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SUMMARY
This review concerns genetic aspects of the more common (dizygotic) form of
twinning.
Breed differences in twin calving rate are discussed, although
apparent differences often are -confounded with country, dairy or beef systems
(milked vs suckled) and management practice.
A possible positive relationship
between ‘postpartum interval to conception and twin pregnancy rate also is noted.
In spite of low estimates of repeatability and heritability for twin calving
rate, four screening and selection experiments have been established.
Founda
tion cows provided subsequent twin calving rates of .14 and daughters' perform
ance is still under study.
The possibility of a major gene segregating in some
populations cannot be ignored.
The potential for increasing twin calving rates
through genetic means is discussed by considering variation in component traits.
Ovulation rate differences have been found.
The contrast between uterine
capacity and embryo survival is drawn; genetic and phenotypic variation havebeen
demonstrated in other species.
Other possible sources of variation, are the
levels of steroid hormones and sensitivity to controlling hormones, e.g. greater
FSH effects on ovulation rate in twin strain than control cows.
Variation in
other factors could be worth studying, e.g. GnRH at day 11 to 13 postmating,
which is known to increase conception rate.
Possible indicator traits in either
males or females also are discussed.
INTRODUCTION
Reviews of genetic and physiological aspects of fraternal or dizygous twin
ning in cattle have been published recently by Piper and Bindon (1979) and Morris
(1984).
The present paper aims to update these reviews, not only with new
cattle information but also by making analogies to recent findings from prolific
sheep breeds and other sources.
Dizygous twinning in cattle in New Zealand
occurs with a frequency about 9 times greater than monozygous twinning according
to Ward (1946), or 16 times greater in Sweden (Johansson, 1932).
Hancock, an
authority on monozygous twinning, could find no genetic explanation for its
occurrence (for example his 1954 data on the calvings of 663 monozygous twin-born
females).
This is also the view of Bulmer (1970).
The focus in this review
will be on the more common dizygous twinning (referred to below as 'twinning').
The potential for increased output is illustrated in the four examples given
below.
A 20% higher reproductive rate in beef cattle should reduce the total
food energy required per kg of edible product by about 12%, according to
Dickerson's (1978) theoretical estimates.
In practical terms, Turman et al.
(1971) demonstrated in an ET experiment that the combined weaning weight of twinborn calves was 151 kg (72%) above that of singletons.
Kogel et al. (1980)
reported for a Simmental herd that, in spite of greater calf losses among twins,
the cows bearing twins averaged 22% more kg of calf weaned per cow than those
bearing singletons.
Smith et al. (1982) found that each cow rearing twins
produced 53 to 56% more weaning weight at 170 days than cows with singles
(average 173 kg).
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Genetic aspects of twinning will be reviewed first, followed by a considera
tion of what may be learnt about twinning levels and control systems from a
combination of genetic and physiological manipulations.

