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ABSTRACT 
 
 

Despite the great research effort that has been made to understand the evolution of mate 
choice, there are still many remaining questions. For instance, how mating preferences evolve 
and how underlying mechanisms of mate choice interact are still subjects of debate.  Sensory 
exploitation has been hypothesized to be a plausible mechanism for the start of preference for 
a trait. According to the sensory exploitation hypothesis, preference for a trait starts because 
of a pre-existing bias in the sensory system of the choosy sex. Plastic adaptations to foraging 
regimes are expected to be rapid and have been suggested to be an important factor towards 
alterations in mate preferences through sensory exploitation. In this project, by using guppies 
as a model system, the aim was to test whether changes in food types can result in changes in 
mate choice preferences. In order to test this, females were trained by feeding them either 
black or orange food and their preference for males with high amount of orange or black 
colouration was recorded. However, no differences in preference for black or orange males 
were found between before and after the training. Therefore, this study fails to provide 
experimental support for the possibility that plastic adaptations in food regime can be 
matched by changes in mate choice preference for ornaments. Further improvements in the 
experimental designed are highlighted that may improve the confidence of the results 
obtained. 

 
 

INTRODUCTION 
 
Evolution of mate choice 
 

Mate choice is a process of non-random mating when individuals of one sex prefer to 

mate with certain individuals of the opposite sex due to the characteristics of certain traits in 

the chosen sex (Darwin 1871, Bateson 1983). Evolution of mate choice has been broadly 

studied since first mentioned by Darwin in 1871 (e.g. Andersson 1994). Benefits of mating 

with selected individuals can be divided into two types, direct and indirect benefits 

(Andersson 1994). Direct benefits of mate choice are easily recognized since the choosy sex 

is obtaining material rewards from mating with certain individuals. Such direct benefits may 

be access to resources or parental care (Kirkpatrick and Ryan 1991). In this case, the 

mechanism that explains mate choice is determined by honest ornaments or traits in the 

chosen sex which increase reproductive fitness by mating with such individuals (Møller and 

Jennions 2001). For example, carotenoid-based colorations have been proposed to function as 

a parental ability signal in several bird species, such as blackbirds or rock sparrows (Preault 

et al. 2005, Griggio et al. 2010).  

 

A substantial effort has been directed to understand indirect benefits of mate choice 

(Kokko et al. 2003). Here, the main cause leading to indirect selection in the choosy sex is 
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recognized as the access to better genetic material for their offspring (Andersson 1994). 

Historically, direct benefits of mate choice through material rewards have been intuitive to 

understand, and therefore, less controversial than models of mate choice through indirect 

benefits (Kokko et al. 2003). Two main mechanisms have been proposed to explain mate 

choice through indirect selection. The first is the sexy son hypothesis, where the choosy sex 

mates with individuals with a trait that generates higher reproductive success among their 

offspring (Weatherhead et al. 1979). The second type of mechanism is the handicap 

mechanism, in which attractive traits, that are costly to produce, are exhibited by 

individualsof the chosen sex, honestly representing their genetic quality (Zahavi 1975).  

 

 

Sensory exploitation and plastic environmental adaptations 
 

Another mechanism that explains mate choice is the sensory bias or sensory 

exploitation theory.  Here, a preference for a trait evolves by exploiting an inherent response 

in the sensory system of the choosy sex which has been determined by natural selection 

(West Eberhard 1984, Basolo 1990, Ryan 1990). All the mechanisms that explain the 

evolution of mate choice, through direct or indirect selection, are not incompatible. In fact, in 

every case, it is likely that several mechanisms interact in different degrees rendering 

evolution of mate choice a multiple-causation problem (Andersson and Simmons 2006). 

However, sensory exploitation should not only be considered as a mechanism in which the 

chosen sex evolves a trait by taking advantage of a sensory bias in the opposite sex. It has 

also been hypothesized that sensory exploitation can explain the evolution of the preference 

itself, and thus form the starting point of mate choice evolution for a trait (Fuller et al. 2005). 

