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Abstract
Compared to female mate choice, relatively little is known about male mate choice and
the selective pressures that shape it. My thesis focuses on the influence of available and
inexpensive social information on male mating behaviour, including mate choice. To gain
insights into the influence of the social environment on male mating behaviour, I carried
out seven experimental studies using a promiscuous fish, the Trinidadian guppy (Poecilia
reticulata), as a model species. I used guppies from the low-predation, Upper Aripo River
in Trinidad. In dichotomous choice tests, females in this population demonstrated a
strong mating preference for large males and a weaker, but significant, preference for
males with greater amounts of colour ornamentation. In the absence of sexual rivals, male
guppies exhibited an overall preference for large females, but with consistent and
repeatable inter-individual variation in both mating effort and mate choice. When
conspecific males were present, male guppies paid attention to their social environment
and, when given the opportunity, copied the mate choice of a nearby sexual rival. In
theory, males should adjust their mating behaviour so as to minimize the potential costs
of being copied. As expected, males decreased their preference for an initially preferred
female in the presence of a larger, more competitive sexual rival. They also decreased
their overall mating effort and used less conspicuous, but also less successful, sneak
mating attempts in the presence of an audience of one or two rivals. Since the social
environment can influence male mating behaviour and thus mating success, males should
strategically associate with sexual rivals in a manner that will enhance their own
reproductive success. Here, males preferred to socially associate with conspecific males
who they had seen actively performing courtship displays towards a female compared to
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those who did not. Males who perform courtship displays may be seen as desirable social
partners, as they are attractive to females and(or) may be providing social information
regarding the perceived quality and(or) sexual receptivity of nearby females. Overall, my
thesis highlights the important influence of the social environment on the evolution of
male mating behaviour and social partner choice.
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General Thesis Introduction
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1.1

Male mate choice

Males have traditionally been regarded as being indiscriminate when mating with females
(Clutton-Brock and Vincent 1991; Andersson 1994; Clutton-Brock 2007; Edward and
Chapman 2011). However, accumulating evidence suggests that mate choice by males is
relatively common in nature (reviewed in Amundsen 2000; Bonduriansky 2001; CluttonBrock 2007; Edward and Chapman 2011). Despite recent advances (reviewed in
Amundsen 2000; Bonduriansky 2001; Clutton-Brock 2007; Edward and Chapman 2011),
our understanding of the evolution and maintenance of male mate choice and its
importance in driving evolutionary change remains limited compared with that for female
mate choice. Theoretically, male mate choice can evolve under a wide range of
conditions (Bonduriansky 2001; Wedell et al. 2002; Servedio and Lande 2006; CluttonBrock 2007; Edward and Chapman 2011; South et al. 2012). Conditions favouring its
evolution include costly and/or limited sperm production, sperm competition among
males, female preference for males exhibiting high courtship effort, and variation in
female quality, male mating effort and costs of mate choice. For male mate choice to
evolve, choosy males must accrue benefits that offset the costs of choice (Parker 1983;
Edward and Chapman 2011). Therefore, male preference for a female trait is only likely
to evolve when that trait confers a reproductive advantage, such as greater fecundity.
Male preference for arbitrary female traits is unlikely to evolve.

1.2

Social information

In complex and dynamic environments, such as social environments, genetically
transmitted information, such as heritable mate choice preferences, alone are often not
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sufficient to ensure optimal behavioural decisions resulting in maximum fitness (Danchin
et al. 2004). Animals can supplement genetic information by obtaining external
information about environmental parameters either directly via trial and error tactics or
via information produced by others. Trial and error sampling can be a more accurate
source of information, but may also be more time consuming, risky and more
energetically costly than acquiring information through observing the behaviours and(or)
decisions of others (Danchin et al. 2004). In addition, social animals can also obtain
information from observing and(or) communicating with others (Danchin et al. 2004).
There are two main ways information can move through a social network. It can be
transmitted from one individual to others through direct communication via signals from
sender to receiver(s) or it can be obtained indirectly by observing the interactions and
behavioural decisions of others. This transfer of information is not limited to two
individuals and can occur anytime within the context of a social network, as long as
several animals are within signalling and receiving range of each other (McGregor and
Peake 2000).
There are several types of information that have been recognised based on the
manner in which the information is acquired, either through direct signalling, through
observation of others, or what sort of information the cue is providing. Perhaps the most
well studied and obvious form of information transfer is direct communication via signals
from one individual to others. Signals can be visual, acoustic, tactile, chemical and
electrical in nature (Bradbury and Vehrencamp 1998).
Information obtained indirectly by an individual through observation of others that
require similar resources is referred to as inadvertent social information (ISI) (Danchin et
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al. 2007). For example, ISI might reveal the location of a suitable foraging location. If
that information is also indicative of the quality of an environmental parameter (e.g. food
density), it is referred to as public information (PI) (Danchin et al. 2004; Valone 2007).
PI can influence the behaviour of individuals in many species across a wide range of
behavioural contexts (Danchin et al. 2004; Kendal et al. 2005).
It is well known that animals use ISI and PI within communication networks with
respect to the abundance and quality of food, the presence of predators and quality of
mates, for example (Danchin et al. 2004; McGregor 2005). Mate choice has traditionally
been viewed as an interaction, and exchange of information, between just two
individuals, but recent studies have highlighted the role of social context in mating
behaviour (Abrahams 1993; Amundsen 2000; Johnstone 2001; Earley and Dugatkin
2005; Godin et al. 2005; Nordell and Valone 1998; Pruett-Jones 1992; Kirkpatrick and
Dugatkin 1994; Westneat et al. 2000; White 2004). Investigations of the acquisition and
use of social information by individual animals in the context of mating has led to the
characterization of a number of social phenomena, such as social eavesdropping, mate
choice copying and the audience effect. These social phenomena are described below.
Social eavesdropping occurs when a bystander gathers information on other
individuals by attending to their signalling interactions with conspecifics (Peake 2005).
Eavesdropping can be beneficial for the bystander as it provides a low-cost, low-risk
alternative to gathering the same information through direct interactions with the
individuals being eavesdropped on (Dabelsteen 2005). Alternatively, it may not always
be beneficial for the individuals being eavesdropped upon to have others extract
information about the outcome of their interaction (Dabelsteen 2005). For example,

33

female fighting fish, Betta splendens, that have witnessed a male-male aggressive
interaction will bias their mate choice toward the winner of the interaction, whereas a
female that did not witness the interaction will show no bias towards either the winner or
the loser (Herb et al. 2003). In this case, it would be disadvantageous for the loser of the
interaction to have that information made public, as it would decrease his chances of
obtaining a mating.
Copying involves repeating the behaviour the observer has seen others exhibit.
Individuals can copy a foraging patch, a nesting location or the mate of another
individual. Mate choice copying is a phenomenon in which one sex, usually female,
biases mating toward individuals that they have previously observed in successful sexual
encounters with a conspecific (Dugatkin 1992; Galef and White 1998; Witte et al. 2015).
Consequently, once an individual obtains one mating it can significantly increase the
probability of that individual receiving more matings compared to one who did not. Mate
choice copying has been studied most commonly in highly social species, such as lekking
birds (e.g. Galef and White 1998) and polygynous fishes (e.g. Dugatkin et al. 2002;
Godin et al. 2005; Alonzo 2008; Godin and Hair 2009), and in females due to its potential
effects on sexual selection (e.g. Wade and Pruett-Jones 1990; Kirkpatrick and Dugatkin
1994; Alonzo 2008). To date, male mate choice copying has remained largely
unexplored. The few studies that have investigated male mate choice copying have
focused on poeciliid fishes (Schlupp and Ryan 1994; Schlupp and Ryan 1997; Witte and
Ryan 2002), with the exception of the sex-role reversed deep-snouted pipefish,
Syngnathus typhle (Widemo 2005). Most studies of the effects of social factors on mating
behaviour have focused on either ‘social eavesdropping’ or ‘mate choice copying’ in
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females, with both phenomena being documented across a wide range of taxa including
insects (e.g. Mery et al. 2009, but see Auld et al. 2009), birds (e.g. Mennill et al. 2002;
Naguib et al. 2004; White and Galef 1999), and fishes (e.g. Dugatkin 1992; Godin et al.
2005; Godin and Hair 2009). Because most of this research focuses on female choice, we
still have a very limited understanding of the potential roles that both these social
phenomena may play in the mating decisions of males.
Another related social network phenomenon is the potential effect of a noninteractive bystander on the behaviour of the main signaller. This phenomenon is referred
to as the ‘audience effect’ and is defined as changes in the behaviour of the signaller
during an interaction between individuals caused by the mere presence of an audience
nearby (Matos and Schlupp 2005). An audience is defined as one or more individuals that
affect the behaviour of the signaller when they are present and detected but do not
participate in the interaction (Matos and Schlupp 2005). The audience effect is specific to
communication networks as, by definition, it can only occur in situations involving a
minimum of three individuals: two individuals engaged in a signalling event and one
individual making up the audience (Matos and Schlupp 2005). Recently, studies have
described this effect in several vertebrate species, including fishes (Matos and McGregor
2002; Dzieweczynski and Rowland 2004; Dzieweczynski et al. 2005, 2006, 2009; Hibler
and Houde 2006; Plath et al. 2008a, b, c; Plath and Schlupp 2008; Padur et al. 2009; Plath
et al. 2009; Ziege et al. 2008, 2009), mammals (Pollick et al. 2005; Le Roux et al. 2008)
and birds (Evans and Marler 1994; Striedter et al. 2003). Until recently, most studies of
the audience effect have focused mainly on food calling and predator warning
behaviours. However, more recent work has also demonstrated evidence of an audience
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effect in a sexual context (e.g. Dzieweczynski and Rowland 2004, Wong 2004, Plath et
al. 2008a, b, 2009, Ziege et al. 2008).
This growing body of evidence for the influence of social information on male mate
choice may also contribute to our understanding of social association patterns among
males in a population.

1.3

Social association patterns

The potential fitness costs and benefits associated with social phenomena such as mate
choice copying and the audience effect are directly linked to the individuals involved in
social interactions. It is well known that social animals often form groups or aggregations
via non-random associations with others (Krause and Ruxton 2002). Social association
patterns are important because they affect the social information that an individual has
access to and social information can vary in quality and availability (Danchin et al. 2004;
Dall et al. 2005). Because of this, individuals may compete for access to optimal
information or a position within a social network that allows them access to accurate
information. For example, a given individual would likely receive greater benefits from
copying the location of a food patch exploited by a healthy, well-nourished individual
than the food patch of an individual that appears unhealthy, as the nutritional state or
‘success’ of the individual foraging at a given food patch may be assessed as inadvertent
public information that indicates the quality of the patch.
Knowledge of social association patterns and communication networks contributes
to our understanding of the evolution of social living and the dynamics of social groups.
Although there has been growing interest in social networks in the past few years and
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social association patterns have been studied in both males and females with respect to
both predator avoidance and foraging opportunities (see Krause and Ruxton 2002; Croft
et al. 2008), there has been very little work done on how the sexual context may affect
social association patterns among males (e.g. Oh and Badyaev 2010; Gasparini et al.
2013; Auge et al. 2016). Importantly, acquisition and use of social information by
individuals within the contexts of social eavesdropping, mate choice copying and
audience effects has potential implications for social-partner choice among males and
thus the composition of animal social networks.

