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SUtMARY
The structure, logistics and preliminary statistics of a industry- 

integrated dispersed nucleus MOET/A.I. (Multiple Ovulation Embryo Transfer/ 
Artificial Insemination) testing scheme are reported. Response to superovulation 
was a mean of 7.12 + 0.56 viable embryos per flush with a mean of 71.15 + 3.55 
days between flushes. Conception rates varied from .370 to .605 depending on 
breed and embryo form. Breed, mating sire, and E.T. personnel all had significant 
effects on embryo yield.

DHRODUCnON

Since the original calculations were made on the superiority of MOET 
nucleus herds (Multiple Ovulation Embryo Transfer) as compared to national 
progeny test schemes, a number of factors have been considered which reduce the 
annual rate of genetic change predicted. Nicholas and Smith (1983) proposed an 
adult nucleus scheme with 1024 transfers per year with conception and survival 
rates of 0.7. Talcing into account the effect of a finite herd size, this scheme 
would yield 0.129 s.d. units per year which is approximately 30% higher than a 
conventional national progeny test scheme. When small nucleus herd size is 
combined with the extensive use of family information, selection is essentially 
between a few families rather than between individuals, thereby lowering 
selection differentials (Juga and Maki-Tanila, 1987). Another factor reducing 
response, in all selection schemes, is the reduction in variance due to selection 
disequilibrium (Bulmer, 1971). Biological realities such as variability in embryo 
yield may also influence realized selection differentials in females and the 
corresponding rate of response. A random E.T. failure rate of 30% results in the 
decrease in realized selection differentials to as low as 0.58 of differentials 
calculated for a constant embryo yield (Keller and Teepker, 1990). Reductions 
in theoretical response were largest for small nucleus herds. When population 
size and structure, selection disequilibrium, inbreeding, and reduced selection 
differentials were combined, the reduction in average response ranged from 13 
to 35% (Keller et. al., 1990).

In the realization that many of the above factors contribute to 
diminished expected responses in closed MOET nucleus herds, alternative schemes 
such as open nucleus herds and hybrid MOET/A.I. schemes have gained popularity. 
Some simulations of MOET/conventional hybrid schemes, such as the plan documented 
by Colleau (1986), present more premising overall responses than conventional 
schemes. The purpose of this paper is to outline the logistics and empirically 
measured statistics involved in the operation of an industry-integrated dispersed 
nucleus MOET/A.I. testing scheme. This scheme was given the name "The Canadian 
TEAM Program" which is an acronym for "Total Evaluation of Animals with MOET".
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METHODS
The project vras initiated in May 1988 with the three-year goal of 

selecting 60 donor cows that fit the requirements of the Canadian A. I. progeny 
test programs, and obtaining 60 full-sib families with the use of MOET. The 
majority of these cows are from the Holstein breed and the remainder from the 
Ayrshire breed. The sires used are top progeny tested North American bulls with 
evaluations of at least 70% repeatability. The complete program is to be carried 
out in the field, such that the donors are located and flushed either on the farm 
of origin or in a E.T. donor centre. Rather than purchase the donors, only the 
embryos were purchased under contract. The target size of each full-sib family 
is 5 healthy, reproductively sound males and 8 females. Generally, a donor cow 
is flushed until sufficient embryos anchor pregnancies are produced to reach the 
goal. Under average conditions, 35 to 40 embryos are needed. Donors are 
considered for elimination from the program if fewer than 4 embryos per flush 
are obtained in the first 2 flushes. All embryos are transferred to virgin 
heifers or first lactation recipients owned and synchronized by dairy farmers, 
and are purchased if a pregnancy results. Resulting females remain under the 
ownership of the dairy farmer while all resulting bulls are repurchased by the
A.I. centres involved. 5 bulls that best satisfy the health and conformation 
requirements, are distributed to the A.I. centres for entrance into their progeny 
test programs. In most cases, the embryos yielded from the first one or two 
flushes are frozen to guarantee a supply of at least 8 embryos in the event that 
the ensuing flush is a failure. In the case where the, selected donor is 
geographically distant from the eventual recipients, frozen embryos are 
transferred. Where donors and recipients are located closely, embryos are 
transferred in the fresh form. Embryo splitting is performed where the technical 
ability is available.

