This document is r_nade_ a_vailable_ e_IectronicaIIy by the Minnesota Legislative Reference Library
as part of an ongoing digital archiving project. http://www.leg.state.mn.us/Irl/Irl.asp

Phase I Study

Design for a Statistical/Epidemiologic Study of
Bovine Performance Associated with the
CPA/UPA High Voltage Direct Current Poverline
in West Central Minnesota







Contents

Introduction « + ¢ ¢ ¢ o ¢ o o o« o o v o s e

Rationale and Background « «¢.s. 6 o « o » o
Measures of Biologic Effects- « « = « -
Bovine Lactation Cycle =« « « + o ¢ = «

Dairy Herd Improvement Association Data

MethodgSe ¢ o o o o o o o o o o o =« o o o o o

Description of DHIA Data Base ¢ - =+ - -

General Qualifications for Inclusion in .

Exposure e e o ¢ s & o @ 6 © e 2.6 o ¢
Suggested Analyses: - ¢ » « & ¢ o o o o

Ceneral:s « « o o e o o ¢ o o o o o

Individual Animal Studies (Chronic) -

Individual Animal Studies (Acute)-

Herd Studies (Chronic) « « = = « =

.
-
.
.
s
°
-
°
-
s
)
e

Critique « «

SUpplement ® LS LI « e e ® . ° e e & e e

Tablelo&cnsc-uaeeecooe

Figure Le = v« « o o = v o« c e
Figure 2 e ¢ € © & e ® & © ®& € ®©°© © e 8 ¢
Appendix l‘ ® . © e . < . . . ° . . ° »

Appendix 2+ ¢ v v et eoe e e c e e e

Appendix 3+ ¢ ¢ e e e roe e e e e ey

Page

4-8

6-7

9-19

9-10
10-11
12-13
13-20
13-14
L4-17
17-18

18-20

21-25

26-36
26
27
28
29

30-31

32-33



Contents s
| Page
Supplement -~ continued
Appendix[{.o.uooaooaocuoo‘o-ueonooo-.. 34-35

AbbreViationS ) - ° ° ° * e ° o ° L] ° ¢ L e L] [ ° o e, ® 3 L] ° 'S 36

References . « « o o o o o o © s o © o« o o o o« o o ¢ s o o o o o @ 37-38



INTRODUCTION

The historical background of the controversy over the siting an& the
possible health effects of the 400 Kv DC powerline in Minnesota are summarized
in the Minnesota Department of Health's 'Design for an Epidemiologic Study of
Health Effects Associated with the CPA/UPA ligh Voltage Direct Current (DC)
Powerline in West Central Minnesota' (Dean 1981). The line runs 440 miles
vfrom the Coal Creek powér genérating plant near Underwood, North Dakota to
the Dickinson converter station in Wright County, Minnesota. The Minnesota:
portion of the line is 176 miles long and it runs through portions of Traverse,
Grant, Stevens, Pope, Stearns, Kandiyohi, Meeker and Wright Counties. The
line's rated capacity of 1000 megawatts. For the purposes of this study, the

initial date of operation (charging) of the line was October 17, 1978.

The literature on the possible biologic effects of the DC fields and air
ions i§ growing, although it is not as extensive as that of alternating
current (AC) fields. Much of the literature on DC fields and air ions is
summarized in the Dow Associates' 1981 report, "Biological Effects and Physical.
Characteristics of‘Fields, Tons and Shock." While both tﬁe fields and the
ions have been shownbto generate biologic responses to laboratory éxposures,
extrapolations to adverse biologic effects of natural exposure in the power
line environment have been more difficult to substantiate.

Many Minnesota livestock producers believe that they have observed signs
in their livestock attributable to powerline exposure. In the "Perceptions of
Landowners about the Effects of the UPA/CPA Powerline on Human and Animal Health
in Wesf Central Minnesota' (Genereux and Genereux 1980), nineteen percent of‘the
producers believed they observed breeding problems; eighteen percent, congenital
abnormalities; sixteen percent, stress; and twelve percent believed that a |

change in milk production could be attributed to the powerline.



The veterinary medical community serving the powerline area in West
Central Minnesota generaily does not feel that the powerline, per se, has
had deleterious effects on the health of livestock. At the same time, veteri-
narians individually indicate that they do not believe there is enough data to
scientifically evaluate the question. Therefore, they have not ruled out the
possibility of adverse biologic effects in livestock exposed to one or more
of the physical components of the DC line.

In view of fhe limited applicable data and lack of consensus in the
scientific and veterinary medical communities about the possible animal health
effects'of powerline exposure, and in view of the concerns exﬁressed by livestock
producers about the perceived effects on their animals and the potential
personal and state economic consequences, it would appear prudent to attempt to
evaluate whether obse?vable biologic effects can be demonstrated. The ﬁu}pose
of this Phase I of the animal study is to evaluate whether there are observable
biologic effects in the body of accessible data which can be associated with
“natural powerline "exposure',

The keys to this investigation are the evaluation of natural exposure,
the control of confounding variables in the evaluation of associated risk
factors, and the use of statistical methods. The great difficulties of
extrapolation from the relatively high laboratory exposures, to those incurred
in the actual powerline environment have been commented on by many authors.

To our knowledge this is the first study to evaluate the existence of biologic
effects in a large mammalian population exposed to the environment of a DC
powerline. The existence or non-existence of biologic effects due to natural

exposure must be known before assessment of a possible biologic hazard can be



made. The use of relative risks and the evaluation of risk factors will be
used to put the results into an epidemiologic context and hopefully provide
additional interpretation.

The use of statistical and epidemiologic methods precludes, from the
onset, definitive cause and effect findings. At best, associations (positive
or negative) between powerline "exposure' and biologic response will be
developed. These associations will be the hypotheses which may lead to

scientifically valid conclusions of cause and effect. The utilization of the

population—based data will facilitate the evaluation of natural exposure.
Although not dealing in causal inferences, the study should provide biologic
insights into disease patterns within the bo&ine population and serve to
determine and limit the likely biologic effects of powerline exposures.
Thrdughout this portion of the protocol the terms 'powerline" or "line"

should be taken to be synonymous with the CPA/UPA DC powerline.



RATIONALE AND BACKGROUND

This section is intended to provide a common understanding of the
statistical/epidemiologic principles, bovine biology and data sources to be
used in the animal study. It 1is not intended as a detailed methodologic

discourse. This can be found in the Methods section.
Types of Studies

As indicated above, the format of this portion of the animal study will
be statistical with an attempt to place the results into an epidemiologic
setting. Two types of epidemiologic studies will be appropriate for fhe
available data. The historical prospective or non-concurrent cohort study
will follow a group of animals from a given point in time until thé current .
date of study termination. Various constructs of "exposure" to the line will

be developed and the outcome responses to the different levels of exposure will

~s~bhe evaluated. If there were observable biologic effects to powerline exposure,

bone would expect that as the exposure is increased, the response would be larger
or more frequent. For example, one would assume that if there were biologic
~effects due to powerline exposure that animals in the immediate proximity of

the line would demonstrate these effects more consistently than animals several
miles distant from the line. In this case, the exposure construct would be
distance. It is important to note that no a priori definition of a disease

case 1s being made in this design as well as in the design to be discussed next.
Therefore, natural subdivisions into case and control cannot be made and these
categories will have to be arbitrarily chosen or determined by statistical

conmparison. ’



Another design to be employed is'the-retrospective study. This study
would contrast previous exposure to the line among animals determined to
have observable effects to those without them. Again, one would expect to
find that exposure was more common among the cases than among the controls if
exposure-related disease ié suspected.

Whether the observational unit is the individual cow or an entire herd,
comparisons cannot be directly made among herds or animals in different herds.
‘A major source of variability encountered in analyzing data from dairy animals
is the among-herd variability. Depending on the biochemical or physiologic
parameter being measured, up to 60% of the total variability is accounted for
by the herd variable (Appendix I). This source of variability probably
reflects differences in management practices (DHIA 1978). To minimize the
effect of this covariate it will be necessary to use animals or herds as

their own '

'control" in order to measure baseline‘departures after the charging
of the powerline on October 17, 1978.

