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Abstract
A descriptive field study involving 87 herds (3608 cows)
in two veterinary practices was conducted to compute
mean values for a panel of reproductive herd param-
eters. A method of monitoring herds and identifying
those herds experiencing reproductive inefficiency is
reported.
When comparing the means of herd indices for both

practices, only the means for the index "percent in heat
by 60 days" were significantly different. Overall,
20 herds were found to have at least one herd index
which was significantly different from the mean for
all herds. Fourteen herds were found to have signifi-
cant reproductive inefficiency. If the index "percent
problem cows" had not been used, 29% of the herds
with reproductive inefficiency would not have been
identified. Our study suggests that it is useful to com-
pare reproductive indices among herds, practices, and
regions using a veterinary office microcomputer.

R6sume
Surveillance du rendement en reproduction
des troupeaux laitiers de petite envergure en
pratique v6t6rinalre
Une etude descriptive dans le champs regroupant
87 troupeaux (3608 vaches), repartis dans deux pra-
tiques veterinaires, a ete effectuee pour calculer les
valeurs moyennes d'une liste de parametres etablis a
partir de troupeaux en reproduction. Les auteurs pre-
sentent une methode de surveillance et d'identification
des troupeaux ayant un taux inadequat de reproduc-
tion. En comparant les moyennes des indices des trou-
peaux pour les deux pratiques veterinaires, seulement
les moyennes de l'indice "pourcentage en chaleur a
60 jours" demontrent une difference significative.
De maniere generale, 20 troupeaux ont presente au
moins un parametre different de facon significative de
la moyenne de tous les troupeaux. Quatorze troupeaux
ont demontre de facon significative un taux adequat
de reproduction. Si l'indice "pourcentage des vaches
presentant des problemes" n'avait pas ete utilise, 29 %
des troupeaux ayant un taux insuffisant de reproduc-
tion n'auraient pas ete identifies. A la lumiere de cette
etude, les auteurs suggerent qu'il serait avantageux de
comparer les indices de reproduction entre les trou-
peaux, les cliniques veterinaires et les regions en utili-
sant un microordinateur en pratique veterinaire.
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Introduction
While reproductive work is the mainstay of dairy

practice (1), computerized monitoring of herd
reproductive performance remains a challenge (2). The
usefulness of indices such as "days to conception",
"calving interval", and "conception rate" has been
well documented (3-12). Approaches to diagnosing
dairy herd infertility in both large and small herds have
been published (3,13,14).

Various authors have discussed the fact that reproduc-
tive indices may take into consideration only part of
the total herd population or may refer to current or
historical time frames (4,10,15,16). "Days to concep-
tion" is a relatively current measure of reproductive
performance of pregnant cows, while "calving inter-
val" is a historical measure of the performance of both
open and pregnant cows with at least two calvings. The
"reproductive cull rate" measures historical reproduc-
tive failure. "Herd reproductive status index" mea-
sures success and accounts for failure. However, the
latter is not useful for application in dairy herds with
fewer than 200 cows (17).
Some authors have defined the index "percent of

the herd open after 150 days in milk" (4,18). Fetrow
et al (12) define "percent problem cows" as cows open
more than 100 days. Harmon and McCloskey (15)
define "infertility rate" as cows open at least 150 days
divided by cows at least 150 days in milk. Braun (19)
defines "percent problem cows" as the number of
cows in the breeding herd open over 100 days in milk
divided by the total cows in the herd.

Shultz (8) has devised a scheme to compute calving
intervals while categorizing animals as problem cows.
Others (10,18) have described "percent of cows insemi-
nated by 90 days". Recently, practitioners working
with smaller dairy herds have devised the "JMR index"
to measure current herd reproductive performance
(20,21).
Both target and interference values for indices have

been proposed (3,5), and several computer programs
are available for calculation of reproductive indices
(22). Williamson (23,24) reported mean reproductive
indices for 21 herds using a herd health software pro-
gram on a university mainframe.
The first objective of the descriptive field study

reported herein was to define reproductive parameters
suitable for monitoring small dairy herds and com-
puting baseline values using a microcomputer in a vet-
erinary office. The second objective was to report the
use of an index, "percent problem cows", as a measure
of current reproductive failure in small dairy herds.

