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Abstract 

Sexual selection proposed by Charles Darwin states that certain evolutionary traits can be used 
for the mating competition. Females often prefer to mate with ornamented males having the 
exaggerated morphology features known as mate choice mechanisms. Despite a cost of 
possessing the exaggerated traits, females choose males with such ornaments. Fisher proposed an 
answer to this strange connection between female preferences and male traits based on the 
indirect genetic. In this survey, research on the approaches of Individual Based Modeling for 
studying sexual selection based on morphological mate choice is reviewed. For this purpose, 
some most attractive topics such as the effect of multiple traits, rare traits, and the attractive 
partners on sexual selection are discussed. 
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1. 0BINTRODUCTION 
This survey reviews research on Individual-Based Modeling approaches in the context of sexual 
selection. This study is based on the Fisherian “Sexy Son” hypothesis and emphasizes on the 
effect of morphological mate choice on the mating process. 

The materials used for this survey were found on Google Scholar, the Science Citation Index 
and related articles available on Google Scholar. 

Three difficulties arose during this survey, 1) the wide realm of sexual selection and its 
mechanisms and hypotheses, 2) the inaccurate borders of sexual selection parameters and mutual 
dependency of different mechanisms and 3) most biological views of this topic in comparison to 
the computer view. After narrowing the topic and checking about 100 articles, six journal papers 
were chosen that were exactly on topic. The other four journal papers were chosen on the 
selection from the Fisherian view based on morphological mate choice without paying attention 
to the Individual-Based Modeling. 

Most of the biological and ecological processes are complex systems formed by the 
complicated interactions between biotic and abiotic components. The study of these processes is 
difficult and in some cases is infeasible. Moreover, data collection takes long time due to a 



massive number of dispersed individuals on the vast landscapes. Furthermore, the manipulation 
of some natural factors for studying their consequences and tracking the impact of them are 
impossible in a short time. Laboratory approaches allow running tests by providing simplified 
and tractable systems where interactions of factors can be eliminated or restricted, and tests can 
be done under control. However, producing an appropriate condition and an exact repeatable 
experiment is difficult, in particular, when more than one factor affects a process. Simulation 
techniques can be a good alternative to inspect factors together. 

One such technique, called Individual-Based Model (IBM) that has been used in simulation 
of ecological and evolutionary processes. Each individual in IBM is an agent who can interact 
with other individuals. The action set, the shape of environment, the level of interaction and the 
population size of individuals are implemented based on each problem. In this study, IBM is 
used as a main platform for investigating sexual selection. 

Sexual selection as a part of natural selection involves different phenomena and mechanisms. 
The interaction between the female preferences and the male traits plays an interesting role in the 
evolutionary process, especially the impact of them on the different characteristics and behaviors 
of individuals which form various species. One difficulty of investigating on the sexual selection 
comes back to the long-time evolution that needs for different phenomena to appear. An 
individual-based model is a parallel model that can help to scrutinize sexual selection. This study 
reviews research on morphological mate choice as a mechanism of sexual selection. 

In this study, the selected journal papers have few references to each other. Consequently, 
main sections make from relevant papers about a similar aspect of sexual selection. This survey 
contains 5 main sections and a concluding comments section. Each section reviews research on 
one aspect of sexual selection based on morphological mate choice and form from two related 
papers. The first section “Sexual Selection’s Mechanisms of Mate Choice” reviews research on 
the mechanisms and hypotheses of sexual selection. This section includes two subsections about 
fundamental mechanisms and evolutionary mechanisms of sexual selection clarifying the 
characteristics of this biological concept. The second section reviews research which scrutinizes 
this topic from the genetic approach. This section consists of two subsections about the positive 
genetic linkage between female preferences and male traits. The third section reviews research 
which investigates the effect of attractiveness as a morphological mate choice on the sexual 
selection. This section comprises two papers from same authors about the impact of 
attractiveness on the fitness and sex ratio of offspring. The fourth section reviews research that 
expresses the effect of the rare and exaggerated male traits on the sexual selection. This section 
includes two near topics of special traits versus common traits. And finally, the fifth section 
states the effect of multiple male traits. Following subsections of each section reviews 
elaborately the topic of the paper. 

The results gained by individuals-based models show the ability of these simulation 
techniques on studying sexual selection as a complex biological process and can be a strong 
validation for these models in solving the biological problems. Although computer simulation 
usage has broadened these days, it is not applied widely in the sexual selection researches. 



2. SEXUAL SELECTION’S MECHANISMS OF MATE CHOICE 
This section reviews research that addresses the main observed mechanisms of sexual selection 
between the animals’ behavior that present the interaction between a choosy partner, in the form 
of female preference, and a chosen partner, in the form of male trait. Furthermore, it reviews the 
mechanism of mate choice which implies different effects of a female preference and a male trait 
on the mate choice based on the direct, indirect or genetic point of view. 

 

2.1 Sexual Selection 
Darwin’s theory of evolution of natural selection asks why males of many animals evolved 

conspicuous traits that likely reduce survival, is a footstone of sexual selection. The explanation 
for selection arises through competition over resources in which sexual selection is a mate 
choice. Sexual selection has different mechanisms that each of them is an open question in 
biological and ecological studies. 
 

Andersson and Iwasa [1996] only review studies about sexual selection mechanisms. These 
mechanisms probably to be favoured in the competing sex cover different aspects of selection 
process. Some of them mentioned on page 53 are: 

1. Scrambles: early search for and swift location of potential mates or find the mate before 
rivals. 

2. Endurance: rivalry ability to remain reproductively active during a large part of the 
season. 

3. Contests: traits that improve success in fights, such as large size, strength, weaponry, or 
threat or alternative mating tactics of inferior competitors, avoiding contests with superior 
rivals. 

4. Mate choice:  
(1) Behavioural and morphological traits that attract and stimulate mates 
(2) Offering of nutrition, territories, nest sites or other resources needed by the mate for 

breeding. 
(3) Alternative mating tactics, such as forced copulation. 

5. Coercion: morphological and other adaptations for forced copulation and other coercive 
behaviours, such as sequestering, harassment, and intimidation. 

6. Sperm competition: 
(1) Mate guarding, sequestering, frequent copulation, production of mating plugs or 

other means of preventing rivals from copulating with the mate. 
(2) Ability of displacing rival sperm by production of abundant sperm. 

7. Induced abortion or Infanticide. 

The evolution of mate preferences based on genetic models considers a male trait and a 
corresponding female mate preference. In spite of a cost of reduced viability of the holder, male 
traits can become exaggerated, although why females choose males with such costly ornaments 
is still unclear. Fisher suggested two answers with the concept of indirect genetic benefits (1) 
females with a strong trait preference will have sons with higher mating success which spread 
their genes more, (2) the male trait indicates high heritable viability that can be inherited by the 
offspring. In addition, direct benefit of mate preference have shown that a strong mate 
preference, that improves the total fitness of the female through direct phenotypic benefits, can 



evolve due to avoidance of disease transmission or through choice of a mate that gives better 
parental care. 
 

2.2 Sexual Selection and Mate Choice 
A major question in sexual selection is why females prefer ornamented males. Various 

studies on the sexual selection have introduced new ideas and discoveries of pre- and post-
copulatory sexual selection, such as aggressive competition, mate choice, sperm utilization and 
sexual conflict. The evolution of female preference, exaggerated male traits and interaction these 
components are still under studies in the area of mate choice. 
 