In addition to management variablgs there are other.pqtential confounding
variables that will need to be included in the analyses. In the context of
this study, infectious disease could be a classic confounder. An infectious
disease could occur near the line and not be in evidence several miles from‘
the line. Using milk production as an indicator of biologic effect, the infection
would distort the proximity to the line (exposure) and milk production decrease
(case) relationship. Without knowing about the infection, the drop in milk
production near the line which was not occurring distant from the line could

be mistakenly attributed to powerline exposure.

Management and disease are but two factors that could confound the



interpretation of this analysis. This phase of the animal study will
therefore be dependent upon the other phasés of the study in order to help

prevent confounding and preclude, as much as possible, erroneous inferences

and conclusions.

Measures of Biologic Effects

Milk production is one of the more sensitive indicators of any adverse
effects that may be occurring in a dairy herd. Generally, a drop in milk
production accompanies most clinically obvious and sub-clinical disease (Blood
and Henderson 1974, Schwabe 1977). Therefore, changes in milk production are
not specific. Factors such as changes in feed quality, environment, movement
from barn to pasture, or alterations in normal daily routines as well as
specific diseases will initially result in decreased milk production.

Another variable to be employed as a measure of biologic effect is
reproductive efficiency. The efficiency of reproduction in domestic livestock
depends upon many factors including frequency and detection of estrus, number
of ovulations, duration of pregnancy, age at puberty and duration of the repro—
ductive period in an animal's life. Thus, reproductive efficiency can change
as a result of managerial, seasonal, genetic, nutritional, hormonal or other
pathologic factors leading to either partial or complete reproductive failure.
In addition, reproduction is also closely linked with milk production so
that on a herd basis an agent that causes an effect on one may well result
in indirect effects on the other. As with milk production, reproductive
efficiency is a sensitive but not specific indicator of bovine physiologic

integrity. This lack of specificity of reproductive efficiency re-emphasizes



the dependence of this phase of the animal study upon management and
clinical information for help in distinguishing between the effect(s) of
powerline exposure and biologic responses to other stimuli.

In addition to sensitivity of response, production and reproduction
changes may have deleterious effects. All biologic effects are not of them-
selves representative of pathologic changes. For example, an "exposure" to
temporary water withholding will cause a biologic effect of increaéed urine
concentration. This is not a pathologic change but a physiologic response,
cénsistent with normal homeostasis. Changes in production and reproductive
efficiency may be part of a homeostatic mechanism, but their existence impacts
directly upon the livelihood.of the dairymen in whose herds the changes of

performance occur and therefore provide a meaningful end point for study.
Bovine Lactation Cycle

The dairy cow becomes sexually mature between nine months énd one year
of age. Her estrus cycle averages about 21 days between ovulations. She
is usually first bred at about 15 months of age. The average geétation peribd
is about 280 days at which time she starts Ther first lactation.

The normal lactation curve for production is given in Figure 1. The
portion of the curvelto the maximum production at 1 1/2 to 2 months post
partuition is extremely variable among cows (McDaniel et al 1967). After
the time of maximum production, the next 7 to 8 months of lactation are
represented by linear descent to the lowest production levels (Illinois 1981).

In routine dairy practice the dairy cow is bred again betwcen 60 and
120 days after calving. Forty to seventy days prior to the next expected
calving she is "dried-off". This means that the current lactation is

terminated. Usually the drying-off occurs during very low levels of milk



production (Figure 1). This period serves as a resting period to allow her
to gain the energy and the physiologic conditioning required to support the
next lactation effort. This cycle is repeated as long as the cow maintains
her productivity. To put into perspective the metabolic demand of lactation,
an average dairy cow reproduces her body weight in milk ten or more times
during the course of each of her lactations.

The sequence of events in thé bovine lactation cycle 1s summarized

in Figure 2.

Dairy Herd Improvement Association Data Base

The data upon whichAthe statistical portion of the animal study
would be based is that derived from the Minnesota Dairy Herd Improvement
Association (DHIA) records. The DHIA program is a national dairy records-
keeping plan whose organization includes participants from the private
sector and government at both the state and national level. The purpose of
DHIA is to provide each member dairyman a wealth of management inforﬁation
on his herd. The data from the DHIA are of high quality, are consistent, and
are comparable among the various regions. The details of this data source

are found in Appendix II.



METHODS

The purpose of this section is to describe the methods that will
be used to evaluate the presence or absence of associations between powerline
exposure and observable biologic effects in the dairy cow.

The analyses will use the individual animal and the entire herd as
observational units. The individual animal sfudies will explore the relatively
longer term (chronic) effects of the powerline on the DHIA records of milk
production for entire lactations, and the chronic effect on calving intervals.
The acute effects will be examined by analyzing the trends in recorded pro-
duction during the lactation in which the line was initially energized.

The analyses using the entire herd as the observational unit will be
similar to the individual cow analyses in order to measure the chronic
effects on a herd basis. In addition, the culling (reasons for animals leaving
herd) distributions will be compared before and after the initial energizing

date to evaluate the impact of selection on the remaining animals.

When appropriate, the statistical analyses will be structured to give
the relative risk estimates and evaluation of risk factors usually encountered
in epidemiologic studies. Also, all evaluations will be made in comparison
to other suitably "noﬁ—exposed" groups and efforts will be made to preclude

confounding by tertiary variables.
Description of DHIA Data Base

There are 553 dairy herds within ten miles of the powerline that are

currently in the DHIA program (Table 1). The current average herd size is
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43.9 animals. Forty of the 553 herds are owned by dairy operations that have
a powerline easement on their property. If the average productive life of a
dairy cow is four years and if she is producing milk ten months a year, then
we would expect to find about a quarter million previously collected data points
on the milk production of animals within ten miles of the line that were in
dairy herds when the line was charged on October 17, 1978. All the 305 days
and completed records have been maintained and the individual projected
records back to April 1978 have been retained on magnetic tape at the Dairy
Records Processing Center (DRPC) in St. Paul.

The individual cow report (Appendix III) contains sample day data, date
of last calving, lactation number, days dry, lactation to date summaries,
projected 305 2xME records, reproduction, 305 day and completed records, and
indications of reasons for infertility, poor production, or removal from the
herd that will be useful in this study.

The herd summary report (Appendix IV) contains rolling herd averages
for production parameters and other production summaries including crude energybk

indices that could be utilized as covariates in the study.
General Qualifications for Inclusion in Study

Specific qualifications for inclusion in the study designs will be given
for each analysis. There are however, general qualifications for inclusion

of a farmstead in this ‘phase of the animal study. They are:

1. DHIA member
2. Signed release

3. Within 10 miles of the powerline



4. Holstein herd

5. Utilized twice-a-day milking practice
(The loss in the 553 DHIA herds on the basis of not qualifying under 4 and 5
above is expected to be very small.)

The signed release is required to obtain the data from the DHIA and
resﬁonse to this request may not be uniform nor can initial complete compliance
be expected. In conjunction with local veterinarians and extension services,
the College of Veterinary Medicine will attempt to.maximize the yield of
positive responses. Several written and personal contacts will be used and
the communication process will continue until a response has been generated.
Additional effort will be used to gain the confidence and permission of dairy-
men whose initial response will be negative. It is currently believed that only
a small percentage will not respond to the confidential use of their records
by the College of Veterinary Medicine.

Since the data are already collected and are accessible at a very low
marginal cost, the sample size for the various portions of the study has been
determined to be all the animals that qualify. The number of ﬁotential
qualifying herds on property physically containing the powerline is 40. This
would be the smallest stratum used in the study. Based upon routine simplifying
assumptions, the expected number of animals in this stratum is quite adequate
(power greater than 95 percent probability) for establishing 20% differences
in group responses as highly statistically significant. (A 20% chénge (drop)
in milk production is the maximum that we could expect to observe.) Over half
of the population of 553 herds would have to be unusable before the 0.95 power
level could not be maintained (assuming no confounding relationships between

record use, "exposure", and changes in production).
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Exposure

Exposure to ibns and DC fields will be by proxy vaiables. Exact

measurements at each farm are not now nor were they'historically available,

Of all the constructs available, distance appears to be one of the easiest

to measure. Distance also is easily interpretable in a biologic context.