Materials and methods
Data collection and record keeping
All herds receiving reproductive health services from
two participating veterinary practices were selected for
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this study. These initial 106 herds were monitored for
at least one year, ending in 1989. Nineteen herds were
excluded because of incomplete data.
Of the 87 herds remaining in the study, 30 herds

were in central Wisconsin and the other 57 herds were
in western Quebec. The Vetcheck software program
(Infovet Inc., Lachute, Quebec) was used for the study
(25). With this software, we generated a reproductive
performance summary sheet, a worksheet, and an
open cow report which were used at every herd visit
to collect data and monitor reproductive performance.
At every herd visit, the reproductive performance sum-
mary report compared the herd's current reproductive
indices to the herd's objectives as well as to the prac-
tice means (26,27).

Statistical methods
At the end of the one-year study period, a reproduc-
tive summary report, a worksheet, and an open cow
report were generated for each of the herds as of the
day following the last herd visit. These data were
loaded onto a Lotus spreadsheet (Lotus Development
Corp., Cambridge, Massachusetts, USA). Lotus func-
tions were used to calculate sums, means, standard
deviations, ranges, and distributions. Formulas (28)
to calculate the significance of the difference between
two means (SEM) and the significance of the difference
between proportions (SEM) were also used on the
Lotus spreadsheet.
For the rates in Table 1, the numerators were the

number of open cows qualifying in both the Wisconsin
and Quebec populations while the denominators were
the total cow populations of the respective regions. The
mean reproductive herd parameters (Table 2) were
calculated by adding the respective herd parameters
and dividing by the number of herds.

It has been recommended to report SD for individ-
ual herd indices (3,29,30). Because of small herd sizes,
we did not find it useful to report the SD of an indi-
vidual herd index (31). We chose to calculate the mean
herd indices for all herds and report SD. To show the
number of cows eligible for the numerators and the
denominators of the different herd parameters, a
distribution of cows according to stage of reproduc-
tion is provided (Table 3).
Our reproductive summary reports were rolling

annual reports, as of herd visit date, at whatever inter-
val these occurred. The American Association of
Bovine Practitioners (AABP) has recommended
reports for two to six month periods when evaluating
small herds (29).

Defining parameters
Harmon and McCloskey (15) reported that summary
data such as reproductive indices may be calculated
in a variety of ways. Time frames, populations, and
specific criteria may differ from one method of
calculation to another or one processing center to
another (29,30).

In our study, herd parameters which were not pro-
portions were calculated by summing individual cow
values and dividing by the number of values summed.
For herd parameters that were proportions, calcula-
tions showed the number of cows qualifying as a
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numerator and used current herd size as the denomi-
nator. The following are the definitions used in com-
puting herd reproductive parameters.

"Services per conception" was defined as the total
number of services per total number of conceptions
occurring within the past 12 months. This was similar
to AABP's "services per pregnancy, pregnant cows,
past year" (29), with the exception that we did not
include removed cows.

"Overall conception rate" was defined as the total
number of cows conceiving divided by the total num-
ber of services to cows conceiving.

"First service conceptions" was defined as the num-
ber of cows conceiving on a single service within the
last year over total number of cows conceiving within
the same period.
"Days to first heat" was defined as the number of

days from calving to first heat.
"Percent in heat by 60 days" was defined as the per-

centage of cows included in the "days until first heat"
that showed a heat on or before 60 days.
"Days to first breeding" was defined as the num-

ber of days from calving to first breeding.
"Days to conception" was defined as the number

of days from calving to conception. In agreement with
Gaines (4), we chose to report "days to conception",
excluding both open and removed cows rather than
"projected minimum average days open" as recom-
mended by the AABP (29). The AABP recommenda-
tion is a "best estimate". It assumes cows open with
a breeding date are pregnant as of the last breeding.
Open cows past the voluntary waiting period are
assumed bred and pregnant within 10 days of the
report date. We preferred diagnosing pregnancy rather
than assuming cows pregnant.

"Actual calving interval" was calculated as the aver-
age number of months between calvings for cows with
at least two calvings and currently in the herd. It is
similar to the AABP definition of "past year calving
interval" (29), but differs in that we excluded removed
cows. Our definition is in agreement with that proposed
by Gaines (4).