Andersson and Simmons [2006] only review some mechanisms that explain the evolutionary 
process of mate choice. Due to their review, mechanisms of mate choice evolution include (page 
297):  

1. Direct phenotypic effects: ‘Female preference for a male ornament can evolve as a result 
of direct phenotypic benefits if the ornament reflects the ability of the male to provide 
material advantages, such as a high-quality territory, nutrition, parental care or protection. 
Female choice might also evolve as a result of resistance to direct costs imposed by 
males.’ 

2. Sensory bias: ‘Female preference favouring a male ornament can initially evolve under 
natural selection for other reasons, for instance in the context of foraging or predator 
avoidance. Males evolving traits that exploit this bias then become favoured by mate 
choice. There is increasing phenotypic evidence that some male ornaments initially 
evolved through female sensory biases.’ 

3. Fisherian sexy sons: ‘If there are genetic components to variance in female preference 
and male trait, a female choosing a male with a large trait bears daughters and sons that 
can both carry alleles for a large trait, and for the preference for it. This genetic coupling 
might lead to self-reinforcing co-evolutions between trait and preference.’ 

4. Indicator mechanisms (‘good genes’ or ‘handicap-mechanisms’): ‘suggest that attractive 
male traits reflect broad genetic quality. Inherent in such mechanisms is the maintenance 
of genetic variation, the ‘paradox of the lek’, and parasite- and pathogen- mediated 
mechanisms have been suggested as potential solutions. In addition, other advantageous 
genes and relative freedom from deleterious mutations might lead to high male condition 
and expression of sex traits. Female preference for such traits can provide genetic 
benefits to those of her offspring that inherit favourable alleles from their father.’ 

5. Genetic compatibility mechanisms: ‘As well as additive genetic benefits reflected by 
indicator traits, there might be non-additive benefits from choosing a mate with alleles 
that complement the genome of the chooser.’ 

3. GENETIC APPROACH BASED ON FEMALE PREFERENCE AND MALE 
DISPLAY 

In the mate choice process, females sometimes choose their partners based on exaggerated traits. 
This kind of selection can refer to the genetic linkage between preference and trait that is 
addressed by the researches discussed in this section. Moreover, choosing a specific kind of trait 
can take a genetic feedback to modify the preference direction and the quality of a trait in the 



next generation due to the evolutionary process. The first subsection reviews the effect of 
positive genetic dependency on the adaptation rate due to the evolution of preferences and traits. 
Furthermore, the second subsection studies the genetic linkage between sexual preferences based 
on the Fisherian hypothesis. These two subsections investigate the different genetic approaches 
of sexual dependency between female and male. 

 

3.1 Condition-Dependent Sexual Selection Can Accelerate Adaptation 
Biologists have shown that sexual selection determines diversity of mating traits. Moreover, 

some studies have argued that sexual selection can increase the adaptation’s rate. This process 
can occur through the positive covariance between male condition and display by increasing the 
spread of beneficial alleles. The role of sexual selection in the adaptation and the evolution 
condition-dependent traits needs more experiments. 
 

Lorch et al. [2003] present an individual-based genetic model in which a diploid additive 
genetic system evolves based on covariance between traits. The model includes four types of 
traits: a resource acquisition trait for declaring condition, a display trait, a trait for the male 
display’s condition-independent part, and a female mating preference. Each female produces one 
son and one daughter to become next generation’s parents. This model can keep track how the 
evolution of the condition dependence can change the genetic variances.  
 
The authors conducted experiments to examine the effect of condition-dependence’s evolution 
on male display and female preference. They worked on two scenarios based on female choice in 
which condition-dependence was allowed to evolve or was prevented from evolving. They ran a 
simulation and after some generation they shifted the natural selection optimum of a resource 
acquisition trait. In the first optimum, the genetic system could reach the equilibrium. And the 
second optimum’s shift simulated a change in the environmental optimum for the resource 
acquisition trait. 
 
Lorch et al. claim that costly male display slowly decreased from its starting level towards zero 
when sexual selection was excluded. In addition, male display evolved to mutation selection 
balance near to maximum with existing sexual selection in the absence of condition dependence. 
Moreover, they state that the temporal dynamics of selection should take into account because 
the co-evolution between display, preference and condition can be underestimated by assessing 
only the equilibrium conditions. 
 
They state that their genetic simulation model is able to evolve the variance in display and 
covariance between display and preference instead of assuming the constant value. Moreover, 
the consequences of linkage disequilibrium between display and preference can be conspicuous. 
In addition, they claim that the large pre-equilibrium of condition-dependent sexual selection has 
been neglected in equilibrium models of sexual selection. 

3.2 Individual-Based Simulation of Sexual Selection: A Quantitative Genetic 
Approach 

The theory of sexual selection introduced by Charles Darwin, has argued why extravagant 
male traits have not been eliminated by natural selection, although these traits make the 
individual more conspicuous to predators and definitely reduce survival of it. Moreover growing 



and preserving them requires a cost. Fisher’s run-away selection hypothesis has explained why 
females prefer males with extravagant traits and disadvantageous traits evolve. Lande has 
introduced a mathematical model of Fisher’s ideas and has explained that this process causes by 
genetic linkage between female preference and male trait. This hypothesis and its solution need 
more scrutiny for a better understanding. 

 
van Dijk et al. [2010] mention the shortcoming of mathematical models for an evolutionary 

system, due to complex behaviour of this system and stationary behaviour of mathematical 
models. They state that polygenic systems cannot accurately be modeled with these models to 
predict evolutionary processes. Although the dynamic behaviour of simulation can model a 
complex system with many variables, the introduced models are far from realistic genetic 
models. 

 
This study uses the mathematics of sexual selection in an individual-based model platform. 

van Dijk et al. introduce an individual-based model of sexual selection and mate choice in a 
quantitative genetic context. They extend the two-locus genetic approach model of male display 
and female preference to the multi-locus model with a cross-over procedure that recombines the 
parental genomes once each generation. In addition they apply viability selection as a part of 
natural selection and mate choice in their model based on mathematical equation of male display. 

 
The authors conducted experiments with their model for exploring the effect of sexual 

selection. In the first experiment, they kept track a system without natural and sexual selection. 
In the second experiment, they added natural selection to the model. They explained that the 
mean male trait rapidly declined and female preference was unaffected by natural selection. In 
the third experiment, they turned off natural selection and added weak sexual selection to the 
model. They observed that the additive genetic variance of the male display rapidly declined to a 
low value. In addition, the mean male display and mean female preference were synchronized 
and moved together. In the forth experiment the effect of strong sexual selection was studied that 
caused more movement in both female and male trait. Finally in the last experiment, the 
combination of sexual selection and natural selection was explored. They observed a decrease in 
Fisher process as movement was less dynamic and the correlation between female preferences 
and male traits were smaller. 

 
They concluded that their results based on individual-based model with multi-locus female 

preferences and male traits revealed:   
• “Strong mate selection causes strong genetic linkage.” 
• “Genetic linkage coincides with run-away Fisherian sexual selection.” 
• “Increased mutation decreases the strength of the Fisher process.” 
• “Strong natural selection decreases the strength of the Fisher process.” 

 
van Dijk et al. claim that their model is a realistic technique for studying sexual selection 

based on a quantitative genetic approach in compare to mathematical equation. Moreover, they 
state that their experiments show that “the process of sexual selection is much more dynamic 
than a set of equations would predict”. Based on results, they claim that their model behaves like 
Lande’s mathematical model of Fisher. In addition, van Dijk et al. mention that sexual selection 
and especially the Fisher process can be simulated by an individual-based model. 