1.4

General objectives and organization of the thesis

While there has been considerable work done on social factors influencing female mate
choice, to date there is comparatively little research on the potential acquisition and use
of social information by males when making mating decisions. Research on public
information transfer and its consequences for male mating behaviour can help us better
understand how information travels through social networks and the underlying
mechanisms of social association patterns. Although we know that social associations are
commonly not random (Krause and Ruxton 2002; Croft et al. 2008), we currently know
very little about the mechanisms underlying their formation and maintenance. For
example, size-assortative shoaling, or group behaviour, is thought to be primarily driven
by predator risk (Krause and Ruxton 2002); however, fishes in low-predation sites also
exhibit size-assortative shoaling, which suggests that there are other driving forces
shaping the structure and dynamics of social networks (Krause and Ruxton 2002).
Identifying the potential impact and flow of information among individuals within a
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sexual context can help us further identify and understand the dynamics of
communication networks within populations. Investigating how social associations are
formed within a sexual context will contribute to a deeper understanding of the structure
of social and communication networks in general.
My thesis research addresses the following inter-related questions using the
Trinidadian guppy (Poecilia reticulata), originating from a low-predation natural
population, as a model study species:

1) Do female guppies from my study population demonstrate typically strong
mating preferences for males who are larger and(or) more colour ornamented?
2) In the absence of nearby conspecifics, do male guppies demonstrate consistent
and repeatable mating preferences for larger and presumably more
reproductively valuable females?
3) When inexpensive social information regarding the mating preference of a
sexual rival is available, do audience male guppies use this information and
copy the apparent mate choice of that sexual rival?
4) To avoid any sexual competition associated with having their mate choice
copied, do male guppies alter their initial mate choice in the presence of a
sexual rival (i.e. an audience), and does any audience effect increase in
magnitude with an increasing number of audience males present?
5) Does the phenotype, and presumably the sexual attractiveness and
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competitiveness, of a nearby audience male affect the mating preference of
focal males?
6) Does the presence of a nearby audience sexual rival influence the courtship and
mating effort of male guppies?
7) Do male guppies non-randomly associate socially with other males based on
public information gleaned from previously observing the courtship behaviour
(and thus potential sexual attractiveness) of the latter males towards females?

I sequentially addressed these questions using manipulative experiments, which are
described in the following chapters.
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Chapter 2:
General Methods
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2.1

Model study species

As stated at the end of Chapter 1, I used the Trinidadian guppy as my model study
species. The guppy is a live bearing, internally fertilising, freshwater fish species native
to Trinidad and Tobago and certain adjacent areas in Venezuela (Houde 1997), which has
long been an important model system for the study of the evolution of behaviour (Houde
1997; Magurran 2005). The species is sexually dimorphic, with adult males being on
average more colour ornamented and smaller than adult females, which are uniformly
drab olive (Appendix Figure 1). Males possess individual unique body ornamentation
patterns, comprised of patches of orange/yellow, black (melanin) and iridescent colours
(Houde 1997; Appendix Figure 2). All fish used for this thesis originated from the Upper
Aripo River (Naranjo tributary), Trinidad, West Indies (10º41’70”N, 61º14’40”W), a
low-predation population (Magurran 2005; Appendix Figure 3).
The guppy is an ideal species to study the role of social information in mate
choice, social partner choice and sexual selection for the following reasons. Guppies
exhibit a non-resource based, promiscuous mating system wherein both males and
females exert mate choice. Male guppies (Dosen and Montgomerie 2004a; Herdman et al.
2004a,b), like males in many species (Andersson 1994; Bonduriansky 2001; CluttonBrock 2007; Edward and Chapman 2011), tend to prefer larger, more fecund females as
mates. Preferentially mating with large and fecund females can potentially confer greater
reproductive success to males that may offset the costs of mate choice (Parker 1983;
Servedio and Lande 2006; Edward and Chapman 2012), subject to the constraints of
sperm competition and cryptic female choice (Wedell et al. 2002). Male guppies also
prefer to mate with sexually receptive females (Guevara-Fiore et al. 2009).
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In natural guppy populations, males and females co-occur in mixed-sex shoals
(Houde 1997) wherein there are opportunities for both males and females to use social
information extracted from the mating behaviour of other nearby individuals. Males
devote most of their time sexually pursuing females and females spend the majority of
their time foraging (Houde 1997). Non-pregnant, sexually-receptive females are
generally rare (Houde 1997) and the operational sex ratio is thus commonly male biased
(Houde 1997; Pettersson et al. 2004). In addition, most adult females are multiply mated
in natural populations (Kelly et al. 1999; Neff et al. 2008) and are able to store sperm for
up to six months after insemination (Houde 1997). This, coupled with its promiscuous
mating system and vigorous sexual behaviour, results in a high level of sexual and sperm
competition in this species (Matthews et al. 1997; Pilastro and Bisazza 1999; Matthews
and Magurran 2000; Neff et al. 2008). Consequently, the costs to males of locating
receptive and(or) high-quality mates are likely high and social information obtained from
sexual interactions between conspecifics could potentially be used to reduce such costs.
Male guppies are sensitive to perceived ambient changes in their risk of sperm
competition (Dosen and Montgomerie 2004b; Jeswiet et al. 2011b, 2012), and alter their
mating behaviour in the presence of one potential sexual competitor (Makowicz et al.
2010b; Jeswiet et al. 2011b, 2012; Bierbach et al. 2013; Auld et al. 2015; Chapter 6).
Adult male guppies are plastic in their mating behaviour and are individually
capable of exhibiting two alternative mating tactics (Houde 1997; Chapter 8), which are
the principle components of their mating effort (Godin and Auld 2013; Chapter 4). They
can achieve copulations and potential fertilizations either by soliciting a female using
courtship displays or circumventing pre-copulatory female choice through sneak
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(coerced) copulations (Houde 1997). When courting a female, a male performs sigmoid
courtship displays by bending his body into an ‘S’ shape and quivering in front of the
female; courtship can lead to consensual mating (Houde 1997). A sneak copulation (or
gonopodial thrusting) attempt involves a male approaching a female from behind or
laterally, rapidly darting towards her with his gonopodium extended anteriorly, and
attempting to insert the tip of the gonopodium into the female’s gonopore to transfer
sperm (Houde 1997). Females typically avoid sneak-copulating males (Houde 1997) and
are able to exert some control over fertilization post-copulation via cryptic female choice
(Pilastro et al. 2004). On average, courtship displays in male guppies are significantly
longer in duration, lead to more sperm being inseminated and achieve greater
insemination success than sneak mating attempts (Pilastro and Bisazza 1999). Previous
studies have demonstrated plasticity in the use of alternative mating tactics by male
Trinidadian guppies in different contexts, such as predation (Godin 1995), varying
ambient light levels (Chapman et al. 2009), varying food availability and parasite
infection (Kolluru and Grether 2005; Kolluru et al. 2009).

2.1.1

Wild-caught fish

I used free-ranging adult guppies, collected haphazardly by hand seining from the Upper
Aripo River (Naranjo tributary), for the experiments described in Chapters 4 - 8. The fish
were transported in containers of aerated river water to a laboratory at the University of
the West Indies, St. Augustine (~ 1 h transit time), where they were held in mixed-sex
aquaria filled with filtered aged tap water (24-26ºC) and illuminated overhead with
fluorescent lighting and diffused natural lighting. I fed them ad libitum 2-3 times daily
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with commercial flake food (Nutrafin™) and live brine shrimp nauplii (Artemia
franciscana). Whilst in holding aquaria, the fish were treated with antifungal (Fungus
GuardTM, Pimafix, Melafix) and antiparasitic (Life Bearer™) medicine, and were thus
free of any fungus or ectoparasites prior to experimentation.
For the experiments described in Chapters 4 - 8, I followed Dosen and
Montgomerie (2004) and used gravid (pregnant) females, who are generally unresponsive
to male courtship and copulation attempts (Houde 1997), as stimulus fish to ensure that
male mate choice would not be confounded by female sexual responses to male sexual
activity and to minimize variation in male behaviour caused by any differences in female
reproductive state. Even when females are not sexually receptive, Trinidadian male
guppies sexually pursue, court and attempt to mate with gravid females in both the wild
and the laboratory (Houde 1997; Guevara-Fiore et al. 2009; Jeswiet and Godin 2011;
Godin and Auld 2013) and can successfully inseminate unreceptive gravid females
through forced sneak copulations (Pilastro and Bisazza 1999; Evans et al. 2003a) and sire
offspring (Kelly et al. 1999; Herdman et al. 2004; Neff at al. 2008).
The day before mate choice trials, males were isolated from females to allow
them sufficient time to replenish their sperm reserves and to ensure that all test males
were similarly sexually motivated at the onset of the behavioural trials.

2.1.2

Laboratory-reared fish

Because female guppies are most strongly receptive to male courtship when they are
virgins or for a brief period after parturition (Houde 1997) and prior mating experience
can affect mate choice (Pitcher et al. 2003), I appropriately used laboratory-born and -
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reared virgin females for the experiments described in Chapters 3 and 9. Study subjects
were second- to fourth-generation descendants of adult guppies collected haphazardly by
hand seining from the Upper Aripo River (Naranjo tributary) and held in mixed-sex
breeding aquaria in a laboratory at Carleton University. To ensure that test females were
virgin, and thus sexually receptive, and to prevent prior mating, newborn fish were
removed from mixed-sex breeding aquaria and placed in juvenile rearing aquaria and
monitored daily for signs of sexual differentiation, as noted by the ontogenetic
appearance of the gonopodium (the sperm intromittant organ) and(or) body
ornamentation in males (at approximately 4 weeks of age). Upon such identification,
sexually mature males were removed from their juvenile rearing aquarium and placed in
separate male-only glass home aquaria. The positions of male-only and female-only
home aquaria on staging shelves were alternated to ensure that both males and females
could view each other and thus acquire prior visual contact with the opposite sex. All
aquaria were filled with filtered aged tap water (24-26ºC) and illuminated overhead with
fluorescent lighting on a 13 h L : 11 h D cycle. Fish were fed ad libitum 2-3 times daily
with commercial flake food (Nutrafin™) and live brine shrimp nauplii (Artemia
franciscana).