GENETIC ASPECTS
Breed Differences in Twinning Rates.
The main factors affecting mean twinning rates in cattle appear to be loca
tion (e.g. country),, breed and age or parity.
Various other factors are,
however, commonly confounded with these.
Many early references by breed and
country were summarized by Hendy and Bowman (1970) and Stolzenburg. and Schonmuth
(1979).
In America, the mean frequencies in dairy cattle, according to
Rutledge's (1975) review, ranged from .013 in both Jersey and Guernsey breeds to
.028 in Ayrshires, .034 in Hoistein-Friesians and .089 in Brown Swiss.
For beef
cattle, his values were from .004 in Herefords to .011 in Angus.
As further
examples, data from Finland in the 1970s (Maijala and Syvajarvi, 1977) showed a
mean frequency of .038 in Finnish cattle compared with .020 in the Finnish
Ayrshire, the latter value being less than in American Ayrshires.
Data from
the New Zealand Dairy Board (1961) for dairy cows (mainly Jerseys) showed a mean
frequency of .010, and the value is similar today (N.Z. Dairy Board, unpublished
data for a national herd now consisting of 45% Friesian cows, 35% Jerseys and 20%
others).
These Friesian and Jersey values also are lower than in the U.S.A.
Means for British Friesians (Wood, 1984) averaged .022, compared with .030 for
Canadian Hoi steins in Britain.
In general, mean frequencies are higher for dairy than beef breeds; it is
not known whether this is due to intrinsic breed differences or the different
managerial and nutritional environments in which the breed types are maintained.
All of these possible explanations will be discussed later.
The reason for
differences among countries likewise is not clear.
In spite of the generaliza
tion made, some mainland European beef or dual-purpose breeds stand out as having
high twinning rates, e.g. Maine Anjou, Charolais and Simmental.
In France, the
first two of these are the basis for a selection experiment (chosen because of
their high twinning rates).
Mean population twinning rates for the two breeds
(Menissier and Frebling, 1975) range from .038 to .053 in Maine Anjou and .032 to
.034 in Charolais, compared with .005 to .008 in Limousin.
The authors gave no
value for Simmentals, but even in New Zealand, where the means for most breeds
are low, high mean rates have been found in Simmentals (.021 in both 1983 and
1984 calvings), and in Charolais (.017 and .014 respectively) recorded in the
National Beef Recording Scheme (Morris, unpublished).
Postpartum Interval (PPI).
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In noting the difference in twinning rate between Hoistein-Friesians in
different countries, e.g. America and New Zealand, one obvious factor which
differs is nutritional level.
However, the PPI to estrus also.deserves atten
tion.
A striking feature of recent publicity at Ruakura to find farmers with
twice-twinning cows was the fact that a disproportionate percentage of such cows
was located in the few year-round calving herds; most of these herds have a mean
intercalving interval greater than the 365 days of the seasonal spring calving
herds.
(Low fertility in New Zealand seasonal herds is reflected in higher
non-pregnant rates rather than longer intercalving intervals.)
It is suggested
that a difference in PPI between herd types or between countries could explain a
difference in twin-pregnancy rate.
The mean intercalving interval in
New Zealand spring calving herds is 365 days (Macmillan and Moller, 1977)
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compared with 399 or 387 days for Holsteins in the U.S.A. (Dunbar and Henderson,
1953; Everett et ai., 1966, respectively) and 392 days in British Friesians
(Bowman and Hendy, 1970).
The PPI is also shorter in milked than suckled cows (Smith et al., 1981).
Perhaps this is enough to explain the difference between the twin calving rates
of milked and suckled cows (usually seen as dairy breeds \/s beef breeds).
Heritability.
Heritability estimates for twinning were reviewed by Maijala and Syvajarvi
(1977); for single records, a low value of about .03 is generally accepted.
The trait is of course sex-limited, is affected by parity (being lower in first
and second parities, e.g. Wood, 1984) and is not normally distributed.
By
reconsidering the variation on an underlying continuous scale (Piper L.R. and
Smith C., personal communication), a higher heritability is likely.
Syrstad's
