the major determinants of milk produc-
tion loss from mastitis.

Drug use. Drug use was defined as the total num-
ber of drug administrations to cows and heifers that
were recorded during the last year prior to the cut-off
date minus 50 d divided by the number of calvings
times 100 for the same period. Drug use was meas-
ured in relation to calvings because calving and early
life are high risk periods for most diseases. The in-
volved veterinarians consistently recorded their own
drug administrations to first parity heifers and cows
with animal identification. Records for treatments of
young stock were kept less accurately. Danish legisla-
tion does not permit dairy producers to apply injec-
tions of antibiotics, hormone-like substances (e.g.,
prostaglandins and corticosteroids), and some other
drugs to cattle. Producers are not allowed to ad-
minister intramammary and intrauterine drugs
either. Consequently, most drug administration was
probably measured. However, no information was
available on the criteria applied for treatment. Some
producers might request treatment for minor symp-
toms, but others might want to treat only very severe
symptoms of disease. Such differences should,
however, be reflected in variables that pertain to milk
loss from disease or mastitis.

Milk quota constraints. Since 1984, Danish milk
producers have been producing milk under quota con-
straints, which might have affected management
strategies. Whether the milk quota actually affected
herd management was difficult to assess. A score was
created from the data to assess whether the producers
tended to dry-off or cull higher producing cows earlier
toward the end of the quota year.

The 22 variables were all normalized with PROC
RANK (12). The Blom option for normalization was
applied.
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Statistical Analyses

Interrelations among the 22 herd variables were
described by a second-order common factor analysis
using iterative maximum likelihood procedures. If no
other references were given, the following description
of factor analysis was based on Rummel (11). All
observed variables are regarded as dependent varia-
bles, and the aim of factor analysisis is to identify a
number of unobserved common factors that explain
the observed variables. The structural model for fac-
tor analysis would be a simultaneous equation. In
comparison, structural models for regression and
ANOVA used single equations (4).

A major result of factor analysis is the separation
of the total variance of each variable into its common
and unique components, which are also termed the
communality and the uniqueness of a variable,
respectively. The unique variance again consists of
specific variance and random error that usually can-
not be separated. The common and specific variance
components together constitute the reliable variance.

The derived common factors are the largest,
statistically independent (uncorrelated or or-
thogonal) patterns of relationships among the varia-
bles. The factors are defined by loadings that measure
which variables are involved in what factor and to
what degree. Loadings are correlation coefficients be-
tween variables and factors. The square of a loading
is the proportion of variance that a variable has in
common with a common factor. For instance, if the
loading is 0.50, then the factor explains 0.50 times
0.50, which is equal to 0.25 of the variance of the
variable. Although such decision criteria are inher-
ently arbitrary, loadings <0.25 are regarded as insig-
nificant in this study because such a loading explains
only about 6% of the variance. The sum of the
squared loadings over the factors for a variable is the
communality that enables interpretation of the fit of
each variable to the factor space. Communalities are
usually denoted as heritabilities. Thus, 1 — h? is the
uniqueness of the variable. The sum of the column of
the squared loadings for a given factor is the eigen
value or the amount of variance accounted for by that
factor (the factor variance). This value measures the
strength of the relationships among variables and
factors. The sum of the communalities measures the
amount of variance accounted for by all the derived
common factors. These different measures of variance
must be evaluated in relation to the total variance,
which is equal to the number of variables.

Factors may be rotated by several techniques to
simplify the factor structure and facilitate interpreta-
tion. The goal was to obtain a simple structure, which
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is defined by the Thurstone criteria (11): 1) each
variable should have at least one loading in the factor
matrix that is near zero; 2) for a factor matrix of p
factors, each column of factor loadings should have at
least p variables with loadings near zero: 3) for each
pair of columns of loadings (factors), several varia-
bles should have loadings that are near zero in one
column but not in the other; 4) for each pair of
columns of loadings (factors), a large proportion of
the variables should have loadings that are near zero
in both columns; and 5) for each pair of columns of
loadings (factors), only a small proportion of varia-
bles should have loadings that are not zero in both
columns.

Several rotation techniques allow orthogonality to
be maintained, but the oblique rotation techniques
produce correlations among common factors. Simple
structure is usually better oebtained with oblique rota-
tions.

One output from a factor analysis is a set of scoring
coefficients that allows calculation of factor scores.
That set is a compilation of score values for each
observation (in this case each herd) on each factor. If,
for instance, several reproduction variables are
strongly correlated and comprise a common factor
that is labeled as reproductive efficiency, each herd
can be assigned a score for this unobserved new varia-
ble. Factor scores are normally distributed with a
mean of zero and usually have unit variance. The
multiple correlation coefficients of estimates of regres-
sion factor scores of the original data indicate the
indeterminancy of the factor scores for the data. Mul-
tiple correlations below approximately 0.80 would
denote, for instance, a high degree of indeterminancy
of factor scores. Alternatively, factor scores can be
estimated from the values of one or more variables
with high loadings on the factor.

