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218 McMillan — MODELLING PREGNANCY RATE

Expected pregnancy rate in recipient cattle, sheep and goats derived using a model
incorporating embryo and maternal contributions to embryo survival

W.H. McMILLAN

Dairy and Beef Division, AgResearch Ruakura, Private Bag 3123, Hamilton, New Zealand.

ABSTRACT

Pregnancy rate to term after embryo transfer (ET) in cattle ranges from 30-50%. A model is proposed which partitions embryo
survival into independent and binomial embryo and maternal components. Parameters for these two components can be used to
calculate expected pregnancy rates. In 35 out of 36 sets of data in which pregnancy data were recorded following cositegtgorary
and twin ET, or single and twin ovulation, expected pregnancy rate was either within 5 percentage units or one standardfdeviati
observed pregnancy rate. Pregnancy rate changes in single ET recipients or single ovulating females are equally $emgjtge to c
in the embryo and maternal components. In contrast, pregnancy rate changes in twin ET recipients or twin ovulating females are
more sensitive to changes in the maternal component. In conclusion, these data suggest that the model adequately dgscribes emb
survival and pregnancy rates. Accordingly, research to improve the maternal component seems warranted in order to improve
reproductive success.

Keywords: cattle, recipients; pregnancy rate; embryo; maternal; modelling.

INTRODUCTION MATERIALS AND METHODS

The efficiency of beef production (Daws al., 1983 Assumptions used in the model, and the methodology
and 1984) and dairy production (Peters and Ball, 1987)fisr estimating the two relevant parameter$of embryo
closely related to reproductive rate. A major component abmponent and for maternal (or recipient) component)
reproductive rate is embryo survival rate to term. For mokave been presented elsewhere (McMillan, 1996b). The
practical purposes, embryo survival rate is synonymousrme can be interpreted as the expected embryo survival
with pregnancy rate. Pregnancy rate to term followingate when all females are fully competent at sustaining a
artificial insemination is of the order of 60 - 70% in well-pregnancy (i.er, = 1.0). Similarlyy can be interpreted as
managed herds (Zavy, 1994). the expected pregnancy rate in single ET recipients when

Embryo transfer (ET) in cattle has been commerciallgll embryos are fully competent to survive (ie5 1.0).
available for over two decades. In most instances, singkxpected pregnancy rate in single ET recipiergsis and
embryos have been transferred and pregnancy rates héwetwin ET recipientse X r X (2 -€) (McMillan, 1996b).
been taken as reflecting embryo survival rate. In larg&ighteen sets of data were used to compare observed and
scale commercial bovine embryo transfer programmesxpected pregnancy rate for the 18 estimated values of e
pregnancy rates of between 40 and 70% have been repoed r as described below. Firstly, observed distributions of
(Hasleret al.,1987, 1995). Embryo transfer-induced twirnrecipient cattle with either 0, 1 or 2 calves born from either
calving has been attempted in many studies and pregnagoyitemporary single or twin ET in 5 published studies were
rates of 40 - 70% can be achieved (McMillan, 1996a). used to estimate pregnancy rate (Heymearal., 1995;

The reasons for high post-transfer loss of in vitroReichenbactet al., 1992; Sinclairet al., 1995; Takadat
produced bovine embryos are unknown. However, oat.,1991; Van Soorat al.,1994). Secondly, some recently
results (McMillanet al.,1997) show that a model of inde-published data in recipient cattle in which pregnancy rate
pendent binomial embryo and recipient effects adequatehas determined between Day 14 and Day 60 of pregnancy
explains embryo loss. To effectively partition embryo los@McMillan et al.,1997). And finally, 8 sets of data from
into embryo and recipient contributions requires analyssittle, sheep and goats that were previously used to com-
of the results from experiments involving transfer of singlpare observed and expected incidences of partial failure of
and twin embryos (McMillan, 1997b). multiple ovulation (McMillan, 1996b). Differences were

The aims of this study were to determine: established using contingency table analysis with correc-
» the extent to which expected pregnancy rate, basediwon for continuity (Snedecor and Cochran, 1967). The

this model, was similar to observed pregnancy ratesensitivity of the pregnancy rate changes of single com-