(1984) data showed higher heritability estimates (by x 3 to x 10) from an under
lying continuous scale than a binomial scale for cow data, and an even greater
divergence between methods in data from first parity females (where the mean
twinning rate was lowest).
Repeatability.
Estimates of repeatability potentially suffer the same problem of discontin
uous variation as described above.
A value of .06 was reported by Maijala and
Syvajarvi (1977).
Data reviewed by Stolzenburg and Schonmuth (1979) and others
reviewed by Morris (1984, his table 2), suggest that a cow with one twin set has
a probability of about .11 of having at least another set in her lifetime.
Data
from four experimental herds composed of cows which have had at least two sets of
twins each prior to purchase indicate subsequent rates ranging from .07 to .18,
as shown in table 1.
Twinning rates during calvings before purchase (including
first parity) ranged from .47 to .68.
For say five calvings prior to purchase,
a one-record repeatability of .06 would lead to a regression of .24 towards the
mean after purchase.
The regressions of subsequent records on prior records in
table 1 were calculated to be .16/.475 (= .34) for the French herd (using the
traditional repeatability model), .15 and .27 for the New Zealand and American
herds respectively.
More precisely, correcting for the background twinning rate
in the overall populations, the three realized regressions were approximately .28,
.14 and .23 respectively (an average of .22, similar to the expected value of ;24
from the one-record repeatability of .06).
Heterosi s.
In contrast to the positive heterosis for litter size found in pigs and
sheep, extensive data from one analysis (Maijala and Syvajarvi, 1977) suggest
that lower twinning rates are to be found in crossbred cows than in their parental
breeds.
The twin calving results of inbred and outbred comparisons with
Hoistein-Friesian cows (Pfau et al., 1948) are consistent with Maijala's data.
In contrast, the multiple ovulation data reported by Labhsetwar et al. (1963)
showed significantly higher ovulation ratesin cows from an outbred than inbred
system of mating (.052 _vs .032 multiple ovulations).
Genetic Selection and Evidence for a Major Gene.
Two attempts at direct selection have been reported.
One was by Mechling
and Carter (1964), where only a small response was achieved.
However, with a
low heritability and low selection intensity (i.e. selecting on birth-type:
single or twin), the results were not surprising.
The second was an experiment
in the German Democratic Republic (Stolzenburg and Schonmuth, 1980) using twin-
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born compared with single-born cows, where only a small absolute difference in
twinning rate (.025 vs^ .015) was also found.
Land and Hill (1975) demonstrated
that, in theory, higher selection intensities and a higher mean (.16 vs .02),
achieved using superovulation and embryo transfer (ET), could increaseHirect
response rates in natural twinning more than twofold from .004 to .011 per year.
Four experimental herds with long-term objectives of increasing twinning
rates have already been mentioned.
Performance details are given in table 1.
The herds were established by screening the national populations for cows with
frequent twinnings.
Not only was intense selection pressure applied to estab
lish the foundation cow herds, but at the same time, according to Land and Hill
(1975), greater variation in twinning was exposed by raising the herd mean.
Another experiment, involving cows in Northern Ireland purchased after producing
at least three sets of twins, has been initiated recently (Todd, J.R., personal
communication).
Procedures for choosing bulls to use in these herds have not
been documented fully, nor have selection intensities yet been reported.
Daughters' reproductive records have been obtained for the four herds above
(table lj.
Excluding the New Zealand data, where only one group of first parity
females has calved so far, daughters' twinning rates are high (if viewed as a
binomial trait), ranging from frequencies of .08 to .12 per calving.
Further
screening of the national population (i.e. the group breeding scheme concept;
James, 1977) is unlikely to yield a continuing response unless even greater
selection.intensity can be applied.
The industry is unlikely to use genes from
the nucleus in the short term.