Therefore, a key concept in sensory exploitation is the presence of a pre-existing bias in the 

sensory system of the choosy sex prior to the evolution of a trait in the opposite sex (Basolo 

1990). Herein lies the main difference with other mechanisms of mate choice, such as 

handicap or good genes mechanisms, where the preference is determined by the trait and 

therefore driven by sexual selection. On the other hand, it is possible that through sensory 

exploitation, the preference for a trait in a population arise through natural selection (Kokko 

et al. 2003; Fuller et al. 2005). For instance, it is suggested that terminal yellow bands found 

in several species of Goodeinae fish species have evolved through a sensory exploitation 

mechanism. However, these bands are costly to produce and therefore it is likely that they 

have been maintained by means of a handicap mechanism (Macias-Garcia and Ramirez 2005) 
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Historically, sensory exploitation has been studied by testing macroevolutionary 

patterns which show that preferences for a trait in one sex evolve prior to the evolution of the 

trait itself in the opposite sex. Evidence for this has been found across different taxa and 

organisms, such as tungara frogs (Ryan 1990) or fiddler crabs (Christy et al. 2003). Many of 

these studies have dismissed the need for the trait and the preference to be genetically 

correlated after the pre-existing bias has been exploited (Fuller et al. 2005). Conversely, 

sensory exploitation studies should address the role of pleiotropy in determining genetic 

correlations between behaviours sharing the same sensory system. Pleiotropy can be defined 

as the genetic process in which a single gene influences several phenotypic traits (Fitzpatrick 

2004). It was recently suggested that the female preference for orange carotenoid spots in the 

guppy (Poecilia reticulata) have evolved through sensory exploitation as a pleiotropic effect 

of selection on foraging (Rodd et al. 2002). In this study, experiments across different guppy 

populations led to the conclusion than orange spots in male guppies may mimic orange fruit 

on which both male and female guppies feed ferociously (Rodd et al. 2002).  

 

This link between orange fruit and orange spots brings to light the idea of how plastic 

adaptations to the environment can create variations in mate choice preference through the 

mechanism of sensory exploitation. Several possible proximate environmental factors have 

recently been suggested to produce changes in female preference over a short term. Such 

factors include predation risks, costs of mate sampling and foraging (Jennions and Petrie 

1997, Grether et al. 2005). However, to date few studies have tested how plastic changes to 

environmental factors can affect mate choice preferences, although, an indirect test 

correlating foraging and mating behaviour have been performed in bluefin killifish by using a 

neural network approach (Fuller 2009). Food preferences are often highly plastic and 

responses in preference functions for novel food objects are expected to be rapid (Heath and 

Blouw 1998). This feature can be used to test various aspects of sensory exploitation in 

ornament evolution as a response to pre-existing preferences for specific food types.  

 

 
 
The model system: Guppies (Poecilia reticulata) 
 

A model system for sexual selection experiments should fulfil the following 

characteristics (see review by Andersson and Simmons 2006): foremost, the model system 
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should be easy to study in the natural environment where the species evolve. Also, the model 

organism should ideally have a small body size and short generation time in order to facilitate 

evolutionary studies. Finally, it should present sexual dimorphism in morphology and/or 

behaviour. The guppy presents all these characteristics and has therefore been extensively 

used for sexual selection experiments (e.g. Endler 1983, Kodric-Brown 1985, Brooks 2001). 

Moreover, the natural history of the species has been well described in the extensive literature 

that exists on it (see Houde 1997 for a review on the ecology of the species). The guppy is a 

small, livebearing fish native to the streams of Trinidad and Tobago and other areas of South 

America. It presents clear sexual dimorphism: females are larger and males display a 

conspicuous combination of colour patterns, including black, white, red-orange, yellow, 

green, iridescent and other spots, speckles and lines (Houde 1997). The orange and black 

spots, of which the orange spots are of carotenoid origin, are used during courtship, and 

females prefer highly ornamented males with regards to both types of ornaments (Endler 

1983, Kodric-Brown 1985, Houde 1987). Mating is done through internal fertilization and 

can occur at any place and time, but female choice is an important form of sexual selection in 

the species (Kodric-Brown 1993) 

 

 

Aim of the project 
 

This project aims at investigating whether rapid changes in food types can create 

changes in preference for food types and whether such changes can result in matching 

changes in preference also for ornaments. For that purpose, female guppies were tested for 

mate choice preference before and after they were “trained” through feeding on either black 

or orange food items. Under a mechanism of sensory exploitation, it was expected that 

females fed on black food would prefer males with more black colouration while females fed 

on orange food would prefer males with more orange colouration. 