2.2

General experimental protocol

Because guppies can become familiar with each other after 12 days of association
(Griffiths and Magurran 1997) and social familiarity can potentially affect mate choice in
both the absence (Hughes et al. 1999; Kelley et al. 1999) and presence of an audience
(Bierbach et al. 2011a), for all experiments described herein I selected males and females
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in any given mate-choice trial from different holding aquaria as they were presumably
unfamiliar with each other prior to testing. Paired stimulus females used in experiments
described in Chapters 4 - 7 were gravid and matched as closely as possible for their
degree of abdominal distension (assessed by eye), an indicator of stage of pregnancy
(Houde 1997).
For experiments in Chapters 3, 5, 6, 7 and 9, I used dichotomous choice tests to
test for a focal fish’s preference to associate with either of two stimulus fish presented
simultaneously (see individual chapters for specific details). I recorded the time that the
focal fish spent in the preference zone near (within 10 cm) each stimulus fish, and facing
(0 ± 90o) the stimulus fish, as a proxy measure of his mating or social partner preference,
depending on the experiment. Such association time in dichotomous-choice test is a
known reliable predictor of mating preference in the guppy (Dugatkin and Godin 1992;
Jeswiet and Godin 2011) and other species (Witte 1996b, Lehtonen and Lindström 1998;
Walling et al. 2010), as well as social partner choice in the guppy (Lachlan et al. 2008).
To control for the possibility that the focal fish might prefer a certain side of the test
aquarium rather than a particular stimulus fish (i.e. a side bias), I switched the positions
of the two end compartments that held the stimulus fish at the end of the first half of a 20min choice test (i.e. Preference test 1), following which the second half of the test (i.e.
Preference test 2) was carried out ; see individual chapters for specific details. To
calculate an overall mating or social preference score for each test fish (depending on the
experiment), I summed the amount of time that the fish spent associating with each
stimulus fish in both preference tests. I also summed the total time that each focal fish
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spent on each side of the test aquarium over both preference tests, irrespective of the
identity of the stimulus fish.
A side bias was defined as a focal fish spending more than 80% of his or her total
association time in the same preference zone (i.e. same side of aquarium), even after the
positions of the end compartments containing the stimulus fish had been switched (cf.
Schlupp and Ryan 1997; Dosen and Montgomerie 2004a). A trial was discarded from
further analysis if the focal fish exhibited a side bias.

2.3

General experimental apparatus

In all experiments, test aquaria contained a layer of natural river gravel on the bottom,
and were filled with aerated aged tap water (15 cm depth, 24 - 26oC) and illuminated by
overhead fluorescent lights and diffused natural light (except for the experiments
described in Chapters 3 and 9, where only fluorescent lights illuminated the aquaria). For
experiments involving a dichotomous choice test (Chapters 3, 5, 6, 7, 9), vertical lines
drawn on the front and back walls of central test aquaria demarcated a 10-cm wide
mating or social preference zone near each of the end compartments. The back wall of the
test aquaria and three sides of the stimulus compartments were covered externally with
tan paper to reduce external disturbances and to provide a uniform background. In
Chapters 4 and 8, there were no end compartments present and so all three sides of the
test aquaria were covered with tan paper. In all experiments, the behaviour of focal fish
was observed from behind a blind.
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2.4

Measurement of fish body length and ornamentation

At the end of each behavioural trial for all experiments, all fish were lightly anaesthetized
with MS-222 and their left side photographed next to a ruler using a digital camera. From
the photographs, I measured the standard body length and area of the left side of the body
(excluding the fins) for all fish, and the body ornamentation pattern of all males using
Image J software (http://rsbweb.nih.gov/ij/). I quantified the areas of black and orange
pigmentation, which are two sexually-selected male traits in the guppy (reviewed in
Houde 1997; see also Chapter 3), on the left side of each male’s body, excluding the fins.
A male’s body colour score was expressed as the relative area of total body colour
([black area + orange area]/total body area) to control for variation in male body size.
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Chapter 3:

Independent Mating Preferences for Male Body Size and
Ornamentation in Female Trinidadian Guppies

This chapter is published as: Auld, H.L., Pusiak, R.J.P. and Godin, J.-G.J. 2016.
Independent mating preferences for male body size and coloration in female Trinidadian
guppies. Ethology, 122: 597–608. It is reproduced here with permission from WileyBlackwell Publishing©.
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3.1

Abstract

Although females in numerous species generally prefer males with larger, brighter and
more elaborate sexual traits, there is nonetheless considerable intra- and inter-population
variation in mating preferences amongst females that requires explanation. Such variation
exists in the Trinidadian guppy, Poecilia reticulata, an important model organism for the
study of sexual selection and mate choice. While female guppies tend to prefer more
ornamented males as mates, particularly those with greater amounts of orange coloration,
there remains variation both in male traits and female mating preferences within and
between populations. Male body size is another trait that is sexually selected through
female mate choice in some species, but has not been examined extensively in the guppy
despite known intra-and inter-population variation in this trait among adult males and its
importance for survivorship in this species. In the current study, I used a dichotomouschoice test to quantify the mating preferences of female guppies, originating from a lowpredation population in Trinidad, for two male traits, body length and area of the body
covered with orange and black pigmentation, independently of each other. I expected
strong female mating preferences for both male body length and ornamentation in this
population, given relaxation from predation and presumably relatively low cost of choice.
Females indeed exhibited a strong preference for larger males as expected, but
surprisingly a weaker (but nonetheless significant) preference for orange and black
ornamentation. Interestingly, larger females demonstrated stronger preferences for larger
males than did smaller females, which could potentially lead to size-assortative mating in
nature. My results thus contribute further to the understanding of both intra- and interpopulation variation in mating preferences in the Trinidadian guppy.
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3.2

Introduction

When choosing amongst potential mates, females often use multiple physical and (or)
behavioural traits in males, which may be honest indicators of overall male quality
(Jennions and Petrie 1997; Candolin 2003). In populations wherein males experience
high levels of competition for mating opportunities, such as those with male-biased
operational sex ratios or promiscuous mating systems, males tend to exhibit elaborate or
exaggerated secondary sexual traits despite their associated costs (e.g. increased energetic
expenditure, predation risk) (Andersson 1994; Andersson and Simmons 2006). Although
females across a wide range of taxa exhibit an overall general preference for males who
possess highly elaborate physical and (or) behavioural traits, such as bright colours (e.g.
Kemp 2007; Hill 2006), large body size (e.g. Partridge et al. 1987; Brown 1990; Gilburn
et al. 1992; Pyron 2003) and courtship displays (e.g. Wagner et al. 2000), there is
nonetheless considerable variation in the strength and direction of female mating
preferences both within and between populations that require explanation (Jennions and
Petrie 1997). Understanding how variation in fitness-related traits, including behaviour,
that are under selection is maintained in the wild has been an important and enduring
challenge (Fisher 1930).
Observed variation in female mating preferences can be the result of differences
between individuals in genotype and gene expression (Brooks and Endler 2001; Pitcher et
al. 2008; Cummings 2015), body condition (Syriatowicz and Brooks 2004; Hunt et al.
2005), age (Kodric-Brown and Nicoletto 2001a), reproductive state (Lynch et al. 2005)
and (or) behavioural plasticity that occur either across the life span of a female or as the
result of females optimizing mate choice in dynamic environments (Vakirtzis 2011).
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Although genetic variation in female mate preferences between populations has been
linked to variation in ecological and environmental factors, including predation (Breden
and Stoner 1987; Godin and Briggs 1996), food availability (Grether 2000) and water
turbidity (Heuschele et al. 2009), there remains unexplained variation between
populations that is not accounted for by any of these factors individually. Additionally, in
species with mutual mate choice, mating preferences can be constrained by the mating
preferences of the opposite sex, which can lead to positive size-assortative mating for
example (e.g. Olsson 1993; Baldauf et al. 2009; Holveck and Riebel 2010; Jiang et al.
2013; Ingram et al. 2015). Because the ecological selective factors that are known to
shape mating preferences can vary geographically (Endler 1995), population-specific
mating preferences can evolve over time (Houde and Endler 1990; Endler and Houde
1995) and potentially result in speciation (Rundle and Boughman 2010).
Previous studies on the guppy have shown female preference for multiple
secondary sexual traits in males, including tail size (e.g. Bischoff et al. 1985), colour
spots, particularly orange and black pigmentation (reviewed in Houde 1997; Magurran
2005), body size (e.g. Reynolds and Gross 1992; Brooks and Endler 2001; Watt et al.
2001), male courtship display rate (e.g. Kodric-Brown 1993; Kodric-Brown and
Nicoletto 2001b) and personality (Godin and Dugatkin 1996), depending on the
population. Because natural populations of guppies in Trinidad are subject to different
ecological factors, such as predation (Endler 1995; Magurran 2005), and environmental
factors, such as water turbidity, canopy cover and available nutrients (Endler 1995;
Grether et al. 2005), which can affect male sexual traits and female mating preferences
for those traits, population differences in female mating preferences are to be expected.
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Indeed, while female guppies tend to prefer males with greater ornamentation in most
populations studied to date (reviewed in Houde 1997; Magurran 2005), individuals are
not unanimous in their mate choice (Endler and Houde 1995; Houde and Hankes 1997;
Brooks and Endler 2001), which vary both between (e.g. Houde 1988a,b; Endler and
Houde 1995; Houde and Endler 1990; Brooks 2002) and within populations (e.g. Godin
and Dugatkin 1995).
Compared with male body ornamentation as a sexually-selected trait, female mate
choice based on male body size has not been examined extensively in the Trinidadian
guppy and results from the few existing studies vary. More specifically, although female
mate preference for larger males over smaller ones has been demonstrated in guppies
from different populations in Trinidad (Reynolds and Gross 1992; Magellan et al. 2005)
or from unknown source populations (Watt et al. 2001; Zajitschek et al. 2006), Schwartz
and Hendry (2007) did not detect female preferences for either male body size or
ornamentation in any of the low-predation Trinidadian populations they studied.
Moreover, potentially important interactions between male body ornamentation and body
size in shaping female mating preferences within populations remain largely unexplored.
Although multiple female preferences for male traits can evolve independently from each
other in the guppy (Brooks 2002), little work has been done to compare the relative
strength of female preferences for independent male traits. Female mating preferences
(Houde 1988a,b; Brooks and Endler 2001), male colour pattern (Houde 1992) and male
body size (Karino and Haijima 2001) are all variable and heritable in the guppy and thus
responsive to selection (Endler 1980; Houde and Endler 1990; Houde 1994; Reznick et
al. 1997).
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Therefore, in the current study, I tested virgin female guppies descended from
adults collected in a low-predation population in Trinidad for their mating preferences
based on male body length and colour ornamentation, independently of each other.
Female guppies that have evolved under weak predation pressure should express
relatively strong mating preferences (Endler and Houde 1995), including preferences for
larger and more ornamented males (Endler and Houde 1995; Magellan et al. 2005), as the
costs associated with active mate choice under relaxed predation should be less than in
high-predation environments (Godin and Briggs 1996). I thus predicted that females
originating from this low-predation population would exhibit, on average, mating
preferences for larger males over smaller ones and for more ornamented males over less
ornamented ones when given a choice. I quantitatively assessed and compared the
relative strength of female preferences for male body length and colour ornamentation.
Because female mating preference is likely to vary with female quality (Cotton et al.
2006), and female fecundity (i.e. quality) is positively correlated with body length in
adult female guppies (Herdman et al. 2004), I also characterized the relationships
between the body length of individual females and the strength of their mating
preferences based on male body length and ornamentation separately, which are presently
unknown.