The labeling of factors is an important aspect of the
interpretation of factor analysis results. The criteria
for naming factors usually are descriptive, causal, or
symbolic. A meaningful label facilitates visual
representation as an aid to understand and communi-
cate the results.

If >1 common factor is identified in a factor analy-
sis and an oblique rotation has produced correlations
between the factors, the interrelations between these
first-order factors can be described by a second-factor
analysis based on factor scores or interfactor correla-
tions from the first-order factor analysis. This second-
order factor analysis then identifies a second set of
common factors that explains the variation in the
obliquely rotated first-order factors.

The PROC FACTOR of SAS (12) was applied to
the factor analyses. The varimax and promax options

Journal of Dairy Science Vol. 79, No. 7, 1936



1226

were applied to produce orthogonal and oblique rota-
tions, respectively. Factor scores were estimated from
standardized regression coefficients.

The number of factors to extract from the data is a
critical and somewhat subjective decision in factor
analysis. In this study, the decision was made from
evaluations of the scree plots of the preliminary
eigenvalues; chi-square tests of the null hypothesis
that the number of factors was sufficient versus the
alternative, that more factors were needed; and
residual analyses (12). Goodness of fit of the final
factor models was evaluated from a visual inspection
of the residuals and was evaluated numerically from
the guideline stating that fit is regarded as acceptable
when the standard deviation of the residuals is less
than the standard error of a zero correlation for a
given n (11). In the actual study, the value of this
reference point was 1 divided by the square root of
111 minus 1 equal to 0.095.

Factor analysis efficiently identifies and describes
structure in data, but the technique does not readily
provide quantitative estimates to assess the impor-
tance of the factors. Such estimates were provided by
ordinary least squares regression analysis (12) of the
relationship between the total milk production
(energy-corrected milk) in the herds and the factor
scores from the second-order factor analysis (or-
thogonal solution). This analysis compared otherwise
incomparable aspects of management, such as
replacement and health, on one scale. Because the
herd milk production was the economically most im-
portant output and was readily available, this meas-
ure was chosen to evaluate the importance of the
management types that were identified by the factor
analysis.

All two-factor interactions and number of cows
squared were included as independent variables in an
initial, full regression model. Terms were then elimi-
nated individually through a backward elimination
strategy. Terms with probability values >5% were
eliminated from the models. Goodness of fit was
evaluated from residual plots, and predictive ability
was assessed by adjusted R? values.

RESULTS

Table 1 shows that several variables were mar-
kedly skewed (e.g., herd size, mature BW, and varia-
tion in persistency of first parity heifers).

Table 2 shows the correlation matrix of the 22
study variables. The squared multiple correlations of
each variable with all other variables are shown on
the diagonal. These values were employed as prior
communality estimates in the subsequent factor anal-
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ysis. The highest bivariate correlation was 0.79 be-
tween peak production and production persistency of
cows (steep slope). Peak production of cows also
showed the largest squared multiple correlation with
all of the other variables (0.88). Milk quota con-
straints showed the poorest squared multiple correla-
tion (0.18).

Ten factors were extracted from the data in the
first-order factor analysis after comparison with solu-
tions comprising 7 to 12 factors. A probability value of
0.51 from the chi-square test of 10 factors indicated
an acceptable solution. The standard deviation of the
residuals was 0.028, which was substantially less
than the reference value of 0.095. Table 3 shows the
unrotated pattern of first-order factors with loadings,
final communalities, sum of squared loadings (eigen
values), and percentages of common variance. The
overall common variance of the 10-factor model was
62%. Mature BW, calving interval, calving rate,
breeding value for milk, peak production of cows, and
production persistency of first parity heifers all had
100% communality and were representative of Hey-
wood cases (12), which occur often in maximum
likelihood factor analysis (10). Iterative principal
component analysis and unweighted least squares
factor analysis with the same number of factors
yielded similar results, however. Therefore, the Hey-
wood cases were not regarded as serious. Milk quota
constraint had the poorest communality (15%).

Table 4 shows the pattern for obliquely rotated
first-order factor (promax rotation) and the interfac-
tor correlation matrix with squared multiple correla-
tions on the diagonal. Factor 1 had the highest sum of
squares with highest loadings on variables for peak
production of first parity heifers and cows and lack of
persistency of cow production. The variables for peak
variability and persistency variability of both cows
and first parity heifers explained the majority of the
variance of factor 2. When loadings of «<0.25 were
regarded as insignificant, 14 variables were loading
on one factor only. The oblique rotation clearly
produced a simpler structure. Because several varia-
bles were loading significantly on one factor only, the
third Thurstone criterion for simple structure was not
met acceptably. The 10 first-order factors were la-
beled as shown in Table 5 and in Figure 1. A few
examples are described in detail to aid interpretation.

Peak production of cows, production persistency of
cows (steep slope of the lactation curve), and peak
production of first parity heifers were strongly and
positively related. Together these three variables ac-
counted for the majority of the variance of first-order
factor 1, and they all had high communalities. Mature
BW was also positively related to this factor. Because
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TABLE 3. Unrotated, first-order factor pattern, communalities (h2), sum of squared loadings (SSL), and percentage of common variance

accounted for by the factors (F).