4. MULTIPLE MALE INDICATORS 
In some species, a female chooses a male with multiple traits. The evaluation and preservation of 
multiple traits involve more cost for females and males respectively. Some hypotheses mention 
that multiple traits indicate the quality of a mate and can increase the ability to select a high-
quality male. This section reviews research on the effect of multiple male traits on the mate 
choice. The first subsection reviews the effect of having multiple traits on the evolution of sexual 
selection. Moreover, the second subsection studies the impact of having multiple traits on the 
fitness of offspring. 

 

4.1 14BThe Evolution of Female Preferences for Multiple Indicators of Quality  
In nature, females of some species have an attraction to multiple male ornaments. The male 

ornaments can be classified as obsolete, multiple receivers, unreliable, redundant, and multiple 
messages. Each of these male displays has generated different hypotheses about what 
information and benefits a female can gain with different male courtship displays especially 
when the use of an additional cue in mate choice increases the cost of choice. The main question 
in this realm is to what extent each of the male ornaments indicates the quality, or reflects 
different aspects, of the female. It was unclear which of the different hypotheses about multiple 
ornaments has been plausible in general. 

 
van Doorn and Weissing [2004] state that the interpretation of empirical data is tough 

because of the difficulty in distinguishing between sexual selection hypotheses based on the 
observed patterns of condition dependency of ornaments. Moreover, existing models work on the 
overall genetic quality shown by ornaments instead of the possibility that different ornaments 
state information about different aspects of quality on the basis of multiple message hypothesis. 
This study uses the mathematical effect of having two ornaments in an individual-based model 
platform. The authors state that they have developed a model for the evolution of female 
preferences for multiple ornaments in which the ornaments show different quality of mate 
choice. In this individual-based model, the ornaments can provide information for female 
preferences about the mate quality on the basis of overlap or independent information of multiple 
ornaments. The effect of dependency ornaments on the evolution of female preferences takes 
into account male quality and viability and female’s choice cost.  

 
van Doorn and Weissing conducted two experiment based on the dependency of two 

ornaments. In the first experiment, it was assumed that both ornaments were equal indicators of a 
male quality. When two ornaments completely overlap in the information provided about the 
quality, the evolutionary outcome was determined by the cost of choice. In the second 
experiment, two ornaments provided different information about the quality expressed the 
evolution of multiple female preferences. 

 
The authors state that the experimental results show that multiple ornaments evolve depend 

on whether or not the costs of multiple preferences are lower than the costs of choice in case of a 
single preference. In addition, the dependency of male ornaments on indicator of genetic quality 
can lead to the evolution of multiple preferences. 

 



They state that female preferences for multiple indicators of quality may evolve when the 
choice cost is low and also when the ornaments provide independent cues of an individual’s 
genetic quality. In other words, the ornament diversity is determined by the amount of 
independent information provided by ornaments. 

 
This paper has been cited by Lancaster et al. [2009] whose work is reviewed in subsection 

4.2. 
 

4.2 Female Choice for Optimal Combinations of Multiple Male Display 
Traits Increases Offspring Survival 

In the mating process, a female often chooses a male based on the male traits that indicate his 
quality as a mate. Moreover she can perceives mating information from more than one male trait 
which may increase the ability to select a high-quality male. Although, evaluating multiple male 
traits may increase the cost, it should provide an adaptive advantage for a female such as fitness 
that can pass the male’s quality to her offspring. The preference of females for multiple traits 
needs more study to reveal the benefits of this kind of choice in achieving the survival fitness. 

 
Lancaster et al. [2009] refer to the work of van Doorn and Weissing [2004]. 
 
The effect of multiple traits on the offspring’s fitness has rarely been empirically verified. 

Lancaster et al. refer to van Doorn and Weissing [2004] work in which states with male 
complicated traits, a female can be increasingly sure of the male’s underlying genetic quality or 
potential condition by assessing several traits. Moreover, they claim that no studies have shown 
that females accrue fitness benefits through the adaptive interaction of multiple male display 
traits inherited by their offspring.  

 
The authors make an empirical experiment on the common side-blotched lizards with 

alternative reproductive strategies based on assessing the throat color and the dorsal patterning of 
males. They captured females, before they were receptive, and similarly males and maintained 
them in isolation from each other, but they visually could interact. They recorded male and 
female behaviours, including the approach time. 

 
Lancaster et al. carried out two experiments. First, they conducted a series of mate preference 

trials to identify the female preferences for the interacting traits of throat color and dorsal patter. 
Next, males and females from the preference trials were mated to each other and their progeny 
released to the wild to monitor their survival and measure fitness as a result of the preferred 
combinations of male traits. 

 
The authors state that the female side-blotched lizards which assess males for optimal trait 

combinations of throat color and dorsal patterning generate more offspring to the next adult 
generation. They mention that choosing males with adaptive combinations of these traits, would 
exhibit high fitness due to a high number of their progeny inheriting the appropriate trait 
combinations to increase their survival. 

 



Lancaster et al. contend that their results provide novel evidence for an adaptive function for 
the female evaluation of multiple male traits. In addition, they claim that their results support this 
hypothesis that females exhibit complex mating preferences when natural selection pressures on 
offspring are also complex.  

5. ATTRACTIVE PARTNER 
Attractiveness is one aspect of morphological mate choice. The effect of this indicator on the 
offspring and the quality of mating are open questions based on the attractive partner. This 
section reviews the impact of having an attractive partner on the fitness of offspring and the sex-
ratio due to the partners’ satisfaction. This section reviews works of Fawcett et al. which 
addresses these two questions in subsection one and two respectively. 

 

5.1 Should Attractive Males Have More Sons? 
Biologists have argued that females mated to attractive males produce more sons due to their 

father’s attractive inheritance and also enjoy high mating success. Consequently, these females 
have more sons in comparison to daughters that increase their fitness. Despite the argument and 
considerable research, the evidence for a link between offspring sex ratios and partner 
attractiveness is controversial. 

 
There are many field and laboratory studies about this hypothesis, however little theoretical 

work has been carried out in this field. Moreover, a variety of research shows the inconsistency 
of achieved results in the hypothesis of partner attractiveness. 

 
Fawcett et al. [2006] use a simulation model to investigate the relation between female 

preference and male attraction. They present two individual-based models for exploring the link 
between male attractiveness and offspring sex ratios based on the male traits. The first model 
applies the multi-locus genetic model and the second model uses the quantitative genetic model 
on the bases of a continuously variable male trait. 

 
The authors considered two classic forms of sexual selection: Fisherian’s runaway selection 

and good-genes selection for investigating the problem. In the runaway selection hypothesis, the 
attractiveness of males vary by the selection process but not in heritable viability, and in good-
genes selection the variation is included in the heritable viability. In the first step, they simulated 
the evolution of a conspicuous male trait and female preference due to sexual selection in the 
absence of variation in offspring sex ratios. Consequently in the second step, they investigated 
the possibility for determination of the offspring’s sex by females’ preference. 

 
On the basis of the simulations, the authors state that females with attractive partners produce 

more sons than those with unattractive partners which is as a result of the evolution of sex ratio 
adjustment based on male attractiveness. In addition, they mention where sexual selection 
reached the stable exaggeration of costly male trait and a costly female that, this phenomenon 
appears. 

 
Fawcett et al. claim that their simulation model does not need to assume particular values for 

the variance and covariance of the traits of interest in contrast to most quantitative genetic but 



rather allow these to develop in response to selection. In addition, the quantitative genetic 
approach focuses on mean values, but this simulation monitors the genetic values for each 
individual of the population directly. 