3.3
3.3.1

Methods
Study animals

I used laboratory-reared Trinidadian guppies as a study species. See Chapter 2 for a
rationale.
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3.3.2

General protocol

See Chapter 2 for a description of the common general experimental protocol.
3.3.3

Experimental apparatus

The experimental apparatus (Figure 3-1) consisted of a clear Plexiglas test aquarium
(40 x 20 x 25 cm; L x W x H) flanked by a clear Plexiglas container (15 x 20 x 25 cm;
hereafter termed compartment) at either end. The central aquarium served as the matechoice arena and held the focal female, and the end compartments each contained a
stimulus male. Since chemical cues can also influence mate choice in animals (Candolin
2003), placing the stimulus males in the end compartments outside the central test
aquarium and separated from the test female prevented any exchange of chemical cues
between them and ensured that females could only use visual cues when assessing the
stimulus males as potential mates. The experimental apparatus was illuminated overhead
with a single Sun-GloTM broad-spectrum fluorescent tube (T8, 4200oK, R.C. Hagen Inc.,
Montréal) that generated a light irradiance of 8 µM/m2/s (400 – 700 nm, measured with a
Apoge MQ-200 quantum radiometer) at the water surface. This irradiance level falls
within the range of ambient light irradiances observed in early-mid morning and mid-late
afternoon on upland forest streams in Trinidad (Endler 1991; Grether et al. 2001), times
of day when guppy courtship activity is maximal (Endler 1987). The maximum spectral
sensitivity of the guppy retina ranges between 400 – 600 nm (Endler 1991), which
overlaps with most of the irradiance spectrum of the fluorescent tube illuminating the test
aquarium. See Chapter 2 for more information on general test aquaria conditions.
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40 cm

6 cm

SM2

20 cm

SM1

10 cm

Figure 3-1 Schematic top view of the experimental apparatus (not to scale). The test
aquarium (40 x 20 x 25 cm; L x W x H) held the focal female and the end compartments
(6 x 20 x 22 cm held the stimulus males (SM1 and SM2)). The end compartments held
one stimulus male each. One stimulus male was either larger or more colour ornamented
than the other stimulus male. The stippled circle represents a removable clear Plexiglas
cylinder (7 cm diam.), in which the focal female could temporarily be placed. The dashed
lines demarcate 10-cm mating preference zones.
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3.3.4

Experimental protocol

I quantified the mating preference of individual focal females for either of two stimulus
males using a dichotomous-choice paradigm, commonly used for studying mate choice
(cf. Dugatkin and Godin 1992; Kodric-Brown and Nicoletto 2001b; Jeswiet and Godin
2011). For any given mate-choice trial, a focal female was given a choice between two
stimulus males that differed in their predicted sexual attractiveness to varying degree (see
below for methodology). I used the time that a focal female spent associating with either
stimulus male as a proxy of her mating preference. Such association time is a known
reliable predictor of mating preference in both female (Dugatkin and Godin 1992;
Kodric-Brown 1993) and male (Jeswiet and Godin 2011) guppies, as well as in other
species (e.g. Witte 2006b; Lehtonen and Lindström 2008; Walling et al. 2010). The
experiment comprised two treatments, which decoupled female mating preferences for
male body length and male body ornamentation. In Treatment 1, the mating preference of
focal females (N = 32) for males based on body length was tested by presenting
individual females with two stimulus males that were matched for body ornamentation
(orange and black pigmentation), but differed significantly in body length (Table 3-1). In
Treatment 2, focal females (N = 29) were presented with two stimulus males that were
matched for body length, but differed significantly in body ornamentation (Table 3-2).
When selecting paired stimulus males for each trial, male body ornamentation
(proportion of their body covered with orange and black pigmentation) and body length
were initially determined as closely as possible by eye and with a metric ruler,
respectively. Both the body length and ornamentation of individual males were later
quantified more accurately from their digital photographs (see Chapter 2 for more details
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of the method used; Tables 3-1 and 3-2). In the Upper Aripo River (Naranjo tributary)
population, male body length and colour score are only weakly correlated (Pearson’s r =
0.152, N = 672), as are body areas covered by orange and black pigmentation (r = 0.126,
N = 575; Auge et al. 2016).
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Table 3-1 Mean ± SE total body length (mm) of focal test females and total body length and body colour score (proportion of left side
of body covered with black and orange colours) of the paired stimulus males categorized as relatively more attractive [(MA); either
larger or more colour ornamented] and less attractive [(LA); either smaller or less colour ornamented] used in each experimental
treatment. The body length and colour scores of paired stimulus males in each treatment were separately compared using the paired ttest. N denotes the number of independent replicated trials in each treatment, and the numbers in brackets are the range. Colour scores
were highly repeatable (Pearson’s r = 0.94, P < 0.001, df = 148).

Treatment 1
(N = 32)

Treatment 2
(N = 29)

Difference
|MA – LA|

Paired t-test

15.6 ± 0.1
(14.2 – 17.3)

3.12 ± 0.19

t31 = 16.58, P < 0.001

1.77 ± 0.18
(0.25 – 3.48)

1.84 ± 0.21
(0.27 – 5.35)

0.07 ± 0.25

t31 = 0.29, P = 0.77

_

1.99 ± 0.22
(0.24 – 6.0)

2.14 ± 0.23
(0 – 7.04)

0.15 ± 0.32

t31 = 0.45, P = 0.65

Body length

21.7 ± 0.4
(18.5 – 25.4)

16.2 ± 0.2
(15.0 – 18.9)

16.2 ± 0.2
(14.5 – 18.7)

0.006 ± 0.18

t28 = 0.29, P = 0.98

Orange colour

_

3.29 ± 0.28
(1.46 – 9.30)

1.44 ± 0.21
(0 – 3.50)

1.86 ± 0.38

t28 = 4.83, P < 0.001

Black colour

_

2.62 ± 0.23
(0.26 – 6.39)

1.09 ± 0.17
(0 – 3.37)

1.54 ± 0.22

t28 = 6.92, P < 0.001

Trait

Focal female

MA male

LA male

Body length

23.4 ± 0.5
(18.1 –30.2)

18.7± 0.2
(16.3 – 20.2)

Orange colour

_

Black colour
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For each mate-choice trial, a female (mean ± SE standard length (SL) = 23.4 ± 0.5
mm, range = 18.1 – 30.2 mm, N = 86) was dip-netted haphazardly from an all-female
holding aquarium, measured for standard length (from the tip of the lower lip to the end
of the caudal peduncle) using a metric ruler, and then gently placed into the central test
aquarium. Two stimulus males were then selected from an all-male holding aquarium and
each one placed in one or the other of the end compartments, determined at random.
Before testing, all fish were given a 30-min acclimatization period during which the
focal female was able to swim freely about the central test aquarium. Visual contact
between the stimulus males and the test female during this period was prevented by
opaque Plexiglas screens placed between the end compartments and the central test
aquarium (Figure 3-1). At the end of the acclimatization period, the female was gently
dip-netted and placed into a clear Plexiglas cylinder (7 cm diam.) located in the centre of
the test aquarium and the opaque screens were slowly removed, allowing the focal female
to view both stimulus males for 10 min. After this viewing period, the central cylinder
was slowly raised, allowing the female to swim freely about the test aquarium and to
choose between the two stimulus males. Once the female resumed swimming normally, I
carried out an initial 10-min preference test (Preference test 1), during which the amount
time that the focal female spent in the associated 10-cm preference zone and facing (±
90°) a particular stimulus male (i.e. association time) was recorded using stopwatches as
a proxy of her preference for that male. At the end of Preference test 1, the opaque
screens were gently replaced, again preventing visual contact between the test female and
the stimulus males, and the test female temporarily returned to the clear Plexiglas
cylinder in the centre of the test aquarium.

60

To control for the possibility that the test female might prefer a certain side of the
test aquarium rather than a particular male (i.e. a side bias), I switched the positions of
the two end compartments that held the stimulus males at the end of Preference test 1.
The fish were then given an additional 2-min re-acclimation period, following which the
opaque screens were slowly removed and the female released from the central cylinder.
Once the female resumed swimming, a second 10-min preference test (Preference test 2)
was carried out, as described above for Preference test 1. To calculate an overall mating
preference score for each test female, I summed the amount of time that the female spent
associating with each male in both preference tests. I also summed the total time that each
female spent on each side of the test aquarium over both preference tests, irrespective of
the identity of the stimulus male. In twenty-four such trials (out of an initial total of 86
trials), focal females demonstrated a side bias and were discarded. An additional trial was
discarded when, upon more accurate measurement, I discovered that one of the stimulus
males was less than 14 mm SL and not likely sexually mature. The 61 remaining trials (N
= 61 focal females) were used for the analysis. I used different focal females and stimulus
males for each trial.
3.3.5

Statistical analysis

All statistical analyses were carried out using R statistical software (R Development Core
Team 2012).
I first ascertained whether focal females expressed non-random mating
preferences. I specifically tested the a priori prediction that females would spend more
time associating with the male categorized as the larger or more colour ornamented of the
two stimulus males than expected by chance using a two-tailed, one-sample t-test for both
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Treatments 1 and 2 separately. To estimate effect sizes, I calculated Cohen’s d and
associated 95% confidence intervals from the t-values using the R package ‘MBESS’
(Kelley 2007a,b; Kelley and Lai 2012). Second, for each treatment separately, I used
linear regressions to ascertain whether (i) the strength of the mating preference of focal
females for the larger or more ornamented male and (ii) their sexual motivation (as as
measured by total time spent in the preference zone of either stimulus male) in each trial
covaried with their individual body length. To estimate effect sizes, I calculated Cohen’s
d and associated confidence intervals from the regression coefficients (Pearson’s r)
obtained using the R package ‘compute.es’ (Del Re 2013). Residuals from the models
were examined for normality using Q-Q plots. If they were not normally distributed, then
the proportional data were arcsine transformed and(or) the continuous variables were log
transformed.
3.3.6

Ethical standards

This study was approved by the institutional Animal Care Committee at Carleton
University (protocol 13281), and thus conforms to the requirements of the Canadian
Council on Animal Care and the laws of Canada regarding animal use and care and
adheres to the guidelines for the use of animals in research of the Animal Behavior
Society.
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3.4

Results

As predicted, focal females exhibited on average significant mating preferences for the
larger of the two stimulus males (who were matched for colour score) in Treatment 1
(one sample t-test, t31 = 8.25, P < 0.001, d = 1.46 [CI: 0.95, 1.95]; Figure 3-2a) and for
the more ornamented of the two stimulus males (who were matched for body length) in
Treatment 2 (t28 = 2.39, P = 0.02, d = 0.44 [CI: 0.06, 0.82]; Figure 3-2a), when compared
to that expected by chance. Comparing these non-overlapping effect sizes, the strength of
female mating preferences based on male body length is significantly greater (> 3 fold)
than that for male colour ornamentation. In Treatment 2, there was no difference in the
observed significant preference of females for the more ornamented of the paired
stimulus males (who were matched for body length) based on their orange coloration
(one-sample t-test, t28 = 3.43, P = 0.002, d = 0.64 [CI: 0.23, 1.03]; Figure 3-2b) of the
males compared to their black coloration (t28 = 2.09, P = 0.05, d = 0.38 [CI: 0.007, 0.76];
Figure 3-2b), as revealed by the overlapping confidence intervals of their respective
effect size.
Interestingly, the strength of female preference for the larger of the two stimulus
males tended to increase, although marginally not significantly so, with the body length
of individual focal females in Treatment 1 (linear regression, t30 = 1.88, P = 0.07, d =
0.69 [CI: -0.09, 1.46]; Figure 3-3a). In contrast, preference for the more ornamented of
the paired stimulus males did not vary with focal female body length in Treatment 2
(linear regression, t27 =-1.22, P = 0.24, d = -0.47 [CI: -1.27, 0.32]; Figure 3-3b). Overall
sexual motivation of focal females, as measured by total time spent in the preference
zone of either stimulus male, either did not vary significantly (linear regression,
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Treatment 2, t27 = -0.84, P = 0.41, d = -0.32 [CI: -1.11, 0.46]) or marginally decreased
(Treatment 1, t30 = -2.08, P = 0.05, d = -0.76 [CI: -1.54, 0.03]) with female body length.
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Proportion of time spent associating
with the larger or more ornamented male