Factor loading

Variablel F1 F2 F3 F4 F5 Fé F7 F8 F9 F10 h?
(x100)
1 Herd size 26 11 -11 -9 -11 -10 -34 38 28 -31 55
2 Mature BW 5 1 -29 96 5 1 0 0 0 0 100
3 Age at first calving =37 -19 -27 13 -2 -5 34 -15 30 0 50
4 Calving interval 51 27 55 ~20 -57 7 0 0 0 0 100
5 Calf survival -8 -13 2 25 20 18 —4 —43 -17 -6 38
6 Cow survival 21 —41 5 4 14 -8 3 10 -7 11 28
7 Calving rate 7 85 16 -17 —46 6 0 0 0 0 100
8 Sales of live cattle 29 -2 26 1 -9 13 -7 —45 -25 26 51
9 Cow age 5 -17 46 -7 -11 4 -9 -5 -29 20 40
10 Breeding value 53 19 -22 ~12 62 48 0 0 0 0 100
11 First parity peak ~-19 —4 29 56 44 29 4 -12 9 -20 78
12 Cow peak -10 -2 22 60 21 73 0 0 0 0 100
13 First parity persistency -10 28 62 32 59 -29 0 0 0 0 100
14 Cow persistency -1 14 22 57 17 50 21 12 27 26 87
15 CV of First parity peak -15 -9 -23 ~17 12 9 54 9 -17 7 47
16 CV of Cow peak -6 -24 -19 ~13 2 2 74 2 -18 -13 71
17 Persistency IQ, first parity! -1 -14 10 ~14 -11 30 30 10 1 10 26
18 Persistency 1Q, cows 7 5 -3 9 0 32 59 8 2 -17 50
19 Disease milk loss -17 -8 12 -3 -17 26 15 42 -13 -19 40
20 Mastitis level -1 -11 -23 5 -10 -2 4 43 -13 3 29
21 Drug use -5 -1 10 25 9 36 -15 52 -36 13 66
22 Milk quota 5 3 -10 8 -12 4 13 -22 -18 -12 15
SSL 1.0 1.3 1.6 2.3 1.7 1.7 1.6 1.3 0.7 0.7 13.7
SSL, % of Common variance 5 6 7 11 8 8 7 6 3 2 62

11Q = Difference between 75th and 25th percentiles. Cows were in second and later parities.

of the logical relationships of these variables with
high peak production and the lack of strong associa-
tions with the health variables, this first-order factor
was labeled potential peak production.

Variability in peak production and persistency
among both cows and first parity heifers were all
positively related to first-order factor 2. Conse-
quently, the factor name production variability was
an obvious choice. Communalities were relatively low
for most of the variables involved.

In general, the factor pattern allowed relatively
simple labels to be assigned. Factor 8 was an excep-
tion. The correlations showed that, as herd size in-
creased, fewer cattle proportionately were sold live
(or more were bought), and herd age decreased (cows
were younger). The correlation with calf survival was
0.24; that is, fewer calves survived. This complex set
of relations made sense biologically but was difficult
to describe with one simple label.

The strongest interfactor correlation was —0.46 be-
tween first-order factors 4 and 10. The squared multi-
ple correlations of each first-order factor with all the
other factors (on the principal diagonal) varied be-
tween 5% for factor 5 and 36% for factors 4 and 10.
These interfactor correlations produced correlated fac-
tor scores that served as input to the second-order
factor analysis.
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Five factors were extracted from the factor scores
that were produced from the first-order factor analy-
sis. Table 5 shows the second-order pattern for unro-
tated factors with loadings, communalities, percen-
tage of common variance, and eigenvalues. A
probability value of 0.82 from the chi-square test of
five factors was sufficient to indicate an acceptable
solution. The standard deviation of the residuals was
0.015, which was substantially less than the reference
value of 0.095. The overall common variance of the
five-factor model was 55%. The first-order factors 1, 2,
and 6 all had 100% communality. The first-order
factor that was labeled genetic production potential
had the poorest communality (5%). The second-order
factor analysis also produced Heywood cases.

Table 6 shows the pattern for orthogonally rotated,
second-order factor (varimax rotation). This solution
served to produce factor scores for the five second-
order factors. The third simple structure criterion was
not met satisfactorily.

In addition, an oblique rotation was performed in
the second-order factor analysis (Promax). Figure 1
shows the labels assigned to the five factors that were
extracted in the second-order factor analysis and the
overall data structure revealed by the first- and
second-order factor analyses together. Except for the
third criterion, the five Thurstone criteria for simple
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structure appeared to be reasonably well satisfied.
However, second-order factor number 5 contained no
really strong loadings and had relatively low total
sums of squares, which could indicate low validity of
the factor. The relationships showed that larger cows
(larger breeds) in the herds occurred together with
poorer reproductive efficiency and the complex of less
sales, younger cows, and larger herds. Despite the
complexity, the relationships were sufficient to make
retention of the factor worthwhile.