 
This paper has been cited by Fawcett et al. [2011] whose work is reviewed in subsection 5.2. 
 

5.2 Sex-Ratio Control Erodes Sexual Selection, Revealing Evolutionary 
Feedback from Adaptive Plasticity 

Sexual selection theory claims that females choose males with elaborated conspicuous 
ornaments. Based on this process, females with attractive partners should produce more sons due 
to inheriting attractiveness and enjoying high mating success. The key question is, could this 
process of sexual selection affect sex-ratio adjustment? Nowadays, biologists are trying to find 
the interplay between sexual selection and sex-ratio adjustment. 

 
Fawcett et al. [2011] refer to the work of Fawcett et al. [2006]. 
 
This paper states that their previous work have studied the relation between chossing 

partner’s attraction and increasing the number of sons, but have not considered how sex-ratio 
might have an effect on sexual selection. 

 
In this new study, Fawcett et al. developed two models for investigating the dynamic 

interplay between sexual selection and sex-ratio adjustment. In the first model, they use a 
mathematical model in which the sexual selection’s components can evolve together. In the 
second model, a series of individual-based evolutionary simulations apply to study the link 
between sexual selection and sex allocation. In these models, they utilize two types of males, 
which differ in their ornamentation and one type female which can adjust offspring sex-ratios in 
relation to its partner’s ornamentation. The mutation can alter ornaments and exchange 
ornamentation of an offspring. 

 
They conducted experiments based on sex-allocation. In the beginning, they fixed the sex-

allocation traits and let male ornamentation and female preference evolve. Then, from the 
stabilised point, they allowed the sex-allocation traits evolve to keep track the effect of sex-
allocation on the sexual selection.  

 
The authors state that the experimental results show how conditional sex-ratio adjustment 

gradually reduces sexual selection. They explain that females mated to males with exaggerated 
ornamentation have more sons in comparison to those mated to less-ornamented males. 
Consequently, the biased sex allocation weakens sexual selection and leads to a gradual decline 
in male ornamentation and female preference. 

 
Fawcett et al. claim that the plasticity in sex-ratio bias can alter the evolution of 

ornamentation and this phenomenon is not restricted to sex allocation and can be a general 
principle based on an individual’ traits. In addition, they claim that species with little or no 
control over offspring sex, could include the exaggerated sexual displays. 



6. RARITY AND EXAGGERATION 
In some species, females prefer males with rare traits. A rare trait can express the quality of 
survivorship or immunization. On the other hand, female preference that has an effect on sexual 
selection direction can be a complex function that shapes exaggerated traits. This section reviews 
the female preference for the rare trait or the exaggerated trait. The first subsection reviews the 
tendency to have a mate with a rare or a novel trait which can be explained as a specific 
exaggerated trait. The second subsection reviews the shape of the female function that chooses 
the exaggerated traits in mate choice process. 

 

6.1 Evolution of Frequency-Dependent Mate Choice: Keeping Up with 
Fashion Trends 

Mating preferences have many different scenarios based on diversity of sexual traits favoured 
by females. Distinctive females prefer different traits that reduce directional selection on specific 
male genotypes. In a few species, females choose males with rare or novel traits instead of 
common phenotypes. This rare preference could have some beneficial such as rare male 
phenotypes might be more immune to diseases or less attract predators that search common 
phenotypes. The evolution of a female preference for rarity has not been studied precisely. 

 
Kokko et al. [2007] refer to the work of Jennions and Petrie [1997]. 
 
They do not address the shortcoming of Jennions and Petrie’s work. They refer to this study 

in which states mate choice favours genes with non-additive effects on offspring fitness. 
 
Kokko et al. used an individual-based simulation model to study the evolution of female 

mating preferences for rare male traits. They take into account the effect of temporal variation in 
male survival. In their model, male phenotype determines with the k alleles’ haploid genes. The 
females have a choice gene which either have the preference allele or mate randomly. In 
addition, males have temporally viability selection includes randomly selected genotypes that 
suffer an extra mortality risk or the most common genotype affect by the extra mortality risk. 
Each female samples n males from to evaluate phenotypic frequencies and mates with the rarest 
male in its sample. 

 
The authors conducted two experiments for studying females’ preference toward rarity male 

traits. In the first experiment, they evaluated mutation–selection balance that shows the relation 
between viability cost and mutation rate between preference and random mating. In the second 
experiment, they examined the preference evolution in the absence of viability selection on 
males.  

 
They state that the analysis which they conducted shows when females choose a costly 

mating preference for rare males, the preference will disperse or reduce until ceased by 
frequency-dependent selection. It elaborates the Fisherian effect which can increase female 
preference to a frequency above predicted by mutation–selection balance, although it has more 
costs for female’s mortality. Moreover, if females cannot express their preference, that 
preference can evolve into much higher frequencies and converge into fixation. 

 



Kokko et al.  state that their new model considers preferences for rare genotypes rather than 
common ones. They explain due to viability benefits of sensible preferences, that evolve easily,  
the rarity mating preferences happen less often than others mating preferences. 
 

This paper has been cited by Robinson et al. [2011] whose work is reviewed in subsection 
6.2. 
 

6.2 Female Preference and the Evolution of an Exaggerated Male 
Ornament: the Shape of the Preference Function Matters 

Based on the sexual selection theory, female preferences produce directional selection for 
male traits. However, the female preference functions can have an effect on the sexual selection 
direction where several studies have shown these functions can be complex. The direction of 
selection because of female preference can be mislead without paying attention to the complexity 
of preference functions and the adaptive variation in female mate preferences. Due to this view, 
the evolution of a particular trait requires an accurate assessment of the shape of the female 
preference function. 

 
Robinson et al. [2011] refer to the work of Kokko et al. [2007]. 
 
This paper refers to Kokko et al. in which mention one possible explanation for the bimodal 

of the preference function could be preferences for novel traits. 
 
Robinson et al.  investigated the use of the dorsal fin during courtship as a signal directed 

towards females. They collected some Xiphophorus birchmanni male and female fish which 
were isolated into the aquaria. They created a two-dimensional model with an opaque body and 
transparent fins to examining the female preference by measuring the reaction to them. The 
difference between the time females spent with each transparency indicated strength of 
preference. 

 
The authors assessed dorsal fin size, (1) to find the relation between female preference and 

natural variation in male dorsal fin size and with measuring the male and female standard length, 
male absolute and relative dorsal fin size and population, (2) to evaluate any correlation between 
male courtship behaviour and dorsal fin size with measuring the absolute dorsal fin size, relative 
dorsal fin size and the number of copulations.  

 
They state that the female preference selects for enlarged dorsal fins in male X. birchmanni, 

and female preferences are not directional for small dorsal fins as a result. Moreover, they 
conclude that males that court more raise their dorsal fins more, and smaller males with smaller 
absolute dorsal fins court more. In addition, they expressed that the female preference was 
involved in the evolution of the enlarged dorsal fins in males of this species. 

 
Robinson et al. claim that selection due to female preference is probably much more complex 

than is often considered. Moreover, they mention that there is no evidence of a relationship 
between either the absolute or relative dorsal fin size and male aggressive behaviours towards 
females or the use of coercive mating behaviours such as attempted copulations.  



7. 6BCONCLUDING COMMENTS 
This Survey reviewed individual-based modeling approaches for sexual selection based on 
morphological mate choice. For this purpose, five topics studied including: mate choice 
mechanisms, genetic approach based on female preferences and male traits, multiple male 
indicators as a quality measure in the mate choice, the role of attractive mate on offspring’s 
fitness and the effect of rare or exaggerated traits on the sexual selection evolution. This study 
contains two surveys and eight journal papers that were selected from 20 papers. Table 1 
summarizes these papers. 
 

