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Quantitative genetic theory, based on the concept of heritability (Lush
1940), provides a statistical description of population variability, and thus
allows prediction of the expected response of the population to selection. This
prediction is strictly valid only for a single generation, because the components
of the phenotypic variance will themselves be expected to change with selection.
These changes are not drastic, so that the theory does give a reasonable descrip
tion of the short-term effects of selection, although just how long this "short
term" is will depend on the particular character under selection and the particu
lar population (Barker 1967).
The expected selection response per generation, AG, is dependent on the
heritability, h 2 , the standardised selection differential, i, and the phenotypic
standard deviation of the selection criterion, op.
AG • i.h2.op
Thus, for a given character in a particular population, more intense selection is
expected to increase the response since the frequency of favourable genes affect
ing that character will increase more rapidly. As the population tends toward
homozygosity for these genes, the response will decline and tend to zero. However,
because with strong selection, few individuals are selected as parents some
potentially favourable genes may, by chance, be excluded from the population,
especially when dealing with small populations. Thus the potential total selec
tion response would be reduced. With weak selection, the initial rate of response
will be lower but because fewer genes are likely to be excluded by chance effects
the total selection response may be greater. Dempster (1955) and Robertson (1960)
showed that total response was maximized when about half of the population was
selected as parents of the next generation.
Heritability estimates are used in the prediction of response to selection
in animal improvement programs. To optimise the selection program it is desirable
that reliable heritability estimates be available prior to selection. These
estimates, based on resemblance between relatives in the unselected base popula
tion, should be in close agreement with estimates of realised heritability
(Falconer 1981), which provide a description of the response to selection. The
underlying assumption is that heritability of a character is constant over the
phenotypic range of the population for that character. The linearity of herita
bility has been investigated by Nishida, Jimbu, Komiyama, Miyazono and Abe (1969),
Nishida (1972), Nishida and Abe (1974, 1980) and Robertson (1977).
Predicted and Observed Responses to Selection
In the last thirty years numerous experiments have been designed to test
this genetic theory. Some workers (Sheldon 1963; Nordskog, Festing and Verghese
1967; Rahnefield 1971) have obtained poor agreement between observed response and
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that predicted from estimates of genetic parameters in the base population. How
ever, the majority of experiments with Drosophila (e.g. Clayton, Morris and
Robertson 1957; Martin and Bell 1960; Frankham, Jones and Barker 1968a) and other
species (e.g. Lerner and Hazel 1947; Hetzer 1954; Hetzer, Zeller and Hine 1958;
Chung and Chapman 1958; Roberts 1965; Enfield, Comstock and Braskerud 1966;
Hanrahan, Eisen and Legates 1973) have generally shown fair agreement between
predicted selection response and the observed short-term response averaged over
replicate populations. In these studies individual lines often differed markedly,
an effect due either to initial sampling of the foundation population or to
genetic sampling over the generations of selection (Barker 1967).
More recently a number of experiments have shown realised heritability
estimates to be a function of population size and selection intensity.
Effects of Population Size and Selection Intensity on Selection Response
Studies have been made of the effects of population size and selection in
tensity on both long-term (Jones, Frankham and Barker 1968; Rumball and Rae 1968;
Eisen 1975; Ruano, Orozco and Lopez-Fanjul 1975) and short-term (Clayton, Morris
and Robertson 1957; Frankham, Jones and Barker 1968a; Jones 1969; Hollingdale and
Barker 1971; Hanrahan, Eisen and Legates 1973; Meyer and Enfield 1975) responses
to selection.
a.

Long-term

The main findings of the long-term studies were as follows:
(i)
within each parent population size, more intense selection pressure
increased both rates of response per generation and total response (Jones,
Frankham and Barker 1968; Eisen 1975). The intense selection treatments of
Rumball and Rae (1968) and Ruano, Orozco and Lopez-Fanjul (1975), however, gave a
more rapid response in the early generations, but a smaller response in subsequent
periods, as compared with other treatments.
