SY-1-3
THE EFFECT OF POPULATION STRUCTURE ON RESPONSES TO
ARTIFICIAL SELECTION IN DROSOPHILA MBt.ANOCASTKR
EL KFECTO DP. LA ESTRUCTURA DE LA POBLACION EN 1,A REACCION
A LA SELECCION ARTIFICIAL DE DROSOPHILA MELANOCASTER
R. G. BANKS*
J.S.F. BARKER
AUSTRALIA
In a long series of papers dating from 1913, Sewall Wright has developed and
propounded the theory that evolutionary progress will be most favoured by a
population structure of many small, partially Isolated, sub-units or demes. In
such a situation, with demes continually becoming extinct, and being restored by
migrants from more successful demes, simultaneous random drift in all suffic
iently small local populations strongly heterallelic with respect to nearly
neutral alleles, gives a broad basis for the local appearance of novel favour
able interaction systems (Wright, 1977).
This theory was based partly on observations made by Wright on the develop
ment of some breeds of livestock, in particular Shorthorn cattle. The breed
records indicated the appearance of high excellence in a few herds at different
times, and subsequent diffusion of this excellence, principally by use of bulls
from superior herds, rather than by mass selection throughout the breed as a
whole (Wright, 1977).
Wright has stressed that both random and directed processes are important in
evolution, and considers that for this Shifting Balance Theory to be plausible
there must be quantitative genetic variation, pleiotropy, and multiple fitness
peaks in the field of genotypic frequencies (i.e. multiple peak epistasis).
Adaptive evolution in a system of multiple partially Isolated demes then
proceeds via a three stage process. Initially, random drift, with some recur
rent migration from other demes, and selection within each deme for local adapta
tion, produces local differentiation of sets of gene frequencies.
If the gene frequency set in any one deme drifts sufficiently far to cross
a "saddle" in the three-dimensional "surface" of fitness values allowing access
to new, higher, fitness peaks, there will be selection among families within the
deme until the set approaches the equilibrium associated with the new, higher,
fitness peak, around which it drifts at random. This second phase then is one
of rapid change under mass selection.
The final phase of inter-deme selection is characterized by dispersion from
demes at higher fitness peaks to neighbouring demes. This tends to shift the
equilibrium position in these demes towards a situation where all demes are
under the control of the same fitness peak. This process tends to spread
throughout the species in concentric circles, which themselves may overlap and
produce new, higher or more favourable, interaction peaks.
Thus a population structure of many small demes, allowing "exploratory"
drift in gene frequencies, with sufficient gene flow between demes to permit
rapid spread of favourable gene complexes, ensures the potential for rapid
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evolutionary change. This allows a species to move from control by a relatively
low set of fitness peaks, to control by progressively higher sets, while main
taining genetic variability, thus ensuring continuing adaptability to changing
environmental conditions.
Wright and others (e.g. Lush, 1947) have suggested that the Shifting Balance
Theory may have significance for livestock improvement programs, particularly for
traits of low heritability such as fitness traits. They propose a system of
small breeding groups within the breed as a whole, with mild line-breeding within
groups, and some outcrossing, particularly from better to poorer groups. This
should provide for rapid progress within the breed as a whole.
The Shifting Balance Theory has been discussed in an evolutionary context by
many authors (Huxley 1948; Fisher and Ford 1950, Simpson 1953; Carter 1954;
Dobzhansky 1970; and many others) and seems to have gained general acceptance as
an hypothesis. However, experimental evaluation of the theory has been limited,
and has principally involved comparison of selection responses in a single large
line, using the same selection procedure in all generations, with response in a
population divided into a number of small lines. Within each small line, selec
tion intensity is the same as that of the single large line, and total popula
tion size over the small lines is equal to that of the single large line. At
intervals (usually of 4 to 8 generations) the best of the small iines are
intercrossed and used to produce a new set of small lines.
Experiments of this nature have been reported by Bowman and Falconer (1961)
selecting for litter size in mice, Hill (1963) for sternopleural bristle number
in Drosophila melanogaster , Goodwill (1974) for increased pupa weight in
Tribolium castaneum, Madalena and Robertson (1975) for reduced sternopleural
bristle number in D. melanogaster, Katz and Enfield (1977) for increased pupa
weight in T. castaneum, and Rathie and Nicholas (1980) for increased abdominal
bristle number in D. melanogaster. In no case did population subdivision
produce any greater response to selection.
A study with similar features to those above, but with two important dis
tinctions, is that of Katz and Young (1975). Selection for increased adult body
weight in Drosophila melanogaster was carried out in one large, mass-selected
population, and in two populations subdivided, but with regular, cyclical migra
tion of individuals between demes. In these two populations which differed only
in the degree of migration between demes (5% and 10% per generation as migrants
respectively), responses were significantly greater than in the single large
population; although somewhat lower selection differentials were obtained in that
large population.
The results reported to date suggest that the effects of population struc
ture on selection response have yet to be fully clarified. The results of Katz
and Young pose two important questions: are there differences between traits
as to the effects of population structure, and, how important is migration (or
inter-deme flow of genetic material) for the observed response? In the light of
Wright's theory, population structure should be most significant for those
traits which exhibit some eplstasis with respect to fitness. For closest model
ling of the proposed operation of the Shifting Balance Theory, the structure must
allow some means of spreading favourable gene complexes, should they arise.
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With these considerations in mind, an experimental investigation of the
problem has been initiated, using a population structure which, it is hoped,
models the Shifting Balance Theory. Using Drosophila melanogaster, and
selecting for increased adult body weight in a recently caught population
exhibiting substantial variation for the character, the following population
structures are being compared:
1.