(a)

Proportion of time spent associating
with the more ornamented male

(b)

0.8

P < 0.001

0.7

P = 0.02

0.6
0.5
0.4
0.3
0.2
0.1
0

0.7

Treatment 1
Larger male

Treatment 2
More ornamented
male

P = 0.007

0.6

P = 0.05

0.5
0.4
0.3
0.2
0.1
0

More orange

More black

Treatment 2
More ornamented male

Figure 3-2 Mean ± SE female preference (= proportion of total association time spent
near) for (a) the larger or more colour ornamented male in Treatments 1 and 2,
respectively, and (b) the more colour ornamented male in Treatment 2 with a greater
proportion of his body covered with orange and black pigmentation, separately. The
horizontal stippled lines at proportion 0.5 denote no choice (i.e. chance level).
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Treatment 1
1.0

Proportion of time spent
associating with the larger male
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2
R = 0.11
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Treatment 2

(b)

Proportion of time spent associating
with the more ornamented male

1.0
P = 0.24
2
R = 0.05
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18
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Female body length (mm)

26

Figure 3-3 The proportion of time focal females spent in the preference zone of the (a)
larger or (b) more colour ornamented of the paired stimulus males as a function of female
body length. In Treatment 2 (panel b), male ornamentation is the proportion of their body
covered in orange and black pigmentation. Non-transformed data and linear regression
lines are shown.
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3.5

Discussion

As predicted, when provided with the opportunity to choose between two stimulus males
that differed in either body length or ornamentation, virgin female guppies descended
from a low-predation population in Trinidad preferred on average larger over smaller
males when the males were matched for body ornamentation, and also exhibited a
significant, but weaker, preference for more ornamented males (based on orange and
black colour) when paired stimulus males were size matched.
Female preference for more ornamented males has previously been observed for
several guppy populations in Trinidad (reviewed in Houde and Endler 1990; Endler and
Houde 1995; Houde 1997); my results corroborate this general preference in the Upper
Aripo (Naranjo tributary) guppy population. In comparison, there are relatively few
experimental studies of female mating preferences based on male body size in the guppy,
with the majority of them revealing female preferences for larger males. More
specifically, female guppies descended from a high-predation population in Trinidad
(Reynolds and Gross 1992) and feral female guppies descendant from unknown
Trinidadian source populations (Watt et al. 2001; Zajitschek et al. 2006) have been
shown to prefer larger over smaller males as mates. The latter findings are corroborated
by my current results and those of Magellan et al. (2005), based on guppies originating
from the low-predation Upper Aripo population by comparison. It is unknown whether
the guppies used by Magellan et al. (2005) originated from the same tributary (Naranjo
tributary) of the Upper Aripo River as my fish. Mating with larger males can provide
indirect fitness benefits to females via more successful offspring (Reynolds and Gross
1992; Watt et al. 2001). Larger males produce larger offspring, given that body size is
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heritable in the guppy (Karino and Haijima 2001). Large body size in offspring confers
greater survivorship (Reynolds and Gross 1992; Watt et al. 2001) and potentially a
competitive mating advantage to males, as larger male guppies have larger testes with
greater sperm stores (Skinner and Watt 2007) and greater burst acceleration and
swimming speed (Odell et al. 2003) than smaller males, which might facilitate the pursuit
and sneak copulation of females and escape from predators.
Contrary to my findings, Schwartz and Hendry (2007) did not detect any female
mating preference for any measured male trait, including male body size and orange and
black ornamentation, in the same Trinidadian guppy population as ours (Upper Aripo
River, Naranjo tributary). Differences in results between their study and mine might be
attributable to differences in experimental design, measure of mating preference and
sample size. Schwartz and Hendry used a no-choice design where females were allowed
to physically interact with males, which permits the use of both visual and chemical cues
in mate assessment, whereas test females in the current study (using a dichotomouschoice design) were only able to view the stimulus males and were unable to use
chemical cues. Doughtery and Shuker (2015) suggest that choice tests elicit stronger mate
preferences than do no-choice tests for two reasons. First, females may be better able to
compare between males when they are presented simultaneously, as is the case in
dichotomous-choice tests, compared to when males are presented sequentially, as in nochoice tests. Second, there is a greater cost associated with rejecting one option without
being certain that another option is available, as would more likely be the case in nochoice tests. Choice tests, as used in my current study, are ecologically relevant for the
guppy because females can assess multiple males concurrently as the sexes generally co-
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occur in mixed-sex shoals (Houde 1997; Auge et al. 2016) and females often encounter,
and are pursued sexually by, two or more males simultaneously in nature (Jeswiet et al.
2011b). Additionally, Schwartz and Hendry (2007) scored female mating preference
using their behavioural responses to male courtship displays (i.e. gliding, successful
copulation), whereas I used the proportion of time that a female spent in the preference
zone of each stimulus male as a proxy of her preference for that male. The latter proxy
measure is known to be another reliable predictor of mate choice in female guppies
(Dugatkin and Godin 1992; Kodric-Brown 1993). Lastly, sample size in the Schwartz and
Hendry (2007) study was much smaller than in the current study and thus low statistical
power might also explain their negative results (i.e. no female mating preference for any
male trait).
Despite originating from a low-predation population where females are expected
to exhibit strong preferences for orange in particular (Houde and Endler 1990; Endler and
Houde 1995), females in my current study surprisingly did not exhibit as strong a
preference as expected for males with relatively more orange or black pigmentation on
their bodies. Weaker (but nonetheless significant) female mating preference for more
ornamented males in my study population might be owing to relatively low amounts of
orange and black ornamentation in wild males in this population (Auge et al. 2016; see
also Tables 4-1 and 4-2) relative to other low-predation guppy populations in Trinidad
(e.g. Houde and Endler 1990; Endler and Houde 1995; Houde 1997), which could make
it more difficult for females to reliably discriminate amongst males based on their body
colour patterns. Alternatively, Magurran and Seghers (1994) and Magurran (1998) have
argued that female guppies in low-order, less productive streams in Trinidad (typically
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low-predation populations) need to spend more time foraging and it does not pay them to
be as choosy in their choice of mates compared to females in high-order (typically highpredation populations) streams; such weaker choosiness could have constrained sexual
selection for increasingly more ornamented males in the low-predation Upper Aripo
(Naranjo tributary) population. Indeed, the extent of orange ornamentation in males
within a population generally covaries positively with the strength of female preference
for orange colour among Trinidadian guppy populations (Houde and Endler 1990; but see
Houde and Hankes (1997) for an exception). However, the above Magurran and Seghers
argument of reduced female mate choosiness in low-predation populations is not
supported by the strong female mating preference for larger males in Upper Aripo River
guppies which I report here.
In the current study, I purposefully used virgin females, as they are strongly
receptive to male sexual advances (Houde 1997). Because more sexually experienced
female guppies tend to be choosier than their less experienced counterparts (Pitcher et al.
2003), it is possible that non-virgin females would have demonstrated a stronger
preference for males based on their ornamentation and(or) a stronger preference for larger
males. My experimental design did not test for an interaction between male body size and
male body ornamentation on female mating preferences. Other possible sources of
variation in female mating preferences in the guppy include prior exposure to male
phenotypes (Rosenqvist and Houde 1997; Pitcher et al. 2003), social familiarity (Hughes
et al. 1999; Kelley et al. 1999; Zajitschek et al. 2006), and parasitism (Houde and Torio
1992). It is unlikely that prior exposure to male phenotypes, social familiarity or
parasitism would have affected my results. All females in my experiment had prior visual
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exposure to males from their population. Males and females were reared in separated
tanks on different laboratory shelves and thus would not have been familiar with each
other prior to testing. All parental source fish were treated with anti-ectoparasite
medication (LifeBearer®) upon collection in the field and subsequently they and their
offspring showed no signs of ectoparasitic infection in the laboratory.
All females used in my experiment were similar in health and prior social
experience, but varied in standard length. Body length is generally correlated with age
(Kodric-Brown and Nicoletto 2001a) and is a predictor of fecundity (Herdman et al.
2004) and thus overall female mate quality in the guppy. Cotton et al. (2006) suggested
that female preference is likely to vary with female quality; my results support this
proposition. More specifically, large non-gravid females, who are presumably of higher
reproductive value to males than smaller females (Herdman et al. 2004), showed a
stronger preference for larger males than did smaller females in the current study, but did
not show a similar increase in their strength of preference for more ornamented males.
Because male guppies prefer larger females as mates (Dosen and Montgomery 2004;
Herdman et al. 2004; Jeswiet and Godin 2011; Jeswiet et al. 2012; Chapter 4), smaller
females may gain less of a benefit from discriminating strongly between males based on
body size compared with larger females. This discrepancy in benefit potentially accrued
from discriminating between males based on body size can select against preferences for
larger males in small females, which in turn can lead to the evolution of assortative
mating (Cotton et al. 2006).
The absence of a relationship between female body length and female preference
for more ornamented males in the current study could be the result of a weak preference
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for ornamented males and(or) little benefit to females in mating with more ornamented
males (Pilastro et al. 2008) compared to the benefits gained by mating with larger males
(Reynolds and Gross 1992; Watt et al. 2001; Cotton et al. 2006), irrespective of body
ornamentation, in my study population. In comparison, the observed positive relationship
between female body length and strength of mating preference for larger males may be
owing to a positive covariation between body length and body condition in females, such
that larger females are capable of exhibiting greater mating effort than smaller females
(Cotton et al. 2006). However, contrary to this proposition, female guppies in the current
study tended to spend less time associating with either stimulus male with increasing
body length when given a choice between two stimulus males that differed in body size.
My finding of a significant positive relationship between the body length of focal females
and the strength of their mating preference based on male body length therefore cannot be
explained by any increase in their sexual motivation or overall mating effort with
increasing body length, as would also be predicted by life history theory (Stearns 1992).
Alternatively, this observed increase in mating preference strength based on male body
size with increasing body length could be linked to proximal changes in either the visual
system and(or) cognitive abilities (Burns and Rodd 2008; Kotrschal et al. 2013) of female
guppies with increasing age and associated body length.
In conclusion, I showed that laboratory-born virgin female guppies originating
from a low-predation population in Trinidad exhibited inherent mating preferences for
males based independently on their body length and colour ornamentation. I report for the
first time, to my knowledge, that the mating preference of female guppies based on male
body size was unexpectedly much stronger than that based on male ornamentation, and
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that larger females expressed stronger mating preferences for larger males than did
smaller females, which could potentially lead to size-assortative mating in nature and
important consequences for sexual selection and evolution (Jiang et al. 2013). My results
thus contribute further to the understanding of both intra- and inter-population variation
in mating preferences in the Trinidadian guppy, a long-standing important model species
for the study of sexual selection and evolution. The current study should encourage
further investigations into size-assortative mating and potential interactions between male
body length and ornamentation on female mate choice in this model species and others.
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Chapter 4:

Covariation and Repeatability of Male Mating Effort and
Mating Preferences in a Promiscuous Fish

This chapter is published as: Godin, J.-G.J. and Auld, H. L. 2013. Covariation and
repeatability of male mating effort and mating preferences in a promiscuous fish. Ecology
and Evolution, 3: 2020–2029. It is reproduced here with permission from WileyBlackwell Publishing©.
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4.1

Abstract

Although mate choice by males occurs in nature, our understanding of its importance in
driving evolutionary change remains limited compared with that for female mate choice.
Recent theoretical models have shown that the evolution of male mate choice is more
likely to occur when individual variation in male mating effort and mating preferences
exist and positively covary within populations. However, relatively little is known about
the nature of such variation and its maintenance within natural populations. Here, using
the Trinidadian guppy (Poecilia reticulata) as a model study system, I report that mating
effort and mating preferences in males, based on female body length (a strong correlate
of fecundity), positively covary and are significantly variable between subjects.
Individual males are thus consistent, but not unanimous, in their mate choice. Both
individual mating effort (including courtship effort) and mating preference were
significantly repeatable. These novel findings support the assumptions and predictions of
recent evolutionary models of male mate choice, and are consistent with the presence of
additive genetic variation for male mate choice based on female size in my study
population and thus with the opportunity for selection and further evolution of large
female body size through male mate choice.
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4.2

Introduction

An individual’s mate choice results from the interaction between its mating effort
(investments in the sexual pursuit and attraction of prospective mates and in mating) and
mating preference (differential ranking or choosing of prospective mates; Jennions and
Petrie 1997; Edward and Chapman 2011). More specifically, increased investment in
mating effort by a male increases his ability to attract multiple females, but consequently
reduces his capacity to mate with those females, thus selecting for male mate choice
(Edward and Chapman 2011). Males may therefore exert pre-mating choice by allocating
more mating effort (including courtship) towards, and by accepting or rejecting, certain
females over others (Edward and Chapman 2011).
Because of fluctuating selection and varying benefits and costs of mating
behaviour in different environments, phenotypic plasticity in mating effort and mating
preference are expected to be common and potentially beneficial for males (Qvarnström,
2001; Bretman et al. 2011a; Edward and Chapman 2011). If any male experiences greater
competition for mates as a consequence of his preferring the same females as other males
in the population, then males with either weak or alternative preferences will be at a
sexually competitive advantage (Servedio and Lande 2006). Such male-male competition
does not favour the evolution of a single shared male preference, but rather selects for
individual variation in mating preferences (Servedio and Lande 2006; Edward and
Chapman 2011). Evolution of mate choice is therefore more likely when individual
variation in mating effort and mating preferences exist within populations (Servedio and
Lande 2006; Rowell and Servedio 2009; Edward and Chapman 2011; South et al. 2012).
Such variation can have major consequences for sexual selection and is of fundamental
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importance to the evolution of mate choice (Jennions and Petrie 1997; Widemo and
Sæther 1999; Servedio and Lande 2006; Rowell and Servedio 2009; Edward and
Chapman 2011; South et al. 2012). Therefore, understanding variation in mating effort
and preference is critical for understanding both sexual selection and how diversity arises
in nature (Jennions and Petrie 1997; Widemo and Sæther 1999). Within-population
variation in female mating preferences has been documented to some extent, and its
implications for the evolution of choice in females and elaborate sexual traits in males are
widely recognized (e.g. Andersson 1994; Bakker and Pomiankowski 1995; Jennions and
Petrie 1997; Widemo and Sæther 1999; Clutton-Brock 2007). This is not yet the case for
male mate choice, but see Bell-Venner et al. (2008) for example.
A commonly-used measure of the variance structure of any phenotypic trait in a
population is its repeatability, which represents the proportion of the total variation in the
trait that can be attributable to differences between individuals (Boake 1989; Widemo
and Sæther 1999). Repeatability is a measure of the within-individual consistency of the
trait over time and is obtained from repeated measures on the same individuals. In
quantitative genetics, repeatability of a trait is often used as an upper-bound estimate of
its broad-sense heritability (i.e. fraction of total phenotypic variance that is genetic in
basis) and thus its responsiveness to selection (Lynch and Walsh 1998). Notwithstanding
its limitations (Jennions and Petrie 1997; Widemo and Sæther 1999; Dohm 2002),
measuring the repeatability of mating preferences is a first step towards understanding
how much preferences vary within a population (Widemo and Sæther 1999). Relatively
little information is available on the repeatability of mating preferences expressed by
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males (Bell et al. 2009) and almost nothing is known about their heritability (Bakker and
Pomiankowski 1995; Jennions and Petrie 1997; Chenoweth and Blows 2006).
To improve our relatively limited understanding of variation in male mate choice
within natural populations, I characterize here both within- and between-subject variation
in mating effort and mating preference directed towards females based on body size, and
provide repeatability estimates for them, in wild-caught male Trinidadian guppies
(Poecilia reticulata). Because a positive relationship between mating effort and mating
preference for a particular female trait among males (Servedio and Lande 2006; Rowell
and Servedio 2009; Edward and Chapman 2011), and female preference for males
exhibiting high courtship effort (South et al. 2012), can in theory favour the evolution of
male mate choice, I additionally tested for this relationship in male guppies. I used female
body length as the target trait for male choice because it is a reliable proxy of female
quality (highly correlated with fertility or fecundity) in the guppy (Reznick and Endler
1982; Kelly et al. 1999; Herdman et al. 2004; Ojanguren and Magurran 2004) and in
many other species (Clutton-Brock 1988; Edward and Chapman 2011).

4.3
4.3.1

Methods
Study animals

I used wild-caught Trinidadian guppies as a study species. Paired stimulus females used
in the experiment described below were gravid and matched as closely as possible for
their degree of abdominal distension (assessed by eye), an indicator of stage of pregnancy
(Houde 1997); see Chapter 2 for rationale.
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4.3.2

General protocol

Please see Chapter 2 for a description of the common general experimental protocol.

4.3.3

Experimental apparatus

The open-field test apparatus consisted of a glass aquarium (40 x 20 x 25 cm; L x W x
H). See Chapter 2 for more information on test aquaria conditions.

4.3.4

Experimental protocol

To test for their mating effort and mating preference, I presented focal males with a
simultaneous choice between two free-swimming stimulus females that were gravid,
sexually non-receptive and differing in body length, with which they could interact
physically, in an open-field apparatus to reflect the natural mate-encounter conditions
experienced by wild Trinidadian guppies (cf. Houde 1997; Guevara-Fiore et al. 2010b;
Jeswiet et al. 2011a). Both the test male and the stimulus females had full access to each
other and thus to multiple stimuli (visual, chemical, tactile). With full access to sensory
information, I assumed that males would to be able to accurately assess the differences in
body size and reproductive state of the paired females (cf. Herdman et al. 2004; Hoysak
and Godin 2007; Guevara-Fiore et al. 2010a,b).
I repeatedly recorded the mating effort and mating preference of individual focal
males for either of two stimulus females differing in body length on each of two
consecutive days (i.e. paired trials 1 and 2), with the repeated trials 23.5 - 24.5 h
(hereafter, 1 day) apart, as follows. Observations on the focal male in trial 2 were made
blind of his behaviour in trial 1. On the day of a trial, two gravid females were matched
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by eye as closely as possible for abdominal distension (and thus reproductive state;
Houde 1987) and measured for body length without anesthesia (chosen to be different in
length) using a metric scale. Each focal male was presented with different stimulus
females in the paired repeated trials to avoid the possibility of male recognition of a
particular female. The body lengths of the stimulus females used in trials 1 and 2 (N = 80,
respectively) were very similar on average (Table 4-1). In any given trial, the paired
stimulus females were chosen to similarly differ in body length on average by 4.8 mm (=
23.7%) in trial 1 and 4.8 mm (= 24.0%) in trial 2 (t-test, t78 = 0.206, P = 0.837; Table 41), to facilitate male mate choice based on female body size (cf. Dosen and Montgomerie
2004a; Herdman et al. 2004; Jeswiet and Godin 2011).
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Table 4-1 Mean ± SE (range) standard body lengths of the focal males and paired
stimulus females used on repeated consecutive days (paired trials 1 and 2), and the mean
± SE absolute and relative differences in the standard body length of the paired stimulus
females used in individual behavioural trial. Individual focal males were tested repeatedly
in paired trials 1 and 2.
Difference between paired
females
mm
%

Focal male
(mm)

Larger female
(mm)

Smaller female
(mm)

1

18.4 ± 0.3
(17.1 – 21.0)

25.2 ± 0.3
(22.0 – 30.0)

20.4 ± 0.3
(18.0 – 24.5)

4.8 ± 0.1
(3.0 – 6.5)

23.7 ± 0.9
(13.0 – 35.1)

2

Ditto

25.1 ± 0.3
(22.5 – 30.5)

20.3 ± 0.3
(17.5 – 25.5)

4.8 ± 0.1
(2.5 – 7.5)

24.0 ± 0.9
(11.1 – 42.9)

Paired
trials
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Prior to the onset of a trial, the test aquarium was temporarily divided in half with
a clear, perforated plastic partition. A focal test male was placed on one side of this
partition and two stimulus females differing in body length were placed on the other side.
All fish were left undisturbed for 30 min to allow them to acclimatize to the aquarium
and to view and smell each other across the partition. After this period, the partition was
raised and the behaviour of the fish was recorded live for 20 min. I changed the water in
the test aquarium with fresh aged water after every completed trial. I similarly tested a
total of 40 males individually.
Following Herdman et al. (2004) and Jeswiet and Godin (2011), I recorded the
following male sexual behaviours (cf. Houde 1997) directed towards either stimulus
female during each of the paired trials: (i) “approach”, an unambiguous directed
movement of the male towards a female, (ii) “association time”, time during which a
male actively follows within three body lengths a female with his head oriented towards
her, (iii) “gonopodial nip”, mouth-nipping behaviour by a male directed at a female’s
gonopore, (iv) “sigmoid display”, a courtship display directed at a female, which involves
the male arching his body into an S-shape and quivering, and (v) “copulation attempt”,
scored as a male approaching a female from the side or behind and rapidly thrusting his
gonopodium forward towards her genital opening. At the end of each pair of repeated
trials, the standard body length of the focal male was measured (Table 4-1), and the focal
male and stimulus females were placed in separate holding aquaria and not re-used.
I quantified the mating preference of each focal male in a given trial as the
percentage of total association time spent near the larger female (= [association time with
large female / sum of association times with small and large females] x 100), and male
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mating effort as the percentage of total sexual acts (excluding association time) directed
at the larger female. Male association time with a particular female is a reliable predictor
of mate choice in the guppy (Jeswiet and Godin 2011), as well as for other fishes (e.g.
Walling et al. 2010). Because each of the sexual acts measured potentially contributes to
male mating success in guppies (Houde 1997), they thus collectively represent a male’s
pre-copulatory mating effort (cf. Edward and Chapman 2011). Additionally, a male was
categorically classified as “preferring” a particular female if he spent > 50% of his total
association time near her and concurrently directed > 50% of his sexual acts (mating
effort) towards her in a given trial (cf. Godin and Dugatkin 1995; Jeswiet et al. 2011a,
2012).