(ii)
in general, for the same selection intensity, larger populations tended
to give greater response than smaller populations (Jones, Frankham and Barker
1968; Eisen 1975).
(iii)
agreement between replicate lines was generally poor, particularly for
the intensely selected lines (Rumball and Rae 1968) and in the small populations
(Jones, Frankham and Barker 1968).
b.

Short-term

The main findings of the short-term selection studies were as follows:
(i)
the observed selection responses on the average agreed well with those
predicted from the base population parameters, but there was poor agreement
between replicates, particularly at small parent population size (Clayton, Morris
and Robertson 1957; Frankham, Jones and Barker 1968a; Jones 1969; Hanrahan, Eisen
and Legates 1973).
(ii)
given a particular selection intensity, realised heritability increased
as parent population size increased (Frankham, Jones and Barker 1968a; Hollingdale
and Barker 1971; Hanrahan, Eisen and Legates 1973). In selection studies for body
weight in mice (Lewis and Warwick 1953), wing length in Drosophila (Tantawy 1956)
and gonadotrophic hormone in rats (Chung and Chapman 1958), less response occurred
under inbreeding as compared with outbreeding. It is clear that the effects of
population size cannot be ignored in short-term selection studies.
(iii)
at a given parent population size, Clayton, Morris and Robertson (1957)
found realised heritability to increase as selection intensity increased. However,
a number of workers (Frankham, Jones and Barker 1968a; Jones 1969; Hanrahan, Eisen
and Legates 1973) found no consistent effect of selection intensity on realised
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heritability.
(Iv) for a given total population size of 60 pairs of individuals measured
each generation, Meyer and Enfield (1975) found that realised heritability at the
least intense selection level (50%) was significantly lower than at two more
intense levels (10 and 30%).
Intense Selection
In none of the short-term selection studies mentioned above was there a
selection intensity treatment more intense than 10%. Although intense selection
has been applied to Drosophila populations (Barker and Karlsson 1974; Angus 1979),
there is a paucity of information on the effects of intense artificial selection
on genetic variability and selection responses.
Numerous examples exist today of intense selection being applied in industry
situations. These include:
(a) during the establishment of highly superior nucleus groups in large-scale
breeding schemes, very intense selection can occur by screening a very large
existing population. Beevers (1981) referred to such selection within the pig
populations of Norway and France.
(b) selection at nucleus flock level in broiler production can be as intense as
0.5% in males and 10 to 15% in females, particularly where artificial insemination
is practised.
(c) in many dairy cattle populations (e.g. Norway), bulls are intensely selected
for widespread use as A.I. sires (Cunningham 1979). Also, the selection of dams
to breed bulls in such schemes is very intense.
(d) in fish breeding programs in Western Europe, normally no more than 1% of the
population are selected for breeding (Gjedrem and Skjervold 1978).
Recent developments in the fields of reproductive biology (e.g. embryo trans
plantation) and animal evaluation and ranking methods (e.g. best linear unbiased
prediction methods) have provided the potential for intense selection in many
livestock species. In addition, the future development of A.I. in sheep and pigs
and of sex control and genetic engineering techniques will allow even higher
levels of selection to be applied in certain populations.
Experimental Design and Procedures
An investigation of the effects of intense artificial selection on genetic
variability and selection responses in Drosophila melanogaster is being done.
Lines of the Armidale strain will be selected for high total sternopleural chaetae
number at intensities of 2, 5 and 20% with 20 pairs of parents per generation for
five generations.
The Armidale strain originated from 50 inseminated females caught in MarchApril 1981 and has since been maintained as a ten-bottle population each genera
tion. The heritability (standard error) of total sternopleural chaetae number
(sire + dam components) was estimated to be 0.56 (0.10) for males and 0.65 (0.11)
for females, based on a hierarchial design of 60 sires, 6 dams per sire and 6
offspring (3 male and 3 female) per dam (Hill and Nicholas 1974).
