
■ NATURAL SELECTION AND ARTIFICIAL SELECTION

The differentiation of domestic species into varieties 
or races, with different productive capacities, due to 
the continued practice of artifi cial selection, made 
Darwin ponder the idea that a similar force – natural 
selection – could be behind the adaptation of living 
beings to their surroundings. In his own words: «I 
soon realized that selection was the keystone of 
man’s success [in the formation of the breeds of 
domestic animals and plants]. But how selection 
could be applied to organisms living in a state of 
nature remained for some time 
a mystery to me. In October 
(1838) [...] being well prepared 
to appreciate the struggle for 
existence which everywhere 
goes on from long-continued 
observation of the habits of 
animals and plants, it at once 
struck me that under these 
circumstances favourable 
variations would tend to be 
preserved, and unfavourable 
ones to be destroyed. The result of this would be the 
formation of new species. Here then I had at last got a 
theory by which to work».

Although the similarity between both types for 
selection is visible, there are important differences. 
Artifi cial selection is guided by a breeder who 
imposes the desired criteria, be it the production 
of milk, fruit size, etc., and maintains it during 
successive generations. In natural selection there is no 

breeder, just differentially reproducing individuals: 
some leave more offspring than others. This depends 
on environmental circumstances that can change in 
each generation: temperature, pathogens, etc. The 
process has neither goal nor purpose. In Darwin’s 
words: «Man selects only for his own good: Nature 
only for that of the being which she tends». Generally 
breeders are more interested in predicting the 
outcomes obtained in the short and medium term, 
as a result of their decisions regarding selection 
and preservation. On the other hand evolutionary 
biologists are interested in explaining and interpreting 

the changes that have already 
occurred, some of which have 
a long history (López-Fanjul 
et al., 2009). However, the 
mechanisms in action are the 
same in both cases: changes in 
gene frequencies as a result of 
the action of directional selective 
forces (natural or artifi cial) and 
random processes (genetic drift).

The ignorance of heredity 
mechanisms meant that the 

explanatory power of Darwinian Theory quickly 
dwindled, and its validity wavered during the so-
called «eclipse of Darwinism». In this time, breeding 
and improvement of economically interesting 
attributes suffered from the same lack of theory, and 
thus continued to base itself on empiricism which, 
in this case, produced better results. However, in the 
early twentieth century, technical advances were 
incorporated into breeding practices, resulting from 

«IN NATURAL SELECTION 

THERE IS NO BREEDER, 
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the genetic knowledge of that time. These were aimed 
at obtaining lines with a high degree of consanguinity, 
the aim of which was to exploit the hybrid vigour 
manifested in the progeny of specifi c crosses. This 
procedure, limited in practice to plants, would not be 
currently recommended as an alternative to artifi cial 
selection, but has been maintained in some species, 
particularly maize, by conditions of the market.

Authors R. A. Fisher and S. Wright developed 
mathematical models that constitute the common 
theoretical core of neo-Darwinism and genetic 
improvement. To the former author we owe the 
genetic description of quantitative characters, and 
theoretical predictions of selection response in large 
census populations. To the latter, the treatment of 
random genetic change and its infl uence on the 
outcome of selection when the population census 
is reduced. In both disciplines, a gathering of prior 
biological knowledge occurred around these models, 

which came to a head in the years following the end 
of World War II and fi nally led to the formulations 
currently in force. Since then, the exchange between 
the developments of both disciplines has been 
continuous. For example, the limits theory of artifi cial 
selection is based on stochastic models describing 
the change in gene frequencies by natural selection 
in populations of fi nite size. In the same way, the 
analysis of natural selective forces acting indirectly on 
a set of quantitative attributes is based on multivariate 
techniques used to predict the response of several 
traits subjected to simultaneous artifi cial selection.

The relationship between breeding improvement 
and evolution has been so close that it is not possible 

In the late 1960s, more than 85% of the corn seeds planted 
in the U.S. were homozygous for a gene that suppresses the 
development of male fl owers, which favours the production of 
hybrids. However, an unintended consequence of the presence of 
this factor was the increased susceptibility of plants to a strain of 
fungus, which caused billion dollar losses in 1970.