4.3.5

Statistical analysis

All statistical analyses were carried out in the R statistical software environment (R
Development Core Team 2012) and all tests are two-tailed, unless specified otherwise.
Not all data were normal in distribution. Therefore, to improve normality and
homoscedasticity, percentage (proportion) data were arcsine transformed and data on
counts were log10 transformed prior to analysis. The two main dependent behavioural
variables of interest here (i.e. male mating effort, male mating preference) were normally
distributed (Shapiro tests, all P > 0.492) and homoscedastic (Levene tests, all P > 0.298)
following transformation.
I first tested the null hypothesis of no difference in the mating preference and
mating effort of focal males for either of the paired stimulus females by comparing
separately their mating preference (percent of association time with the larger female)
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and mating effort (percent of total sexual acts directed towards the larger female) scores,
and the number of males categorized as preferring the larger female, against that expected
by chance using the Wilcoxon signed-rank test and Binomial test, respectively. I then
separately compared the frequencies of each of the recorded sexual acts directed by males
towards the larger and smaller females using the Wilcoxon signed-rank test. I used linear
mixed-effects models (LMMs) with the restricted maximum-likelihood (REML) method
to test for any effects of trial number (trial 1 vs. trial 2), male body length and difference
in the length of paired stimulus females on the mating preference and mating effort scores
of focal males separately, controlling for male identity as a random variable in the models
(Crawley 2007; Field et al. 2012).
Second, to characterize the relationship between male mating preference and
mating effort, I correlated (i) the mating preference scores of individual males against
their total mating effort (= total sexual acts) scores and (ii) mating preference scores
against courtship effort scores (= percent of courtship displays exhibited towards the
larger female) for each of the paired repeated trials separately using the Spearman rank
correlation analysis. For this analysis, I necessarily excluded from the data set those
individual behavioural trials (N = 9 out of 80 trials) in which the focal male did not court
either stimulus females, but otherwise exhibited all the other sexual acts towards them.
Lastly, I separately calculated the repeatability of male mating preference and
mating effort scores between paired trials 1 and 2 using linear mixed-effects models
(LMMs) with the restricted maximum-likelihood (REML) method in the ‘rptR’ package
(‘rpt.remlLMM’ function; Nakagawa and Schielzeth 2010) developed in R software (R
Development Core Team 2012), given that the data were Gaussian. In the models, fish
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identity was assigned as a grouping random factor (Nakagawa and Schielzeth 2010). For
each estimated repeatability (R) coefficient, I provided the associated calculated standard
error (SE) and 95% confidence interval (CI). To ascertain whether the mating preference
or mating effort score of a focal male in trial 1 would predict his preference or mating
effort score, respectively, one day later in trial 2, I regressed separately (using simple
linear regression analysis) each of these two behavioural measures obtained for trial 1
against that for paired trial 2.

4.3.6

Ethical standards

This study was approved by the institutional Animal Care Committee at Carleton
University (protocol# B10-33), and thus adheres to the animal use and care guidelines of
the Canadian Council on Animal Care and the laws of Canada.

4.4

Results

All focal males used were sexually active and directed mating effort towards both paired
stimulus females. As expected, the stimulus females used did not exhibit any obvious
sexual behaviour towards the focal males in the current study (because they were gravid
and thus unreceptive to male sexual solicitations; cf. Houde 1997).
On average, males exhibited significantly greater mating effort towards, and spent
more time associating with, the larger female than expected by chance in both paired
trials (Wilcoxon signed-rank test, all P < 0.0001, Figure 4-1). Therefore, significantly
more males than expected by chance (33 out of 40 in Trial 1, and 32 of 40 in Trial 2)
categorically preferred the larger of the two stimulus females (one-tailed Binomial test,
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both P < 0.0001). Considering the constituent components of mating effort, males
exhibited significantly more approaches, sigmoid courtship displays, gonopodial nips and
copulation attempts towards the larger of the paired stimulus females (Wilcoxon signedrank test, all P < 0.0001, Figure 4-2).
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Figure 4-1 Mating effort and mating preference of focal males for the larger female in
each of the repeated trials. Mating effort is depicted as the mean ± SE percent of total
sexual acts directed by focal males towards the larger female, and mating preference as
the mean ± SE percent time focal males spent associating with the larger female. The
horizontal line denotes random choice between the paired stimulus females. The asterisk
above individual histogram bars indicates a significant (P < 0.0001; Wilcoxon signedrank test) difference between the observed mean score and that expected from chance
(i.e. 50%) for that particular trial. The P-value above each pair of histogram bars (paired
trials 1 and 2) was obtained using LMM models testing for any effect of trial number on
the behavioural scores of males in each experiment.
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Figure 4-2 Male mating effort expressed as the mean ± SE frequency (number/40 min)
of each of the different component sexual acts, and their total sum, directed by focal
males towards each of the paired stimulus females over the course of the repeated paired
trials. AP = approach, SD = courtship sigmoid display, GN = gonopodial nip, CA =
copulation attempt. *** P < 0.0001, obtained using the Wilcoxon signed-ranks test.
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Although males preferred larger females on average, the scores for two measured
proxy components of their mate choice (mating preference and mating effort) varied
widely among individuals and were significantly positively correlated with each other in
both repeated trials (Figure 4-3A, B). Similarly, a significant positive relationship
between mating preference and courtship effort (a component of mating effort) was also
observed in both repeated trials (Figure 4-3C, D). Neither mating preference or mating
effort scores of individual males were influenced by their body length (linear mixedeffects models (LMMs), t38 = 1.28, P = 0.209; t38 = 1.20, P = 0.237, respectively) or the
difference in the body length of the paired stimulus females (LMMs, t38 = 1.05, P =
0.301; t38 = 0.52, P = 0.603, respectively).
The mating effort and mating preference of individual males were also both
highly repeatable between the paired trials, as measured by sexual acts directed towards
the larger female (repeatability estimate, R = 0.628 ± 0.099, 95% CI = 0.403 – 0.786, P <
0.0001; Figure 4-4A) and by association time with the larger female (R = 0.824 ± 0.053,
95% CI = 0.703 – 0.905, P < 0.0001; Figure 4-4B), respectively. That is, there was
significant variation in both mating effort and mating preference between subjects, and
individual subjects were consistent in these sexual behaviours over time.
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Figure 4-3 Relationships between the mating preference of focal males, based on percent
association time with the larger female, and their mating effort (panels A and B) and
courtship effort (panels C and D) for paired repeated trials 1 and 2. The best-fit lines were
obtained using simple linear regression analysis. The correlation coefficient (rs) and P
values shown were obtained using the Spearman rank correlation analysis.
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Figure 4-4 Relationships between the mating effort scores of focal males, based on the
percent of sexual acts directed towards the larger female (panel A), and their mating
preference scores, based on percent association time with the larger female (panel B),
during trial 1 and their scores one day later in repeated trial 2. The best-fit lines, and
associated r2 and P values, were obtained using simple linear regression analysis.
Repeatability (R) estimates were obtained using the linear mixed-effects model with the
restricted maximum-likelihood (REML) method described in Nakagawa and Schielzeth
(2010).
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4.5