 
 

MATERIALS AND METHODS 
 
Selection of males 
 

To quantify the level of black and orange colouration in males in the lab population, I 

anesthetized 60 males with a low concentration dose of benzocaine and photographed them 
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on both sides. The photographing process was performed in less than 30 seconds and males 

were afterwards placed in clean fresh water, were they showed a quick recovery. In order to 

accurately measure their colour patterns, males were placed next to a calibration colour chart 

(8 x 5.5 cm) and photographs were taken from the same distance from above using a digital 

camera Nikon D70 (Figure 1).  Focus area of the photograph including the colour chart and 

the male guppy was illuminated homogeneously with two lamps positioned above the focus 

area with a 45o angle. This feature allowed to avoid differences of colour captured by the 

camera  Afterwards, in order to reduce difference among photographs due to settings of the 

digital camera, photographs were standardized using the calibration C4real software 

(accessible online in http://www.c4real.biz/).  

Figure 1. Original photograph taken for one side of one male placed besides a calibration colour chart, and 
photograph resultant of the calibration procedure based on C4real online software. 

Once all male photographs were calibrated, the amount of black and orange on each 

side of each male was quantified by means of ImageJ software, version 1.44. Males were 

analyzed in a random order. Measures of total size area, area of orange carotenoid spots, 

black spots and fuzzy black areas were achieved by tracing an outline around each area in the 

photograph. Then, I selected the five males that presented the highest difference between 

black and orange and the five males that presented the highest difference between orange and 

black to create pairs of one black and one orange male (Table 1). All males in the five pairs 

presented a relative total of black or orange higher than a ten percent. In order to avoid size 

bias in the mate choice experiments, pairs of black and orange males were matched based on 

their size (Table 1). 
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Table 1. Selected males with highest relative amount of black and orange and classified according their size to 
obtain the final couples that were used during mate choice experiments 

 

 

 

Food preparation 
 

In order to train female guppies in preference for a particular colour of food, I 

prepared black and orange pellets of food which were used to feed the females in the 

experiment. For this purpose, I dissolved frozen artemia in water using a relation of 1 gr:10 

ml. I added agar to the food mixture in a 2:1 weight ratio to provide rigidity to the food 

pellets. Then, I added several drops of commercial food colouration (0.3 ml per 10 ml of 

artemia/agar/water food mixture), either black (Panduro Hobby [www.pandurohobby.com], 

product no 290251) or orange (different combinations were tested, see below), into the 

dissolved food mixture. Finally, I added the mixture to a pellet mold which was created by 

drilling 1.0 mm holes in a 1cm wide PVC sheet. I let the food mixture dry in the mold, and 

then I removed the single pellets of food from the mold and kept them frozen. 

 
To exactly match the colour of the colouration of the male spots with the food 

colours, I performed analysis of transmittance in the prepared food and in the guppy spots. 

Three transmittance values on three different black and orange spots in three male guppies 

were obtained by using an Ava-Spec 2048FT-SPU (Avantes) spectrophotometer. Also, I 

prepared other versions of the coloured food through adding several different commercial 

black, orange and yellow food colourations and combinations of them. Then, I measured 

transmittance for each coloured food by taking three values in each of them. Afterwards, 

average values for the transmittance spectra were obtained for the guppy spots and the 

different coloured foods in order to compare them. In the case of black food prepared with 

black food colour, it closely matched the spectrum of black spots in male guppies (Figure 2). 

The only non-matching part of the spectrum was in the ultraviolet zone (see Figure 2). 

Therefore, to avoid potential problems no ultraviolet illumination was used during the trials. 

 

Male pair id Black male id
Relative amount
 of black (%)

Difference between 
black and orange (%)

Body 

Size (cm2)
Orange male id

Relative amount
 of orange (%)

Difference between 
orange and black (%)

Body 

Size (cm2)

1 54 10.23 7.38 62.25 31 14.16 10.81 65.30
2 46 12.53 9.49 81.30 16 13.51 10.57 82.26
3 52 11.90 9.05 70.19 3 10.34 7.08 65.59
4 45 10.20 10.20 81.26 34 12.89 8.87 78.18
5 48 18.10 12.84 97.27 23 12.13 8.34 85.18
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Figure 2. Average transmittance spectra of three black spots in three male guppies and average transmittance 
spectra of black food prepared for female training. 