« the relative contributions of the embryo and matern&ared with twin ET recipients, respectively, to changes in

component in determining expected pregnancy raté ©'r was calculated by substituting changes in e and r into
the respective equations, pregnancy raéex= and preg-

nancy rate ®xr x (2 -€). In addition, the proportion of
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variation amongst studies in either observed or expecte@bserved pregnancy rates for those recipients receiving
twin pregnhancy rate that was due to variation in either two embryos ranged from 54 + 7% to 88 + 12%
or r was examined using a simple linear regression ap{Table 2) and were not different amongst the five estimates

proach including all 36 data points from this study. (mean = 63 + 4%yx? = 4.85, 4 d.f.,, N.S.). In all five
instances, the expected pregnancy rate of twin ET recipi-
RESULTS ents was within one standard deviation unit of observed

pregnancy rates (Table 2). Recipients receiving two em-

In recipient cattle which received vitro produced  bryos had a higher pregnancy rate than those receiving one
embryos the observed pregnancy rate to term ranged fro@mbryo (63 + 4% vs. 44 + 492 = 10.24, 1 d.f., P<0.01).

15 + 5% to 47 + 13% for those receiving a single embryo  In the four very large sets of sheep data on ovulation
(Table 1). Observed pregnancy rates were similar for fouaind lambing (Kelly and Johnstone, 1983, Table 3), ob-
of the five studies (mean =37 + 3%~ 1.36,3d.f.,N.S.), served pregnancy rates to lambing were higher (P<0.001)
and these were higher than recorded in the study byor twin compared with single ovulating ewes. Further-
Heymaretal.,1995 (37 +3%vs. 15+ 5% =9.15,1d.f., more, the expected pregnancy rates were no more than 2
P<0.01). With one exception (Takaeal., 1991), the  percentage units different from observed pregnancy rates
expected pregnancy rate of single ET recipients was withifTable 3). In the smallest set of sheep data (Smith and
5 percentage units of those observed (Table 1). In thisicGowan, 1986, Table 3), expected pregnancy rates to
exceptional case, the difference was 15 percentage unittambing were no more than one standard deviation
although this difference was of similar magnitude to thedifferent for both single and twin ovulating ewes
standard deviation (Table 1). Observed pregnancy rate§rable 3). However, in the remaining set of sheep data
for those recipients receiving two embryos ranged from(Kelly and Allison, 1976), expected pregnancy rate to
33 + 8% to 57 + 7% (Table 1) and were not differentlambing in single ovulating ewes was more than three
amongst the five studies (mean =42+ 3% 4.17,4 d.f.,  standard deviations lower than that observed (Table 3),
N.S.). Inallfive instances, the expected pregnancy rate adithough in twin ovulating ewes the predicted pregnancy
twin ET recipients was within 5 percentage units and ongate was within two percentage units of the observed
standard deviation of those observed (Table 1). pregnancy rate (Table 3).

In recipient cattle which received vitro produced In spontaneously ovulating cattle (Echternkanal,
embryos the observed pregnancy rate up to the 60th day a©990), observed pregnancy rate was similar in single
pregnancy ranged from 32 + 8% to 61 + 9% for thosecompared with twin ovulating cattle (68 + 3 vs. 77 ¥%3,
receiving a single embryo (Table 2), and were not differenB3.46, 1 d.f., N.S.). Expected pregnancy rate in these two
amongst the five estimates (mean = 44 + 4% 3.96,  subgroups of cattle were within three percentage units of
4d.f, N.S.). Inall five instances, the expected pregnancyhe observed pregnancy rates (Table 3). In recipient goats
rate of single ET recipients was well within one standard(Armstronget al.,1983), observed pregnancy rates to term
deviation unit of observed pregnancy rates (Table 2)were lower in single compared with twin ET recipients

TABLE 1: Comparison of observed and expected pregnancy rates to term in recipient cattle in 5 studies.