«THE RELATIONSHIP BETWEEN BREEDING 

IMPROVEMENT AND EVOLUTION HAS 

BEEN SO CLOSE THAT IT IS NOT POSSIBLE 

TO DISTINGUISH BETWEEN ADVANCES 

IN EVOLUTIONARY THEORY THAT 

HAVE CONTRIBUTED TO ADVANCES IN 

BREEDING AND VICE VERSA»
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to distinguish between the advances in evolutionary 
theory that have contributed to advances in breeding 
and vice versa (Toro and Castro, 2009). Sometimes, 
well-known principles of evolutionary genetics, for 
example, the need for genetic variability for the long-
term success of a population, have been revealed in 
some agronomic experiences, 
often catastrophically. In the late 
1960s, more than 85% of the 
corn seeds planted in the U.S. 
were homozygous for a gene that 
suppresses the development of 
male fl owers, which favoured the 
production of hybrids. However, 
an unintended consequence 
of this was the increased 
susceptibility of plants to a strain 
of fungus, which caused billion 
dollar losses in 1970. To avoid the consequences of 
loss of variability, which accompany many breeding 
improvement strategies, the creation of germplasm 
banks was promoted. These preserve varieties and 

wild relatives of commercial strains, but resistant to 
diseases and able to withstand environmental stressors 
such as salinity and drought.

■  NATURAL SELECTION AND SEXUAL SELECTION

One of the forces that can lead 
to poor adaptation is sexual 
selection. This is a special case 
of natural selection. Sexual 
selection acts on the organism’s 
ability to have a successful 
mating partner. The fantastic 
colour of the peacock’s attractive 
tail led Darwin to believe that 
the exclusive presence of certain 
traits in males is not because 
they have survival value per se. 

If they did, it would be hard to imagine why females 
do not possess them. Rather, he came to think that 
the reason for these motifs lay in their attraction, and 
therefore they were features that facilitated mating. 

The researcher William Muir, of Purdue University (Indiana, USA), looking at the transgenic medaka fi sh. Larger than average male medaka 
are four times more successful at mating and raising their young. Transgenic medaka males, which are even larger, are up to seven times 
more successful at mating. However, they also found that their offspring had a lower survival rate.

«SEXUAL SELECTION IS A 

SPECIAL CASE OF NATURAL 

SELECTION, WHICH ACTS ON 

THE ORGANISM’S ABILITY 

TO OBTAIN A SUCCESSFUL 

MATING PARTNER»
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They are actually indicators of health state, which 
usually implies higher biological effi ciency of the 
offspring. These ideas are relevant in a practical 
setting, as demonstrated by the well-known animal 
breeder of Purdue University in Indiana (USA), 
W. Muir, who together with R. Howard, conducted 
experiments with the transgenic Japanese medaka 
fi sh (Toro, 2011). They found that larger than average 
medaka males are four times more successful at 
mating and raising their young. Transgenic medaka 
males, which are even larger, are up to seven times 
more successful at mating. However, they also 
found that their offspring have a lower survival rate. 
Using these real values in a computer simulation 
model, they analysed what would happen if sixty 
transgenic medaka males were introduced into 
a natural population of 60,000 individuals. Wild 
females perceive the transgenic medaka male as a 
more attractive partner. But in this case, appearances 
are deceiving because, although transgenic males are 
bigger and better mates, their offspring die before the 
wild males’, even if the latter are smaller. In just forty 
generations, the entire species would be doomed to 
extinction. They coined the term «Trojan gene effect» 
to describe the fact that transgenic medaka males 
hide, behind an attractive appearance, the genes able 
to destroy an entire population.

■ SELECTION FOR SOCIAL TRAITS

The existence of altruistic behaviour poses a 
challenge to the neo-Darwinian interpretation of 
behaviour. One explanation, as proposed by Darwin, 
is selection between groups: «A tribe including many 
members who, from possessing in a high degree the 
spirit of patriotism, fi delity, obedience, courage, and 
sympathy, were always ready to aid one another, and 
to sacrifi ce themselves for the common good, would 
be victorious over most others tribes; and this would 
be natural selection».

We can safely say that today most evolutionary 
biologists doubt that this process can be effective 
and think that natural selection acts to favour some 
individuals over others, instead of one group over 
another. The preferred mechanism evolutionary 
biologists propose to explain the evolution of altruism 
is kin-selection. In a classic paper published in 1964, 
the young British biologist W. Hamilton said that if a 
particular gene induces a person to sacrifi ce his life 
in exchange for saving several relatives, the number 
of copies of that gene in subsequent generations could 
grow faster than if the sacrifi ce had not been made, 
since all the relatives are more likely to be carriers 

of the same genes as the individual who sacrifi ces 
himself. That is, altruistic behaviour poses a cost to 
the individual performing it, but it is a benefi t for 
those who interact with him and, if these individuals 
are his close relatives, this behaviour will indirectly 
benefi t the altruist.