 
 
 

For the orange food, transmittance values of the orange spots and the food could not 

be compared due to the high water content of the food mixture. Therefore, I transformed the 

data by normalizing the values obtained based on values of transmittance of each wavelength 

and the standard deviation for these values (Montgomerie 2006) (Figure 3). Different 

combinations of commercial food colours were used for this purpose. Food prepared with 

orange paprika colouring (Panduro Hobby [www.pandurohobby.com], product no 290243) 

provided the closest match to the orange spots in the visible zone of the spectrum (Figure 4).  

 

 

 
Mate choice experiment 
 

Young female guppies were isolated in individual tanks during eight weeks. I used 34 

females in the experiments divided among two treatment groups, black and orange coloured 

food training (black females and orange females hereafter). In order to avoid size bias, the 

groups were matched for female size (Standard length (cm) ± s.d.: Black females: 2.36±0.17; 

Orange females: 2.37±0.18) and the mean value between groups were compared (DF= 1; f= 

0.02; p= 0.096).  
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Figure 3. Average transmittance spectra of three orange spots in three male guppies and average transmittance 
spectra of orange, red, yellow and orange and yellow combination of food prepared for female training. 
Transmittance values are standardized according to their standard deviation 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
Figure 4.  Average transmittance spectra of three orange spots in three male guppies and average transmittance 
spectra of orange food prepared for female training. Transmittance values are standardized according to their 
standard deviation. 
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Mate choice tests were designed in the form of a dichotomous choice. In an 

experimental tank, one male with high orange colouration and one male with high black 

colouration were presented to the female. The experimental tank was divided into four 

individual compartments partitioned with plain glass based on Karino and Shinjo´s (2004) 

design. A scheme of the experimental tank can be observed in Figure 5. In this tank, the 

female was placed in the choice compartment where she was able to see both males which are 

located in the smaller compartments on both extremes. Males could also see the female, but 

they were not able to see each other because opaque PVC sheets were placed in the 

intermediate compartment to avoid potential male-male competition. Also, the presence of 

this smaller intermediate compartment between males facilitated the quantification of actual 

female choice by including a neutral zone (Karino and Shinjo 2004). Furthermore, 10 cm is 

considered as the distance from which a female can observe the male (Houde 1997). 

Therefore, only the area of 10 cm in front of each male focal area was considered to assess 

female preference, while the rest of the female compartment was considered as a neutral 

zone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Figure 5. Sketch of the experimental mate choice tank from a floor plant view. Shade areas indicate opaque 
PVC sheets used in the trials. Dashed lines indicate focal areas in front of each male where female was 
considered to actively choose a male in the choice compartment. Grey circle represents the PVC tube where 
females where placed prior to the start of the trial. 
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In order to control for variation across females in preference for the colour trait in 

both groups, I performed mate choice tests both prior to and after training of the females. 

Tests took place during eight consecutive days from 9:00 to 13:00. The order in which the 

females were tested was random. However, I tested the same number of females in both 

groups each day. One male pair was used per female and it was randomly assigned. In order 

to avoid a male pair bias in the experiment the same number of females were tested with each 

male pair. Water (approximately 25oC) was changed in the experimental tank every day prior 

to the trials. Illumination was homogeneous in the entire experimental tank and the area with 

water in the tank was covered with opaque cardboard to avoid external disturbances while the 

experiments were running. Males were placed in the tank 30 minutes prior to the start of the 

experiment to acclimate and avoid possible stress during the trials. Then, the female was 

placed in a transparent PVC tube which was located in the centre of the tank but in the 

opposite side to where the male compartments were. There, females got 10 minutes to 

acclimate to the tank conditions and they were able to see both males. After the acclimation 

period, the tube was lifted and I recorded female choice behaviour for ten minutes using 

JWatcher software (version 1.0), recording the time in each focal area and in the neutral zone. 

After the first trial was performed for each female, I switched the position of males in the 

tank and let them acclimate for another 30 minutes. Then I proceeded to record female 

preference again. By recording data in two trials with males in different positions I avoided 

potential side-biases in the experimental tank. 

