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SEXUAL SELECTION AND THE CULTURAL INHERITANCE OF
FEMALE MATING PREFERENCES

Since Darwin (1879) hypothesized that female mating decisions may drive sexual
selection, that questions like how females gain information about potential mates,
and what benefits they receive from choosing particular males as mates, remain key
issues in behavioural ecology, and still generate large debate (see reviews in Barnard
2004 and Andersson & Simmons 20006). Because female preferences for males with
particular traits can cause important skews on male reproductive success (Wade &
Pruett-Jones 1990), studying the ecological forces that may affect preference is critical
for understanding the diversity of male secondary sexual traits, the differences between
the sexes in mating outcomes, the trade-off between multiple matings and survival,
the role of sexual conflict in limiting female decisions, and ultimately the evolutionary
processes of sexual selection (Barnard 2004).

Independent mate-choice

Female mating preferences can be variable between and within populations, and
explanations for this variation usually assume that preferences remain fixed throughout
the lifetime of the organism and result from strong genetic influences (e.g. Kirkpatrick
& Ryan 1991; Barnard 2004; Andersson & Simmons 2006). Fisher (1930) was the
first to formalize such a genetically based hypothesis by means of a theoretical model,
in which he assumes that females find the phenotypic characteristics of certain males
attractive, and that both male characteristics and female preferences are genetically
heritable. Due to skewed reproductive success towards the most attractive males, both
attractive traits and the preference for them spread through the population, leading
to the evolution of traits more and more exaggerated over generations. Ultimately,
however, this runaway process will be stopped by natural selection, as trait size reached
the point where its reproductive advantage is outweighed by its survival (Barnard 2004).

Several experimental studies were able to provide evidence for the covariance
between male traits and female preferences, as predicted by Fisher’s runaway model
(reviewed in Barnard 2004). However, the debate still persists on the kind of underlying
mechanism that may be at the origin of such a co-evolutionary response. (1) According
to Fisher (1930), females prefer males with certain phenotypic traits due to a genetic
predisposition in preference that is acquired by chance. Alternative hypotheses, however,



suggest that (2) female genetic preferences are not arbitrarily acquired, but that they
are an evolutionary response to genetic indicator cues on the utilitarian benefits (good
genes) that a male can provide to the female as a mate (Barnard 2004; Andersson
& Simmons 2006). Genetic indicators of quality are based on correlations between
a sexually selected trait and the phenotypic condition of its possessor. Since those traits
are costly to the males, only robust individuals in good condition can afford to develop
them (the handicap principle, Zahavi & Zahavi 1997). (3) Female preferences may also
involve phenotypic traits that reflect the ability of the male to provide non-genetic
advantages that would increase the survivorship and reproductive potential of his
offspring, such as a high-quality territory, increased fecundity from nuptial food gifts,
protection and parental care (Barnard 2004). Finally, (4) the preference of females for
a particular male ornament can simply result from a female sensory bias if that kind
of preference had initially been selected for other reasons, but that do not confer at
present any reproductive advantage (Barnard 2004). There is considerable empirical
support for all these mechanisms, and since they are not mutually exclusive and most
probably co-occur, the challenge is to learn how to distinguish between them and to
estimate their relative importance for the evolution of female mating preferences and
male attractive traits (reviewed in Andersson & Simmons 2006).

Non-independent mate-choice

Another important factor that might equally affect the evolutionary dynamics
of sexual selection, and that has been largely ignored until recently, is that female-
mating preferences may not always be independent, and therefore not fixed.
Because Darwin didn’t know about the existence of genes, he described sexual
selection as «the habitual or even occasional preference by the female of the more
attractive males», and that such preference, although not fixed, «<would almost
certainly lead to their modification; and such modifications might, in the course
of time, be augmented to almost any extent, compatible with the existence of
the species» (Darwin 1879, cap. 14). Our present knowledge about genes and genetics
has allowed us to better understand the evolutionary process in its whole. However,
it is a mistake to ignore the influence of non-genetic mechanisms on sexual selection.
In fact, genetically inherited information may not be enough to assess male heterogeneity
in quality. As a complement to females’ genetic predisposition for males with particular
traits, mating decisions may be influenced by the choices of other females, that is to
say, by the social information that is provided inadvertently by the mating decisions
of conspecific-model females (Nordell & Valone 1998; Valone & Templeron 2002;
Wagner & Danchin 2003; Danchin ez a/. 2004; Danchin & Wagner 2008).

The use of inadvertent social information (generally known as public information)
may, indeed, be a more parsimonious and reliable approach to the mate-choice process
(Danchin er 2l 2004). Because it is extracted from the direct observation of the
success and failure of conspecifics engaged in the efficient performance of their mating
activities, it thus reflects conspecifics’ genotypic dissimilarity in quality, providing
reliable information on with whom to mate. It could have therefore evolved as a direct
adaptation to assess more effectively the quality of potential mates. Furthermore,
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because it integrates, in a unique observation, the various qualities required in a mate,
it reduces the time and energy invested on independent trial-error attempts (Brooks
1998; Nordell & Valone 1998; Valone & Templeton 2002; Danchin ez al. 2004).