A single, large, mass selected population (size = 50 pairs). The
heaviest 50 out of 250 individuals of each sex are selected at
each generation to be parents of the next generation.

2.

A population (size = 50 pairs) subdivided into ten demes, with
mass selection (20% selected) within demes at each generation.
At every fifth generation, the best five demes are selected,
crossed and ten new demes set up.

3.

A population (size * 50 pairs) subdivided into ten demes, with
mass selection (20% selected) within demes at each generation,
and with cyclical transfer between the ten demes of one mated
female per deme at each generation. This corresponds to the 10%
migration rate treatment of Katz and Young.

4.

A population (size * 50 pairs) subdivided into ten demes, with
mass selection (20% selected) at each generation, and with demes
contributing migrants to, or accepting migrants from, a migrant
pool of ten females according to the mean phenotypic level of
each deme in relation to all others. Thus demes with high pheno
typic levels contribute individuals to a migrant pool, and those
with low phenotypic levels accept individuals from the migrant
pool, in proportion to the deme performance. For example, up to
half the next set of parents .(i.e. all five females) in a very
poor deme may be migrants from other, better demes.

5.

A random mating (control) population (size = 50 pairs).

Treatment 4, allowing for more migration from phenotypically better demes,
is an attempt to model the Shifting Balance Theory: favourable gene complexes
may become fix»’d in demes small enough to allow inbreeding, but can also spread
throughout the population by selective diffusion from demes possessing the more
favourable gene combinations.
By comparing responses to selection over 20 generations in the five treat
ments, it should be possible to draw conclusions as to the usefulness of the
structured population concept for the improvement of this trait, and to the
possible extension of the idea to more general situations.

SUMMARY
In a series of papers dating from 1913, Sewall Wright has developed a
theory that evolutionary progress will be most favoured by a population struc
ture of many small, partially isolated demes (sub-units of population). This
"Shifting Balance" Theory is dependent on there being considerable epistasis
with respect to fitness, or multiple peak epistasis.
This theory has been the basis of recommendations for livestock improvement
methods, particularly for traits which exhibit low to moderate heritability,
such as fitness related traits, but has not yet been adequately evaluated.
An experiment designed to evaluate the effects of different modes of popu
lation subdivision on responses to artificial directional selection for body
weight in Drosophila melanogaster is in progress, and results will be presented
at the Symposium.

SUMARIO
En una serie de publicaciones que datan desde 1913, Sewall Wright ha
desarrollado la teorfa que el progreso evolucionario es mayormente favorecido en
poblaciones de estructura pequenas y multiples, en las cuales los demes (sub
unidades de poblacion) se hayan parcialmente aislados. Esta teorfa de
'Altemacion de balance' depende de la existencia considerable de epistasis con
respecto a capacidad reproductiva o epistasis de picos multiples.
La teorfa delineada ha sido la base para dar recomendaciones sobre la mejora
de metodos de crianza de ganado, particularmente para rasgos que exhiben de baja,
a moderada herencia; tales como aquellos que se relacionan con la capacidad
reproductiva pero que todavfa no han sido adecuadamente evaluados.
Se esta llevando a cabo un experimento destinado a evaluar los efectos de
diversos modos de subdivision de poblaciones en respuesta a una dirigida seleccion
artificial con respecto al peso del cuerpo de la Drosophila melanogaster. Los
resultados se presentaran en este symposio.
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