Study Single ET Twin ET
No. Observed Expected No. Observed Expected
Recipients Pregnancy Rate (%) Pregnancy Rate (%) Recipients Pregnancy Rate (%) Pregnancy Rate (%)

Heymanet al., 1995 54 15+5 20+5 36 33+8 28+7
Reichenbaclet al., 1992 129 38+4 33+4 149 41+ 4 44 + 4
Sinclairet al.,1995a 43 42 +8 40+ 8 44 577 58+7
Takadaet al., 1991 15 47 £13 32+12 44 417 45+ 8
Van Soomet al., 1994 62 31+6 30+£6 28 39+9 41+9

TABLE 2: Comparison of observed and expected pregnancy rates to various stages of pregnancy in recipient cattle (data froet McWBIS).

Stage of Single ET Twin ET

Pregnancy No. Observed Expected No. Observed Expected
Recipients Pregnancy Rate (%) Pregnancy Rate (%) Recipients Pregnancy Rate (%) Pregnancy Rate (%)

ET to Day 14 26 46 + 10 54 + 10 8 88+ 12 7316

ET to Day 18 28 61+9 590+9 35 777 787

ET to Day 26 34 32+8 38+8 26 58 £ 10 51+10

ET to Day 42 24 42 + 10 41 + 10 46 617 617

ET to Day 60 24 42 +10 38+10 46 54+7 56 +7
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(Table 3,51 + 7 vs. 80 + 32=18.77, 1 d.f., P<0.001). deviation in nearly all of the sets of data examined. The
Expected pregnancy rate in single ET recipient goats wasecond key finding was that improvements in pregnancy
almost two standard deviations higher than observed pregate in twin ET recipients or twin ovulating sheep and
nancy rates, although the difference between observed arwttle is more sensitive to increases in the maternal rather
expected pregnancy rate was only two percentage units ithan the embryo component. The third key finding was
twin ET recipients (Table 3). that pregnancy rate is generally higher in twin compared
Since expected pregnancy rate in single ET recipientsvith single ET recipients and in twin compared with
is the product ofandr, it follows that expected pregnancy single ovulating females.
rate changes are equally sensitive to increasesumr. It has been shown elsewhere that a binomial model of
This is illustrated in Table 4 wheesandr are both scaled independent embryo and maternal effects on embryo sur-
up by a factor of 1.5. However, in the case of expectedival adequately explains embryo survival to term in re-
twin ET recipient pregnancy rate, which is the proguct  cipient cattle (McMillan, 1997b). The current study extends
r x (2 -e), changes in expected pregnancy rate are moréhese findings in several ways. Firstly, it demonstrates
sensitive to changes irthan changes ia(Table 4). The thatthe model can also adequately explain pregnancy rate
relationship between and observed and expected preg-to term in single and twin ET recipient cattle. In the five
nancy rate in twin ET recipients was further examined bypairs of data examined, the difference in observed and
regression analysis using the 18 sets of data in Table 1 texpected pregnancy rate were generally no more than five
3. Over 90% of the variation in either observed pregnancyercentage units different. Secondly, not only is the model
rate or expected pregnancy rate amongst these sets of dapplicable to calving data in recipient cattle, it also appears
was accounted for by variationrinln contrast, only about to apply equally well to calving data in spontaneously
33% of the variation was accounted for by variatior.in  single and twin ovulating cattle. Although only a single
pair of data was examined in this regard, the expected and
DISCUSSION observed pregnancy rates did not differ by more than three
percentage units. Thirdly, the model applies to pregnancy
The first key finding from this study was that a rates during the early stages of pregnancy, at least between
binomial model of independent embryo and maternal ef£T and day 60 of pregnancy in cattle. Finally, the model
fects on embryo survival is able to predict actual pregcan be successfully applied to single and twin ovulating
nancy rate within either 5 percentage units, or one standargwes as well as single and twin ET recipient goats. Col-

TABLE 3: Comparison of observed and expected pregnancy rates to term in sheep, cattle and goats (data from McMillan, 1996b).