The presence of a major gene or gene complex cannot be discounted as a
partial explanation of the large response in daughters (table 1), although this
would be very difficult to demonstrate in a selection herd because of assortative
mating.
Well-known analogies in the sheep industry are the single dominant gene
in the Booroola strain of Merinos (Piper and Bindon, 1982; Davis et al., 1982)
and one of unknown dominance in Icelandic sheep (Jonmundsson and AdaTsteinsson,
1985).
There appear to be at least two genetic control mechanisms for high
prolificacy in sheep.
In contrast to the Booroola, a single gene explanation
has not been found in other prolific sheep breeds such as the Finnish Landrace
and Romanov.
The same could apply to cattle.
Rankin and Okidi (1975) reported Hereford twinning data from 30 years of
experimental calvings in New Mexico; results were suggestive of a single reces
sive gene.
Morris (1984, table 5 and Appendices 1-2) reviewed numerous reports
which suggested a major genetic effect, but they were mainly from poorly documen
ted data and small data sets.
In Norwegian Red and White cattle, extensive
data have been analyzed from one bull, A. Lier, whose daughters had a twinning
rate of .10 and whose 81 sons had daughter groups with twinning data (Syrstad,
1984).
There was no evidence of segregation of a single gene.
By contrast,
reported elsewhere in this Conference is reference to a possible single gene for
twinning in cattle in New Zealand Milking Shorthorns (Morris and Day, 1986).
There is insufficient evidence to determine dominance/recessivity relationships.
Also we have similar evidence for a gene with major effects on twinning in a
small number of Friesian herds.
Clearly, the implications of a single gene are great.
Its frequency could
be decreased for the industry, if desired, or it could be increased, or frozen
semen and embryos stored, according to demand.
The ease of achieving these
objectives would depend upon whether the gene was dominant or recessive.
The
existence of a blood-sample test for the heterozygote and/or homozygote would
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simplify selection/culling decisions.
A cheap test in males would greatly
reduce time and costs, although more expensive and time-consuming tests in
Booroola females (e.g. ovulation data among paternal half-sisters) have been used
already for diagnosis (Davis et al ., 1982).
Genetically Correlated Factors.
There are few published estimates of genetic correlations between twinning
rate and other traits.
Those which Piper and Bindon (1979) drew together from
three groups of authors are shown in table 2.
Although, in absolute value, most
estimates were small and non-significant the trend was for correlations with
growth to be positive, correlations with facets of reproductive performance were
unfavourable and finally the correlation was positive with milk yield and negative
with fat percentage.
If the signs of these correlations are consistent in future
investigations, the three conclusions are, firstly, that twinning and body weight
selection are compatible, as also shown in sheep (see review by Clarke and Rae,
1977).
Secondly, selection for twinning may lead to longer intercalving
intervals and more services per conception, or it may require a modification of
management practices.
This is probably not surprising because most cow manage
ment systems are tailored for single pregnancies (and in extensive herds of beef
cows, for single suckling also).
Thirdly, for twinning and milk yield, the
positive correlation (if pleiotropic) might be explained through hormones which
are in common, as discussed below.
Syrstad's (1984) analyses of Norwegian twinning data found genetic correla
tions of .52 to .64 for multiple births in first vs_ subsequent calvings, while
those among parities 2 to 5 were from .70 to .84.
The data of Bar-Anan and Bowman (1974) are of special interest in that the
daughters of a bull called "Zemed 975" had twinning rates 8.6 percentage points
above the mean.
His sons and daughters also differed in other ways from
contemporari es:
+3.7 )Measured in standard deviations.
Daughters' twinning rates
)In the population, there was a
Mortality at birth of calves from
-1.05 jpositive genetic correlation
heifer mates
+1.2 )between calf mortality and
Sons' growth rate
jgrowth of sons.
Daughter's milk yield (1st and
+2
2nd lactation)
poorer.
Daughters' conformation