If there is an effect of powerline exposure then we would expect to see a dose—
response relationship. Translated to the present study, the existence of
distance—reéponse association would be interpreted as éonsiétent with a
dose-response relationship.

There are three continuous measures of exposure related to distance from
the powerline that will be constructed for this study. The first is the
perpendicular distance (or distance to the point of closest approach) from the
powerline to the dairy operation. Most Minnesota dgirymen practice fairly
confined operation of their dairy herds and measurement from the point of
dairy operation to the powerline will approximate the average distance of the
cow from the line. Aerial maps demonstrating relative position of barn and
line will be used to calculate the perpendicular distance.

The distance to the point of the closest approach of the line may not
be a good approximation of exposure if there are strong prevailing winds.
Therefore, distance along prevailing winds from the line to the dairy operation
will be measured. Area wind roses superimposed on the aerial maps will be
used to calculate the distance along the wind vector. If prevailing winds
change seasonally,then different measurements will be needed to reflect these

changes. If the farm is down-wind, this distance exposure will be heavily

12
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weighted. If the farm is upwind, the distance exposure will be lightly weighted.
Expert meteorologic counsel will be used to model exposufe when the prevailing
winds from the line do not intersect the farmstead.

To facilitate initial analyses and to utilize the techniques of categoii—
cal data analysis (i.e., log-linear models), four discrete distance-related
exposure strata will be set up. They will be:

1. dairy operation within to-be-determined minimum distance from line.”*

2. dairy.opération outside of aﬁove distance but within one mile of line.

3. dairy operation within 5 miles but greater than éne mile from line.

4, dairy operation within 10 miles but greater than 8 miles from line.
Stratum four can be viewed as the absolute control with no biologic effects

believed to occur at this distance from the line.

. Suggested Analyses

General

Since the owner-sampler plan (as contrasted to the official plan) data .
arc used only for the individual dairyman's herd management, the validity of
this data should be comparable to that of the official plan. Through preli-
minary covariate analysis, the acceptability of this hypothesis can be tested.
If the results are not plan dependent, then this variable can be dropped as a
covariate, If there are significant differenées, then this variable will have
to be retained. ’

Multivariate linear statistical methods will be used to detect the nature

of differences (if any) in individual animal performance immediately before

‘and after the powerline was turned on. Parallel analysis will be done in 21l

four strata and the results compared. The multivariate approach and the use

of cach animal as its own control are expected to aid in accounting for as

*Minimum distance to be determined by a physical survey of study farms
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many confounding variables as can be determined. To the extent that exposure
factors can be approximated by the distance constructs, the degree of animal
response will be correlated with exposure., Statistical inference will be
directed toward detection of a significant relation between performance and
exposure.

Profiles of herd performance will be drawn over a number of years before
and after the powerline was energized. Comparisons will be made between the
levels of "exposure' using the herd as its own control. Relevant factors such
as management indices and infectious disease history will be accounted for,
when available, in the comparison of the herds. The herd analyses as companion
to the individual cow analyses are necessary to evaluate whether the observable
effects are animal and/or herd dependent. Also, the comparison of the multi-
nomial distribution of stated reasons for culling between proximity groups

can only be done at the herd level.

Individual Animal Studies (Chronic) J

The portion of the study using the individual animal as its own control
will attempt to evaluate the chronic and acute effects on bovine production
and reproduction. To be eligible for the chronic production study the animal
must have had at least one completed lactation before October 17, 1978 and
at least one completed lactation after this dgte. This will allow the use of
the 305 2xME records which adjust for differences in age and month of caiving.
To be eligible for the reproduction portion of the analysis of chronic effects
the cow must have had a second calf before October 17, 1978 and at least one

additional calf after the date of line charging, or at least three calvings

14

P



with the birth of the second calf within 80 days of the line charging and the
second calving considered to be normal. The calving interval, the time between
calvings, can then be constructed for each animal before and after line
charging. To increase the number of animals eligible, the charging of the line
in the third trimester of a particular pregnancy will not preclude counting
that calving interval in the before-charging category if the calving was con-
sidered normal. The calving interval is a sensitive but non-specific indicator
of reproductive efficiency. It is easily measured from the data available and’
will be used to evaluate the existence of reproductive effects due to powerline
exposure.

The milk production parameters to be used are pounds of milk, pounds
of fat and fat corrected milk (FCM). FCM is définéd és: (pounds of milk)x0.4
+ 15x(pounds of milk)x(percent of fat)., FCM is a hybrid of pounds of milk and
fat and it is viewed és a means of adjusting to a common metabolic equivalent
(Cambell and Marshall 1975).

‘Multivariate‘linear statistical models will be used.to evaluate differences
in production and reproduction among the four strata. The distance criterion
for the strata will be the distance to point of closest approach of the
powerline to the barn. Each animal will serve as its own control and the
period prior to line charging will serve as the baseline from which departures
will be measured. Since the production parameters‘will be from completed or
305 day 2xME records, they will be adjusted for age and season of calving.
Other covariates will have to be included in the analyses. Days open and days
dry for the specific lactation are known to have an effect on production

(Schaeffer and Henderson 1972)., Management proxies will include herd size,
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DHIA twelve month rolling herd average for milk production and other management
proxies as may be deemed reasonable for each lactation period. These management
evaluations will come from the DHIA records or the Phase II management survey,

To expand the examination of the existence of relationships between
exposure and response variables, the continuous distance measufes will also
be employed. Multivariate methods will be used to correlate the production
and reproduction response variables to the continuous measures of exposure
using'a similar set of covariates as already described above. In addition
to the combination of continuous diétance measures previously described, it
will be informative to look at the analyses specific to the downwind and the
upwind positions in order to overcome the lack of biclogic symmetry in these
exposures.

To put these relationships dinto an epidemiologic context and to evaluate
the existence of association between exposure and biologic effect, a set of
"cases" can be derived from the preceding analyses. Any animal which is at
the periphery of the distributioﬁ of these effects after‘;ccouﬂting.for'the”"
covariates can be considered a '"case'". The definition of peripheral would
probably be the upper and lower five or ten percent of these distributions.
Since it is the goal of this study to evaluate the existence of biologic effect,
animals that have had significant (relative to other animals in different
strata and relative to their previous history) imcreases in production or
reproductive efficiency after the line was charged are also of interest. One

of the proposed elements of the response to exposure to DC lines is increased

serotonin levels and this neurohormone could increase milk production (Sulman 1980).
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Another set of "case'" definitions may also be useful. Instead of linking
the definition to relative performance in the various strata which are
potentially exposure dependent, absolute changes from a baseline level can be
used. Animals which experienced + five percent, + ten percent; + fifteen
percent changes or * twenty percent changes over a given time period after
line charging could be considered as "céses".' For each case subset the
remaining animéls in the data base would serve as controls.

The evaluatioﬁ of the effect and the relative importance of other
parameters on the disposition of case and control status can be estimated
from discriminant analysis. Multiple 1ogistic regression and log-linear models
will be used to detail the multivariate structure of the relationships and to
evaluate the approximate relative risks associated with various levels of
the other previously described variables. Confidence intervals for the approxi-
mate relative risks will be constructed and the evaluation of management and
exposure constructs as risk factors will be conducted. The variables previously
identified as being related to both exposure énd outcome will be considered
as confounders. Their effects will be ﬁiﬁimized by application of étratification

procedures and inclusion of these variables in the multivariate models.

Individual Animal Studies (Acute)
The literature on the potential effects of air ions and DC fields
indicate that éelatively quick responses are observed in the laboratory (Sigel 1979).
It is possible that if there were effects of exposure that a tachyphylaxis
could develop and the evaluation of the longer term (chronic) e#posures would

be somewhat misleading. Also, the evaluation of chronic effects are dependent

upon management and clinical parameters that may not be adequately controlled.
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The study of the acute effects of exposure to the powerline will evaluate the
production performance in the lactation in which the powerline was inifially
energized.

