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Variation in Sex Ratio between Progeny Groups in Dairy Cattle

Reuven Bar-Anan and Alan Robertson
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Summary. Highly significant differences between progeny groups have been found in the Israeli-Frisian
Preed of cattle. The standard deviations between groups in the proportion of males was estimated to be
1.5% . Significant correlations between sire and son and between half-sibs in the sex ratio of their pro-
geny suggest that the differences may have a genetic basis.

The existence of variation between families in sex ratio,
whether in humans or in farm animals, is a widely held
notion. In humans, the classical data is that published
from Saxony by Geissler (1889) which has recently been
subjected to a comprehensive statistical analysis by Ed-
wards (1958). In cattle, McWhirter (1956) has publish-
ed an analysis of 37,515 calvings from a single arti-
ficial insemination centre in Scotland, finding signifi-
cant difference between progeny groups by the same bull

in sex ratio.

Materials and Methods

The present material comprises 157,255 single births,
the progeny of 107 bulls, from October, 1964 to October,
1970 in the Israeli~-Frisian dairy breed. The breed is
bred as a single unit from two artificial insemination
stations and the data are therefore uniform both infarm
background and in recording method. The resulis are
given separately for calves born to heifers and to cows.
The number of calvings per bull varied from 50 to 9203
to heifers, from 135 to 6045 to cows. This variation is a
consequence of the progeny testing programme. The first
use of a young sire is aimed to produce about 300 cal-
vings from which will come enough daughters in milk
for a progeny test for yield. If the bull returns to use
because of his progeny test, he is used extensively and
will usually have several thousand calvings. As a fur-
ther consequence of the breeding programme, sixteen

of the bulls had sons in Al so that we could compare sex
ratio on father and son as well as those of halfbrothers.

Results

The proportion of males was 52.24 * 0.24% in calvings
from heifers and 52.54 £ 0.17 %Z in those from cows.

Combining together the results from the two groups of
females, the heterogeneity xz
les was 217.12 with 106 d.f. There are thus highly sig-

nificant differences between bulls in sex ratio. These

for the proportion of ma-

may be quantified as the variance between bulls intheir
"real' sex ratio. We used two methods to estimate this.
In the first, we estimated the variance from the distri-
bution of overall sex ratio for the individual bulls. In the

second, we treated the sex ratio from the two groups

of females as independent measures and estimated theco-
variance between the two. In the first method, we in
essence subtract the binomial variation from the obser-
ved variance between bulls. The binomial variation only
enters in the second in the consideration of the relative
weights to be given to the information from each bull.

The problem of weighting is important because of
the great variation in the size of the progeny groups.
The solution was based on the following principle, illu-
strated for the first method. Let us assume that the
true mean proportion of males, p, is known accurately
and that a given bull has a proportion Py based on N cal-
vings. Then this gives an estimate of Vb’ the variance
component between bulls, of (pl—p)z-p(l-p)/N and has
variance equal to 2(Vb +p(1-p)/N)", if we assumenor-
mal distributions. We then use the reciprocal of this
expression as the correct weight to be given to each
squared deviation and the final estimate has sampling
variance 1/2(1/V). The process then proceeds by itera-
tion from an initial value of Vb of zero.

In the estimation of the covariance, C, between sex
ratio in the two groups of calvings, we make use of the
known expression for the variance of the covariance from
a bivariate normaldistribution of x and y as C}z{y + Vx . Vy
where ny is the true covariance and Vx and V_ arethe
two variances. In the present analysis we can write the

expression approximately as
c? 4+ (C+ p(1-p)/N,)(C + p(1-P)/N.) .

where Nh and NC are the number of calvings in thetwo
groups. In this, we assume that the same factors affect
sex ratio in the two groups of calvings so that the cova-
riance between the two equals the component between
sires. Again the process was one of iteration with an

initial value of C of zero.
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Fig.1. The percentage of males in progeny groups by
the same bull out of heifers and cows respectively, re-
stricted to those bulls with more than 500 calves out of
heifers

The final estimate of the variance between bulls in
the proportion of males was 2.26 £ 0.76 x 10~*, imply-
ing a standard deviation of the real proportion from dif-
ferent bulls of 1.5%. The covariance between the pro-
portion of males in the two groups of calvings was
1.85 + 0.81 x 10—4. This would indicate that the same
factors were operating in the two groups. In agreement

. with this, the summed heterogeneity xz within bulls
between the two groups of mates, for the 93 bulls having
two groups, was 101.37 for 93 d.f., indicating no hete-
rogeneity. Fig.1 shows the results for those bulls with
more than 500 calvings from heifers.

