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SUMMARY
Data consisted of 227,725 breeding receipts confirmed for accuracy by 

Dairy Herd Improvement (DHI) records on 48,724 cows with at least one 
confirmed pregnancy. The cows were in 9,885 herd-years and were serviced by 
1,231 technican-years using 984 sires. Evaluations on technician years, 
herd-years and sires varied by +2.9, +8.0, +2.9% conception, respectively. 
Parity-service number was the most important fixed effect varying by +9.6% 
conception. To evaluate semen fertility, it is essential to have herd-
years, cows, and parity service number in the model in addition to service 
sires. Estimates obtained were similar to results from a larger data set 
unconfirmed by DHI milk recording records.

INTRODUCTION
Fertility in dairy cattle is considered to be a major cause of 

inefficiency and economic loss of farmers. Studies of genetic aspects of 
fertility generally have concluded that the additive genetic component of 
fertility is very small (Everett et al., 1966; Hanson et al., 1983; Hillars 
et al. 1984; Ron et al., 1984; Taylor et al., 1986), accounting for only 0 
to 8% of the variance. Repeatability is larger, .12 (Taylor et al., 1986).

Systematic environmental influences on fertility include herd (Hillars 
et al., 1984; Inskeep et al., 1961; Matsoukas and Fairchild, 1975; McCraw 
and Butcher, 1980), housing system (Laben et al., 1982; Spaulding et al., 
1975; Taylor et al., 1986), technician (Hillars et al., 1984; Ron et al., 
1984; Taylor et al., 1986), age of cow (Fonseca et al., 1983; Hanson et al., 
1983; Hillars et al., 1984; Matsoukas and Fairchild, 1975; McCraw and 
Butcher, 1980; Ron et al., 1984; Shanks et al., 1979; Spaulding et al., 
1975; Taylor et al., 1986), service number (McCraw and Butcher, 1980; Ron et 
al., 1984; Shanks et al., 1979; Spaulding et al., 1975; Taylor et al., 
1986), month of insemination (Hillars et al., 1984; McCraw and Butcher, 
1980; Ron et al., 1984; Taylor et al., 1986), and semen price (Davidson and 
Farver, 1980; Taylor et al., 1986). Preliminary work by Taylor et al. 
(1986) indicates genetic correlations between semen production traits and 
production traits in dairy cattle to be near zero, suggesting selection for 
production should not reduce semen output of artificial insemination (Al) 
sires. Heritability of cow fertility was estimated to be .08 and
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repeatability of service sire fertility .06 with a genetic correlation 
between them of -.06 (Taylor et al., 1986).

A fertility monitoring system was developed using breeding receipts 
unverified for accuracy (Everett and Bean, 1986). The purpose of this study 
was to compare results of the unverified data analysis with results using a 
data set verified for accuracy with DHI data.

DATA AND METHODS
Data consisted of 227,725 breeding receipts on 48,724 cows bred between 

January, 1974, and December, 1983. Each breeding was verified by matching 
insemination dates with fresh dates recorded on DHI milk recording system. 
Conceptions were confirmed when they occurred within 280 +_ 15 days from 
subsequent freshening and were scored as 100, alternately 0 was scored. 
Each cow was required to have one confirmed pregnancy followed by an AI 
service in the next parity. Each herd was required to have at least 20 cows 
with confirmed pregnancies. The 48,724 cows averaged 4.7 services during 
the period studied. The cows were serviced by 1,231 technician-years in 
9,885 herd-years using semen from 984 AI Holstein service sires.

The model representing the biology of each breeding was
yp - Cg + Dh + Li + Gj + Bjk + Mp + Tm + Fn + 10 + ep

where
yp = conception or repeat (100 or 0) to a service and p indexes 

subscripts g through p,
Cg = cows, where g = 1,...,48,724,
Dk = month-year semen collected, h = 1,...,111,
Li = parity-service number, i = 1,...,156,
Gj = service sire group, j = 1,...,22,
Bjk = service sire within group, k = 1,...,1101,
Mq = calendar month of insemination, 1 = 1,...,12,
Tm = technician-year, m = 1,...,1231,
Fn = farm-year, n = 1,...,9885,
IQ = interval between services, 0 = 1,...,92, and
ep = residual.
Cows, service sires, technician-years, and farm-years were assumed 

random. Repeatability of conception in cows was assumed to be .12, 
producing a variance ratio of o\lo\ of 7.33. Heritability of semen 
fertility of service sires was assumed to be .01. Service sire equations 
were augmented with the sire genetic variance-covariance matrix of A_ â|/CTg 
= A~1 x 98.4. A-1 generated an additional 117 sires with no services. 
Service sires were grouped by the Quaas and Poliak (1981) method into groups 
Gj with 50 bulls per group. The bulls were grouped by ascending 
registration number assuming a high correlation between registration number 
and birth date.