"Projected calving interval" added 280 days to
"days to conception" and divided by 30.34. This was
different from the AABP recommendations (29) as it
was not based on "projected minimum average days
open", but rather on "days to conception". "Projected
calving interval" was used for a summary economic
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Table 1. Comparison of four problem cow
rates in two geographically distinct dairy
cow populations

Wisconsin Quebec
% cows > 90 days open, not bred 3.8 3.1
% cows > 150 days open, bred,

not pregnant 8.1 7.4
%0 repeat breeder 6.4 5.0
%0 not calved, not pregnant

within last year 0.74 0.67

All comparisons between geographic regions are not signifi-
cantly different at p < 0.05



analysis of predicted reproductive performance. We
assumed it was in our best interest to predict a proba-
ble rather than a best case scenario.

"Reproductive cull rate" was calculated as the num-
ber of cows culled within the last year with reproduc-
tion listed as one of two possible culling reasons
divided by current herd size. The AABP recommends
an average herd inventory as the denominator (29).
"Heat detection rate" was defined as heats or

breedings reported over heats biologically expected.
Heats and/or breedings within four days of each other
were considered one heat. The calculation was made
from the time of first breeding or first reported heat,
to the time of the last breeding before conception. This
calculation was different when compared to the AABP
recommendations for "percent of possible estruses
detected" (29). Our definition did not require the col-
lection of a voluntary waiting period or the recording
of the use of prostaglandin as those data were difficult
to collect in most herds. Using our definition, a cow
must first have been reported in heat or bred before
it was included. This was done because collection of
prebreeding heat data was difficult with many
managers (23).

"Percent problem cows" was defined as the sum of
cows not bred and more than 90 days open and cows
bred and more than 150 days open but not diagnosed
pregnant, divided by the total number of cows cur-
rently in the herd.

"Repeat breeders" were defined as cows bred three
times or more and not known pregnant.

"Not calved nor pregnant" was defined as cows that
had not calved, nor been known pregnant within the
last year.

Results
There were 3608 cows in 87 herds at the end of the
study. Thirty herds in Wisconsin had a total of 1222
cows while 57 herds in Quebec had 2386 cows. Fifty-
seven percent of the Wisconsin cows and 560% of the
Quebec cows were pregnant at the end of the study.
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Table 1 shows the percentage of cows greater than
90 days open and not bred, cows greater than 150 days
open that were bred but not known pregnant, repeat
breeders, and cows not calved nor known pregnant
within the last year in both the Wisconsin and Quebec
populations. Rates for the total cow population were
3.3, 7.6, 5.4, and 0.69%7, respectively.

Table 2 shows the means for the reproductive param-
eters of the 87 herds. When herd parameters were com-
pared between practices only "percent in heat by
60 days" was significantly different.

Table 3 presents 20 herds (23%o of the 87 herds)
which had at least one reproductive parameter that was
significantly different from the mean. Fourteen herds
(16 o) had at least one parameter indicating failure or
inefficiency that was significantly different from the
mean parameter of all 87 herds. Nine herds (A-I) had
either historical (A-E) or current (F-I) reproductive
failure. Of the 14 herds (A-I, P-T) with significant fail-
ure or inefficiency, five herds (A-E) were identified
only because we were measuring "reproductive cull
rate". Four herds were identified only because we were
measuring "percent problem cows". Three herds (R-T)
were identified only because of long "actual calving
interval". Only two herds (P,Q) had poor conception
rates while three herds (M-O) had significantly superior
conception rates. Three herds (J,L,N) were different
in that a first heat was reported significantly later. In
one herd (N), "days to first breeding" was significantly
longer. One herd (K) had significantly superior report-
ing of prebreeding heats while two herds (M,N) had
a high "heat detection rate".