)

The authors suggested that the emaciated look and protruding shoulders of
the daughters of Zemed might be suggestive of "thyroid hyperactivity" and cited
analogous work in women by George (1970).
She found that the incidence of
thyroid disease in 409 twin-bearing women was greater (P<0.05) than in a matched
sample of women who had never had a multiple birth, although the direction of
cause and effect was not clear.
In order to test the possible association in
cattle, Standal and Solbu (1982) analyzed the twinning rates of daughter groups
sired by 400 bulls with known thyroxine degradation rates, but there was no
significant correlation.
A SEARCH FOR RELATED FACTORS
In the absence of AI with sexed semen, perhaps the most difficult problem to
solve is that of freemartin heifers in mixed-sex twin pairs (Marcum, 1974) and
some evidence for chimeric of cryptorchid bulls (Dunn et al ., 1979).
Freemartihism does not affect the weight of meat produced in a twinning herd and
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has minimal effect (via calf survival only) on reducing replacement heifer numbers,
relative to a single-calving herd (Piper and Bindon, 1979).
Although genetic parameters related to twinning are not known in many circum
stances, it seems useful to list phenotypic effects and strain differences which
may lead us in the long term to a more complete understanding of twinning in
cattle.
It is not intended to discuss those traits related to twinning which have
been considered extensively by others (e.g. Cady and Van Vleck, 1978), i.e.
reduced gestation length, lower birth weight, greater calving difficulty and
higher calf mortality.
Twinning also has other unfavourable effects (e.g. on
placental retention and subsequent conception rate), but twinning cows have
usually been treated and fed as if they were single-bearing.
The more positive
approach, shared also by Lamond (1974) and Piper and Bindon (1979), is to consider
the reproductive physiology of twinning and its potential exploitation, so that
ways may be found of avoiding or minimizing the unfavourable effects.
Natural Ovulation Rate.
Data reported at this Conference (Morris and Day, 1986) show that, among
cows purchased for a twinning experiment (table 1), twinning cows had higher
ovulation rates than contemporary controls.
These data were obtained by ovarian
palpation per rectum.
Similar recording with palpation and/Or endoscopy has
been carried out in the American, Australian and French experiments (personal
communications from Gregory, Piper and Frebling), although no data have yet been
reported.
It has been demonstrated in New Zealand in two private herds with
high twinning rates that the ovulation rates of cows which had already produced
twins were higher than the rates of those that never twinned (Morris and Day,
1986).
In contrast to the private herd data, preliminary observations in
New Zealand suggest that the previous twinning records of foundation cows in the
selection experiment are not closely related to subsequent twinning or to ovula
tion results, which suggests that there may be serious permanent carryover effects
on foundation cows, established in their herds of origin.
It was this kind of
long-term carryover effect which was alluded to by Lowe (1939) in reporting lower
twinning rates in cows which were originally mated as yearlings than in those
first mated as two-year-olds.
Ovarian Sensitivity.
Thimonier et al. (1979) have demonstrated a higher sensitivity to PMSG among
daughters of bulls from twinning families than of control bulls.
This result
was obtained by a dose-response experiment.
A more recent experiment (Snydeij D.A.
1984, pers. comm.) has also shown higher sensitivity to FSH in cows purchased for
high twinning records than in controls (11.26+1.21 vs 7.26+^1.30 ovulations,
respectively).
Various reports, reviewed by Morris (1984), suggest that breeds may have
differing responses to superovulation.
Beef breeds seem to be most sensitive,
yet the paradox is that dairy breeds usually have higher twin calving rates.
Lamond and Gaddy (1972) suggested that the wide variability of response to
PMSG may itself be a character worth further study.
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Timing of Events.
Snyder and Mollet (1984) have reported that the mean time from observed
estrus to the preovulatory LH rise was significantly greater in cows with a
history of twinning than in control cows.
Bindon and Piper (1982) found the
same result.
The Australian workers also found that the interval from prosta
glandin administration to estrus was reduced in the twinning group.
Thus
perhaps the timing of estrus is slightly earlier in twinning cows.
The question of asynchrony of double ovulation does not seem to have been
addressed in the bovine.
Is the length of the estrous period longer in twin
ovulating than single ovulating cows, as in sheep (see Bindon (1984) for review)?
Careful experimental design would be required to answer the question because the
technique of artificial insemination itself probably reduces the estrous period