The segment of the individual lactation curve from three months to the
dry period (at about ten months) is predictably linearly decreasing in this
interval (Figure l), The qualifications for animals to be included in this
portion of the study are that they be in their sixtp or seyenth month of lac-
tation at the date of initial line charging (October 17, 1978). This will
permit three months of observation in the straight line period (after the third
month) before line charging and three months of observation after this date
before the onset of the dry periodo Although this Qefinition of eligibility
appears to be restrictive, there are more than adequate numbers of qualifying
animals to‘guarantee statistical power.

The design of this portion of the study requires three months of milk
production data (FCM, pounds of milk and pounds of fat) to predict the next k
three moqths of production after(line charging. The distrib;tions of deviations
from the projected values will be compared among the four strata. Since the
covariates being included in the chronic individual study are not likely to
vary substantially in the six month interval of this analysis their inclusion

in the multivariate models may not be necessary.

Herd Studies (Chronic)

The analyses of the chronic effects on individual animals will be
repeated using the herd as the observational unit. The herd values before
the line charging will be used as a baseline from which to measure departure

after the line was charged. These deviations will be contrasted among the
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strata using multivariate profile analysis (Morrison, 1976). Rolling herd
averages for production will replace the individual lactation results and
average calving intervals will replace the individual calving intervals. Since
the rolling herd averages may not be as sensitive as the individual records
and the other herd constructs of performance determined at arbitrary times
may not be as biologically meaningful as completed lactations, the use of
case-control methods to evaluate risk factors will not be employed. The
purpose of the analyses to evaluate the statistical significance pf herd per-
formance will be to comﬁare tﬁese results to those found in the individual
animal study. It will be important to determine if the existence of chronic
individual animal effects translate to the total herd since it is only at the
herd level that retrospective management and disease histories can be
developed.

Dairymen are sensitive to decreases in milk production. There may have
been a strong selection pressure to eliminate animals that had a significant
drop in their milk production. These could have been the animals that were
responding to an element of the powerline environment. If this pressure was
systematic and persistent,‘the survivors may give a biased picture of the
potential for biologic effects. The reasoné for animals leaving the herd
(culling) can be obtained from the DHIA records. Multinomiai distributions
of reasons for culling will be constructed from these records. The proportion
of the animals removed from the herd prior to the powerline energizing for
poor performance, infertility, disease, etc., will be compared to the similar
distributions after the line was energized. Deviations from homogenei£y of

these various proportions will be compared among the strata. If significant
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increcases in the proportion of the animals culled for poor production or
reproductive problems  are to be attributed to powerline exposure, then the
increased culling for performance reasons should not be seen in the more
distant strata. If culling is not to confound the other analysis, then the

multinomial distributions over time should be similar among the various strata.
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CRITIQUE

The purpose of this section is to provide a critique of the methods
to be used in the statistical/epidemiologic study of animals in the vicinity
of the DC powerline.. It is dimportant for the authbrs to indicate what they
believe are the major strengths and weaknesses of this protocol as they ini-
tially have the best insights into how the study will unfold. These insights
should help other readers internalize thg methods and therefore provide them
with a basis of detecting additional strengths and weaknesses that were not
envisioned by the authors.

The major strength of this study is its basic design of evaluating the
effects (if any) of natural exposure to the DC line enviromment. For a data
base, the study will draw upon (tens of thousands) previously collected data
points. All of these data were collected under the standardized and long
established protocol of the DHIA. Since both the official and owner plan data
were collected before involvement in a powerline study was éontemplated,'they
should be free of observer bias.

The current knowledgé about the factors that are associated with bovine
production and repréduction adds great strength to the study. There are major
factors that need to be controlled. Season of éalving and age at calving have
a very strong influence on expected production levels. The effects of these
variables are standardized to common values in the DHIA system. The number of
days open and the length of dry period also influence milk production. Theée
variables will be used as covariates and stratifying variables.

Other aspects of the general management variable are very important to
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the sensitive but non-specific response variable of milk production. Several
proxies have been put forth. One of the best is the rolling herd milk pro-
duction average. The bottom line of any management evaluation is performance.
All fgctors that could impinge upon milk production are translated into herd
milk production averages. The use of the other management constructs and

the Phase IT management and clinical surveys to obtaim other management
indices associating management practice and powerline existence should help
control this important source of confounding. Also, the basic design

of using animals or herds as their own baseline controls should help limit
the impact of management differences that were not a result of systematic
changes associated with the powerline. Although these latter management
influences cannot be viewed as potential confounders, the dependence of

milk productidn upon management parameters is so large that this major

source of variability must be controlled ﬁhenever possible.

Sclection bias could.play a role in this study at several levels. The
individual dairymén have determined their participation in the DHIA;M fﬁié
self-selection for inclﬁsion in the program might make geﬁeralization to all
the dairy practices difficult. However, the number of herds and animals in-
volved in the DHIA program is large enough to insure that any conclusions drawn
from the study will have scientific validity.

It is hoped that almost all of the candidate DHIA members will elect to
participate in this study. The size of the numbers is such that more than
fifty percent of the DHIA members may decline participation and we would still
have adequate sample sizes for statistical precision. However, a biased and
non~uniform response will seriously jeopardize the validity of this study.

If the expectation for participation is not met, methods for evaluating the
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similarities of the participating and non-participating DHIA members will have
to be developed. This may be very expensive and a premium will be placed upon
acquiring the participation of those initially declining to participaée. It
is anticipated that the auspices of the College of Veterinary Medicine will

promote satisfaction of the participation expectation.

Although observational bias should not be a problem with the DHIA data,
it may be impossible to blind the Phase II management survey team to -the
dairymen's proximity to the line; If this cannot be done,.then one of
the elements of the management index covariate could be biased toward
"management changes" near the line. This would serve to diminish the
study's capacity to detect differences that were biologic responses

to the DC environment.

The importance of management factors to the response variables has becn
repeatedly emphasized. Several methods of accounting for the influence of
changes in management have been indicated. Where management changes were not
related to the proximity of the powerline these changes cannot be considered
as classic confounders. However, the statistical determination of differences
in bovine performance will have to effectively account for this major source
of validity. Where changes in management are associated with proximity to the
powerline (i.e., use of easement money to "improve" dairy herd), the management
set of variables could drastically confound the evaluation. Therefore, if the
methods for controlling or estimating these variables are not effective, the
utility of the analyses will be limited.

The exposure constructs may be weak. It is believed that humidity, and
season, wind direction, terrain, soil composition, barn construction and dis-

tance are important to the potential exposure to the DC line. This study will



attempt to use distancé and prevailing wind direction as the eleﬁents of
exposure constructs. Where comparison will be made over long périods; season
can be controlled by appropriate statistical techniques. Whether these measures
of exposure will be adequate is not known. A coﬁparison of the results derived
from the perpendicular meésures and the wind directed measures of exposure

may give us insight into how robustly "distance" can be viewed as a measure

of exposure.

In the context of translating these analyses into case and control
studies, the process of case definition is not well defined. We do not have
a clinically defined end point that will yield a case definition. Instead,
analysis of the data will detect outliers to be called cases; and arbitrary
definition of the percentiles for case classification will be used. It is
important to maintain a definition of cases that is unbiased by the herd's
distance from the line. On the other hand, the control groups —- the residual
of the entire DHIA population not considered cases —-- will be comparable to the
cases for many factors. This will facilitate good contrast between the factors
that are important to the case status and should, if it exists, bring out the
dependence of case status upon the exposure constructs,

It is clear that there are a number of variables that need to be dincluded
in this study. Whenever knowledge about the variables important to an outcome
increase, the potential for precise studieé of the outcome increase, This
precision is accompanied by technical complexity. The number of variables
that we will attempt to simultaneously analyze is large. The multivariate
linear statistical procedures are sensitive to dependence within the presumed

set of independent variables or covariates. Determination of the variables
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that need inclusion and best represent the sources of variability can be
difficult and time consuming.