Discussion
Have we been emphasizing the appropriate measures
of reproductive performance? "Days to conception",
"actual calving interval", and conception rates are key
indices generally used to assess reproductive perfor-
mance. In our study the key indices detected only 36%
of the problem herds. The rest of the herds were only
detected because we were measuring "reproductive cull
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Table 2. Comparison of mean herd parameters between two veterinary
practices

Wisconsin Quebec Combined
(30 herds) (57 herds) (87 herds)
X SD X SD X SD Range

Herd size (cows) 40.7 18.2 41.9 21.9 41.6 14.9 21-112
Known pregnant (No) 57.6 9.7 54.8 8.1 55.8 8.8 36-81
First service conceptions (N) 48.7 14.4 51.7 13.4 50.6 13.8 21-91
Overall conception rate (o) 53.5 11.7 55.1 10.6 54.6 11.0 33-92
Services per conception 1.94 0.38 1.87 0.37 1.89 0.38 1.1-3.0
Days to first heat 69.6 15.1 73.6 14.3 70.0 14.7 39-135
Percent in heat by 60 days 40.6 15.3 32.2 17.1a 35.0 17.0 9-76
Days to first breeding 82.3 13.5 80.8 12.1 81.0 12.6 60-135
Heat detection rate (%) 64.8 33.1 52.4 17.3 56.6 24.7 33-231
Days to conception 117.8 17.1 117.6 16.5 118.0 16.7 78-151
Actual calving interval (mo) 12.9 0.75 13.0 0.62 13.0 0.67 11.5-15.2
Projected calving interval (mo) 13.1 0.55 13.1 0.54 13.1 0.54 11.8-14.2
Percent problem cows 11.9 6.2 10.3 5.8 10.8 6.0 0-26
Reproductive cull rate (¾) 9.0 6.9 9.1 7.4 9.1 7.3 0-38

aSignificantly different, p < 0.05
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rate" and "percent problem cows". While the key
indices measured the degree of reproductive success,
"reproductive cull rate" and "percent problem cows"
measured the degree of reproductive failure. Would
it not be appropriate for veterinarians to equally
emphasize the latter?

Fetrow (32) has made the point that culling reasons
are subjective. Of all disposal reasons in our study,
culling for infertility was the least subjective. Unsuc-
cessful reproductive activity was well documented.
Reasons for withdrawal from the breeding herd were
often recorded by the attending veterinarian at the time
of refusal of veterinary intervention, and these records
were often used as a reference when collecting culling
reasons at the time of disposal. Culling rates did
require interpretation, as the time span between the
decision to cull an animal and the removal of that
animal from the herd varied within and across herds.
Since herd managers can maintain acceptable levels

of reproductive efficiency by culling for infertility
rather than production (33), failure to monitor the
"reproductive cull rate" would inaccurately assess
herd reproductive performance. The fact that five of
the 14 problem herds had a significantly higher
"reproductive cull rate" while their other reproduc-
tive indices did not differ, emphasizes the importance
of this parameter. Our "reproductive cull rate" would
have been more accurate had the denominator been
average herd inventory or cow years of herd life rather
than current herd size.

Practitioners failing to monitor "percent problem
cows" and to identify problem individuals, may fail
to understand a client's current concerns on herd visit
day. Had we failed to monitor "percent problem
cows", four of the 14 problem herds would not have
been identified. The other reproductive parameters for
those herds were not significantly different.

"Percent problem cows" was a measure of current
reproductive failure and predicted future culling rate
and/or future "days to conception". Problem cows
had only two outcomes: If bred successfully they had
a longer calving interval; if not bred successfully they
were culled.
As an example, the index "percent problem cows"

was high for herd G (Table 3). A higher future
"reproductive cull rate" and/or longer future "days
to conception" was predicted. Similarly, it was pre-
dicted that future "days to conception" and future
"reproductive cull rate" would not improve in herds
F,G,I. It may be important to monitor cows to be
culled to better predict future cull rates and better
interpret "percent problem cows".
At the beginning of the study, calving and breeding

dates were collected. From these data, the current
indices, "days to conception" and "percent problem
cows", were available for immediate use. Both the his-
torical indices "actual calving interval" and "repro-
ductive cull rate", took more than a year to measure.