To initiate the lines, 20 pairs of virgins were taken at random from a large
bottle population containing about 3000-4000 adults and single-pair mated at ran
dom. Virgin progeny were collected and one pair of flies from each full-sib
family was assigned to each line. The flies were then single-pair mated at random
within each line to produce the base (Go) populations. Equal numbers of flies
were scored from each family in Go and in subsequent generations in the 20% and
control lines. However, this was not always possible in the 2 and 5% lines because
of family differences in productivity. The 20 highest scoring flies of each sex
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were selected and mated at random In single pairs. For each line, five spare
cultures were set up from the next highest flies, which were mated assortatively.
These were used if any of the other cultures failed to produce progeny. Four
replicates of each treatment and of a random mating control population are being
maintained. Parents were allowed to lay eggs for 3 days (4 days for the 2% lines)
in 7.5 cm x 2.5 cm vials on the dead-yeast fortified medium (F) of Claringbold and
Barker (1961) at 25 ± 0.5°C and 65-70% relative humidity.
In the base population and in offspring of all treatments in generation five,
abdominal chaetae number (fourth segment in males and fifth in females) will be
scored to measure correlated responses to selection. Phenotypic correlations be
tween bristle numbers of the left and right sternopleural plates will be calcu
lated for each treatment at each generation, to give an accurate measure of any
changes in the amount of genetic variation resulting from selection (Frankham,
Jones and Barker 1968b). To compare responses to selection in the different
treatments, realised heritabilities will be calculated from the regression of
total response on cumulative selection differential. Pedigrees are being kept so
that the contributions of individuals to subsequent generations can be estimated
to measure the spread of genes (James and McBride 1958), and mean effective popu
lation sizes will be calculated from the variances of family contributions (Jones
1969). The mean inbreeding coefficients of the parents selected each generation
and of offspring in generation five will be calculated. Results of the investi
gation will be presented and discussed in the light of the usual assumption of a
linear relationship between breeding value and phenotypic value.
Summary
Intense selection is being applied in many animal industries today. For
example, in many dairy cattle populations bulls are intensely selected for wide
spread use as A.I. sires. However, there is no information in the scientific
literature on the effects of intense artificial selection on genetic variability
and selection responses.
A review of the effects of selection intensity on the magnitude of realised
heritability estimates is presented in the light of the usual assumption of a
linear relationship between breeding value and phenotypic value.
An investigation of the effects of intense artificial selection for total
sternopleural chaetae number in Drosophila melanogaster is in progress. Three
selection intensity treatments (2, 5 and 20%) and a random mating control popu
lation will be maintained for five generations of selection. Results of the study
will be presented at the Symposium.
SUMARIO
Hoy en dfa se esta empleando intensa selectividad en muchas industrias
animales. Por ejemplo, en muchas poblaciones de ganado vacuno, se selecciona a
los toros en forma intensiva para su uso como sementales en la inseminacion
artificial. Sin embargo, no hay informacion cientfficamente documentada sobre
los efectos en la variacion genetica y reacciones a la seleccion.
Una evaluacion de los efectos de la intensidad selectiva sobre la magnitud
de calculus estimativos de la herencia actualmente observable se presents,
asumiendo como de costumbre la relacion linear entre el valor ad^ltivo genetico
y el valor fenotfpico.
Se ha puesto en marcha una investigacion de los efectos de seleccion
intensiva por el numero de sternopleural chaetae en la Drosophila melanogaster.
Esta se mantendra por un periodoji? cinco generaciones de seleccion, siguiendo
cuatro tratamientos de intensidades de (2, 5, 20 y 50%), teniendo paralelamente
como control correspondienqg una poblacion con aparelamiento al azar.
Los resultados del estudio se presentaran en el Symposio.
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