Data regarding donor response, time periods involved, conception 
rates, and family structures are being recorded. For donor response, sufficient 
data are available to conduct a preliminary statistical analysis. An animal model 
was employed to study the effects of different factors on flushing response and 
to estimate heritability and repeatability in flushing response. The final model 
used had the general form,

Y = Xb + Zu + Z2 p + e
where, Y = vector of phenotypic observations of embryo yield 

X = matrix relating observations to fixed effects 
b = vector of unknown fixed effects
Z = matrix relating observations to random animal effects 
u = vector of unknown animal effects
Z 2 - matrix relating observations to random permanent environmental 
effects

p = vector of unknown permanent environmental effects 
e = vector of random errors

An additive relationship matrix (A) was incorporated into the equations by 
multiplying the A"1 matrix by the ratio of error variance/animal variance and 
adding to the Z'Z matrix. The fixed effects in the final model were 2 breeds, 
14 mating sires (nested within breed), and 8 E.T. technical groins. Standard 
iterative RfML procedures were used to estimate the variances. Earlier models 
included the flush number as a fixed effect and age at flush as a covariate. 
Both of these factors were found to be not significant at 10% levels and were 
removed from the model.
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RESULTS

At this time, 35 donors have been selected and entered the flushing 
program. Four donors (11%) were eliminated due to various non-reproductive 
logistical problems. Of the donors that continued, (6%) had reproductive problems 
that prevented them from being flushed. 6 out of 30 donors attempted (20%) had 
insufficient embryo yields, in the first few flushes, to continue in the program. 
In total, only 23 out of 35 selected donors (66%) were able to successfully 
produce the required number of embryos. This result is consistent with those of 
Monniaux et. al. (1983) who reported failure rates of 25 to 52% for superovulated 
Holstein cows.

The delay required between flushes is usually considered to be about 
45 to 60 days. In this study, the flushes were done as closely together as 
feasibly possible under field conditions. This resulted in a mean delay of 71.2 
+3.6 days. There was a low correlation coefficient of 0.21 for time between 
flushes and embryo yield on the following flush. The response to superovulation 
is listed in tables 1 and 2 as unadjusted means of viable embryo yields.

In estimating the variances with mixed model equations, the 
heritablity estimate of embryo yield was close to zero, while the repeatability 
estimate was at 6%. Hypothesis tests were performed to determine the effect of 
breed, mating sire, and E.T. technical group on embryo yield. All three fixed 
effects were significant at the 1% level. The Ayrshire breed showing a 
significant advantage in embryos produced per flush compared with Holsteins.

Conception rates were recorded for breeds and embryo forms, and are 
listed in Table 3. These results appear to be considerably lower than those that 
can be expected in large well-organized donor facilities. For example, in two 
such studies, 7652 surgical transfers yielded a conception rate of 71% (Hasler 
et.al., 1987), and 704 non-surgical transfers yielded a 68% conception rate 
(Weaver and Galland, 1986).

DISCUSSION
It is evident from the results thus far, that technical successes 

of M0ET, particularly conception rates, are much harder to achieve when 
procedures are performed in the field. The main reasons for greater time periods 
needed to obtain the required number of embryos stem from the necessary use of 
frozen embryos, the technical limits of the field E.T. ]?ersonnel, and poorer 
recipient quality of fanner synchronized recipients. These factors combine to 
lower conception rates. The embryo yields do not appear to be significantly 
affected by harvesting the embryos at the farm of origin. Generally, the 
environment in these donor herds is quite conducive to good superovulatory 
response. However, the dispersed location of herds can limit the options 
available in the procedure.

Despite seme of the technical problems associated with the dispersed 
nucleus procedure, there are many practical advantages. The most important could 
be the significant reduction in costs in not buying, housing, feeding, and caring 
for all the donors and recipients involved. In addition, a well respected 
infrastructure already exists in Canada that records and verifies production and 
conformation information of all animals and analyzes the data under an animal 
model. The evaluations of the full sib individuals will be directly comparable 
to industry standards and thereby provide a clear route for the dissemination 
of the best animals (male and female) into the population.

With an industry integrated scheme such as the one descibed, 
selection differentials are not noticeably reduced due to poor supierovulatory 
response since there is a large supply of potential donor cows that are
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essentially equal in genetic merit. Reduction in response due to selection 
disequilibrium is still a factor in a dispersed nucleus but is offset by the 
fact that the population is already under selection. Further study will be 
required to rationalize the advantages and disadvantages of the various versions 
of hybrid MOET schemes possible with today's technology.
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Table 1- Proportion of Flushes ' in Varying Success categories
Breed No. Flushes 0 or 1 embrvos 2 to 4 embrvos 5 or more embrvos
Ayrshire 27 0.11 0.07 0.82Holstein 71 0.24 0.17 0.59Total 98 0.20 0.14 0.65

Table 2. Superovulatory Response in Viable Embryo Yields
No. No, Total Embryos/ Coef. of

Breed Donors Flushes Embrvos Flush S.E. Variation
Ayrshire 9 27 234 8.67+1.03 0.62
Holstein 21 71 464 6.54+0.66 0.85
Total 30 98 698 7.12+0.56 0.78

Table 3. Conception Rates by Breed and Embryo Form
Breed/ No. Preg. Predicted Days Required to
Form Transfers Rate Pregs./Flush Acheive 16 Preas.*
Ayrshire n o .46 4.02 212
Holstein 367 .44 2.88 323
Frozen 254 .37 2.64 361
#1 fresh 76 .61 4.31 193
#2 fresh 95 .55 3.90 221
Split 40 .40 5.70 129Total 465 .45 3.18 286
* assuming a 71.2 day interval between flushes
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