"Percent in heat by 60 days" was useful in show-

I ing that the two practices differed in prebreeding heat
recording. When comparing herds between practices
(Table 2), the Wisconsin practice was significantly
better at collecting prebreeding heat data than the
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Quebec practice, or Wisconsin herd owners were sig-
nificantly better at reporting prebreeding heats than
their Quebec counterparts.
Williamson (23) has observed the failure of herd

managers to report prebreeding heats. This is sub-
stantiated by our data, as prebreeding heats were
poorly reported in many herds. Managers for 12 of
the 20 herds in Table 3 (herds C,D,E,G,H,J,L,M,N,
O,R,T) were poor at reporting prebreeding heats. This
was demonstrated by the fact that the difference
between "days to first breeding" and "days to first
heat" was fewer than 11 days.
When prebreeding heats were not reported and con-

ception rate was high and prostaglandin was used, then
heat detection rate was greater than 100 percent. This
occurred in herds M and N (Table 3), where reported
heats were greater than biologically expected heats.
The similarity in reproductive performance between

cows (Table 1) and herds (Table 2) in Wisconsin and
Quebec compares favorably with the observations of
Tong et al (34). They reported that fertility levels in
Quebec dairy herds are very similar to those found in
commercial herds in California and New York State.

Excluding data on removed cows from the indices
simplified interpretation. There is disagreement in the
veterinary literature on whether to include (15,23,29)
or exclude (4) data on culled cows. Interpretation of
herd T parameters (Table 3) can demonstrate the
effect of cull cow data. Because we excluded cows
dead, sold for dairy purposes, or culled prior to the
report date, we told the client that cows currently in
his herd had historical reproductive inefficiency. This
was possible because the historical measure of perfor-
mance, "actual calving interval", was 14.5 months.
We were also able to tell the client that his herd was
currently performing more efficiently. This improve-
ment was possible because the current measure of per-
formance, "days to conception", was 120 days. Had
we included removed cow data, we could not have said
that the current herd had a history of poor perfor-
mance. The significantly long "actual calving inter-
val" could have been due to inefficient cows which
had been culled. The improved performance could then
have been related to culling rather than to biological
change. Our interest was to report to a client the per-
formance of his current herd. Indices were easier to
interpret when based on an actual herd that a client
could relate to, at a point in time.
The value for a herd index was well understood only

when compared to the mean herd index and its SD.
It was important that the mean was derived from a
population of herds similar in size and socioeconomic
characteristics to the herd being evaluated. This is dif-
ferent from the recommendations (3,7,14) that herd
reproductive performance be evaluated by comparing
a herd's reproductive indices against target values
offered in the veterinary literature. The literature fails
to provide a measure of variability that would permit
statistical comparisons.
From the results of our study we suggest that some

concepts promoted in the veterinary literature may not
be useful for veterinary practice. Interference levels or
action levels have been recommended by some authors
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(3,18). When our herd values were compared to the
interference levels recommended by Radostits and
Blood (3), every herd in our study had at least one herd
index which was at an interference level. Had we fol-
lowed those recommendations we would have had to
investigate all the herds in our study.

This last observation is in agreement with Fetrow
et al (35), who suggest that goals offered in the veter-
inary literature should not be accepted blindly because
the difference between goals and interference levels
may not be of practical importance. As reported by
Weaver and Braun (7,36), our experience supports the
principle that practitioners should first consider the
client's objectives. It was more practical to regularly
report and interpret herd parameters for a client than
to formally set targets and interference levels. Our
approach involved a continuing series of evaluations
and interpretations. This differed from a diagnostic
approach (3,13,14), which is in reaction to a client
request. In our study, monitoring was proactive and
designed to provoke improved performance.

Is there a significant difference between 115 and 134
"days to conception" for a 34 cow herd? What would
be the norm for small dairy herds? Table 2 presents
field data that offer mean indices as realistic norms.
The SD for the means in Table 2 can help us appreciate
how indices can vary without being significantly dif-
ferent. Using values in Table 2, a simple statistical
model can be designed to identify herds with abnor-
mal reproductive performances. An index could qual-
ify as being high or low, long or short, if the value
was greater than 1 SD but no greater than 2 SD from
the mean. Thus, values within 1 SD would be within
a normal range. Values 2 SD or greater from the mean
could be considered abnormal. Some clients were con-
gratulated for significantly better performances while
others were made aware of significant losses.

Evaluating parameters independently may not be
sufficiently sensitive in detecting problem herds. For
example, herd R (Table 3) had both a "high" repro-
ductive cull rate and "high" "percent problem cows".
The sum of these measures of current and historical
failure was greater in herd R than the same sums in
herds A,B,E,F,G,H,I. These latter herds were iden-
tified as having reproductive failure. Herd R was not
identified as having reproductive failure because there
was a greater balance between current and past failure.