Because the population is fairly closed on the male
side, many of the bulls had sires in common and for the
majority the sex ratio of the sire's progeny was also

available. It was therefore possible to do not only asire-

son but also a half sib analysis. In the first, sixteen
sires, all with more than 500 calvings, had a total of 69
sons. The majority of the sons had between 200 and 600
calvings. The data are presented in Fig.2. An analysis
of correlation and regression was carried out between
the observed sex ratio on the father and the average va-
lue for his sons, weighted according to the number of
calvings that the latter had. The observed correlation
of 0.50 is just significant at the 5% level. The regression
of son's sex ratio on that of his father was 0.43. The
estimate of the covariance in sex ratio in sire and son
was 1.37 * 0.66 x 10_4.

A further nine groups of half-sibs could be added for

which there was no information on the sire. A half-sib
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Fig.2. The average percentage of males in all calvings
from groups of sons plotted against that of their fathers.
All son groups have more than 700 calvings, with the ex~
ception of the two fainter points

analysis was then carried out on these 25 groups. The
ratio of the mean square between sires to that within
sires was 1.96, in between the 5% and 1% levels of sig-
nificance. An estimate of the variance component be-
tween sire groups was obtained of 0.87 + 0.54 x 10_4.
As an extreme example from the data, we may choose
the bull Thor with an average percentage of sons in his
3345 calves of 49.81% and of 49.45% in the 4194 calves
of his eight sons. At the other extreme is Nezer with
55.8% males in 5991 calves and 54.4% in the 3949 calves

of his 7 sons.

Discussion

The observed differences between bulls in the sex ratio
of their progeny appear to be real. This might be a pu-
rely phenotypic effect in the sense that the relative sur-
vival of the groups of sperm carrying X and Y chromo-
somes varied between bulls. The second part of the ana~
lysis would suggest, however, thatthereisperhapsa ge-
netic basis to the differences. This could be due to gene-
tic differences between bulls in the relative survival of
X and Y bearing sperm before fertilisation or to diffe-
rential survival of the zygotes of the two sexes. This
might be a consequence of autosomal genes or, more spe-
culatively, it could be due to the Y chromosome. Varia-
tions in the length of the Y chromosome are certainly

known in cattle populations (Darre et al., 1974). The ex-

- pectations on the first model would be the classical ones,

that the covariance between sire and son would be twice

that between half sibs and it would be one half the genetic
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differences between bulls in the population. On the other
hand, if the effect were due solely to the Y chromosome,

the expected covariance between sire and son and be-
tween half brother and half brother would be equal to
the whole of the genetic variation in the population since
sire and son have the same Y. On the other hand, genes
on the X chromosome cannot contribute the correlations
between sire and son or between half brothers. The pre-
sent data are too limited to distinguish between these
possibilities.

McWhirter (1956) found a highly significant x2 of
123 between bulls based on 31 degrees of freedom. From
this result we cannot make a direct estimate of the vari-
ance component between bulls since the xz value depends
on the variation in progeny group size. But a minimum
estimate, assuming all progeny groups to be equal, would
be 6.2 x 1074

of 2.5%, rather larger than we have found.

or a real between sire standard deviation

The ratio of the variance within bulls, the usual bino-
mial variance, to that between bulls was approximately
1,000 in our data. If these effects are accepted as real,
progeny group sizes of four times this would be needed

to make adequate judgements of bulls.
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In Edwards' analysis of Geissler's data, he too made
an estimate of the variance component between families.
He found a consistent increase in the component with fa-
mily size but the average value over all of the data was
approximately 25 x 107%. It is not surprising that he
should find effects much larger than ours because, in fa-
milies with a common mother, the variation in sex ratio
must also contain effects due to recessive lethal or semi-
lethal genes on the X chromosome.
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