Another source of technical difficulty is that the records at the DRPC
are not designed for this kind of study. It will take a major effort to compile
a sub-file of all the requisite information on all the DHIA herds to Be included
in this study. This data now resides on 156 reels of magnetic tape. It is
believed that the technical and the theoretical problems associated with this
study can be overcome. The quality and quantity of the data is believed to
be sufficient to detect the existence of bovine biologic responses to the DC

environment of the CPA/UPA powerline.
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Table 1 — Number of DHIA Herds Within 10 Miles of Powerline by County

County Number of Herds
Grant 31
Kandiyohi 15
Meeker 137
Pope 42
Stearns 234
Stevens 0
Todd 3
Traverse 4
Wright 87
TOTAL 553
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Milk Production (1b)
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Weeks of Lactation

Figure 1 - Milk Production During Typical Lactation
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Lactation Lactation

Figure 2 - Events in Normal Bovine Lactation Cycle



APPENDIX I
Intraclass Coefficients* (Rz) of Herd Variable

to Total Variability for Various Parimeters

Parameter RZ(Z)
pounds of milk 13.8
percent fat 8.5
packed cell volume 23.7
hemoglobin 22.1
red cell count 25.4
mean corpuscular hemoglobin 44,2
mean corpuscular volume 39.0
mean corpuscular hemoglobin concentration 23,0
white cell count 26.2

lymphocytes 18.1

total neutrophils 18.1

eosinophils 10.8

basophils . 7.1

monocytes 22.8
glucose ' 54,2
blood urea nitrogen 60.0
cholesterol 23.3
sodium 44,0
chloride 26.9
magnesium ‘ _ _ 39.1
calcium ” : 40.3
phosphorus 40.3
potassium 26.5
alkaline phosphatase 28.4
total serum protein 19.3

albumin 43.4

globulin 21.8
SGOT 38.5
CPK . 53,0

*Intraclass coefficients or R2 are defined as the ratio of between herd's sum
of squares to the total sum of squares for that parameter. For example, for
BUN, herd sum of squares = 30360.62 and sum of squares total = 50562.6313 and
the ratio is 0.60. This is interpreted as sixty percent of the total variabil-
ity in BUN being attributable to the herd variable.

-+ : . '
Data obtained from Metabolic Profile Testing Program of 38 Hostein herds and

1508 animals. Supported by the Minnesota Agricultural Experiment Station Grant
NO' MN 20_047-
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APPENDIX TII

The Official DHIA Plan is ﬁhe most widely used dairy record-keeping
plan with over two million cows enrolled nationwide.k A DHIA Supervisor visits
each enrolled herd approximately once per month. The DHIA Supervisor records
each cow's milk yield at two consecutive milkings (to measure 24-hour yield),
takes a sample of milk from each milking which is composited and tested for
milk fat and content at a central testing laboratory, enters all the required
data (calving dates, dry dates, etc.), and sends them to the Dairy Records
Processing Center (DRPC) serving that area of the country. The DRPC that
serves Minnesota dairymen is located at the University of Minnesota. After
the data is computer-processed at the DRPC, it is returhed to the farm for
the dairyman's use, about a week after the DHIA Supervisor's visit.

The Owner—-Sampler Plan is similar to the Official Plan except the
dairyman weighs and samples thé milk rather than the DHIA Supervisor. Con-
sequentiy, owner-sampler yield data is not considered "0fficial" and is for
within-herd management purposes‘only.

The calculation of yield data for DHIA is according to a national set
of DHIA rules to ensure that an individual cow will be assured the same
record no matter which DRPC galculates the record. The most important
single phenotype of a daify éow is her milk yield. To compare the yield of
different cows, the yield is put on a standard basis.

The étandard length for a lactation is 305 days. When cows milk longer
than 305 days, their yield for the first 305 days is taken as the lactation
yield. The 305-day record is traditionally standardized to a Mature Equivalent

(ME) basis labeled as 305 2xME record on DRPC returns to the dairyman. The
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correct interpretation of an ME record is: the amount of milk or components
that the same cow would have produced’if“she had calved in an environmentally
average month and been of mature age. The age and month of calving adjustment
factors used in the United States were published in 1974 (Norman 1974). These
factors were developed from a national set of DHTIA lactation records using
statistical procedures that estimated the effects of both age and month of the
yéar at calving on the amount of milk and milk fat that cows produce.

In addition to the mature equivalent standardization for differences
in age and month of calving, animal production records in ﬁrogress are projected
by the DHIA to 305 days using standard factors (McDaniel et ai 1965). The
reliability of projected records increases as the number of days of observation
increase. Records terminated by a cessation of lactation (dry period) prior
to 305 days are considered complete records and are not projected. Records
terminated by cows leaving the herd are projected to 305 days. As seen in
Figure 1, the quantity of milk production is dependent upon the month of
lactation. The projection of the amount of production to da;e is an attempt -«
to standardize for the different months of lactations. These projected records
are then standardized for mature equivalency and are referred to as projected
305 ME records.,

The estimates of monthly production based upon two milkings in a single
day was compared to the actual monthly productions. The correspondence between
the observed and estimated production was excellent. The correlation between
these values exceeded 90%.% Therefore, the DHIA estimates are believed to
be a good representation of true production and are accurate enough to

justify the intended comparisons of this study.

—— |

*personal communication from Dr. Gerald Steuernagel, Dairy Extension,-
University of Minnesota
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APPENDIX III

Example of DHIA Individual Cow Report
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N et i ber, enagie @i T cowe eaters the horrd. 4o wenliy

aprene Lotupunt

Care ot oL b an N o Ayrshie, Go= Guerascy, 1 er Holstein, J s Jeracy,
G e Brown Swiss, M = My b \or:"om, D = Ded Dane, X = Mucd, W = Red and White,
CGoms = first letter of each brewd roanie

PERMAMINT IDENTIFICATION — Al registered animais are permancntly identified by the registration
aumbers Lhown 0n ihaie fregisr ien corbiieates. Grades must by permanently identified by: {1) an
ol unferm Sencs eLTTy. W & digit state cede, three lattars, four digits—for examplo, 41TWAA1234
— or {2) 3 Venfia d ldonidication (\"r) n\,mbrr of cows with Verified Identification Certificato.

cowW's SIRT — Identification {name or numbcer) ol the cow's sire for mgnagerent use,

LAST TAILK, L3S - Lech cow'..l st sampio day mik waight is iisted for sasy comparison to the currant
sumple day mik v 1. Abnormally largé drops in mulk weight indicote foeding or manzycnient
prob'ams. A 105 monthly drop after peok procuchon i3 norr‘.al for mature cows ond a 7% crop |s
no-mal fo: first iazlation covrs.

w‘-.‘\.n LE DAY —r\lA

3 ,fol u‘.ch cow.

ALK L:S — Th;s 15 5 the iot2! of sairpla day milic weig
%% FAT — The m.,k ¥a1 1e3t 6f tha cowe on samela day

INCOME CVER FEED COST — !nacma2 ovar teesl cost equals miltk sale value minus (ccd cost. Mitk valua
is coculated from the mitk proe 2nd fag titferential repertad. Feed cost includes forape, indicated o
proimn. Fornse amounis are pro-raied to osch cow according o her estimatod body woight,

and

BAASTITIS -- Catlormia Mastitis Tests (CIAT) oppear )u,t as-reported. Any or all of the following codes .

moy b3 uged. N e=_Negatve, T o Trace, &= Suspicious or Mildly Positive, 2 = Positive, 3 = Distinctly

F‘osmve 'f samtin or loukncyic cell cuunts are repocied, cdd 5 zeros. For example, 3 score of 12
indicate a czil covnt o) 1,200, 000 leukeeytes par milhlitor of milk. _
GRAI'I LuS TO FEED — pounds are cuculeted os foliows:
Forn Lmerny cd pee rh) 2e4tain
cnersy naedad for €y mulk and test : Co . .
plus . gnergy necded for maintenaica of body weight . » | )5 .t N .
pluz  creegy need2d for grovah bas:d on age e ‘ :
2 plus  enelgy needed for pregnancy. - t - ’ t ,
5. Energy woired from gram cqui’s T . (N A -
1wl Mcr( y r aquired ger day f ey . P . _
minus cd by forages . . - v
minus sed By Ibs proitin indieatad. : B . . . '
¢ Pounds ol 7o mto land is erargy required from grain. e . s - -
divided by the onergy in 3 pound of grain, - . . .