It may be desirable to develop a more complex
statistical model to more accurately weigh a panel of
parameters. In agreement with Williamson (23,24), our
herd reproductive parameters were generally observed
to have a distribution skewed to the right. In these
situations, Martin et al (31) have proposed a more
appropriate method of measuring variability.
Table 4 compares our mean indices with those

reported by Tong et al (34) and Williamson (23,24).
As they did not report standard deviations, we were
unable to make statistical comparisons , and our data
may differ from theirs. Ours was collected as we
worked within a practitioner/client relationship,
whereas theirs was collected within a university-funded
research program. Differences would occur because
herds were not selected in the same manner. Though
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Table 4. Comparison of mean herd reproductive parameters to
previously reported herd and lactatlonal means

Mainframe Microcomputer
DHAS2 HHpb VRKSc

(2216_lact) (21 herds) __ (87 herds)
XX Range X SD Range

Herd size 56 27-191 42 15 21-1 12

1st service conceptions 47 46 17-67 51 14 21-91
Services per conception 2.0 2.0 1.4-3.0 1.9 0.4 1.1-3.0

Days to 1st breeding 88 80 68-1 13 81 13 60-135
% in heat by 60 days 48 11-88 35 17 9-76
Heat detection rate 65 47-85 57 25 33-23 1

Days to conception 121 107 91-137 118 17 78-151

'Tong et a! (33) used DHAS and CIAQ records
bWilliamson (23,24) used a herd health program
cPresent study used a veterinary recordkeeping software

they did not present definitions for their indices, it is
improbable that indices were calculated in exactly the
same manner.

Errors in our data would be errors of omission. One
of two breedings on one heat and breedings not result-
ing in conception could have been omitted. This was
more probable in herds with bulls or herds with an
owner inseminator. This bias is most likely shared with
many DHIA data centers or other organizations col-
lecting breeding data on commercial farms. One bias
that DHIA data would have, but we did not have, is
the assumption of pregnancy. Our mean "actual calv-
ing interval" of 394 days (SD 20.3) compares with 395
for 7769 Quebec herds averaging 38 cows for 1989 (37).

Evaluation and comparison of reproductive indices
is complicated by the fact that there are many methods
currently being used (4,15,29). The definition of an
index may need to vary depending on the resources
available to perform complex calculations, the objec-
tives of the user, or when the data are imperfect. Our
observations suggest that users should fully understand
the indices that are chosen. Indices should then be
compared across herds, practices, and regions to estab-
lish statistically meaningful baseline values.

Martin et al (31) have proposed a heirarchically
structured data collection system. Implementation
of such systems has been attempted at universities
(23,24,30,38,39). Our study suggests that such systems
can be implemented by veterinary practices.
Dohoo (39) has reported that uses for microcom-

puters are limited because their "programs lack the
ability to make comparisons between farms or to easily
amalgamate data from various sources or geographic
regions". Our study shows that microcomputer pro-
grams can pool and compare herds, practices, and
regions. This study suggests that microcomputer pro-
grams not only have the ability to monitor client herds
but can also help practitioners measure their own
performance.
Stowe (40) reported that "the problem with com-

puter software available to the farm service sector of
veterinary practice is that there is no clear delineation
of practical usage". In our study we have shown that
veterinary record-keeping software (12,20,21,25-27)

can pool herds and provide herd, practice, and regional
means. This differentiates it in practical usage from
programs that monitor single herds either on a farm
or in a veterinary practice (2,22,41-43).

Acknowledgments
We especially thank Dr. Margaret Carroll (Hopital
Veterinaire Lachute), Dr. Carol Mulder (St Marys Vet-
erinary Clinic), and Dr. Otto Radostits (Western
College of Veterinary Medicine) for reading drafts of
this paper and providing useful criticisms and
comments. cvJ

References
1. White ME. What information explosion? Can Vet J 1989; 30:

626-628.
2. Lissemore KD. The use of computers in dairy herd health pro-

grams: A review. Can Vet J 1989; 30: 631-636.
3. Radostits OM, Blood DC. Herd Health: A Textbook of Health

and Production Management of Agricultural Animals. Toronto:
W.B. Saunders, 1985: 66-89.