 

The following day after I had tested mate choice preference for a female, I started the 

coloured food training for that female. Each female was fed once per day during 15 days with 

an orange or a black food pellet, depending on the group. After the food training was done for 

each female, I proceeded to record mate choice preference following the same methodology 

as in before training mate choice trials. The same male pair for each female was used as prior 

to food training. However, while recording data before the training, it was observed that only 

10 minutes might be a too short time to represent female mate choice behaviour. Several 

females seemed to move during this period only acclimatising to the tank conditions. 

Therefore, during the experiment after the training the observation time was extended to 20 

minutes, in two 10 minutes segments, in every trial for every female. 
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Data analysis 
 
 

All statistical analyses were performed using JMP software (version 9.0). Paired t-

tests were used in order to compare female preference proportion and total time data before 

and after training the females with orange and black coloured food. Data on both preference 

and total time showed a normal distribution of residuals. I subdivided the dataset into two sets 

for analyses because I recorded different time lags before training trials (10 minutes) and 

after training trials (20 minutes). First, I compared the 10 minutes recorded of female 

behaviour before the training to the first 10 minutes of behaviour recorded after the training 

took place. Second, I compared data before the training to an average value of the two 10 

minutes segments recorded after the training. Statistical analyses were performed twice, using 

all females tested and only including females who entered both focal areas during every trial. 

Females that did not visit both zones and never visited the other male may be not making a 

choice between males (Houde 1997). Therefore, disregarding these females could potentially 

show a different pattern in the analysis. 

 

Finally, all data obtained of mate choice experiments after the training were treated 

independently to compare preference on both group of colour trained females. A univariate 

model was performed using colour training as a factor. Again, the data was analysed 

separately both with all females included and only including females which visited both focal 

areas in the trials. 

 

RESULTS 
 
 

Firstly, data on female behaviour obtained prior to the training was tested against the 

first ten minutes of data recorded in the after training experiment of mate choice preferences. 

In this case, I found no significant effects of food training in females when comparing male 

colouration preference before and after training. As shown in Figure 6, black females 

presented no difference in the proportion of time spent with black males or orange males 

once the training was performed (DF: 16; t= -1.01; p= 0.33). Also, the orange females group 

showed the same pattern of difference in time spent with orange males after the training (DF: 

16; t= 0.55; p= 0.59) (Figure 6). Furthermore, Figure 6 shows comparisons of total time spent 

with black males before and after for black females. Again, I was not able to find any 
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significant effect (DF: 16; t= -1.47; p= 0.15). No differences were observed for the orange 

females, whose mean values for total time spent with orange males before and after training 

were approximately equal (DF: 16; t= -0.04; p= 0.97) (Figure 6). 

 
Also, when removing females which did not enter both preference zones during the trials 

from the analysis, no significant effects were found regarding training and mate choice 

preference for the females. Here, only nine black females remained in the analysis and there 

were no effect of training (DF: 8; t= -0.06; p= 0.96). The same occurred with orange females, 

of which only eight remained for the analysis. (DF: 7; t <0.01; p= 0.99).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      
 
 
 
 
 
 
 
 
 
 
Figure 6. Mean and standard errors of proportion of time and total time in seconds spent by females before and 
after coloured food training with males with higher proportion of black or orange. The figure is subdivided in 
female training groups. Mean values for black females represent their preference for black males before and 
after and subsequently, mean values for orange females represent their preference for orange males before and 
after. 
 

Secondly, all data recorded in the analysis before and after the training was included in the 

analysis. No significant differences were found in the proportion of time spent with males 

between the first ten minutes of the after training trial and the second 10 minutes (DF: 33; t= 
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-0.39; p= 0.69). In addition, total time spent with black or orange males was not different 

among segments (DF: 33; t= 0.17; p= 0.83). Therefore, it can be assumed that the behaviour 

of the females was the same in both segments of the trial and average values between both 

segments of time were included to test female behaviour before versus after training. 

 

When comparing this averaged data of the 20 minutes recorded after training with the 10 

minutes recorded before the training, I again found no effect of the food training. Black 

females did not present any significant difference before and after the training (DF: 16; t= -

1.33; p= 0.20). Also, orange females did not show any difference in their preference for 

males with higher amount of orange spots before versus after training (DF: 16; t= 0.48; p= 

0.63). Also, analyses of total time differences were performed with this data. However, no 

significant differences were found in total time spent with males before and after training.  