(Wishart, 1972), so that cows would have to be left unmated, or mated by a bull.
There are various implications of asynchrony and/or a long estrous period.
For
example, is a single insemination sufficient, or does the practice whereby ET
staff use split-time inseminations on superovulated donor cows offer any poten
tial with naturally prolific cows?
In these cows, is the conception rate to
unsupervised natural mating (where the bull commonly achieves a number of
ejaculations during the cow's estrus) greater than the conception rate to AI or
to a single pen mating?
Further, the ET practice is to use more than one straw
at each insemination time.
Would conception rates by AI be increased in
naturally prolific cows by using more sperm per insemination?
At the other end of the cycle, is it possible that asynchronous luteal
regression (if it exists) could have an effect on ovulation and conception in the
next cycle?
These questions need careful examination.
A detailed review of
possible sources of variation in the sheep leading to asynchrony was published
recently by Wilmut et al. (1985); many of their comments could also have rele
vance to the bovine.
Embryo Survival.
A literature review by Hanrahan (1983) of five superovulation experiments in
cattle has suggested that unilateral and bilateral twin ovulations occurred with
similar frequencies (52:48% of all doubles).
Twin calving cows, however, were
more likely to be those with bilateral ovulations, suggesting that there were
differential embryonic loss rates and/or fertilization failure rates according to
ovulation position.
Unlike the ovine species, each two bovine embryos are
thought to have minimal chances of migration between uterine horns.
If there
was any repeatable variation in ovulation position, then twinning selection would
tend to favour the cows with bilaterals.
Gordon et al. (1962) found that a
single CL was able to maintain a bilateral twin pregnancy, so the limiting factor
may be at the level of the uterine horn rather than at the ovary.
Some cows in the trials reviewed by Hanrahan (1983) were superovulated, but
it is not yet clear at how many stages of the reproductive process the cows
purchased for the experimental twinning selection herds (table 1) differ from the
national average.
Data have been given on natural ovulation rates and sensitiv
ity to exogenous FSH or PMSG; genetic variation in early embryonic development
will be considered next.
A single gene, 'Fed' (preimplantation embryo development), has been found
in the mouse which affects the time of first cleavage and the subsequent rate of
embryonic cell division (Go!dbard et al., 1982).
Other examples of single gene
variation affecting early stages of ontogeny are the pleiotropic effects of two
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color genes in sheep: one, gene A h , affecting numbers of lambs born (-0.15
lambs per ewe), probably acting on implantation failure (Dyrmundsson and
Adalsteinsson, 1980) and secondly, gene A9 , reducing the chances of sperm fertil
izing an egg (Adalsteinsson, 1970).
Reviews of research involving the postmating administration of progesterone
(Sreenan, 1981) and GnRH (Macmillan, 1985) both suggest that conception rates can
be increased hormonally.
Hormonal differences in levels of these hormones
between twinning and control cows during the early postmating period deserve full
study; any within-group variation would also be of interest.
Additionally, it
cannot be assumed that the sensitivity of target organs is the same in 'twinning'
and control cows.
Next consider variation in a dam effect, "uterine capacity" (Donaldson, 1985),
and/or the corresponding calf effect "embryo survival".
In the New Zealand
selection herd the preliminary conclusion is that the mean for one or both of
these factors was greater in the 'twinning' than control group of cows; i.e.
where conception occurred, 23% of double ovulations were retained (7% twins from
30% double ovulations) as twin calvings in 'twinning' cows, compared with 9% in
controls.
To partition the two factors would require setting up a balanced
experiment where unmated 'twinning' and control cows received two embryos each;
the pregnancy status would be followed and compared.
By contrast, Kidder et al .
(1952) found that 15% of double ovulations were retained in an American Holstein
herd with 1.92% twinning (1st and 2nd parities only), i.e. 13% retention.
It may
seem that retention in all groups of cows was low, compared for example with the
estimate of about 50% given by Hanrahan (1983) in his review of losses in ET
experiments.
A clear explanation is not yet available.
For comparison with
sheep data in New Zealand, Kelly and Knight (1979) estimated values of 72% on
64 South Island farms and 52% on 8 North Island farms.
Embryonic survival and
ovulation rates are not necessarily under common hormonal control.
Work in Ireland (e.g. Kennedy et al., 1984) showed that adding one embryo to
each of 176 inseminated cows (on day 7 after insemination, to the horn contra
lateral to the ovary carrying the CL) yielded 140 calves.