One consequence of using public information to decide with whom to mate is
the copying of successful conspecific choices by multiple individuals attempting
to benefit from the same favourable mating conditions (Wagner & Danchin 2003).
Mate-choice copying occurs if the mating preference of a (observing) female for
a particular (target) male increases or decreases, depending on whether that male mated
previously or was avoided by other (model) females (Pruett-Jones 1992). Prospecting
females should be observed copying other females only when their discriminating
ability is inadequate (Nordell & Valone 1998). When this is not the case, females
should rely first on their own experience to efficiently assess male quality (e.g. Gibson
& Hoglund 1992; Brooks 1998; Nordell & Valone 1998). When females lack the
ability to discriminate between two males of different quality, observing the choices of
more experienced females should allow them to mate with the best male (Nordell &
Valone 1998; Wagner & Danchin 2003). Finally, observing females will choose mates
entirely on the basis of true copying only if they are directly exposed to the mating
interactions of model females, which is the only way of obtaining direct information
about male attractiveness or quality (Danchin ez /. 2004).

The first comprehensive series of laboratory studies about social influences on
mate choice are that of Dugatkin & Godin (1992), using guppies (Poecilia reticulata)
as subjects, and that of Galef & White (1998), using japanese quails (Corurnix
japonica). Taken together, the results of both these studies provide strong evidence
that the attractiveness of a previously non-preferred male to an observing female is
markedly increased after she sees him mating. Several other empirical, theoretical
and experimental studies in a variety of vertebrate groups (see reviews on Galef
& White 2000, Danchin et al. 2004, and Valone & Templeton 2002), have been
providing evidence that animals actually use public information to chose their mates.
More recently, my co-authors and I (Mery & Varela et al. 2009) have analysed, in
Drosophila melanogaster, if the mating preferences of an observing female for males
of contrasting phenotypes (developmentally stressed versus unstressed) increased or
decreased, depending on whether the males mated previously or were avoided by
other (model) female. In the same way as with the other experiments, prospector
females increased their preference for the previously non-preferred male (the stressed
one), by increasing the time they spent near him. This is the first study providing
evidence of mate-choice copying in an invertebrate species, suggesting that such a
strategy is probably widespread in nature.

The cultural inheritance of female mating preferences

When placed on the general framework of animal communication and learning,
conspecific copying may lead to the transmission of behavioural patterns among individuals
in a process that may be similar to the cultural transmission of traditions in humans
(Danchin e# al. 2004; Laland & Janik 2006; Danchin & Wagner 2008). However, for
copying to result in the cultural inheritance of mating preferences, individual females
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must not only copy the mate choice decisions of other females, but they should also tend
to repeat this type of behaviour by generalizing their socially induced preference for a
particular male to other males that share his distinctive characteristics (Brooks 1998). Such
social generalization of female mating preferences has been described in some mammal (e.g.
Whiten et al. 1999), bird (e.g. White and Galef 20004) and fish species (e.g. Dugatkin
et al. 2002; Godin et al. 2005).

For instance, White & Galef (20006), in an additional set of experiments with
japanese quails, allowed focal females to see an artificially coloured male (with red
or blue colour patches in their chest feathers), or a pseudo-mutant male (with three
albino feathers glued to its crown) either mating with a model female or standing
alone. In a second step, each focal female was allowed to chose between two new
males, one red and the other blue, or one a pseudo-mutant and the other a normal-
-looking male (with three normal feathers glued to its crown). In both experiments,
the authors found that those focal females that had seen a red, blue or pseudo-mutant
male mate with a model female were more likely to mate with another red, blue
or pseudo-mutant male, than were those focal females that had seen an empty cage
or a red, blue or pseudo-mutant male standing alone in the cage.

Dugatkin ez /. (2002) and Godin et al. (2005), in their experiments with guppies,
found that individual females not only copy the observed mating preferences of other
females for initially non-preferred less coloured males (Dugatkin 1998), but also
that (1) an initial act of mate-choice copying had affected the mating preferences of
significantly more observer females, tested consecutively in a series (Dugatkin ez al.
2002); and that after copying (2) individual female guppies were significantly more
likely than expected by chance to generalize their copied preference for the same male
phenotype when presented with different males one day later (Godin ez /. 2005).

In our experiments with fruit flies (Mery & Varela ez a/. 2009), we have likewise
manipulated male attractiveness by showing an observing female a sequence of males
of two artificially coloured types, with one type being accepted and the other rejected
for copulation. Prospector females preferably mated with the colour type of the males
they had previously observed copulating over males of the rejected type, suggesting
that female Drosophila can also generalise socially learned information.

The ability shown in vertebrates to generalise from individuals to categories
indicates a sophisticated level of cognition that can expedite the transmission of female
preferences to other individuals (Danchin & Wagner 2008), and therefore accelerate the
spread of novel male traits through a population (White & Galef 20004; Godin ez al.
2005), even if there is no inherent genetic preference for those traits (Agrawal 2001).
Evidence that mate-choice copying and social generalisation also exist in invertebrates
(Mery & Varela et al. 2009) greatly expands the potential of these processes to affect
the evolution of female mating decisions, to induce socially biased mate choice, and
thus to increase the opportunity for sexual selection to occur (Wade & Pruett-Jones
1990; Pruett-Jones 1992; Galef & White 2000; Mery & Varela et al. 2009).

However, understanding to what extent such a cultural mechanism of mate choice
(1) can consistently modify selection pressures for certain male traits, (2) induce
reproductive isolation between populations with different cultural traditions, and,
ultimately, (3) favour the emergence of new species, are questions that are only now
being proposed, meaning that future studies on these issues should be promising.
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