PROTEIN LES TO FEED — Toal protein required per day is calculatod in tho same way total anergy
requ ‘red par day .. N L.
3. Protein ~eguecd fiom protein ;u.)p-am ntequals - 1 T . ot .
- 01l promn roquired rcr day . . -

minus  proiein supghed by fora: , . .
minus  protam supphed by grmn : o ’ ¢
b. Pounds of pratein suo; ‘emens indicated is protein reuired from supploment
divdod oy proten in a pound of supglement.

Psunds of Cr'm and protein supplement to mect those noeds are colcuiatod using tho gram mix and protein supplemr.

you ar2 fecd'ng 1 raotdn suppitmant is rot op f~d. llu.- pro«om pounds to fcod will show the cows which need oxl.a 7

proten Al grmn w_d prottin to_tocd for 191l poinds of Jrein mis if pretuin is not top fed, If you da not roport any geain
3 using ar dry oar Con, Protern nodGs will be Caleulated using soybosn meal.

PROTEIN ®% — The porcent of prote:n is listed for the supplement fed. it no protein is top fed. it is cal-
culsted for soybaan rr.en'x {SA%). '

BARM NAME — Tivs is the name or number used to identify the cow in day to day managemaent.

DATE CALVED — The caiving dste is renoried.

LACTATION LUNMBER — Lacteuen aumber is tho number of calvings. A new laciation begins with
calvirg er « tht cow aborted arter carrying caif at least 152 days, or with 200 or more days in milk
if no brecding cate was reporied.

AGE AT CALVING — Age is colculoted from the birth date of tho cow 1o hor calving date. (f birth date
is unknown, 3ge is cstimated by tho owner when the cow enters tho herd.

CAYS DRY — For cows in milk it i3 ine numbor of days dry before last calving. For dry cows it’s the
number of days from dry date tvorgh current sample date.

LECTATION-TO-DATE
DAYS iN MiLK — The numbar of days mited from last calving date through current samplo date. For
2 con with UNRNSWN caiviag ¢ite o s the number of days on test.

MILK LSS — Accumulaizd iactation paunds of mulk for days in milk indicated.

9% FAT — Average f31 % of milk proGuced in the lactation equals totai fat ibs dividod by miik Tbs times
1C0.

FAT LES - sumulated lactaticn pounds of fat for days in miik indicated.

22,

SIILIK and P o et e oot b b St bl Gl £ or G ondl et et s
w0 S0 aays ana staseadiind to bence day suikang and mature cguivalent arge. (approximatoly 8- !
B yoars), ant adiusind for montl of caiva ailarenaes
f 0 Dwirnnan progress G ey 0l ey oty 2060 daygs ung slandaed Touine conl-donta {refia-
Draly) 6F pro,ente § naeagin s nceane . Jhon W-dado days i milk weereases. Reco . termunated by a (“
dry date clure 355 tays are comulcud competo 305 doy records and aru not pro,ected Records terminated
by cows iaving the herd a:e prejeciod 1 305 days
b. Maiuie Equivaimi (M.E) facions adnist {or age and month of calving ditierences. Separato milk and {at fac
1ars, donignid [ the Minnesola tegion of the U.S.. are used for each broed. Thesa faciors corent uitferoaces ~

in producton 10 @n average monta of enving {environmental correction). Theralore, M E. record: of mature
cows calving in high prodaction months (November 10 Atarch! may bo lower tnan the actual 305-day production.

23. PRODU("T:OI‘. INDEX — An indéx intonded to bo usod a3 8 guide in culling cows. it is based on how a

cow's projected 305-2X-ME records {$ value) compare with other cows (herdmates) caiving inthe  *

some seasan. The index is expressad as g perceni, cows with an index of 100 279 near averago forthe - *
lierd. Cows wilt usually range between 75 and 130 i1 a hord, with the poorest cows having the iow- .

est production index. NOTE: Cows having loss \han three herdmates do not have a Production
Index calculated.

'

L -
N - e ‘e

NG \JuUCTlO‘J N . .

24, TIMES BRED — This is the n';onad number of times the cow was brod since the last calving da.e.

26 DUE DATE — Estimgted calving dato i 1.. Lased on tho last reported brooding date

26.

JXXxcHamzImoo»

D W PN R

SERVICE Sil

w o

P indicatcs the cow
was di agno..cd pregnam Cows.fresh 50, uoys o; moro with no braeding dete rnpo'tcd are listed as .,
COPENT R -

. d . <

2 ~ The ideatification {(namie or numbc.’ coda) of tha bull 10 which the cow wa3s reporied
bred . , . . . s Tt .
: ’ ! . RCMARKS . P -
Cew ..ooncd or ¢alved 30 or ‘more dny" prior 10 tho cxpected due date.
Comp cto lactation record. The cow has driod off or left herd. - i
Dry off, a rcmxndcr to Gry off cows at least 50 days before due date. '
Production estimated due to sitkness, itjury. cOw in heat, or mjssing mxlk wmght o
Did nct qualify for produc‘uon é'hma(o 5ccord|hg 1o Official DH! Rule. o
New cow. -
Completed 305 day record. ) . . . . ,
Recommend that cow be considered for mastitis ““dry treatment™ at time of drying off. '
Unoflicial record because part of thae record was unsupervised. '
Record did not start with calvmg date, thorafore no 305 day record will be compuxed
Compictod 365 day record (extra charge op\xon) .

. . B . . ~ -

t
Ahnormal record due ta Z or moro cmsc:uuvo sample days produchon being estimated, or more
than 75 days boweon 2 sample cates, or “'new herd” cows wilh calving dates more thon 76 days -
prior to first sample date.

33

Milked 3 timss per day sometime durng the lactation. N :
Sold for dairy. o ) ’
Sold duo 1o low produciion. : . DEE -’ :
Sold duo 10 reproductivo problams. ‘ " _ . .
Sold due to discase, injury. or other unspecitiid reason. e I )
Digd. : : .
Sold dus to mastitis or othsr udder probiems. _ -
Record ended by sbortion. :
Sold, roason not reported.
FOR MORE INFORMATION .
Contact your locai DHi Supervisor, County Extension Director, or write

Stato Exicnsion Dainymar:, 101 Haecker Hall, University of Minnesota, St. Paul,
Minnosots 55108, :
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HERO CODE

TYPE OF RECORO

r

1-00-0070Y OFFICIAL DHI

:»:.sx:suwn :'_AB: co :>cmw
62 LY1Yes2 Y22

TEST INTERVAL |

3 pATEYRECEWED Y

MAILED

g

2-03Y 0L-C5Y 01I-06Y 0L-07Y Ol-14-

DAIRY HERD IMPROVEMENT

HERD SUNMIMARY

7

AGRICULTURAL EXTENSION SERVICE

UNIVERSITY OF MINNESOTA

D, 9»%

4. WILLIAM MUDGE
EXTENSION DAIRYMAN

( REPORT

12-v8 v O
SAMPLE DATE i LAD w
1 01-05-79 2.52 !
NUMBER CUwS CoMAuTEN !
22 T.43 |
COwW-DAYE YOovaL ]
L 9.95J

OPTIONS
IACTION LISTS JOHN DAIRYMAN
i 265 101 HAECKER HALL
. i ST PAUL
L MN 55108
J
DHi 202
6-76
PRODUCTION, INCOME
AND
FEED COST SUMMARY
DHt ROLLING
SAMPLE HERD AVO
DESCRIPTION DAY Ava
PER COW
12 vesvs
NUMBER COWS
28 30.7
% COWS IN MILK
89 86
MILK LBS
40.0 14059
% FAT
3.93 3.78
FAT LBS
157 532
Y
DRY FORAGE LBS 8 3049
ORI
HAY SILAGE L8S
25 3181
CORN SILAGE LBS
18 1766
OTHER FORAGE L8S
75% ‘
SR o
GRAIN LBS
14 6006
FORAGE DM PER CWT |
Wl 2.0 1.9
ERGY '
ENERGY INDEX 96 115
PROTEIN INDEX
110 ils
MILK PER L8 GRAIN OM 3.4 2.3
VALUE OF PRODUCT §
458 1434
TOT
OTAL FEED COST § 1.29 607
INCOME OVER FEED COSTS| 3 g 827
FEEDCOSTPERCWTMILKS | 3 53 %.32
MILK PRICE PER CWT
* 1 11.45 10.20