Stud 1986 (sheep)y Single Twin
No. Observed Expected No. Observed Expected

Females Pregnancy Rate (%) Pregnancy Rate (%) Females Pregnancy Rate (%) Pregnancy Rate (%)
Kelly and Johnstone, 1104 81+1 791 857 88+1 90+1
1983 (sheep)
Kelly and Johnstone, 1326 81+1 79+1 1215 89+1 90+1
1983 (sheep)
Kelly and Johnstone, 2430 81+1 79+1 2015 88+1 901
1983 (sheep)
Kelly and Johnstone, 2430 81+1 78+1 4087 89+1 89+1
1983 (sheep)
Smith and McGowan, 11 55+ 15 66 + 14 66 82+5 81+5
1986 (sheep)
Kelly and Allison, 188 87 +2 77+3 314 89 +2 91+2
1976 (sheep)
Echternkampet al., 319 68 £3 66 £3 155 77+3 803
1990 (sheep)
Armstronget al., 51 517 647 329 802 79+2

1983 (goats)

TABLE 4: lllustration of effect of changes in embryo and maternal contributions to changes in expected pregnancy rate in singieTaedipients.

Description ‘e’ T Expected Pregnancy Rate -Singles Expected Pregnancy Rate - Twins
Base 0.5 0.5 0.25 0.38
Increase 'e' by 1.5 0.75 0.5 0.38 0.47

Increase 'r' by 1.5 0.5 0.75 0.38 0.56
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lectively, the present findings suggest that the model i$avis, M.E.; Rutledge, J.J.; Cundiff, L.V. and Hauser, E.R. 1984.. Life
sufficiently robust to explain embryo survival and preg- cycle efficiency of beef production: VI. Relationship of cow

. . - efficiency ratios for progeny slaughtered to growth, condition,
nancy rates in at least three farmed ruminant species. fertility and milk production of the damlournal of Animal

Other studies are underway to determine if the model  Science60: 69-81.
applies to humans, by using data from assisted reprodu@Chternkamp, S.E., Gregory, K.E., Dickerson, G.E., Cundiff, L.V.,
tion programmes Koch, R.M. and Van Vleck, L.D. 1990. Twinning in cattle: II.
’ - . . Genetic and environmental effects on ovulation rate in puberal
The Secondl key 'fmdlng was that |mpr9vement§ in heifers and postpartum cows and the effects of ovulation rate on
pregnancy rate in twin ET recipients or twin ovulating embryonic survival.Journal of Animal Sciencg8: 1877-1888.
sheep and cattle is more sensitive to increases in thgasler, J.F., Henderson, W.B., Hurtgen, P.J., Jin, Z.Q., McCauley,

ST A.D., Mower, S.A., Neely, B., Shuey, J.E. and Trimmer, S.A.
maternal rather than the embryo component. This finding 1995. Production, freezing and transfer of bovine IVF embryos

has implications for the nature of research programmes  ang subsequent calving resulfheriogenology3: 141-152.
aimed at improving pregnancy rates in females with aHasler, J.F., McCauley, A.D., Lathrop, W.F. and Foote, R.H. 1987.
propensity to produce twins at term. Itis clear that unless Effect of donor-embryo recipient interactions on pregnancy rate

additional research effort is focused on the maternal as le_" Iig%i%%ale bovine embryo transfer progratreriogenology

opposed to the embryo determinants of successfulieyman, v., Renard, J.P., Chupin, D. and du Mesnil du Buisson, F.
pregnancy, progress in improving pregnancy rate is likely =~ 1980. Utilisation of cervical embryo transfer for twin production
to be slower. Furthermore. since variation amongst stud- in beef and dairy herd®roceedings of the International Congress

ies in th t | ther than th b t on Animal Reproduction and AB: 457.
Ies In the maternal, rather than tne embryo, componen c?zelly, R.W.; Allison, A.J. 1976. Measurement of ovulation rates by

survival accounts for most of the variation in expected laparoscopy and effects on reproductive performaPaeedings
embryo survival rate (McMillan, 1997a), a stronger case of the New Zealand Society of Animal Product@ 240-246.
for additional research into the maternal determinants ofelly. R-W.; Johnstone, P.D. 1983. Influence of site of ovulation on the

. reproductive performance of ewes with 1 or 2 ovulatioNsew
successful pregnancy can be advanced. However, if the Zealand Journal of Agricultural Resear@6: 433-435.

objective is to reduce the partial failure of multiple mcmillan, W.H. 1996a. Calving performance after embryo transfer-
pregnancies, then research effort should be directed to  induced twinning - a summary of 30 studiBsoceedings of the
improving the embryo determinants of embryo survival _New Zealand Society of Animal Productifr 358-361.