Neither black females (DF: 16; t= -1.28; p= 0.21) nor orange females (DF: 16; t= 0.02; p= 

0.99) were affected in their overall interest toward males after training. Furthermore, females 

which did not enter both preference zones during the trials were removed from data recorded 

before and after the training. Again, only nine black females remained in the analysis and 

there were no effect of before and after training in it (DF: 8; t= -0.12; p= 0.92). In the case of 

orange females, only eight females were considered for the analysis. Again, no significant 

effects were found in mate choice preference according to training (DF: 7; t< 0.01; p= 0.99). 

Finally, I analysed data recorded after food training independently, to establish possible 

differences in preference by black and orange females to the expected null result proportion 

of 0.5. Surprisingly, black females showed a preference for males with high amount of 

orange spots (DF: 16; t= 2.30; p= 0.03). On the other hand, the orange females showed no 

clear preference for any of the colour traits (DF: 16; t= -0.33; p= 0.76) (Figure 7). 

 

 

DISCUSSION 
 

This study fails to provide experimental support for the hypothesis that quick changes 

in colour of food can lead to changes in female preference for a male colour trait. This is 

somewhat surprising since such changes have been demonstrated in other fish species, such 

as the swordtail characin (Corynopoma riisei) (Amcoff 2011). In this study, females trained 

on red coloured food showed enhanced preference for red ornaments in males after the 

training. On the other hand, despite that the guppy is an extensively studied organism, no 
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previous studies have been performed to determine plastic adaptations to food colour and the 

relationship with mate choice preference. However, the attraction of guppies to orange 

objects has been demonstrated to be innate, and therefore it has been suggested that female 

preference for orange carotenoid spots could have initially evolved as a pleiotropic effect of 

food searching (Rodd et al. 2002). Most studies of sensory exploitation hypothesis fail to 

follow up on evolutionary processes regarding mate choice after a link between a preference 

and a sensory bias is established due to its difficulty. Future studies on the guppy using a 

selection approach offer the possibility to test for changes in female preference over 

generations following change in foraging regime.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Mean value and standard error of female preference for highly black ornamented males in two groups 
of females trained on feeding on orange and black food prior to recording preference in them. X axis shows 
increasing preference from 0 to 1 towards black ornamented males, where 1 is 100% preference of black 
ornaments in proportion to orange, 0 is 100% preference of orange ornamented males and 0.5, no preference. 
 

 
 

Previous studies have shown adaptive plasticity in mate preferences in species, such 

as the soil predatory mite (Hypoaspis aculeifer), or the collared flycatcher (Ficedula 

albicollis) (Lesna and Sabelis 1999; Qvarnström et al. 2000). In addition, several studies 

point out that variation in female preference can occur according to different environmental 

factors, as is the case for the food regime (Lethonen et al. 2010; Milner et al. 2010). 
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Nonetheless, during this study no evidence of changes in mate preference was found. 

Females varied greatly in their preference of mates and did not follow any clear pattern in 

their choice. Also, females did not respond to the training by shifting their preference in male 

colouration. This is interesting since observations during the feeding in the experiments 

suggested that they were able to learn the food colour during the training. Most of the females 

did not show interest for coloured food items during the first days of training, but quickly 

learned to feed on these items during the training period. Unfortunately, no data was recorded 

in order to statistically analyze this pattern. In other fresh water fish species, training required 

to learn colour patterns can certainly be faster than the 15 days used in this study (Niclas 

Kolm, pers. com.).  

 A possible explanation for not finding a change in mate preference in the females can 

be due to biological reasons. For instance, the females may not only have used the colour of 

the males for assessing potential mates. The interaction of display behaviour of males 

together with colour can be an important factor for assessing mate choice in females (Kodric-

Brown and Nicoletto 2001). Therefore, the role of multiple choice cues should be considered 

in future studies. For that purpose, a factorial experimental design including the interaction of 

these factors can clarify the effect of the colour trait in assessing mate choice by female 

guppies. Another possible biological reason is that the mechanism of sensory exploitation is 

no longer driving the evolution of mate choice. As mentioned previously, it is likely that 

different mechanisms that drive mate choice interact (Andersson and Simmons 2006). The 

link between food colour and male spots colour could cause the start of the preference for the 

trait, as suggested by Rodd et al. (2002). However, this link might have been lost over 

evolutionary time and other mechanisms of sexual selection might have taken over to drive 

the actual mate choice preference in the females. It has recently been suggested that larger 

spots are good indicators of foraging ability in the males, and female guppies may use the 

presence of larger spots to assess potential mates through a “sexy son” mechanism (Grether 