MANAGEMENT INFORMATION

- AVAG LBS [ PCT AU tosy
SAMPLE DAY FEED Sramio| oW lentnav|srarrin| mon SUMMARY OF COWS NOW IN HERD
HAY = = = = = - 8l a0/ Sl 15 55 LACT |NUMegR| _ PROJECTED 305-2X-ME | auerace]| % 'SENTIFIED
CORN SILAGE - =~ 18] 27 59 3 19 NO | cows [T wiLk | FAT i INDEX | AGE SIRE | DAM
HAY SILAGE - - 25 590 501 16 25 1sT G 13533 %293~ Q3 | Z=0% X4 BT
GRAIN [NDIV FED 14, 841 T3 w13 85 OTHER 22 133737515 oY 5-09 77 7T
' ALL 28 13505 511 99T 5=02 75 (33
* 13% CRUDE PROTEIN RECOMMENDED
COWs MILKING ON SAMPLE DAY CURRENT MASTITIS EVALUATION YEARLY SUMMARY ]
LACT | NUMBER |AVG DAYS| AVG LOS VG PEAK LACT | NUMBER PERCENT COWS LACT |__envesiminean Leaving sean_ |
NO | cows | INMILK | MiILK  [LBS MILK NO [ COWS [ nlsusrrer | soarmiva |v eTmona NO | w~umeen % NUMBER w
1sT 5 93 40 %3 157 S 20 Z 27 %0 TsT ) 29 2 T3
OTHER 20 T41 X 61 OTHER 13 22 pA 13 27 O1HCR 7 23 1% 55
ALL 25 132 %5 57 ALL 23 22 Z 30 25 ALL 1% 52 15, o9
REPRODUCTIVE SUMMARY
nunpen |*V2 DAYI] NumDEZR COWH OPEN WUMOEN COWE BRMED -'u'nf::"_"..v‘t €ALVEQ YO | CALVED TO :'A':":::
coms | vme [ S | 50e | oate | ke | ribia [ebue | Sk [ 353 T 205 | mave | mave | TonuAt
PREGNANT,
cows 7] 276 6 L & 1 1 T4 851 12.0
POSSIOLY
PREGNANT 11| 147 1 7 3 7 2 2 1 3 721 119 13,1
OPEN
cows 10 h& 8 i 1
CONCEPYION RATL = 78% HEAY DEYECTYION ([NDEX = S50Z%
AVERAGE Al SIRE PREDICTED DIFFENENCE .
SIRE NUMACER MILK DOLLAR ~ - DH! ]ROLLING HERD AVG
SERVICE 16 843 94 SAMPLE DAY PRODUCTION ENTIRE HERD
1ST LACT 4 729 3 or MILKING COWS ONLY
OTRER 15 220 12 SAMPLE DATE | Us |y ;:mx AVG Dt | MILR - MiILK * Fav |
[-0%=79 28 59 137 45 3T 14059 —5-.”‘: ] 32|
COWS DRY BEFORE CALVING 12-02-78 28 75 148 35 3.7 14098 3-8: 532i
no cowsIVe S Sh | AR ] Al 11-07-78 29 72 | 158 36| 3.9 | 14270 | 3.8 540,
10-12-78 28 86 163 38 3.6 14317 | 3.8 )"eZi
18 60 4 .9 5 9-16-78 26 1) 182 41 3.7 14214 3.8; 540[
7-22-78 33 85 167 43 3.5 13958 3°Si 535;
BREED AVERAGE 6-13-78 33 97 161 48 3.9 12797 | 3.81 527
ofFrcro HOL  {soovwr 1230 5—-17-78 33 83 148 51 3.9 12591 | 3.8, 515;
4-18-78 12 g4 123 51 3.9 13505 3.81 509%
DAILY HERD TOTALS 3-21-78 33 79 133 S3 3.8 1340¢ B.Si 5032
MILK SOLD| DHIMILK | aGRaIN [N ma oo 2-19-178 31 64 128 L9 3.8 13362 3.7? 509,
A 1-08-78 30 83 168 43 7 3.9 12639 1 3.7 50'9:!
s28| 1119] 392] 92 12-12-77 | 2° es | 167 ] o4& 173,20 13793 13.7 Slg

‘
.
'
1
i




SUCTION, INCOME AND FEED COST SUMMARY  °

2rd Aversges are givan Jor important production income
+d itams. Thase herd svarsge valuos include all cows in
d, milking and dry.

_E DAY AVS PER COW - this column provides hard
per cow on 3ampio day for evaluation of the current
3t the herd,

JLLING HERD AVG — column of herd avarang intor.

on a per cow hasis tor tha 265 day period throuqh the
' sample day, Averages for new herds within the past
» tar the period of earoiiment,

R CO\WS — herd sizn on sample day, and averans num-
~ows in herd for past 365 days.

75 IN MILK — fess than BB in the yesrly averpge indre
xrassive dry days and suggests the need for corrective

L8S,% FAT, FAT LBS — DHI herd average procduction
tuation of manasement and herc ouality.

AMOUNTS (LBS!: DRY FORAGE, HAY SILAGE,
SILAGE, CTHER FORAGE, SGRAIN — sample day fead
°s ora rapottard 33 cnnsumed with no adjustments for
s1ier content (as ted). Soa fenc informauon in Manage-
Section, Rolling vearly averagns are reported on 100%
‘tter basis to adiust for variztions in moisture.

GE DM PCR CWT BW — forage dry matiar consumed
7 ibs of avardge hard hody weaight, Vatues above 2.5 818
i values below 1.5 arg low indicating possilile reporting
or unusual foragn procram,

GY AND PROTE!N INDEXES = percent of herd av-
-equirements for energy and protein provided by fosd
reporind, Protmn and energy requiraments are basod
ds tor milk production, lat percent, bory weight, gesta-
nd growth of young cows. indexes botween 100-110%
wmat, A law index indicates underfording, or under-
ne whaross 3 high index suggests ovarfooding or over-
ng.

PER L8 GRAIN DM — pourds of milk producad for
ound of g-ain {dry matter) consumed. Normal range ia
3.5 the mitk por pound nt grain dry matter. Lower values
t tneflicignt use of grain,

€ OF PRODUCT - aversge gross valus of milk pro- |

par cow bosed on mitk price and milk produced.

L FEZD COST —average per cow cost of faadincluding
s, gr8in, and orotein.

\ME OVER FEED COST — dilterence betwenen volua of
ct and total feed cost. Fixed costs of production, such
ag_ denrocialion, vatsrinary gxpanses, gtc. must be sub-
1 from incoma over fecd cost 10 obtain labor incoms.

COST PER CWT MILK — the cost of fesd to produce
s {evet) of mitk is sn aconomic efficiency measure.

PRICE PER CWT — the milk price raported, sdjusted
avarage fat percont of the herd.

SAMPLE DAY FCED

Up to 5 lines of intormatlon relntad to kinds of ferd and incthod cf foeding
may be indicated. AVG LBR CONSUMED 3 reported on an "as fad”’ hasis

SUIMARY OF COWS NOW IN HERD

1 An evaluation of cows in the herd on sample cay tomdaring tirst lactation cows to
other cows and ali ¢ows in heed,
NUMBEN COWS — hards narmally have 28 357 of the'r herd in first lactation. A low
parennt first laetation cows limits cows culhine ozpertunity,

with the dry matter indcatod in the rex? column (PCT DM}, NET ENERGY 3 of sires,

and CRUDE PROTEIN values are cenorted an a 100% dry matter biws for fore AVIORAGE ANE
oges, B3% {atr deyd basis for geaing, Ferd casts ([COST $/TON] are listed on an
a8 (nd brsis based on what woe renortad. I prices were not reported current
pricos of thelicd corn and soybenn meal are used to calculate feed costs.