Table 1: The relations between papers 

Year Authors Title Papers 
referred to 

Major contribution 

1996 Andersson 
and Iwasa 

Sexual selection none Mechanisms of mate choice 

2003 Lorch et 
al.  

Condition-dependent sexual 
selection can accelerate 
adaptation 

none The role of co-evolution 
between display and 
preference on adaptation  

2004 van Doorn 
and 
Weissing 

The evolution of female 
preferences for multiple 
indicators of quality 

none To what extent each of the 
male ornaments indicates the 
quality of mate to the female 

2006 Andersson 
and 
Simmons 

Sexual selection and mate choice none Mechanisms of mate choice 
evolution 

2006 Fawcett et 
al. 

Should attractive males have 
more sons? 

none Link between offspring sex 
ratios and partner 
attractiveness 

2007 Kokko et 
al.  

Evolution of frequency-
dependent mate choice: keeping 
up with fashion trends 

Jennions and 
Petrie 1997 

The impact of choosing  males 
with rare traits instead of 
general phenotypes 

2009 Lancaster 
et al.  

Female choice for optimal 
combinations of multiple male 
display traits increases offspring 
survival 

Doorn and 
Weissing 
2004 

Evaluating multiple male traits 
as measure of quality 

2010 van Dijk 
et al.  

Individual-based simulation of 
sexual selection: A quantitative 
genetic approach 

none Studies of genetic linkage 
between female preference 
and male trait 

2011 Fawcett et 
al.  

Sex-ratio control erodes sexual 
selection, revealing evolutionary 
feedback from adaptive plasticity 

Fawcett et 
al. 2006 

Interplay between sexual 
selection and sex-ratio 
adjustment 

2011 Robinson 
et al.  

Female preference and the 
evolution of an exaggerated male 
ornament: the shape of the 
preference function matters 

Kokko et al. 
2007 

The evolution of an 
exaggerated ornament based 
on female preference by 
tracking the dorsal fin  

 
Sexual selection as an evolutionary process based on the female preference and male trait 

contains various phenomena that reveal the complex relation between them. Although the sexual 
selection makes up from different interactive structures, an individual-based modeling can be 
used to simulate the elements of sexual selection. The dynamic behaviour of this model has 
enriched it to investigate the direction or indirection effect of female preference and male 
preference in the form of mate choice mechanisms. On the other hand, the ability of this model 



to simulate the huge number of individuals simultaneously is useful to keep track the effect of 
the evolution on the complicated sexual selection process. 
van Doorn and Weissing 2004 state that they used the information content of an ornament as a 
fixed parameter of their model. “This approach excluded the possibility that males adjust their 
investment into ornaments depending on their quality in order to realize an optimal pattern of 
condition-dependent ornament expression”. As a future work, they proposed to omit this 
limitation. 

Fawcett et al. 2006 state that their model can be modified by adding two features: 1) sex-
linked between conspicuous male traits and female preferences as coded genes, 2) the difference 
in fitness returns from sons and daughters for females mated to highly ornamented males. 

Finally, van Dijk et al. 2010 state that for the sake of simplification, they make a number of 
assumptions in their model. In future studies, it can be useful adding the fixed population size, 
non-overlapping generations and a spatial dimension to the individual-based model. 
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10. 9BANNOTATIONS 

10.1 20Bvan Dijk et al. 2010 
 

CITATION: VAN DIJK, D., SLOOT, P.M.A., TAY, J.C., AND SCHUT, M.C. 2010. Individual-based 
simulation of sexual selection: A quantitative genetic approach. Procedia Computer Science 1, 1, 
2003-2011. 
 
The problem. The theory of sexual selection introduced by Charles Darwin, has argued why 
extravagant male traits have not been eliminated by natural selection, although these traits make 
the individual more conspicuous to predators and definitely reduce survival of it. Moreover 
growing and preserving them requires a cost. Fisher’s run-away selection hypothesis has 
explained why females prefer males with extravagant traits and disadvantageous traits evolve. 
Lande has introduced a mathematical model of Fisher’s ideas and has explained that this process 
causes by genetic linkage between female preference and male trait. This hypothesis and its 
solution need more scrutiny for a better understanding. 
 
Previous works. There is no reference to other work. 
 
Shortcomings of previous works. The authors mention the shortcoming of mathematical models 
for an evolutionary system, due to complex behaviour of this system and stationary behaviour of 
mathematical models. They state that polygenic systems cannot accurately be modeled with 
these models to predict evolutionary processes. Although the dynamic behaviour of simulation 
can model a complex system with many variables, the introduced models are far from realistic 
genetic models. 
 
The new idea, algorithm, architecture, protocol, etc. This paper uses the mathematics of sexual 
selection in an individual-based model platform. The authors introduce an individual-based 
model of sexual selection and mate choice in a quantitative genetic context. They extend the two-
locus genetic approach model of male display and female preference to the multi-locus model 
with a cross-over procedure that recombines the parental genomes once each generation. In 
addition they apply viability selection as a part of natural selection and mate choice in their 
model based on mathematical equation of male display. 
 
Experiments and/or analysis conducted. The authors conducted experiments with their model for 
exploring the effect of sexual selection. In the first experiment, they kept track a system without 
natural and sexual selection. In the second experiment, they added natural selection to the model. 
They explained that the mean male trait rapidly declined and female preference was unaffected 
by natural selection. In the third experiment, they turned off natural selection and added weak 
sexual selection to the model. They observed that the additive genetic variance of the male 
display rapidly declined to a low value. In addition, the mean male display and mean female 
preference were synchronized and moved together. In the forth experiment the effect of strong 
sexual selection was studied that caused more movement in both female and male trait. Finally in 
the last experiment, the combination of sexual selection and natural selection was explored. They 
observed a decrease in Fisher process as movement was less dynamic and the correlation 
between female preferences and male traits were smaller. 



 
Results. They concluded that their results based on individual-based model with multi-locus 
female preferences and male traits revealed: 

• “Strong mate selection causes strong genetic linkage.” 
• “Genetic linkage coincides with run-away Fisherian sexual selection.” 
• “Increased mutation decreases the strength of the Fisher process.” 
• “Strong natural selection decreases the strength of the Fisher process.” 

 
Claims. The authors claim that their model is a realistic technique for studying sexual selection 
based on a quantitative genetic approach in compare to mathematical equation. Moreover, that 
state that their experiments show that “the process of sexual selection is much more dynamic 
than a set of equations would predict”. Based on their results, they claim that their model 
behaves like Lande’s mathematical model of Fisher. In addition, they mention that sexual 
selection and especially the Fisher process can be simulated by an individual-based model. 
 
Citations to the paper by other researchers. 

10.2 21Bvan Doorn and Weissing 2004 
 

CITATION: VAN DOORN, G.S. AND WEISSING, F.J. 2004. The evolution of female preferences for 
multiple indicators of quality. The American Naturalist 164, 2, 173-186. 
 
The problem. In nature, females of some species have an attraction to multiple male ornaments. 
The male ornaments can be classified as obsolete, multiple receivers, unreliable, redundant, and 
multiple messages. Each of these male displays has generated different hypotheses about what 
information and benefits a female can gain with different male courtship displays especially 
when the use of an additional cue in mate choice increases the cost of choice. The main question 
in this realm is to what extent each of the male ornaments indicates the quality, or reflects 
different aspects, of the female. It was unclear which of the different hypotheses about multiple 
ornaments has been plausible in general. 
 