The survival of
embryos appeared to be one critical factor; however adding two embryos contra
lateral ly achieved 48% of 67 cows with twin sets and 89 calves in total.
Other
Irish ET work (Sreenan, 1981) achieved an increase of 30% in numbers of calves
born, compared with a single-calving herd.
These two reports perhaps demonstrate
some of the potential for increasing uterine capacity in the cow.
An interesting
side issue in these ET procedures is the opportunity to study recipient cow
differences in ability to retain embryos ('uterine capacity').
Apparently this
area of study has not yet been investigated fully.
On the subject of survival, analogy to studies of genetic variation in other
species may be useful.
Bradford et al . (1980) have demonstrated in mice that
responses to .selection for 1itter TTzsTwere due partly to increased embryo
survival.
Estimates of genetic variation in prenatal survival (which combines
uterine capacity and embryo survival) have been attempted in polytokous species,
mice and pigs (Bradford, 1969; Johnson et al., 1984).
These two experiments
established heritability estimates of about .10 and .15 respectively..
The selection actually applied to prenatal survival in the mouse experiment
achieved a direct response of .09 over a control value of .81 in 11 generations,
including reduced pre- and post-implantation losses (numbers of fetuses in late
pregnancy changed from 8.0 to 10.2).
In the pig experiment, the phenotypic and
genetic correlations of prenatal survival with ovulation rate were both negative,
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respectively -.42 and -.75.
A large coefficient of variation (23%) was found
for embryo survival.
The authors concluded that the fastest increase in litter
size would be achieved by using an index of ovulation rate and survival.
It should be remembered that genetic variation probably exists for fetal and
maternal components.
Thus, Quirke and Hanrahan (1977) found both fetal effects'
(capacity to survive) and maternal effects (uterine capacity to retain fetuses)
in an ET experiment with sheep.
Other Hormones.
Snyder and Mollet (1984) found a higher LH concentration in cows with a
history of twinning than in controls, both before and after the day of the pre
ovulatory LH rise.
At the mid-cycle stage after estrus, higher plasma proges
terone levels have been found in superovulated heifers than single ovulators
(Lamond and Gaddy, 1972), the result of hormonal output from the CLs.
It is
possible that a plasma or milk progesterone assay could be used to screen cows
with consistent double ovulations; the stage of the estrous cycle would need to
be followed closely, because progesterone levels vary with stage of cycle.
The
number of cycles that Should be monitored per cow would be determined by the
double vs single ovulator difference in progesterone and the standard deviation
(approximately 2.33 ng/ml in Ruakura data from the twinning herd).
Variability
among animals is clearly demonstrated in sheep by Quirke e t al. (1979) who fitted
separate curves of progesterone against cycle stage for each ewe from an exper
imental group.
Further, Cummins and O'Shea (1984) checked for any relationship
in sheep between the plasma progesterone level and the ovulation outcome at the
next estrus, but found none; this also suggested that progesterone was a result
(not a cause) of higher ovulation rates.
Other hormones have been studied late in pregnancy.
A summary of these is
given below, although it is not intended to imply the direction of cause and
effect.
In late pregnancy, higher total plasma oestrogen levels (conjugated plus
unconjugated) have been found in twin-pregnant than single-pregnant cows (Terqui
et al., 1975;
Sreenan et al., 1978).
In order to use this as a diagnostic
tool before making management changes for twin-pregnant cows, adjustments would
be required to the oestrogen data for the number of days pregnant, because a
general rise in concentration from day 220 to 280.was found.
Additionally,
plasma progesterone levels in late pregnancy were found to be higher in superovulated than single-ovulating cows (Thimonier et al ., 1978).
Late Pregnancy Feeding.
Under intensive conditions of cattle management, any of the above hormone
assays which proved commercially feasible could be used to pinpoint twin-pregnant
cows - perhaps more cheaply and accurately than with ultrasound or X-ray
techniques.
These cows could be observed closely before, and at, calving, and
possibly supplemented.
Koong et al. (1982) reported for an ad lib, roughage ration fed during the
last trimesteFThat twin-pregnant cows and heifers did not differ significantly
in intake from controls, but they lost significantly more net body weight before
calving.
It is likely that there was a physical constraint.
Forbes (1970)
suggested for low digestibility diets that the potential rumen volume was
partially displaced by the uterus; presumably this would be more serious in twinpregnant cows.
Gordon et al. (1962) and Chupin et al. (1976) reported for two