2010). Thus, the simplest biological explanation for the results obtained is that the sensory 

bias for food colouration have been modified in the females by an indicator mechanism, and 

females prefer to mate with males with larger spots regardless of the colour.  Finally, another 

biological reason may be that the sensory exploitation mechanism never acted in the species 

to drive the evolution of mate choice. Predictions made in this study assumed that a pre-

existing bias for food regime could modify mate choice preferences in the species. However, 

it has been suggested that the preference for the orange colour trait evolved as an effect of 

selection acting in the mate preference, and not vice versa (Grether et al. 2005). Therefore, it 
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may be that the results of the study show no changes in preference after colour food training 

due to a wrong assumption of a pre-existing bias in the female guppies. 

  

As mentioned before, this study used a novel approach for the study of sensory 

exploitation and there are no comparable studies to evaluate the results obtained. Therefore, 

conclusions drawn from the data obtained should be considered cautiously since technical 

reasons can be an alternative explanation for not finding a change in mate preference. The 

experiments performed during this study were consciously designed to avoid all potential 

biases based on previous knowledge on mate choice experiments of guppies. However, 

potential unknown problems of the experimental design may still have affected the results. 

Therefore, further developments in the design of the experiment should be considered in 

order to enhance the confidence in the results.  Firstly, due to time constraints I was unable to 

use virgin females in the experiment. Females that already have given birth to offspring do 

show interest in males (Houde 1997) and this was the case for most females included in the 

present study. However, previous studies of mate choice in guppies mostly used virgin 

females, which show the greatest interest in males, and therefore it is suggested that studies in 

plastic adaptations to food regime should ideally be performed with virgin females. In 

addition, females showed great variation in overall activity. It was therefore difficult to 

differentiate the cause of these patterns. Several females tended to constantly move around in 

the experimental tank. This can be due to high stress levels, but could also be due to female 

behaviours during assessment of both males prior to the actual choice between them. Also, 

lower levels of activity in females can be due to two conflicting reasons. Passive females may 

be showing an active choice towards one of the males. On the contrary, females may act 

passively if they present no interest in mate choice. In order to fully understand female 

mating behaviour, it may be important to record experimental trials for posterior video 

analysis. Female interest in males can be then recorded based on for instance the 

characteristic gliding movement towards displaying males which is considered a true 

indication of a positive choice (described in Liley 1965). 

 

Regarding the colour patterns of males, improvements can also be achieved for future 

studies. The males used for this project presented a higher amount in percentage of one 

colour over the other. However, the variation in colour patterns among individuals in the 

laboratory population was large and it was difficult to find individuals which presented spots 

of only one of the desired colours. In fact, all males presented both orange and black spots. 
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This may result in some noise while performing mate choice experiments, since individuals 

with higher amount of orange still present black spots which can attract females with a 

preference for black, or vice versa. Avoiding this noise is not an easy task, but individuals 

can be genetically selected to enhance the ratio between orange carotenoid spots and black 

spots. In addition, how food is presented to females can become more efficient for matching 

food preferences to mate choice preferences. In the present study food pellets were placed on 

the bottom of the individual tanks where females were located. However, these individual 

tanks did not only contain the isolated female, but also sand in the bottom and plants. On the 

contrary, a bare tank was used during mate choice trials where females could observe males 

through plain glass. Therefore, the signal that the female receive when observing the food and 

the males may not be completely similar. Thus, a potential improvement for future studies 

could be to isolate females in bare tanks and present the food in a similar way that males are 

located in the mate choice tank instead of placing the food items on the bottom of the tank. 

Food pellets can for instance instead be attached to some structure and then hung close to one 

side of the tank. 

 

To summarize, my data suggest that there is no link between plasticity in food sources 

and mate preferences in the guppy. However, I think the experimental design can be 

improved to test the sensory exploitation hypothesis in this context and I suggest that future 

studies should include the recommendations suggested here in order to test if quick changes 

in foraging can be matched to mate choice preferences. 
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