Previous works. There is no reference to other works. 
 
Shortcomings of previous works.  
 
The new idea, algorithm, architecture, protocol, etc. The authors state that the interpretation of 
empirical data is tough because of the difficulty in distinguishing between sexual selection 
hypotheses based on the observed patterns of condition dependency of ornaments. Moreover, 
existing models work on the overall genetic quality shown by ornaments instead of the 
possibility that different ornaments state information about different aspects of quality on the 
basis of multiple message hypothesis. This paper uses the mathematical effect of having two 
ornaments in an individual-based model platform. The authors state that they have developed a 
model for the evolution of female preferences for multiple ornaments in which the ornaments 
show different quality of mate choice. In this individual-based model, the ornaments can provide 
information for female preferences about the mate quality on the basis of overlap or independent 



information of multiple ornaments. The effect of dependency ornaments on the evolution of 
female preferences takes into account male quality and viability and female’s choice cost. 
 
Experiments and/or analysis conducted. The authors conducted two experiment based on the 
dependency of two ornaments. In the first experiment, it was assumed that both ornaments were 
equal indicators of a male quality. When the two ornaments completely overlap in the 
information provided about the quality, the evolutionary outcome was determined by the cost of 
choice. In the second experiment, two ornaments provided different information about the 
quality expressed the evolution of multiple female preferences. 
 
Results. that the authors claim to have achieved. The authors state that the experimental results 
show that multiple ornaments evolve depend on whether or not the costs of multiple preferences 
are lower than the costs of choice in case of a single preference. In addition, the dependency of 
male ornaments on indicator of genetic quality can lead to the evolution of multiple preferences. 
 
Claims. They state that female preferences for multiple indicators of quality may evolve when 
the choice cost is low and also when the ornaments provide independent cues of an individual’s 
genetic quality. In other words, the ornament diversity is determined by the amount of 
independent information provided by ornaments. 
 

Citations to the paper by other researchers. This paper has been cited by Lancaster et al. 
[2009]. 

10.3 22BFawcett et al. 2006 
 

CITATION: FAWCETT, T.W., KUIJPER, B., PEN, I., AND WEISSING, F.J. 2006. Should attractive 
males have more sons? Behavioral Ecology 18, 1, 71-80. 
 
The problem. Biologists have argued that females mated to attractive males produce more sons 
due to their father’s attractive inheritance and also enjoy high mating success. Consequently, 
these females have more sons in comparison to daughters that increase their fitness. Despite the 
argument and considerable research, the evidence for a link between offspring sex ratios and 
partner attractiveness is controversial. 
 
Previous works. There is no reference to other work. 
 
Shortcomings of previous work. There are many field and laboratory studies about this 
hypothesis, however little theoretical work has been carried out in this field. Moreover, a variety 
of research shows the inconsistency of achieved results in the hypothesis of partner 
attractiveness. 
 
The new idea, algorithm, architecture, protocol, etc. This paper uses a simulation model to 
investigate the relation between female preference and male attraction. The authors present two 
individual-based models for exploring the link between male attractiveness and offspring sex 
ratios based on the male traits. The first model applies the multi-locus genetic model and the 
second model uses the quantitative genetic model on the bases of a continuously variable male 
trait. 



 
Experiments and/or analysis conducted. The authors considered two classic forms of sexual 
selection: Fisherian’s runaway selection and good-genes selection for investigating the problem. 
In the runaway selection hypothesis, the attractiveness of males vary by the selection process but 
not in heritable viability, and in good-genes selection the variation is included in the heritable 
viability. In the first step, they simulated the evolution of a conspicuous male trait and female 
preference due to sexual selection in the absence of variation in offspring sex ratios. 
Consequently in the second step, they investigated the possibility for determination of the 
offspring’s sex by females’ preference. 
 
Results. On the basis of the simulations, the authors state that females with attractive partners 
produce more sons than those with unattractive partners which is as a result of the evolution of 
sex ratio adjustment based on male attractiveness. In addition, they mention where sexual 
selection reached the stable exaggeration of costly male trait and a costly female that, this 
phenomenon appears. 
 
Claims. They claim that their simulation model does not need to assume particular values for the 
variance and covariance of the traits of interest in contrast to most quantitative genetic but rather 
allow these to develop in response to selection. In addition, the quantitative genetic approach 
focuses on mean values, but this simulation monitors the genetic values for each individual of the 
population directly. 
 
Citations to the paper by other researchers. This paper has been cited by Fawcett et al. [2011]. 

10.4 Fawcett et al. 2011 
 

CITATION: FAWCETT, T.W., KUIJPER, B., WEISSING, F.J., AND PEN, I. 2011. Sex-ratio control 
erodes sexual selection, revealing evolutionary feedback from adaptive plasticity. Proceedings of 
the National Academy of Sciences 108, 38, 15925-15930. 
 
The problem. Sexual selection theory claims that females choose males with elaborated 
conspicuous ornaments. Based on this process, females with attractive partners should produce 
more sons due to inheriting attractiveness and enjoying high mating success. The key question is, 
could this process of sexual selection affect sex-ratio adjustment? Nowadays, biologists are 
trying to find the interplay between sexual selection and sex-ratio adjustment. 
 
Previous works. The authors refer to the work of Fawcett et al. [2006]. 
 
Shortcomings of previous works. The authors state that Fawcett et al. [2006] have studied the 
relation between chossing partner’s attraction and increasing the number of sons, but have not 
considered how sex-ratio might have an effect on sexual selection. 
 
The new idea, algorithm, architecture, protocol, etc. The authors developed two models for 
investigating the dynamic interplay between sexual selection and sex-ratio adjustment. In the 
first model, they use a mathematical model in which the sexual selection’s components can 
evolve together. In the second model, a series of individual-based evolutionary simulations apply 
to study the link between sexual selection and sex allocation. In these models, they utilize two 



types of males, which differ in their ornamentation and one type female which can adjust 
offspring sex-ratios in relation to its partner’s ornamentation. The mutation can alter ornaments 
and exchange ornamentation of a offspring. 
 
Experiments and/or analysis conducted. They conducted experiments based on sex-allocation. In 
the beginning, they fixed the sex-allocation traits and let male ornamentation and female 
preference evolve. Then, from the stabilised point, they allowed the sex-allocation traits evolve 
to keep track the effect of sex-allocation on the sexual selection.  
 
Results. The authors state that the experimental results show how conditional sex-ratio 
adjustment gradually reduces sexual selection. They explain that females mated to males with 
exaggerated ornamentation have more sons in comparison to those mated to less-ornamented 
males. Consequently, the biased sex allocation weakens sexual selection and leads to a gradual 
decline in male ornamentation and female preference. 
 
Claims. The authors claim that the plasticity in sex-ratio bias can alter the evolution of 
ornamentation and this phenomenon is not restricted to sex allocation and can be a general 
principle based on an individual’ traits. In addition, they claim that species with little or no 
control over offspring sex, could include the exaggerated sexual displays. 
 

Citations to the paper by other researchers. 

10.5 Kokko et al. 2007 
 

CITATION: KOKKO, H., JENNIONS, M.D., AND HOUDE, A. 2007. Evolution of frequency-dependent 
mate choice: keeping up with fashion trends. Proceedings. Biological Sciences / The Royal 
Society 274, 1615, 1317-1324. 
 