The matrices of regression coefficients to estimate
factor scores for first- and second-order factors are
shown in Tables 7 and 8, respectively. These tables
also show the multiple correlation coefficients of esti-
mates of regression factor scores of the original data.
Multiple correlations below the critical limit of 0.80
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were found for first-order factors 6, 8, and 10 and for
second-order factor 5. Factor scores for these common
factors have, consequently, the highest degree of in-
determinancy.

Table 9 shows the final regression model of the
relationships among total herd milk production per
year and those terms that were retained in the model.
Five two-factor interactions were significant. The ad-
justed RZ value was 97.5%, and the coefficient of
variation was 6.5%. Herd size was clearly the strong-
est determinant of herd milk production. For compari-
son, the RZ of a model with herd size as the only
variable was 93.4%, and the coefficient of variation
was 10.6% (y = 40621 + 5997x). The overall mean for
milk production per cow in each herd was 7100 kg of
energy-corrected milk. The interaction terms showed

TABLE 4. First-order factor pattern from oblique rotation (Promax), sum of squared loadings (SSL), and correlations among factors with
squared multiple correlations of the factors with all of the other factors on the diagonal.

Factor loading

Variable F1 F2 F3 F4 F5 Fé F7 F8 F9 F10
(x100)
1 Herd size -8 -24 12 -7 12 3 -6 62 3 -10
2 Mature BW 28 —4 -4 -7 -10 9 0 3 78 21
3 Age at first calving 17 16 -32 0 -26 -28 -13 1 2 -9
4 Calving interval 1 5 83 0 -7 -10 -1 3 -2 1
5 Calf survival 21 —4 -7 2 4 -10 —4 -24 3 34
6 Cow survival -8 7 14 —49 6 4 4 -2 8 -10
7 Calving rate -7 0 24 70 -1 3 4 -3 1 6
8 Sales of live cattle 2 -7 35 -6 10 -13 -9 —47 4 18
9 Cow age 0 -5 30 -15 -17 16 7 -33 -14 1
10 Breeding value 10 10 -5 —4 97 -4 -2 9 -6 0
11 First parity peak 61 1 -8 -3 -1 -6 28 7 0 13
12 Cow peak 83 -5 -1 5 6 16 -10 -1 1 8
13 First parity persistency 10 0 3 -1 -1 —4 88 —4 0 -12
14 Cow persistency 73 4 4 -1 5 -1 5 -7 14 -29
15 CV of First parity peak -14 53 -20 4 10 13 2 -17 -6 0
16 CV of Cow peak -16 76 0 -12 0 1 4 -7 2 17
17 Persistency 1Q,
first parity! 19 25 11 -7 -1 4 -15 -8 -19 -12
18 Persistency IQ, cows 23 58 14 4 11 -2 1 9 5 11
19 Disease milk loss 16 22 7 4 -18 38 -5 18 -17 2
20 Mastitis level -14 10 ~7 -8 —4 37 -9 11 16 -7
21 Drug use 18 —4 -4 1 6 70 1 -6 5 -5
22 Milk quota -6 17 9 10 -1 -2 -8 -10 15 32
SSL 2.0 1.5 1.2 0.8 11 1.0 1.0 0.9 0.8 0.5
Correlation among first-order factors

Factor loading

F1 3

F2 4 27

F3 ~11 -18 34

F4 ~12 4 42 36

F5 17 -10 8 2 5

Fé6 25 -5 10 -10 7 17

F7 26 -33 -7 -9 7 -2 22

F8 ~21 4 ~3 18 -5 6 15 14

F9 19 -1 -17 12 3 -7 -1 12 18

F10 22 -24 -31 -46 3 -6 21 -18 -11 36

11Q = Difference between 75th and 25th percentiles. Cows were in second and later parities.
Journal of Dairy Science Vol. 79, No. 7, 1996



1230 ENEVOLDSEN ET AL.

Herd Variable First-Order Factor Second-Order Factor
_ 5. Genetic
10. Breeding Value of Milk s— Production
;) Potential
/
/
/
/
1. Herd Size 4 8. Younger Cows
9. Cow Age _\,\L‘) —————— = — ——-| inLarger, Open |~ ~,
8. Cattle Sales , ~. O---7--"7 Herds )
= <~ > ~ / \ \
~ -~ \/ \
~ 4 ~. ‘ \\
4. Shorter Calving |ntervaL ~ 3. Reproduction | ' 1. Replacement
3. Age at First Calving (5 _____ -'! _ Efficiency Intensity
\(-)
AN
7. Calving Rate \ _
6. CowSurvival () _ _ _ 4. Calving
T T T Rate
\
N
AN
hY
21. Drug Use \‘\ .
19. Disease-Related Milk Loss - - - = — — 6. Disease 4, Disease