COWS MILKING ON SAMPLE DAY

Evaluations inclusde only cows milving 91 somple day for first
and other lactation ammale, AVERACE DAYS 1N MILK (st0an
ol lactasion), AVERAGE POUNDG OF MILK ard AVERAGE
PEAK POUNDS OF MILK proviie an analysis of curtent nver.
age performance relative 10 *ne dverane oeax milk production
for cows naw in mili in herd. Meak mdk ibs s the highest sam.
ple day mitk wpight for aurrent laciation. First lactation “peak
milk Ibs™ should aveiago at least 70% of the peak milk fbs ob-
tainad from older cows,

ttabln 3t (ot v rpaed
EOWS AV iR e heeg,
% IOCRTIFIED Si0HL AND OAM — complate idantificatan i1 essantis! for gonatic

. FRAOSECTED J03-2X-ME Imite and fat) anc INDEX — comparison of first and other
) logctainn arouns ol saws in the hered, Firs? lagtanion cows shou'd 1o equal or suparior

to other cows when properly rased aad sirad by suponior butls. Low lirst jactation

averages may indicate neerled iMmprovemante in rais'ng hord replacements or seieciron

~ firrtlasation cowscalving belfore 2 vr 2 mo a:se usinily most prot.
Tha avnreqe aae ¢f ather cowes s intluerced by how fong

. evilvations and good management, A low pyrcentdentifresd by stre or gnm ingicates
the nendd tar nn improved wentilicatinn sysrem,

CURRENT MASTITIS EVALUATION

A curcert berdg analyrss of firss and aibe- hc(a'mr\
animals thowing neceen® ingidencg of N
MILD ~nd STRONG indications of mastit
252 mald mastitis stare s eansidered nonm
than 256% sireng indicates. a herd mastins orobiem,
First loctation cows should have a ingh percent
{more than 80} in the negoative column,

REPRODUCTIVE SUMMARY

YEARLY SUNMARY
To evaiuato “eg jurnaver, the numper of cows entar-
ing and ‘eaving the hard i3 summarizes e tirst anc
other lactation qroups ovar the paer 12 months. The
percent s based on number of cows in rolling yearly
average.

Nota: Fatlure 10 ronort ofl breeding dates each sample day re . cits in unrebable information, Only cows currently in the herd 5re frcluded in the summary.
Summarics are provided lor PREGNANT COWS (O0 or more days since tast breedine date or cows reported pregnantd, PCSSISLY PREGNANT COWS

{less than 90 days since last breedieg date and not reported pregnanti ang

OPEN COWS {cows not reportsd bred and those reportad 19 be gpen).

NUNBER COWS — summarizes the repreductive <tatus of the cows in the herd on sample day. All cows without breeding dates reporied will bo trezted as

0pen enws.

AVG DAYS SINCE CALVING ~ the average days hetween calving an< the current sample day.

NUMRER COWS OPEN — the number of cows in herd onen lass than 60 days (< 60}, 60-120 days, end more than 120 days [> 170}, Cows open more
than 120 days “epresant problems which shou!d reeersn immediate sttention if intended toba bred.

NUMBER COWS BAED — the number of cows in the hord bred 1 tirng, 2.3 times, and 4 or more times. Good first service concention 1s 50% of cows con-
ceving on first service with less thin B requiring four or more sarvices.

. CALVED TO FIRST BRED —averane davs from calving to first breeding shows when {irst breading occurs. Reasonable goal is 50-75 deys, Longer intervals

10 first breed:ng wail lenqthen calving intervals,

CALVED TO LAST BRED — davs fram catvin
monlh colving interval, The differenco {ddrys 10

heat dotection probiems,

1

date to last reported breading dnte. Cows must e preqnant by E0-05 days po=t-ealving to achievea 12
2t Lreeding minus days to lirst breedingl is the cays in the breeding period Ios! Lecause o! conception or

BREEDING INTERVAL — cows are summurized by days batween breeding incdicaning the numhars of ccws with abaarmally short cycles {less than 18
days), normal eyctes (18-24 days) and tong cycles (more than 24 taysh, Mora than 15% of the cows having long cycies usually ingdicates ne=d for improving
heat deteetion. At least 80" of the cows shou!d be normal. Cows with intervals less than 1B days indicates hoal detection er cystic prablems.

MINIMUM CALVING INTERVAL MONTHS — the estimated calving interval based on days opan o fas® breecing plus nestation iength 1232 cays), Al
cows must have concarved an e lest reported breeding date 1o achieve thus nrojectad calving interval. A desireble c:\'m: interval +3 12-13 months.
CONCEPTION RATE - the percent of cows becoming pregnont at any one Breeding.

HEAT DETECTION INDEX - on estimate of tha percent of heats obsarved based on breading interval.

AVERAGE A.l. SIRE PD
A herd analysis of Al sires used in the nast and cur-
rently. To obtarn a complete summary {or your herd,
report NAAB codes {e.g. 12H345) for row's sire and
servica sices,
Summaries oro provicged for proven Al SERVICE
sires currently beng used i your berd and proven AL,
sires of 1ST LACT and OTHER cows in your herd.
NUMBER - The number of cows on samole day in-
ziuded in this summary.
MILK - The average predicted differenca milk of sires
af cows or service sires weghted by sire usale.
DOLULAR - The averaqe predicted difference dollar
wvotue of sires of cows or service sires weightad by sire
usags.

COWS DRY BEFORE CALVING N
An evaluauon of dry period length providing a count of
cows that continued {rom a previous 1actation and ware
dry, The average days dry and number ¢f ~ows with
short dry pariads (< 40 days), narraal dry pesiods (40-
70 days), and with long dry porious { 270 days) 13 pro-
\;véied £vord dry periods fess than 40 and qrrater (hnn
dirys,

BREED OF HERD AVERAGE BODY WT.
The breed of 75 or The averane astunatad body
mora of the cows in weizhr of cows 'n the berd.
the herd, Ectimates aro hicse-d on herd

average matir ¢ body we'ght
and {ced reporicd agjusted
tor #5e and breed of cows.

DAILY HERD TOTALS

MILK SOLN Lased oa last thres Mtk shipments and
number of mitkings,
DHI ALLK 18 semple dav herd tosal trom milk waights
reporied,
GRAIN tofal fhs fed hard un wamnale day.
INCOME OVIER FLED COST for fend on sarpla day
bazett an DM samp'e day ‘et el mdk repor e

SAMPLE DAY PRODUCTION ANG DHI ROLLING HERD AVG, ENTIRE HERD
Information for the mast recent ssmple day is disted firstand in succreding order by sample datas for the past year. Herd

tronds can be ovaluated relative to berd size and % cows in milk,

In the MILKING COW ONLY sccrion, the AVG DIM indicates tha aversor dayt in mitk (stane of iactat-on!, alona with
sample day average M ILK and percent fat {%). Two comparisens may be resaincful, cne with the precacing o .onm sny

with the somie manth one year previous. The average milk produciion is evpocted 13 -nerease when the

2 sea5e of

lactation (DN} draps by 15 days ar more: simitarly. mitk ore-duction is expectee to dec ease when the DIY . increasss.
DHI RCLLING HERD AVG, ENTIRE HERD indicates the avera.e milk, gereent fat, and 432 prortucuon for the iast 255
Cays, with the vearly Dcr'od ending on the sampie <ate indizated, Curr»m herc averzge (top line) trends are hest come
pared with the soime data aoprox-m'\xoly one vear rarher (hottom mnel.

N
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AC

CPA

DHIA

DC

DRPC

FCM

KV

UPA

305 2xME

Abbreviations

Alternating Current

Cooperative Power Association
Dairy Herd Improvement Association
Direct Current

Dairy Records Processing Center
Fat Corrected Milk

Kilovolts

United Power Association

305 Day Mature Equivalent Records
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