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Population Genetics

Kenneth K. Kidd
Applications to man and cattle of
methods of reconstructing evolutionary histories
The methods of phylogenetic analysis developed by Cavalli‐Sforza and Edwards
(1967) are based on gene frequency differences among populations. They have
since been amplified (Kidd and Sgaramella‐Zonta 1971 ) and further applied to
studies of man (Ward and Neel 1970, Friedlaender et al. 1971) and cattle (Kidd
1969, Kidd and Sgaramella‐Zonta 1970). One basic assumption of the methods is
that evolution has produced the separate populations by a simple dichotomous
branching process. In the two studies of primitive human populations the
bifurcating trees produced by the analyses cannot be true representations of
evolutionary relationships because of the complicated patterns of migration and
hybridization among populations. Nevertheless, the ‘phylogenetic’ trees were good
graphic representations of the genetic relationships of the populations and, as such,
useful. Such ‘phylogenetic’ trees, based on immunogenetic data, showed generally
high agreement with linguistic, geographic,. and anthropometric distances in the
study of Melanesian populations on Bougainville (Friedlaender et al. 1971).
In the studies of cattle breeds it was possible to reduce the effects of
hybridization by selecting breeds that have had long, distinct genetic histories. We
showed that the reconstructed phylogenetic trees were in good general agreement
with available historical data on the cattle breeds. For example, Icelandic cattle
always grouped with Norwegian cattle, while Jersey and American Longhorn were
distinct from each other as well as from an Scandinavian and Low Countries breeds.
Figure 1 shows a phylogenetic tree for nine cattle breeds drawn on a map of Europe.
While there is reason to believe that this tree is a reasonable estimate of the true
phylogenetic relationships of these breeds, such a representation cannot at present
be considered to represent migrational paths. It is simply a graphic illustration
allowing one to see both the genetic and geographic relationships of these breeds.
Additional data are now being collected to extend the studies to other breeds and
to improve the probability of reconstructing the correct tree (see Kidd and Cavalli‐
Sforza 1971). With the data now available, however, it is possible to make a first
approximate estimate of when various breeds separated.
Cavalli‐Sforza (1969) showed that under random genetic drift the kinship
coefficient, fθ , between populations was related to time of separation in the
following way

fθ = 1 – e‐t/2N

where N is the effective population size. A time estimate may thereby be obtained as

Evolutionary histories of man and cattle

t = –2N log (1– fθ)
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Because we do not yet have estimates of the effective population sizes for cattle
breeds over the last 3 – 4,000 years, we are forced to calculate only relative time
estimates assuming the effective population sizes to be equal, that is, tr = –log (1– fθ).

Figure 1. A graphic representation of a phylogenetic tree for nine cattle breeds. Kidd (1969)
discusses the analyses and data that produced this tree. In this representation the
topological relationships are preserved but the segments are not drawn to scale. The
breeds indicated are (1) American Longhorn, (2) Jersey, (3) Ayrshire, (4) Holstein‐Friesian,
(5) Brown Swiss, (6) Red Danish, (7) Polled Swedish, (8) Trønder, and (9) Icelandic
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The kinship coefficient, fθ , is related to the genetic distance G (Kidd 1969) by the
following formula
G 2π 2
fθ =
2 (k i − 1)

∑
i

where summation is over loci and ki is the number of alleles at each locus. Thus G‐
values previously calculated can be used to estimate relative times of separation. By
€ using the historically known isolation of Icelandic cattle almost 1,000 years ago with
their probable common origin with modern Norwegian breeds (Braend et al. 1962;
Kidd 1969), it is possible to convert the relative time estimates into estimates of the
actual times of separation.

ANALYSIS
The data given in Kidd (1969) was based on 6 loci. Five loci had two alleles each; the
B blood‐group locus had a total of 157 distinct alleles in the study. For the B‐locus it
would be better to use the effective number of alleles than the actual number, but it
was difficult to estimate for all breeds. Since there are usually only four or five
alleles at even moderate frequency (10–30%), two approximations of the effective
number of alleles were used for the analyses: kB = 6 (low) and kB = 11 (high).
Figure 2 shows the phylogenetic tree extracted from the results in Kidd (1969)
and the average squared genetic distance separating the two groups at each split.
The time estimates are given in table 1.
First estimate
Approximate
–log(1- fθ)
times

Comparison
NorwegianIcelandic
Norse- Swedish
Scandinavianothers

Second estimate
Approximate
–log(1- fθ)
times

0.52

0.297

1.000

0.188

1.000

0.61

0.358

1.205

0.224

1.191

1.21

0.909

3.060

0.509

2.707

Table 1. Time estimates for Breed Separation. [Times are given in years before
present. The first and second estimates are based on low and high estimates of the
effective number of alleles at the B blood group locus (see text)]

DISCUSSION
There are several reasons for considering these time estimates to be very inexact.
The assumption of equal effective population sizes is almost certainly not correct,
but is necessary since there are no estimates of the effective sizes of the various
breeds throughout the past 3,000 years. By using historical data on the individual
breeds, it may be possible to estimate these more accurately in the future. The
effective number of alleles at the B locus may also be estimated more accurately and
will probably be found to vary among the breeds. Variation among populations in
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both effective population size and effective number of alleles will affect both the
relative and absolute time values.

Figure 2. The phylogenetic relationships used to calculate time estimates. The values given
at three splits are the average G2 values across those splits calculated from data in Kidd
(1969). Norwegian cattle are represented by four native breeds, Swedish cattle by the
Polled Swedish breed, and non‐Scandinavian breeds by Jersey and American Longhorn (of
Spanish origin). The tree is not drawn to scale

There is one reason, however, for thinking that the time values given here are
underestimates. Icelandic cattle have been through one bottleneck in addition to
whatever founder effect occurred at the time of colonization. Thus it is possible that
relative to the other breeds Icelandic cattle have had a smaller effective population
size. This would lead to an underestimate of the other times based on the Icelandic
Norwegian separation having taken place 1,000 years ago.
Though they are probably underestimates, these approximate time values
nevertheless seem to be of the correct order of magnitude. When better genetic data
and better estimates of the effective population sizes are available, such time
estimates should be more accurate and may be valuable to the historian interested
in human population movements and the cultural archaeologist studying the
domestication of cattle.
SUMMARY
Methods of phylogenetic analysis have been applied to human populations and to
cattle populations. The results are encouraging, as when the reconstructed
evolutionary trees for cattle breeds of western European origin confirmed the
common origin of Icelandic and modern Norwegian cattle. If one assumes, from
historical records, that this common origin dates from 1,000 years ago, additional
analyses indicate that ancestral Swedish cattle separated from the Norwegian stock
at least 1,200 years ago and that these Scandinavian cattle have been separated
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from Jersey and Spanish cattle for perhaps 3,000 years. Such time estimates are only
rough first approximations; additional data and refined estimates of population size
will be necessary for more reliable estimates.
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