A variance between technician-years of 5.5^ was assumed. It was 
further assumed that contiguous years for a technician were correlated .60, 
which produces a block diagonal structure which is augmented to the 
technician-year equations.
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A variance between farm-years of 11.0^ was assumed. It was further 
assumed that the correlation between contiguous years on a farm was .80, 
producing a block diagonal structure for the augmented farm-year equations. 
Residuals were assumed random with mean zero and variance a|.

Month-year semen collected is equivalent to the date the ejaculate was 
processed. Semen with an unknown processing date or semen processed before 
1974 was assigned a unique subclass which contained 16.7% of the data.

Inseminations were categorized by service number (1,...,^6) within 7 
parities (L̂ ) starting with heifers. The effects were also subdivided 
into registered and grade cows (Everett, 1984) and terminal and nonterminal 
parities in order to estimate the biological situation for normal cows 
within a herd. In addition, intervals between services (IG) were modeled 
separately for terminal and nonterminal parities. All first services were 
categorized as unknown intervals.

RESULTS AND DISCUSSION
Table 1 contains a summary of the solutions for the various components 

in the model. The minimums, maximums, and standard deviations are very 
similar to the results using unconfirmed data (Everett and Bean, 1986) 
except for month-year semen collected. Results of the larger data set 
( Everett and Bean, 1986) indicated the true standard deviation due to 
laboratory processing of semen was j±.82 compared to ±5.2 in Table 1. In 
this analysis each subclass had considerably less data, thus one expects a 
larger standard deviation of solutions.
Table 1. Maximum, minimum 

in the model with
and standard deviation 
S100 observations.

of solutions for components

Source n Min. Max. a r£/
Month-year 
semen collected 92 -3.7 32.3 5.2 -.04
Parity-service 
number 108 -16.9 23.1 9.6 .93
Month of breeding 12 -2.6 3.0 1.8 .82
Interval between 
service 92 -20.1 6.8 6.2 00

Service sire 117 -12.0 6.3 2.9 .71
Technician-year 815 -14.4 8.5 2.9 .57
Farm-year 255 -25.9 15.3 8.0 .88

.2/ r = correlations of 
Bean (1986).

solutions with results of data set of Everett and

The results in Table 1 indicate parity-service number, interval 
between repeat services and farm-years are the largest sources of 
variation in conception data. The high correlations of .93, .85, and 
.88 between solutions for the two sets of data indicate similar results 
were obtained without confirming breeding dates using DHI records. Month of
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breeding is the smallest source of variation in the model and a 
correlation of .82 indicates similar results using unconfirmed data.

The results for service sires and technician-years indicate both are 
small sources of variation but are primary reasons for employing a 
fertility monitoring system. The correlations between sires' solutions 
of .71 are expected for a trait with low heritability and an average of 
241 observations per sire. The correlation of .57 between technician- 
year solutions is lower than expected and indicates a larger volume of 
data per technician is needed to accurately evaluate technician skill 
and technique.

Table 2 contains differences between parities and service numbers for 
conception. There is a decrease in conception with increased parity 
with the largest decrease occurring between heifers and first 
lactations. Terminal parities have approximately 2% lower conception 
and registered cows have 2% lower conceptions than grade cows (Everett 
and Bean, 1986). Conception increases with service number for all 
parities in both registered and grade cows. This is in conflict with
observation of the raw means but agrees with previous results on the 
large unconfirmed data set (Everett and Bean, 1986).

Table 2. Means and differences in conception by parity and service number 
for nonternimal parities of grade Holsteins.
First service by parity Service number within parity®/

Parity X Solution Service X Solution
Heifer 70.1 4.6+ .5 i 60.9 -5.1

1 61.6 -4.4+ .3 2 61.4 9.2
2 60.8 -5.2+ .4 3 60.5 9.8
3 58.7 -7.1+ .6 4 57.9 12.7
4 58.3 -8.2+ .8 5 57.7 17.5
5 55.1 -11.1+1.3 6 55.5 21.4
6 55.0 -11.7+2.0

SJ Recomputed from solutions.
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