20. MastitisLevel _ _ . - - = - = = = =~

16. Cow Peak Variability \

18. Cow Persistency Variability 2. Production
15. First Parity Peak Variability / Variability
17. First Parity Persistency Variability -~

2. Production
‘ Variability

13. First Parity Production 7. First Parity

Persistency /| Persistency “
/
; \
, .
4 ] . Larger, Younger
2. Mature Body Weigh! e | 9- Larger Cows Cows in Open and
~. , Larger Herds
\//\ R
12, Cow Peak Production d ~
14, pr Pro'duction Persistepcy, \ Lr:'ziltction 3'F|:§Ztcﬁon
11. First Parity Peak Productlon//f/ Potential Potential
o |
\
\
5. Calf Survival  _ _ _ _ _ _ _ Y
22, Milk Quota Constraints _ _ _ _ _ Z _ 10. Calf
Heafth

Figure 1. Data structure revealed by first- and second-order factors. Oblique rotations (Promax). Absolute factor loadings 0.75 to 0.100
(w—)  0.50 to 0.74 ( ), and 0.25 to 0.49 (- --).
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TABLE 5. Unrotated, second-order factor pattern, communalities (h2), sums of squared loadings
(8SL), and SSL as a percentage of common variance.

First-order

Second-order factor loading

factor label F1 F2 F3 F4 F5 h2
(x100)
1 Peak potential 0 100 0 0 0 100
2 Variability of milk 100 4 0 0 0 100
3 Reproduction -17 -11 12 82 -22 77
4 Calving rate 5 -12 -7 62 35 53
5 Genetic potential -10 17 3 9 -2 5
6 Disease -6 25 97 Q 0 100
7 First parity persistency -34 26 -11 -11 -6 21
8 Open, young herds 4 -21 12 2 35 19
9 Larger cows -2 19 -12 —4 50 30
10 Calf health -25 22 -13 —48 -37 49
SSL 12 1.3 1.0 1.3 0.7 5.5
SSL, % of Common variance 12 13 10 13 7

that the relationships between replacement intensity
and larger, younger cows in open and larger herds
varied significantly with herd size.

Because of the complexity of the regression model,
Table 10 was provided to show predicted herd milk
production, given the combinations of values of ex-
planatory variables that described the effects of the
interaction terms in Table 9. The table shows that a
large production variability (plus two standard devia-
tion units) was associated with less predicted milk
(614,000 vs. 663,000 kg of energy-corrected milk) per
100 cows. There was virtually no predicted difference
at 40 cow yr. Table 10 also shows that the highest
milk production in a 40-cow herd (302,000 kg, equal
to 7550 kg per cow) was predicted with high peak
production, high replacement intensity, and a low
factor score for larger cows in younger, open, and
larger herds. In a 100-cow herd, the highest predicted

production was 739,000 kg at a high potential for
peak production and low values for the other varia-
bles.

DISCUSSION

Data and Indicator Variables

Herd size was approximately 10 cows above the
Danish national mean (1). This difference is partly
explained by the aforementioned problems in deriving
the variables from the smallest herds. The veterinari-
ans also deliberately left out herds that they expected
to cease milk production within a few years; virtually
all of the excluded herds were smaller herds. Breed
distribution in the data (not shown) was very similar
to the national distribution (1). The data thus ap-
peared to represent virtually the entire spectrum of

TABLE 6. Orthogonally rotated (varimax) second-order factor pattern and sums of squared loadings

(8SL).

First-order

Second-order factor loading

factor label F1 F2 F3 F4 F5
(x100)
1 Peak potential =17 5 96 12 17
2 Variability of milk -1 100 -1 —4 1
3 Reproduction 76 -16 9 7 -39
4 Calving rate 69 5 —4 -9 21
5 Genetic potential 6 -9 18 5 -1
6 Disease 0 0 14 99 -5
7 First parity persistency -16 -33 26 -6 1
8 Open, young herds 14 4 =27 12 28
9 Larger cows 3 -2 12 -6 53
10 Calf health -58 25 19 -10 -22
SSL 1.5 12 1.2 1.0 0.6
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TABLE 7. Standardized factor scoring coefficients for first-order factors and squared multiple correlations of the variables with the first-

order factors.

ENEVOLDSEN ET AL.