4. Gaines JD. The role of record analysis in evaluating subfertile
dairy herds. Vet Med 1989; 5: 532-543.

5. Weaver LD. Design and economic evaluation of dairy reproduc-
tive health programs for large dairy herds-Part I. Compend
Contin Educ Pract Vet 1987; 9: 297-310.

6. Weaver LD, Goodger WJ. Design and economic evaluation of
dairy reproductive health programs for dairy herds-Part II.
Compend Contin Educ Pract Vet 1987; 9: 355-366.

7. Weaver LD. Reproductive management programs for large
dairies. In: Morrow DA, ed. Current Therapy in Theriogenology.
2nd ed. Toronto: W.B. Saunders, 1986: 383-389.

8. Schultz RH. Objective evaluation of herd reproductive perfor-
mance. Cow Manual. Journal of the Society for Theriogenology
1987; 14: 157-164.

9. Williamson NB. The economics of reproductive herd health pro-
grams for dairy herds. In: Morrow DA, ed. Current Therapy
in Theriogenology. 2nd ed. Toronto: W.B. Saunders, 1986:
410-413.

10. Henry ET. Dairy herd reproductive efficiency. In: Howard JL,
ed. Current Veterinary Therapy: Food Animal Practice 2.
Toronto: W.B. Saunders, 1986: 803-808.

11. Rawson CL. Reproductive management of small dairy farms.
In: Morrow DA, ed. Current Therapy in Theriogenology.
Toronto: W.B. Saunders, 1986: 390-394.

12. Fetrow J, Harrington B, Henry ET, Anderson KL. Dairy herd
health monitoring. Part II. A computer spreadsheet for dairy
herd monitoring. Compend Contin Educ Pract Vet 1988; 10:
75-80.

556 Can Vet J Volume 32, September 1991



13. Weaver LD, Ruegg P. Investigation of dairy herd infertility.
Proc Annu Meet Society Theriogenology, 1989: 58-70.

14. Williamson NB. The interpretation of herd records and clinical
findings for identifying and solving problems of infertility.
Compend Contin Educ Pract Vet 1987; 9: 14-23.

15. Harmon RJ, McCloskey MJ. Critical evaluation of computer-
generated dairy reproductive statistics. Compend Contin Educ
Pract Vet 1986; 8: 183-188.

16. Etherington WG. Dairy herd reproductive performance param-
eters relevant to North American production and marketing sys-
tems. Proc Am Assoc Bovine Pract 1985; 18: 32-35.

17. Weaver LD. Evaluation of reproductive performance. Perfor-
mance evaluation of dairy cattle using DHI records and other
monitors. Proc Am Assoc Bovine Pract, Seminar 18, 1984:
25-32.

18. Weaver LD. Evaluation of reproductive performance in dairy
herds. Comp Contin Educ Pract Vet 1986; 8: 247-253.

19. Braun RK. Analysis of reproductive records using DHIA sum-
maries and other monitors in large herds. In: Morrow DA, ed.
Current Therapy in Theriogenology. Toronto: W.B. Saunders,
1986: 414418.

20. Martineau R, Cardyn P. JMR, a current reproductive monitor.
Proc Annu Meet Society Theriogenology, 1990: 33-44.

21. Rawson CL. Application of JMR in Wisconsin Dairies. Proc
Annu Meet Society Theriogenology, 1990: 45-72.

22. Etherington WG, Marsh WE, Eicker SW, Kelton DF. Evalua-
tion and use of dairy herd reproductive management software.
Proc Annu Meet Society Theriogenology, 1990: 73-84.

23. Williamson NB. Reproductive performance in some Minnesota
dairy herds. Bovine Practitioner 1986; 21: 142-145.

24. Williamson NB. Evaluating herd reproductive status. Proc Am
Assoc Bovine Pract 1987; 19: 117-121.

25. Stalheim PS. Practical application of computer assisted herd
health in a dairy practice. Proc 5th Symposium on Computer
Applications in Veterinary Medicine, 1987: 63.

26. Lemire GE. Computerized record keeping and data analysis for
practitioners with small dairy herds. Proc 6th Symposium on
Computer Applications in Veterinary Medicine, 1989: 31.