The problem. Mating preferences have many different scenarios based on diversity of sexual 
traits favoured by females. Distinctive females prefer different traits that reduce directional 
selection on specific male genotypes. In a few species, females choose males with rare or novel 
traits instead of specific phenotypes. This rare preference could have some beneficial such as 
rare male phenotypes might be more immune to diseases or less attract predators that search 
common phenotypes. The evolution of a female preference for rarity has not been studied 
precisely. 
 
Previous works. The authors refer to the work of Jennions and Petrie [1997]. 
 
Shortcomings of previous works. The authors do not address the shortcoming of previous work 
exclusively. They mention Jennions and Petrie [1997] as a study in which states mate choice 
favours genes with non-additive effects on offspring fitness. 
 
The new idea, algorithm, architecture, protocol, etc. They used an individual-based simulation 
model to study the evolution of female mating preferences for rare male traits. They take into 
account the effect of temporal variation in male survival. In their model, male phenotype 
determines with the k alleles’ haploid genes. The females have a choice gene which either have 
the preference allele or mate randomly. In addition, males have temporally viability selection 



includes randomly selected genotypes that suffer an extra mortality risk or the most common 
genotype affect by the extra mortality risk. Each female samples n males from to evaluate 
phenotypic frequencies and mates with the rarest male in its sample. 
 
Experiments and/or analysis conducted. The authors conducted two experiments for studying 
females’ preference toward rarity male traits. In the first experiment, they evaluated mutation–
selection balance that shows the relation between viability cost and mutation rate between 
preference and random mating. In the second experiment, they examined the preference 
evolution in the absence of viability selection on males.  
 
Results. The authors state that the analysis which they conducted shows when females choose a 
costly mating preference for rare males, the preference will disperse or reduce until ceased by 
frequency-dependent selection. It elaborates the Fisherian effect which can increase female 
preference to a frequency above predicted by mutation–selection balance, although it has more 
costs for female’s mortality. Moreover, if females cannot express their preference, that 
preference can evolve into much higher frequencies and converge into fixation. 
 
Claims. The authors state that their new model considers preferences for rare genotypes rather 
than common ones. They explain due to viability benefits of sensible preferences, that evolve 
easily,  the rarity mating preferences happen less often than others mating preferences.  
 
Citations to the paper by other researchers: This paper has been cited by Robinson et al. [2011]. 

10.6 Lorch et al. 2003 
 

CITATION: LORCH, P.D., PROULX, S., ROWE, L., AND DAY, T. 2003. Condition-dependent sexual 
selection can accelerate adaptation. Evolutionary Ecology Research 5, 6, 867-88. 
 
The problem. Biologists have shown that sexual selection determines diversity of mating traits. 
Moreover, some studies have argued that sexual selection can increase the adaptation’s rate. This 
process can occur through the positive covariance between male condition and display by 
increasing the spread of beneficial alleles. The role of sexual selection in the adaptation and the 
evolution condition-dependent traits needs conducting more experiments.  
 
Previous works. There is no reference to other work. 
 
Shortcomings of previous works.  
 
The new idea, algorithm, architecture, protocol, etc. The authors present an individual-based 
genetic model in which a diploid additive genetic system evolves based on covariance between 
traits. The model includes four types of traits: a resource acquisition trait for declaring condition, 
a display trait, a trait for the male display’s condition-independent part, and a female mating 
preference. Each female produces one son and one daughter to become next generation’s parents. 
This model can keep track how the evolution of the condition dependence can change the genetic 
variances.  
 



Experiments and/or analysis conducted. The authors conducted experiments to examine the 
effect of condition-dependence’s evolution on male display and female preference. They worked 
on two scenarios based on female choice in which condition-dependence was allowed to evolve 
or was prevented from evolving. They ran a simulation and after some generation they shifted 
the natural selection optimum of a resource acquisition trait. In the first optimum, the genetic 
system could reach the equilibrium. The second optimum’s shift simulated a change in the 
environmental optimum for the resource acquisition trait. 
 
Results. The authors claim that costly male display slowly decreased from its starting level 
towards zero when sexual selection was excluded. In addition, male display evolved to mutation 
selection balance near to maximum with existing sexual selection in the absence of condition 
dependence. Moreover, they state that the temporal dynamics of selection should take into 
account because the co-evolution between display, preference and condition can be 
underestimated by assessing only the equilibrium conditions. 
 
Claims. The authors state that their genetic simulation model is able to evolve the variance in 
display and covariance between display and preference instead of assuming the constant value. 
Moreover, the consequences of linkage disequilibrium between display and preference can be 
conspicuous. In addition, they claim that the large pre-equilibrium of condition-dependent sexual 
selection has been neglected in equilibrium models of sexual selection. 
 
Citations to the paper by other researchers. 

10.7 Lancaster et al. 2009 
 

CITATION: LANCASTER, L.T., HIPSLEY, C. A., AND SINERVO, B. 2009. Female choice for optimal 
combinations of multiple male display traits increases offspring survival. Behavioral Ecology 20, 
5, 993-999. 
 
The problem. In the mating process, a female often chooses a male based on the male traits that 
indicate his quality as a mate. Moreover she can perceives mating information from more than 
one male trait which may increase the ability to select a high-quality male. Although, evaluating 
multiple male traits may increase the cost, it should provide an adaptive advantage for a female 
such as fitness that can pass the male’s quality to her offspring. The preference of females for 
multiple traits needs more study to reveal the benefits of this kind of choice in achieving the 
survival fitness. 
 
Previous works. The authors refer to the work of van Doorn and Weissing [2004]. 
 
Shortcomings of previous works. The effect of multiple traits on the offspring’s fitness has rarely 
been empirically verified. They refer to van Doorn and Weissing [2004] work in which states 
with male complicated traits, a female can be increasingly sure of the male’s underlying genetic 
quality or potential condition by assessing several traits. Moreover, the authors claim that no 
studies have shown that females accrue fitness benefits through the adaptive interaction of 
multiple male display traits inherited by their offspring.  
 



The new idea, algorithm, architecture, protocol, etc. The authors make an empirical experiment 
on the common side-blotched lizards with alternative reproductive strategies based on assessing 
the throat color and the dorsal patterning of males. They captured females, before they were 
receptive, and similarly males and maintained them in isolation from each other, but they 
visually could interact. They recorded male and female behaviours, including the approach time. 
 
Experiments and/or analysis conducted. The authors carried out two experiments. First, they 
conducted a series of mate preference trials to identify the female preferences for the interacting 
traits of throat color and dorsal patter. Next, males and females from the preference trials were 
mated to each other and their progeny released to the wild to monitor their survival and measure 
fitness as a result of the preferred combinations of male traits. 
 
Results. The authors state that the female side-blotched lizards which assess males for optimal 
trait combinations of throat color and dorsal patterning generate more offspring to the next adult 
generation. They mention that choosing males with adaptive combinations of these traits, would 
exhibit high fitness due to a high number of their progeny inheriting the appropriate trait 
combinations to increase their survival. 
 
Claims. The authors contend that their results provide novel evidence for an adaptive function 
for the female evaluation of multiple male traits. In addition, they claim that their results support 
this hypothesis that females exhibit complex mating preferences when natural selection pressures 
on offspring are also complex.  
 
Citations to the paper by other researchers. 

10.8 27BRobinson et al. 2011 
 

CITATION: ROBINSON, D.M., TUDOR, M.S., AND MORRIS, M.R. 2011. Female preference and the 
evolution of an exaggerated male ornament: the shape of the preference function matters. Animal 
Behaviour 81, 5, 1015-1021. 
 