First-order factor regression coefficient

Variable! F1 F2 F3 F4 F5 F6 F7 F8 F9 F10

1 Herd size 0.02 -0.08 0.00 0.02 -0.03 0.07 0.02 042 -0.04 -0.01
2 Mature BW 0.02 -0.06 0.03 -0.04 0.07 -0.02 0.03 0.10 1.13 0.16
3 Age at first calving 0.05 0.10 -0.03 0.03 -0.03 -0.18 -0.02 0.03 0.03 -0.08
4 Calving interval 0.05 0.01 097 -0.32 001 -0.07 -0.04 0.13 0.00 0.02
5 Calf survival -0.01 -0.04 -001 -0.01 001 -0.09 0.02 -0.10 -0.03 0.16
6 Cow survival -0.01 0.01 0.01 0.00 0.01 0.06 -0.01 -0.04 001 -0.04
7 Calving rate -0.07 0.07 0.01 1.16 0.08 0.00 0.00 0.00 020 -0.18
8 Sales of live cattle -0.03 -0.08 0.01 -0.02 0.04 -0.07 0.00 -~0.35 0.01 0.08
9 Cow age -0.03 -0.04 0.02 -0.02 0.03 0.09 0.00 -0.17 0.01 0.01
10 Breeding value -0.05 0.01 0.06 -0.02 1.02 -0.07 0.02 0.05 0.14 0.01
11 First parity peak 0.04 004 -0.04 0.02 -004 021 0.03 024 -0.07 0.23
12 Cow peak 090 -0.18 0.02 0.01 -0.09 0.46 000 -013 -0.60 0.68
13 First parity persistency 009 -011 0.03 -0.07 0.03 0.06 101  -009 -0.06 0.05
14 Cow persistency 0.11 025 -0.01 009 -002 022 -017 017 029 -097
15 CV of First parity peak 0.00 0.19 0.00 0.00 -0.01 0.06 -001 -0.08 0.02 -0.05
16 CV of Cow peak 0.02 048 -0.03 000 -0.06 0.02 0.01 -~0.01 -0.02 0.10
17 Persistency 1Q, first parity? 0.01 0.07 0.00 0.00 0.00 0.01 -001 -0.03 0.02 -0.07
18 Persistency 1Q, cows? 0.03 0.23 -0.02 0.01 -0.04 -0.03 0.00 0.10 -0.01 0.01
19 Disease milk loss -0.01 0.08 0.01 0.00 -0.02 0.16 0.01 0.15 -0.02 0.01
20 Mastitis level -0.01 0.04 0.01 0.00 0.00 0.15 0.00 0.04 0.01 -0.06
21 Drug use -0.09 -0.02 0.06 -0.04 0.04 0.53 0.01 -0.04 0.01 -0.13
22 Milk quota -0.01 0.02 0.00 -0.01 0.00 -0.02 0.01 -0.03 -0.02 0.10
Squared multiple correlation 0.99 0.83 1.00 1.00 0.99 0.75 0.99 0.68 0.98 0.71

Variable numbers and labels refer to Tables 1 through 4.

21Q = Difference between 75th and 25th percentiles. Cows were in second and later parities.

Danish dairy herds that could be expected to be
productive in the near future.

More precise information about cow size (height
and weight) and information about body condition
probably would be valuable but would be difficult to
obtain at low cost on a larger scale.

Criteria for performing disease treatment and the
frequency of chronic (long-lasting) health disorders
probably also would be valuable. During the ongoing
collaboration with the practitioners, options for col-

lecting this type of information are currently being
investigated.

The uniqueness of the indicator variables (1 — h?)
was strongly influenced by random or systematic er-
ror in measurement. The uniqueness of the milk
quota constraint indicated that quota constraints
were of little general importance or, probably more
realistically, that the developed indicator variable
was a poor estimator because of large random error.
Further work is needed in this area of management
assessment.

TABLE 8. Standardized factor scoring coefficients for second-order factors and squared multiple
correlations of the first-order factors with each second-order factor.

First-order

Second-order factor scoring coefficient

factor label F1 F2 F3 F4 F5
1 Peak potential 0.00 0.00 1.02 -0.14 0.21
2 Variability of miltk 0.00 1.00 -0.02 0.00 -0.19
3 Reproduction 0.57 0.01 0.20 -0.05 —-0.54
4 Calving rate 0.31 0.00 0.00 0.01 0.27
5 Genetic potential 0.02 0.00 0.00 0.00 -0.01
6 Disease -0.04 0.04 -0.14 1.03 -0.03
7 First parity persistency -0.03 0.00 0.00 0.00 -0.03
8 Open, young herds 0.05 0.00 -0.03 0.01 0.18
9 Larger cows 0.06 0.00 -0.05 -0.02 0.31
10 Calf health -0.24 0.00 0.01 -0.01 -0.27
Squared multiple correlation 0.80 1.00 0.98 1.00 0.58
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TABLE 9. Final regression model of total annual milk production in 111 Danish dairy herds. Effects of
five second-order factors and mean number of cows.

Regression

Variablel! df coefficient SE P
1 Replacement intensity 1 21,020 10,279 0.0435
2 Production variability 1 15,039 7224 0.0399
3 Potential peak production 1 -11,319 7881 0.1541
5 Larger cows in younger,

open, and larger herds 1 2775 3961 0.4851
6 Cows in the herd, no. 1 6595 152 0.0001
1x3 1 10,794 4219 0.0120
3 x5 1 -9724 3394 0.0051
1x6 1 -474 163 0.0044
2x6 1 —421 125 0.0010
3x6 1 639 130 0.0001
Intercept 1 8214 9201 0.3741

1Second-order factors are defined as standard deviation units. That is, one standard deviation unit
increase in replacement intensity is associated with a 21,020-kg increase in herd milk production,
which is conditional on the other effects in the model. Dependent mean = 420,752 kg of energy-
corrected milk (ECM). Root mean SE = 27,545 kg of ECM (CV = 6.6%). Adjusted RZ = 97.5%.