27. Lemire GE. Evaluation of data collection and entry by different
operators on dairy farms and in the veterinary office. Proc 6th
Symposium on Computer Applications in Veterinay Medicine,
1989: 30.

28. Arkin H, Colton RR. Statistical Methods. New York: Barnes
& Nobles, 1967: 120-123.

29. Fetrow J, Harmon R, Weaver L, et al. Calculating selected
reproductive indices: Recommendations of the American Asso-
ciation of Bovine Practitioners. J Dairy Sci 1990; 73: 78-90.

30. Williamson NB. Evaluating herd reproductive status using the
Dairychamp Program. Bovine Practitioner 1989; 24: 110-113.

31. Martin SW, Meek AH, Willeberg P. Veterinary Epidemiology:
Principles and Methods. Ames: Iowa State University Press,
1988: 59-60, 255-257, 303.

32. Fetrow J. Culling dairy cows. Proc Am Assoc Bovine Pract
1988; 20: 102-107.

33. Marsh WE, Dijkhuizen AA, Morris RS. An economic compar-
ison of four culling decision rules for reproductive failure in
United States dairy herds using DairyORACLE. J Dairy Sci
1987; 70: 1274-1280.

34. Tong AKW, Kennedy BW, Chicoine RL, Roy GL, Moxley JE.
Reproductive efficiency of artifically bred Holsteins in Quebec.
Can J Anim Sci 1979; 59: 419-425.

35. Fetrow J, Harrington B, Henry ET, Anderson KL, Butcher K.
Dairy herd health monitoring. Part III. Implementation and
goal setting. Compend Contin Educ Pract Vet 1988; 10:
373-378.

36. Braun RK, Noorduizen JPTM, Donovan GA, Brand A. A goal-
oriented approach to herd health and production control. Proc
Am Assoc Bovine Pract 1982; 15: 51-58.

37. Rapport de Production 1989. Programme d'Analyse des
Troupeau Laitiers du Quebec Inc., Ste. Anne de Bellevue,
Quebec, 1989: 4.

38. Van Saum R, Bartlett PC, Morrow D. Monitoring the effects
of postpartum diseases on milk production in dairy cattle.
Compend Contin Educ Pract Vet 1987; 9: 212-219.

39. Dohoo IR. Animal productivity and health information net-
work. Can Vet J 1988; 29: 281-287.

40. Stowe JD. Large animal application software:Introduction. Can
Vet J 1988; 29: 280-281.

41. Menzies PI, Meek AH, Stahlbaum BW, Etherington WG. An
assessment of the utility of microcomputers and dairy herd
management software for dairy farms and veterinary practices.
Can Vet J 1988; 29: 287-293.

42. Glore R. The computerized veterinary practice. Proc Am Assoc
Bovine Pract 1988; 21: 56-65.

43. Goodger WJ, Weaver L, Repp S, Jameson C, Eicker S. The
role of the veterinarian as production management advisor in
the setup and use of computerized on-farm record systems-
Part 1. Compend Contin Educ Pract Vet 1989; 11: 233-238.

Veterinary Automated
Management and

Production control Program

The complete DAIRY record-keeping
and herd management system, on

the level of the dairyman, to
assist the veterinarian.

VAMPP the only integrated herd
health software program giving
full and clear insight into dairy

herd management

Automatic DHI dounload

ON GOLDEN LINE DAIRY LTD.
at your service across Canada

Toll free: 1-800-661-6601
Fax line: 1-403-732-4814

Clark Cages Clark Cage Dryer
* Formica * Heavy-duty construction

Lined * Fully assembled
* Quiet&
Warm a = _
Sensibly iPriced

*Durable
* Attractive
* Easy To * Virtually maintenance-free
Assemble * Dries animal quickly and

safely
Space-saver design

Thrifty Cage and Run Floors
* Lightweight

polypropylene For a fr
plasticpanels~~~~~~~~~~~~~ colourElasyt-cleanels brochure and

* Easy-to-clean price list
* Cage floors elevated contact

on 3/4" legs Committed To* 2' x 2' panels Clark Cages Inc. Excellence

lnartgetrunfloor Canada (705) 474-8303larAvailableoin USATexas (214) 744-5954customvsibes [ Penn. (215) 922-5564
custom sizes Calif. (213) 689-9324

Can Vet J Volume 32, September 1991 557