. e McMillan, W.H. 1996b. Partial failure of multiple ovulations - a ques-
(McM|IIan, 1996b)' Taken terther’ these flndlngS Sug- tion of uterine efficiency or embryo qualityRProceedings of the

gest that a balanced programme of embryo and maternal  New Zealand Society of Animal Producti&®: 363-364.
research is required to advance reproductive efficiency iMcMillan, W.H. 1997a. Is embryo survival to term independent in twin
farmed species embryo transfer cattle?Theriogenology: (submitted).

. o . McMillan, W.H. 1997b. Estimating embryo and recipient contributions
The third key finding from this study was that preg- to embryo survival to term in cattl@heriogenology: (submitted).

nancy rate is generally higher in twin compared withMcMillan, W.H.; Peterson, A.J.; Hall, D.R.H. and Donnison, M.J.
Sing|e ET recipients and in twin Compared with Sing|e 1997. Embryo and recipient contributions to embryo loss to day

: : 60 in heifers receiving either one or two in vitro-produced em-
ovulating females. A higher pregnancy rate would be bryos. Theriogenology476: 370.

expected if i_ndeed embryo survival was independent fObeters, A.R. and Ball, P.J.H. 1987. Cattle production and the impor-
each of a pair of embryos. However, in the current study,  tance of reproductive efficiencyin: Reproduction in Cattle (ed.
most of the sets of data (13/18) were not congruent with a ~ A.R. Peters and P.J.H. Ball), pp. 1-9. Butterworths, London.

. . . . Reichenbach, H.D., Liebrich, J., Berg, U. and Brem, G. 1992. Preg-
model of Independence (MCMIHan’ unpUb“Shed)' This nancy rates and births after unilateral or bilateral transfer of

finding is consistent with a more comprehensive analysis  povine embryos produced in vitrdournal of Reproduction and
of cattle data which showed that about 85% of cases were  Fertility 95: 363-370.
not consistent with a model of independence (MCMiIlan,S'nCIa”v K.D., Broadbent, P.J., Dolman, D.F., Watt, R.G. and Mullan,

e J.S. 1995. Establishing twin pregnancies in cattle by embryo
1997a). Instead, it is proposed that some females have a | = ) Lol e e ceB1: 25.33.

higher intrinsic ability to sustain a pregnancy comparedsnmith, J.F.; McGowan, L.T. 1986. The effect of dose level of steroid
with their contemporaries. This hypothesis is the subject ~ immunogen on the reproductive performance of ewesceedings
of current research (COX unpublished). of the New Zealand Society of Animal Productiét 165-169.

| lUSi del of b ival which Snedecor, G.W. and Cochran, W.G. 1967. Sampling from a binomial
n conclusion, a model of embryo survival whic distribution, Chapter 8|n: ‘Statistical Methods’, 6th Edition,

assumes independent binomial effects of embryos and a  pages 199-277.
maternal component on embryo survival has been found tdakada, N., Ohisa, N., Numabe, T. and Ishikawa, Y. 1991. Production
adequately explain pregnancy rate in cattle, sheep and of twin calves by transfer of embryos produced in vitueteri-

hat h ity f ith inal . nary Record128: 307.
goats that have a propensity for either single or tW'nVan Soom, A., Mijten, P., Van Vlaenderen, I., Van den Branden, J.,

pregnancies. Additional research to identify procedures = Mahmoudzadeh, A.R. and de Kruif, A. 1994. Birth of double-
forimproving the maternal component seems warrantedto ~ muscled Belgium Blue calves after transfeiirofitro produced
; embryos into dairy cattleTheriogenology41: 855-867.
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