Calf and cow survival are other unique indicators
that probably were exposed to much random error.
Systematic error of measurement might be suspected
in the measurement of drug use. In herds with poor
health, disease recording might also be poor. This
poor record keeping, in turn, affects the estimation of
disease-related milk loss, which depends on the iden-
tification of healthy cattle. Systematic evaluations of
the health states of individual animals performed by
the veterinarians at regular herd visits would help to
solve that problem.

Analytical Concept, interpretation of Analytical
Models, Model Specification, Validity,
and Precision

This study was based on observed (nonexperimen-
tal) data. Such data do not meet the requirements for
a valid hypothesis test of causal relationships (5).
Therefore, the statistical analyses in this study
should be regarded as purely descriptive. That is, the
statistical analyses serve to identify structures in the
data that are as simple as possible but still contain

TABLE 10. Predicted annual herd milk production (energy-corrected milk, ECM) for dairy herds given
various combinations of values for second-order factors.!

Value of second-order factors, SD units

Predicted milk production,

Larger cows in

1000 kg of ECM
(total per cow)

Peak younger, open,

production Replacement and larger Production 40 100

potential intensity herds variability cow-years cow-years

All herds low values

-1 -1 -1 -1 258 (6.5) 663 (6.6)

Effects

Production variability
-1 -1 -1 +1 255 (6.4) 614 (6.1)
Interactions
-1 -1 -1 0 256 (6.4) 639 (6.4)
-1 -1 +1 0 275 (6.9) 657 (6.6)
-1 +1 -1 0 241 (6.0) 574 (5.7)
-1 +1 +1 0 260 (6.5) 593 (5.9)
+1 -1 -1 0 280 (7.0) 739 (7.4)
+1 ~1 +1 0 270 (6.8) 728 (7.3)
+1 +1 -1 0 302 (7.6) 711 (7.1)
+1 +1 +1 0 292 (7.3) 701 (7.0)

1Regression coefficients from Tables 7 to 9 were applied for prediction of herd milk production at
either 40 or 100 cow-years in a herd conditional on various combinations of second-order factor values
given in standard deviation units. The main effect of a two standard deviation-unit increase in
production variability at 100 cows is 614,000 — 663,000 = —49,000 kg of ECM, for instance.
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most of the original information. Such results of the
statistical analyses allow statements such as this one:
the highest milk production in larger herds was ob-
tained in herds with a high potential peak production
and low replacement intensity.

The study design, therefore, does not allow direct
causal interpretation of a regression coefficient with a
statement such as this: the effect of a high peak
production potential was X kilograms per cow. Such
an interpretation assumes randomization of the study
units. Instead, causal inference must be based on a
biological and technical interpretation of the data
structures revealed by the analysis. Predictions from
the regression model, similarly, serve to provide a
reference value for a given herd. This reference value
is then based on all the information from all of the
herds in the data. Phrased alternatively, if all of the
herds, contrary to fact, were exposed to exactly the
same conditions as the actual herd, then the herd
result would be X kilograms of milk.

Factor analysis was the major analytical tool in
this study. A major criticism of factor analysis is that
it contains several subjective elements, such as choice
of prior communalities, number of factors, and, in
particular, naming of factors. Traditional generalized
linear models at first appear to be more objective,
primarily because numerous statistical tests are
available for hypothesis tests. However, in studies of
complex systems such as dairy herds, development of
traditional linear models is also a highly subjective
process (for instance, specification of dependent ver-
sus independent variables, number of interactions to
examine, nonlinearities, and model selection strate-
gies). Basically, factor analysis can be regarded as an
analytical linear model that is much less restrictive
than a traditional linear model with one or a few
dependent variables. In addition, factor analysis is
one solution to the often severe multicollinearity
problems in this type of data. The maximum likeli-
hood method is regarded as scale invariant (10).

Factor analysis has been widely applied in many
scientific disciplines during most of the 20th century.
Applications in animal and veterinary science,
however, are few, but some examples confirm the
usefulness of the analytical approach (6, 13, 14, 15).

There was some indication of validity problems
related to the factor models. In a few instances, final
communality was less than the prior communality
(e.g., genetic potential), and final communality
should, in general, be higher than prior estimates.
Some Heywood cases occurred. The standard devia-

tion of residuals was much less than 1/4n — 1. These
problems could indicate overfactoring, but results

Journal of Dairy Science Vol. 79, No. 7, 19%6

ENEVOLDSEN ET AL.

from alternative estimation options showed compar-
able factor structures. Factor analysts disagree about
the importance of overfactoring (11). There were no
convergence problems, which could be regarded as a
goodness of fit criterion (10).