22

field trials that grain supplementation in twin-pregnant cows in the last two
months of pregnancy reduced some managerial problems often encountered.
The
result was higher twin birth weights, higher calf survival and fewer cows with
retained placental membranes.
Milk Yield.
Perhaps as a consequence of the placental differences already discussed, the
milk yield or udder volume of mothers are related to the number of offspring at
term.
This has been found in goats (Hayden et al., 1979; and unpublished
Ruakura data, S.R. Davis and K.T. Jagusch, personal communication, 1983) and in
Dorset sheep (Geenty, 1983).
This phenotypic relationship is at least consis
tent with the genetic one cited earlier from Israeli and Scandinavian data
(table 2).
Nutritional Effects on Ovulation/Twinning.
The difficulty in studying nutritional effects is the need to avoid confound
ing them with other factors.
Under pasture conditions, nutritional levels
generally are confounded with season (and therefore day length) and, when calving
is seasonal, they are also confounded with the cows' physiological state. However
unless a specific nutritional trial is arranged, it is likely that at least some
of the same factors will be confounded under more intensive feeding/management
conditions.
Without a nutritional trial, a study of herd-mean double ovulation rates of
cows in the New Zealand twinning experiment has shown no clear relationship with
herd-mean live weight.
Dufour et al . (1981) observed significantly higher
superovulation responses to PMSG [2~~to 4 ova) in dairy-beef heifers fed at a high
plane of nutrition for the previous 16 days, compared with a low plane group.
Lamond (1970) found a variable response to different nutritional planes.
There is anecdotal evidence of lower twin calving rates after mating during
drought conditions.
Are there greater failures of ferti1ization/implantation
and greater embryonic losses after nutritional stress, leading to lower twin
calving rates, or is it due to ovulation rate?
Correlations with Male Traits
Since 1973 when Land found a positive genetic correlation in mice between
ovulation rate in females and testis weight in males (half-brothers), searches
have been made for other aspects of physiology such as pituitary hormones with
related effects in the two sexes.
Male indicator traits, if closely correlated,
would be useful in animal breeding to predict the reproductive performance of
female relatives (see Walkley and Smith (1980) for a theoretical study).
Land
(1982) and Morris (1984) have reviewed the data available from a number of
species; the latter review pointed to the very limited bank of cattle results
available so far.
Recently, encouraging French results have come from studies
of FSH in prepubertal ram lambs (Ricordeau et al., 1984).
In this case, FSH was
an indicator of ovulation levels in female relatives, as long as it was measured
before feedback between pituitary and gonadal hormones began.
Information for
the bovine still seems to be lacking.
A knowledge of the critical age in bull
calves before which there is no feedback is still required, along with a study of
variation in hormonal levels among animals measured before this age.
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CONCLUSIONS
Many areas of study in connection with bovine dizygotic twinning are still
relatively untouched.
These are:
1. the stages of loss of double ovulations, between ovulation and calving, and
the control of losses,
2. further studies of genetic correlations in the bovine,
3. studies of prepubertal calves of both sexes to find predictors of later
female performance,
4. further (reliable) indicators of the cow's ability to produce two eggs and
to conceive twins,
5. animal variation in both uterine capacity and embryonic survival,
6. further studies of and searches for evidence of major genes affecting
ovulation and twinning.
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TABLE 1.

Twinning rates of foundation cows and their daughters in experimental genetic twinning herds

No. of No. of
cows
twi n
sets
before
purchase
Australi aa

70

2.29

France^

59

2.51

69
113

New Zeal and
U.S.A.d

r

Twinning
rate { %)
before
purchase

Cows purchased__________________________
Estimated Total
% of
Twi nni ng
calvings calvings
cows
rate
per cow
since
since
twinning
pre
purchase,
purchase
since
purchase
% of
purchase
calvings
132
86

27

Most
recent
calving
year
included

Daughters of Multiple twinning cows
No. of
Twi nni ng
cal ving
rate.
records
% of
calvi ngs

13.5

1982

76

8

16

1984

140

12

47.5

5.28

2.41

46.5

5.17

99

10

7.1

2.61

67.5

3.87

219

37

18.3

3

Bindon et al. (1982)

b

Frebling et al. (1982) and Frebling et al. (1985);
aborting twin foetuses.

c

Morris (1984);

d

Gregory, K.E. (USDA Clay Center unpublished data - personal communication).

1985
Spring
1985

26

3.7

284

8.1

note- twinning 'rate' since purchase includes some cows

notes - twinning rate before purchase is as % of cows mated
- records from daughters include daughters from foundation cows and/or by selected sires.

TABLE 2.

Published estimates of genetic correlations between twinning
frequency and other traits (after Piper and Bindon, 1979)

Trai t

Estimates

References

Growth

.13

Bar Anan and Bowman (1974)

Live weight

.06+.06

Maijala and Syvajarvi (1977)

Intercalving interval

.08+.10, .19,
.29*

Bar Anan and Bowman (1974)
Maijala and Syvajarvi (1977)

Number of services per
calvi ng

.04+.04

Maijala and Syvajarvi (1977)

Milk production

.10+.05, .19,
.21, .32*

Bar Anan and Bowman (1974)
Syrstad (1974)
Maijala and Syvajarvi (1977)

Fat percentage

-.05+.05

Maijala and Syvajarvi (1977)

*

P<.05
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