The problem. Based on the sexual selection theory, female preferences produce directional 
selection for male traits. However, the female preference functions can have an effect on the 
sexual selection direction where several studies have shown these functions can be complex. The 
direction of selection because of female preference can be mislead without paying attention to 
the complexity of preference functions and the adaptive variation in female mate preferences. 
Due to this view, the evolution of a particular trait requires an accurate assessment of the shape 
of the female preference function. 
 
Previous works. The authors refer to the work of Kokko et al. [2007]. 
 
Shortcomings of previous works. The authors refer to Kokko et al. [2007] and mention one 
possible explanation for the bimodal of the preference function could be preferences for novel 
traits. 
 
The new idea, algorithm, architecture, protocol, etc. The authors investigated the use of the 
dorsal fin during courtship as a signal directed towards females. They collected some 



Xiphophorus birchmanni male and female fish which were isolated into the aquaria. They 
created a two-dimensional model with an opaque body and transparent fins to examining the 
female preference by measuring the reaction to them. The difference between the time females 
spent with each transparency indicated strength of preference. 
 
Experiments and/or analysis conducted. They assessed dorsal fin size, (1) to find the relation 
between female preference and natural variation in male dorsal fin size and with measuring the 
male and female standard length, male absolute and relative dorsal fin size and population, (2) to 
evaluate any correlation between male courtship behaviour and dorsal fin size with measuring 
the absolute dorsal fin size, relative dorsal fin size and the number of copulations.  
 
Results. The authors state that the female preference selects for enlarged dorsal fins in male X. 
birchmanni, and female preferences are not directional for small dorsal fins as a result. 
Moreover, they conclude that males that court more raise their dorsal fins more, and smaller 
males with smaller absolute dorsal fins court more. In addition, they expressed that the female 
preference was involved in the evolution of the enlarged dorsal fins in males of this species. 
 
Claims. The authors claim that selection due to female preference is probably much more 
complex than is often considered. Moreover, they mention that there is no evidence of a 
relationship between either the absolute or relative dorsal fin size and male aggressive 
behaviours towards females or the use of coercive mating behaviours such as attempted 
copulations.  
 
Citations to the paper by other researchers. 

10.9 Andersson and Iwasa 1996 
For clarification: This journal paper is a review of mechanisms of sexual selection and does not 
have any experiments, results or claims. 
 
CITATION: ANDERSSON, M. AND IWASA, Y. 1996. Sexual selection. Trends in Ecology & 
Evolution 11, 2, 53-58. 
 
The problem. Darwin’s theory of evolution of natural selection asks why males of many animals 
evolved conspicuous traits that likely reduce survival, is a footstone of sexual selection. The 
explanation for selection arises through competition over resources in which sexual selection is a 
mate choice. Sexual selection has different mechanisms that each of them is an open question in 
biological and ecological studies. 
 
Previous works. There is no reference to other work. 
 
Shortcomings of previous works.  
 
The new idea, algorithm, architecture, protocol, etc. The authors review studies about sexual 
selection mechanisms. These mechanisms probably to be favoured in the competing sex cover 
different aspects of selection process. Some of them mentioned on page 53 are: 

1. Scrambles: early search for and swift location of potential mates or find the mate before 
rivals. 



2. Endurance: rivalry ability to remain reproductively active during a large part of the 
season. 

3. Contests: traits that improve success in fights, such as large size, strength, weaponry, or 
threat or alternative mating tactics of inferior competitors, avoiding contests with superior 
rivals. 

4. Mate choice:  
(1) Behavioural and morphological traits that attract and stimulate mates 
(2) Offering of nutrition, territories, nest sites or other resources needed by the mate for 

breeding. 
(3) Alternative mating tactics, such as forced copulation. 

5. Coercion: morphological and other adaptations for forced copulation and other coercive 
behaviours, such as sequestering, harassment, and intimidation. 

6. Sperm competition: 
(1) Mate guarding, sequestering, frequent copulation, production of mating plugs or 

other means of preventing rivals from copulating with the mate. 
(2) Ability of displacing rival sperm by production of abundant sperm. 

7. Induced abortion or Infanticide. 
The evolution of mate preferences based on genetic models considers a male trait and a 
corresponding female mate preference. In spite of a cost of reduced viability of the holder, male 
traits can become exaggerated, although why females choose males with such costly ornaments 
are still unclear. Fisher suggested two answers with the concept of indirect genetic benefits (1) 
females with a strong trait preference will have sons with higher mating success which spread 
their genes more, (2) the male trait indicates high heritable viability that can be inherited by the 
offspring. In addition, direct benefit of mate preference have shown that if a strong mate 
preference improves the total fitness of the female through direct phenotypic benefits, can evolve 
due to avoidance of disease transmission or through choice of a mate that gives better parental 
care. 
 
Experiments and/or analysis conducted. 
 
Results. 
 
Claims. 
 
Citations to the paper by other researchers. 

10.10 Andersson and Simmons 2006 
For clarification: This journal paper is a review of mechanisms of mate choice and does not have 
any experiments, results or claims. 
 
CITATION: ANDERSSON, M. AND SIMMONS, L.W. 2006. Sexual selection and mate choice. Trends 
in Ecology & Evolution 21, 6, 296-302. 
 
The problem. A major question in sexual selection is why females prefer ornamented male. 
Various studies on the sexual selection have introduced new ideas and discoveries of pre- and 
post-copulatory sexual selection, such as aggressive competition, mate choice, sperm utilization 



and sexual conflict. The evolution of female preference, exaggerated male traits and interaction 
these components are still under studies in the area of mate choice. 
 
Previous works. There is no reference to other work. 
 
Shortcomings of previous works.  
 
The new idea, algorithm, architecture, protocol, etc. The authors review some mechanisms that 
explain the mate choice evolution (based on page 297): 

1. Direct phenotypic effects: ‘Female preference for a male ornament can evolve as a result 
of direct phenotypic benefits if the ornament reflects the ability of the male to provide 
material advantages, such as a high-quality territory, nutrition, parental care or protection. 
Female choice might also evolve as a result of resistance to direct costs imposed by 
males.’ 

2. Sensory bias: ‘Female preference favouring a male ornament can initially evolve under 
natural selection for other reasons, for instance in the context of foraging or predator 
avoidance. Males evolving traits that exploit this bias then become favoured by mate 
choice. There is increasing phenotypic evidence that some male ornaments initially 
evolved through female sensory biases.’ 

3. Fisherian sexy sons: ‘If there are genetic components to variance in female preference 
and male trait, a female choosing a male with a large trait bears daughters and sons that 
can both carry alleles for a large trait, and for the preference for it. This genetic coupling 
might lead to self-reinforcing co-evolutions between trait and preference.’ 

4. Indicator mechanisms (‘good genes’ or ‘handicap-mechanisms’): ‘suggest that attractive 
male traits reflect broad genetic quality. Inherent in such mechanisms is the maintenance 
of genetic variation, the ‘paradox of the lek’, and parasite- and pathogen- mediated 
mechanisms have been suggested as potential solutions. In addition, other advantageous 
genes and relative freedom from deleterious mutations might lead to high male condition 
and expression of sex traits. Female preference for such traits can provide genetic 
benefits to those of her offspring that inherit favourable alleles from their father.’ 

5. Genetic compatibility mechanisms: ‘As well as additive genetic benefits reflected by 
indicator traits, there might be non-additive benefits from choosing a mate with alleles 
that complement the genome of the chooser.’ 

 
Experiments and/or analysis conducted. 
 
Results. 
 
Claims. 
 
Citations to the paper by other researchers. 
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