Hamilton established the relationship between the 
cost attributed to the author of altruistic behaviour (c) 
and the benefi t to his receptors (b). This relationship is 
known as Hamilton’s rule and is indicated as follows: 
a trait will be favoured by natural selection if the 
product Rb is greater than c, where R is the proportion 
of genes shared by the author and the recipient (the 
coeffi cient of additive relationship in the jargon of 
breeders). The coeffi cient R is equal to 0.5 if they are 
siblings, if they are half-brothers 0.25 and 0.125 if 
they are cousins. In this context, it is said that in the 
30s, J. B. S. Haldane, one of the founders of the neo-
Darwinian synthesis, jested while drinking beer in a 
pub that he would not mind risking his life if he saved 
two brothers or eight cousins. The idea had already 
been formulated by the renowned animal breeder J. L. 
Lush in 1951: «The competition and selection among 
families thus introduced could make selection favour 
any genes which tend to cause their possessor to 

«SELECTION OF GROUPS OR BY KIN 

SELECTION HAS BEEN SHOWN A 

SUCCESSFUL METHOD IN THE SELECTION 

OF LESS AGGRESSIVE ANIMALS» 
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sacrifi ce himself for his deme, provided the sacrifi ce 
promotes the biological welfare of his relatives (some 
of whom will have some of the gene he has) enough 
to more than compensate for the genes lost in his own 
sacrifi ce».

The same year as the publication of Hamilton’s 
article, and inspired by him, the Australian plant 
breeder B. Griffi ng provided a rigorous approach 
to the quantitative genetics of interactions between 
individuals, including the theory of selection response. 
He found that the phenotype of an individual can be 
broken down into a direct effect from the individual 
himself and an effect associated 
from the result of living in a 
group. For example, the direct 
effect in hens’ cannibalistic 
pecking behaviour is shown 
by the ability of an animal 
to survive by avoiding being 
pecked. The associated effects 
refer to the effect on survival 
of the same animal’s pecking 
behaviour towards other 
members of its cage. Griffi ng 

was able to derive the equations of the response to 
individual artifi cial selection, which can be negative, 
and the response to group selection and kin selection, 
which in the latter two cases is always positive. 
In essence it is the same mechanism that favours 
Hamilton’s altruistic behaviour through natural 
selection.

Evidence in support of Griffi ng’s theory was 
obtained experimentally during the seventies thanks 
to experiments with laboratory insects and domestic 
species (Wade et al., 2010). In the eighties it was 
again the breeder Muir who successfully practised 

group selection in laying hens, 
obtaining lineages with lower 
mortality. Also around that 
time, Moav and Wohlfarth 
observed a negative response to 
artifi cial selection for growth 
in carps, which they attributed 
to the indirect selection of 
more aggressive fi sh. However, 
when the selection was based 
on choosing the best families (a 
form of kin selection) the results 
were positive.

With respect to breeding, the importance of these 
ideas is growing along with regulations relating to 
animal welfare. This encourages the practice of 
breeding in groups, with more competition, which 
requires selecting less aggressive animals. When 
chickens, for example, are kept in groups, mortality 
increases as a result of pecking, and their beaks must 
be cut off to prevent it. Selection of groups or kin 
selection has been shown as a successful method 
in the selection of less aggressive animals, and 
consequently losses can be reduced by half. In short, 
this is a new application of evolutionary ideas that 
can contribute to more sustainable animal production 
methods, which are increasingly concerned with 
animal welfare. 
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The direct effect in hens’ cannibalistic pecking behaviour shows 
the ability of an animal to survive by avoiding being pecked, while 
the associated effects refer to the effect on survival of the same 
animal’s pecking behaviour towards other members of its cage.

«THE IGNORANCE OF 

HEREDITY MECHANISMS 

CAUSED THE EXPLANATORY 

POWER OF DARWINIAN 

THEORY TO QUICKLY 

DWINDLE, AND ITS VALIDITY 

WAVERED»
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