The simple criteria for structure were not met com-
pletely, and estimates of multiple correlation of
regression factor scores were below the critical limit
in some instances. Consequently, factor interpreta-
tion and factor score estimation was imprecise in
some instances (first-order factors 6, 8, and 10 and
second-order factor 5). The relationships that deter-
mined these factors, consequently, need further study.
However, the simple structure criteria apparently are
difficult to satisfy in real data (10).

The validity of the final regression model was fully
acceptable. The interactions with herd size provided
important pieces of information. Compared with other
studies of field data, the coefficient of determination
was high, but that high value was clearly caused by
the inclusion of herd size. However, the decrease in
coefficient of variation caused by the inclusion of the
second-order factors and the interactions showed that
the final model had provided a marked improvement
in predictive ability compared with that of a simple
model such as mean milk production per cow. This
analysis also showed that the latter model was in-
valid.

Biological and Technical Interpretation
of Factor Patterns

The very strong correlations between peak produc-
tion and lack of persistency probably could be ex-
plained by the generally applied feeding strategies in
Danish dairies. Usually a short period with flat rate
feeding is associated with a higher energy concentra-
tion of the ration in early lactation, thus producing a
strong correlation between peak production and lack
of persistency.

The indicators for variability of milk production
were strongly interrelated. This study did not indicate
whether these correlations reflected deliberate
management routines or managerial flaws. Some
herds apply summer grazing when a low concentrate
allocation is intended and winter feeding with fodder
beets, concentrates, and only small amounts of silage
for ad libitum consumption. Such a combination of
rations may be economically attractive but will
produce a large variation over the year.

The study indicated that the lack of persistency of
first parity heifers constituted a separate entity,
which could have been due to management of replace-
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ment and springing heifers. More detailed recordings
are needed to elucidate such conditions. Type, size,
age, and body condition measurements around first
calving probably could facilitate the interpretation of
this and the BW relationships to the factor space.

Genetic potential was not directly related to milk
production factors, which might seem surprising, but,
because breeding schemes consistently aim at
eliminating environmental components, a high degree
of uniqueness might be expected. The increase in
breeding value with younger age at first calving
should be expected because a young age at first calv-
ing should reflect the general increase in breeding
values of sires.

Cow age, reproduction, mortality, and sales indica-
tors were logically related, but the analysis confirmed
that the interrelationships among these variables
were complex. Isolated interpretation of the in-
dividual indicators was, therefore, hardly possible.
The replacement intensity factor appeared to be a
valid indicator that efficiently combined the available
information while it remained interpretable.

The health indicators were logically related; the
lack of relationships with calf survival was unex-
pected. An explanation could be that most disorders
in relation to dystocia were included in the treatment
records. A positive association with the peak produc-
tion factors was also expected. An explanation for the
lack of an association could be that those herds with
higher peak milk production might also manage
emerging disease symptoms more efficiently.

Relations Among Second-Order Factors
and Herd Milk Production

Variability of milk production (second-order factor
2) was associated with low herd milk production in
larger herds, but no such relationship was revealed in
smaller herds. The explanation of this interaction
could be that feeding is more variable in smaller
herds or that management flaws in larger herds have
a larger impact on production because problems may
be more difficult to detect and solve.

The potential for high peak production was virtu-
ally always associated with the highest milk produc-
tion per herd and per cow (adjusted to the same herd
size), as expected.

The smallest herds with the highest herd milk
production were characterized with a high peak milk
production combined with a high replacement inten-
sity, which was expected because more cows in the
herd were in early lactation when replacement inten-
sity is high.

In smaller herds with low peak milk production,
low replacement intensity apparently was a charac-
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teristic of high herd production. Because low peak
milk production was so strongly related to per-
sistency, this interaction is explainable.

In larger herds, high replacement intensity was a
consistent characteristic of lower herd production. A
possible explanation could be that high replacement
intensity was a necessity in those herds because of a
management strategy or management flaws that
caused low milk production. When the rate of involun-
tary culling was high, retention of cows with lower
production would possibly be necessary.

Because of the relatively small effects of the factor
of larger and younger animals and the relatively high
imprecision of the solution for this factor, the associa-
tion between this factor and milk production is unin-
terpreted.

The interactions among herd size, potential peak
production, and replacement present several interest-
ing patterns or types of herds worth further detailed
investigation in the herds. Thorough studies of
representatives of these types might reveal weak and
strong points of management. The identification of
these types of management is the major contribution
of this study. The derived coefficients for scoring fac-
tors also allow assessment of the type of a new herd
or a future status of one of the herds from this study.
Such assessments are useful to monitor production.

CONCLUSIONS

Twenty-two correlated indicators of herd health,
reproduction, replacement, and milk production were
reduced to five new uncorrelated variables through a
second-order factor analysis. These five new variables
were valid indicators of replacement intensity, varia-
bility of milk production, potential peak milk produc-
tion, disease, and a complex pattern related to herd
size and age, cow size, and live cattle sales. Potential
milk production, peak replacement intensity, and
variability of milk production were strong predictors
of herd milk production. Interactions with herd size
were important. The derived factor scoring coeffi-
cients allowed assessment of the management type of
a given herd.
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