Discussion

Although male mate choice does occur in nature, it is not as well understood as female
mate choice (Andersson 1994; Amundsen 2000; Bonduriansky 2001; Clutton-Brock
2007; Edward and Chapman 2011). Because male mate choice is more likely to evolve
when individual variation in mating effort and mating preference exists, and when male
courtship effort (a component of mating effort) and mating preference positively covary
(Servedio and Lande 2006; Rowell and Servedio 2009; Edward and Chapman 2011;
South et al. 2012), understanding such phenotypic variation is critical for understanding
sexual selection and the evolution of mate choice (Jennions and Petrie 1997; Widemo and
Sæther 1999; Edward and Chapman 2011). In this context, the results of my current study
support the assumptions and predictions of recent evolutionary models of male mate
choice (Servedio and Lande 2006; Rowell and Servedio 2009; South et al. 2012) and thus
advance our understanding of the importance of phenotypic variation (in mating effort
and preference) within natural populations in the evolution of male mate choice.
Here, I showed that male Trinidadian guppies on average directed significantly
greater mating effort and exhibited a preference for (as measured by association time
with) the larger of two females, independent of female identity, when presented
concurrently in an open-field arena. The observed preferences cannot be explained by
any differential sexual behaviour of the (gravid) stimulus females toward focal males, as
they were generally sexually unreceptive to males (cf. Houde 1997), nor by variation in
male body length or body length difference between paired stimulus females. These
results generally corroborate those of Abrahams (1993), Dosen and Montgomerie
(2004a), Herdman et al. (2004), Head et al. (2010) and Jeswiet et al. (2012), on guppies
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of different provenances than mine, and thus collectively demonstrate that male guppies
possess a generalized mating preference for large females. Male allocation of greater
mating effort towards, and preference for, larger and more fecund females as mates is
fairly widespread taxonomically (Andersson 1994; Bonduriansky 2001; Clutton-Brock
2007; Edward and Chapman 2011). Preferring to mate with large females appears to be
adaptive, as large female guppies are more fecund (Reznick and Endler 1982; Kelly et al.
1999; Herdman et al. 2004; Ojanguren and Magurran 2004) and thus of potentially
greater reproductive value to males than smaller ones (Parker 1983; Andersson 1994;
Edward and Chapman 2012), all else being equal.
However, if all males have an equal amount of resources that they can allocate to
courtship (or mating effort in general) and similarly bias the distribution of this effort
towards preferred females in polygynous or promiscuous systems, then male choice
expressed as increased courtship towards preferred females can lead to increased male
mating competition for the most attractive females (and potentially increased sperm
competition, Wedell et al. 2002) in the population and consequently to a loss of a male
preference allele (Servedio and Lande 2006). This cost of increased competition for
preferred females, which constrains the evolution of male mate choice, can be offset or
mitigated if (i) preferred females have sufficiently higher fecundity or mating success
(Parker 1983; Servedio and Lande 2006; Edward and Chapman 2012), (ii) males can
avoid or minimize sperm competition by adjusting their mating effort and preference
accordingly (Wedell et al. 2002; Rowell and Servedio 2009), and(or) (iii) courtship is
costly and males differ in how they distribute their courtship effort among females and
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females prefer males that exhibit high courtship effort (Servedio and Lande 2006; Rowell
and Servedio 2009; South et al. 2012).
The latter strategic conditions favouring the evolution and maintenance of male
mating preferences in populations exist in the guppy mating system. More specifically,
male guppies exhibit on average a mating preference for larger females (current study;
Abrahams 1993; Herdman et al. 2004; Head et al. 2010; Ojanguren and Magurran 2004;
Jeswiet et al. 2011a), female fecundity is strongly positively correlated with their body
size (Reznick and Endler 1982; Kelly et al. 1999; Herdman et al. 2004; Ojanguren and
Magurran 2004), and larger multiply-mated females produce larger (and presumably
more viable) offspring than smaller females (Ojanguren et al. 2005). Male courtship
behaviour is costly (Godin 1995; Head et al. 2010) and an honest, condition-dependent
indicator of male quality (Nicoletto 1993; Houde 1997; Matthews et al. 1997; Kolluru et
al. 2009), and females prefer males exhibiting with high courtship effort, at least in some
populations (Houde 1997; Kodric-Brown and Nicoletto 2001b). Moreover, male guppies
are sensitive to the local risk of sperm competition and adaptively reduce their mating
preferences for larger, more fecund females and re-direct their mating effort towards
smaller, less fecund females in response to a perceived increase in the risk of sperm
competition associated with larger, more attractive females (Jeswiet et al. 2011b, 2012),
thereby potentially contributing to the maintenance of variation in male mating
preferences in the population. Lastly, as I demonstrated in the current study, males vary
widely and consistently in their mating effort (including courtship) and mating preference
for females based on body size, and individual male mating effort (including courtship
effort) and mating preferences are strongly, positively correlated.
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Phenotypic and genetic variation in traits is required for selection (Lynch and
Walsh 1998), and variation owing to individual plasticity in mating behaviour may be
adaptive under a range of conditions (Qvarnström 2001; Bretman et al. 2011a). Although
other investigators have previously observed variation among male guppies in their
mating preferences based on female body size (Abrahams 1993; Dosen and Montgomerie
2004a; Jeswiet and Godin 2011; Jeswiet et al. 2011a, 2012), this current study is the first
to comprehensively characterize and analyze individual variation in both male mating
effort and mating preference and to report on their repeatabilities for any species (cf. Bell
et al. 2009) to my knowledge. I showed that mating effort and mating preference in wildcaught male guppies positively covary and are significantly more variable among than
within individuals, and that individual males are thus consistent, but not unanimous, in
their mate choice (cf. Widemo and Sæther 1999), at least in my study population. The
nature of such phenotypic variation in mating effort and preference would maintain male
mate choice, once evolved, within the population (cf. Servedio and Lande 1996; Edward
and Chapman 2011). To the extent that repeatability of a trait places an upper limit on its
heritability (Lynch and Walsh 1998), the observed high repeatabilities for mating effort
and mating preference, based on female body size, obtained for Upper Aripo River male
guppies here is consistent with the presence of additive genetic variation for both these
traits in this population and thus with the opportunity for selection and further evolution
of large female body size through male mate choice. There is additionally some limited
evidence for a genetic basis to male courtship effort in the guppy (Nicoletto 1995;
Mariette et al. 2006). However, the evolutionary exaggeration of female body size in the
guppy, under directional male mate choice, is constrained by resource limitation, life-
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history trade-offs and costs associated with large body size in females (Magurran 2005)
and by sperm competition (Kelly et al. 1999; Neff et al. 2008; Dosen and Montgomerie
2004b; Jeswiet et al. 2011b, 2012) and polymorphism in the allocation of mating effort
and mating preference by males among females in the population (current study).
Given the relatively limited number of studies on variation in male mate choice
(Bell et al. 2009; Edward and Chapman 2011), my current study thus represents an
important contribution to further characterizing and understanding variation in male mate
choice and its evolution within natural populations. Enduring challenges include
understanding the genetic and environmental bases of individual variation in male mating
effort and mating preference, the relationship between individual variation in mate choice
and variance in lifetime reproductive success among males, and the interactions between
male and female mate choice on sexual selection in species with mutual mate choice
(Edward and Chapman 2011). Because it exhibits mutual mate choice, male reproductive
skew (Neff et al. 2008) and within-population variation in repeatable mating preferences
in both males (current study) and females (Godin and Dugatkin 1995), the Trinidadian
guppy offers a particularly suitable model species for pursuing these lines of investigation
in the future.
My novel main findings, of positive covariation and high repeatability in mating
effort and mating preference in male guppies, are consistent with the assumptions and
predictions of recent models for the evolution of male mate choice (Servedio and Lande
2006; Rowell and Servedio 2009; South et al. 2012) and suggest that such directional
mating effort and preference in male guppies select for large body size in females, have a
genetic basis, and are potentially responsive to selection and further evolution.
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Chapter 5:

Male Guppies Use Social Information and Copy the Mate
Choice of Sexual Rivals

This chapter is published as: Auld, H.L. and Godin, J.-G.J. 2015. Sexual voyeurs and
copiers: social copying and the audience effect on male mate choice in the guppy.
Behavioral Ecology and Sociobiology, 69: 1795–1807. It is reproduced here with
permission from Springer-Verlag Berlin Heidelberg©.
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5.1

Abstract

In most mating systems, males and females are commonly within signaling and receiving
distance of conspecifics during courtship and mating activities. Although it is well known
that females who observe sexual interactions between conspecifics will use public
information obtained from these interactions when making their own mating decisions,
much less is known about whether males use this type of information in making mating
decisions. I used the Trinidadian guppy (Poecilia reticulata) to test whether males use
public information to copy the apparent mate choice of another male. I show that males
use public information to copy the mate choice of other males. These results indicate that
males pay attention to their immediate social environment in making mating decisions.
My findings highlight the importance of social context and public information in male
mate-choice decisions and have implications for the evolution of male mating preferences
and of social information use in populations.
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5.2

Introduction

In most mating systems, males and females are commonly within signal-receiving
distances of each other, thus forming communication networks (McGregor and Peake
2000). In such networks, bystanding or eavesdropping male sexual competitors (the
‘audience’, McGregor and Peake 2000) can observe other nearby males court, or
otherwise sexually interact, with females. When sexually interacting with a particular
female, a male may inadvertently reveal his mating preference to nearby eavesdropping
male rivals, thereby conveying to them public information (sensu Danchin et al. 2004)
about the sexual attractiveness and(or) receptivity of that female. In situations where
males face high mating effort costs (Svensson et al. 2004; Hoefler et al. 2008), it may be
beneficial for a bystanding male to minimize his individual costs of locating, attracting
and assessing sexual partners by using this less costly form of public information
(McGregor and Peake 2000; Danchin et al. 2004) and “copy” the observed mating
preference (for a given trait) or mate choice (for a specific partner) of another male
(reviewed by Witte 2006a; Vakirtzis 2011). If an eavesdropping male copies the mate
choice of another male, then both males will be mating with the same female and thereby
incur a greater risk of sexual (Witte 2006a) and potentially sperm competition (Parker et
al. 1997) than otherwise. However, this cost might be offset by the lower costs of finding
and assessing mates for the copier. Mate-choice copying has been documented for
females in numerous taxonomically diverse species, including humans (e.g., Dugatkin
1992; Dugatkin and Godin 1992; Galef and White 1998; Munger et al. 2004; Place et al.
2010; Yorzinski and Platt 2010). However, to my knowledge, empirical evidence for
mate-choice copying by males is limited to only a handful of species, including the sex100

role reversed pipefish (Syngnathus typhle, Widemo 2006), sailfin molly (Poecilia
latipinna, Schlupp and Ryan 1997; Witte and Ryan 2002), Atlantic molly (Poecilia
mexicana, Bierbach et al. 2011b), three-spined stickleback (Gasterosteus aculeatus,
Frommen et al. 2009), and humans (Homo sapiens, Place et al. 2010; Yorzinski and Platt
2010).
The opportunity for male mate-choice copying has often been overlooked, as males
generally have a much higher reproductive potential than females, are thought to be less
discriminatory, and will incur lower fitness costs than females if they make a poor mate
choice decision. Although male mate-choice copying seems counter-intuitive, as it
potentially increases the risk of sperm competition, it may evolve if it minimizes lost
mating opportunity costs. When there is a conflict in mating rates between males and
females in a species, females may be unreceptive to male sexual advances, thereby
limiting male mating opportunities. In a situation where a receptive mate is difficult to
come by, males will incur high trial-and-error costs from sampling females. Public
information from other males could reduce the trial and error costs of locating a receptive
female. Increased sexual activity of other males may be indicative of female sexual
receptivity, and in many species, female receptivity is the main limiting factor in male
reproductive success (Andersson 1994). The high cost of mate sampling could lead to
male mate-choice copying despite the potential for increasing sperm competition risk.
Here, using the Trinidadian guppy (Poecilia reticulata) as a model study system, I
tested the hypothesis that males will use inexpensive social information and copy the
choice of sexual rival when choosing a mate.
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5.3
5.3.1

Methods
Study animals

I used wild-caught Trinidadian guppies as a study species. Paired stimulus females used
in the experiment described below were gravid and matched as closely as possible for
their degree of abdominal distension (assessed by eye), an indicator of stage of pregnancy
(Houde 1997); see Chapter 2 for rationale. However, they were chosen to differ in
standard length (measured from tip of snout to caudal peduncle) by 19.3 ± 0.9% (mean ±
SE; Table 5-1) to promote male discrimination between the females and to elicit a choice
from the male (Dugatkin and Godin 1993; Jeswiet et al. 2011; Godin and Auld 2013;
Chapter 4). All males used in any given behavioural trial were matched for standard
length (measured with a metric scale) and colour ornamentation as closely as possible
(assessed by eye, but later confirmed from analysis of their digital photograph; see
Chapter 2 for methodology).
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Table 5-1 Mean ± SE (range) standard body length (mm) and body ornamentation score (% of male body covered by orange and
black pigmentation) of guppies used in the two treatments of the mate-choice copying experiment. Results of ANOVA tests (F-values)
and t-tests for homogeneity of body length and colour score among male types, and results of paired t-tests comparing the body length
of paired stimulus females within and between treatments, are shown.
Treatment

Focal

No copying
opportunity

19.1 ± 0.3
(17.3 - 21.4)

Within
treatment
comparison

Copying
opportunity

—

—

Male colour score (%)
Focal
Model
Hidden model
6.4 ± 0.5
(2.5 - 9.3)

—

—

18.8 ± 0.2
(17.4 - 20.5)

Within
treatment
comparisons
Across
treatment
comparisons

Male length (mm)
Model
Hidden model

—

18.6 ± 0.2
(17.3 - 20.1)

18.9 ± 0.2
(17.5 - 20.4)

F2,57 = 0.41, P = 0.66

t38 = 0.84,
P = 0.40

—

—

6.5 ± 0.5
(1.6 - 11.0)

5.4 ± 0.5
(1.2 - 9.6)

t38 = -0.79,
P = 0.94

—

26.7 ± 0.3
(24.2 - 30.5)

22.3 ± 0.4
(19.0 - 25.7)

t38 = -8.2, P < 0.001

6.2 ± 0.6
(1.8 - 10.3)

F2,57 = 0.97, P = 0.39

—

Stimulus female length (mm)
Large female
Small female

27.5 ± 0.5
(23.1 - 31.7)

23.2 ± 0.4
(19.8 - 25.8)

t38 = -6.7, P < 0.001

—

t38 = 1.2,
P = 0.23

t38 = 1.7,
P = 0.09
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5.3.2

General protocol

See Chapter 2 for a description of the common general protocol.

5.3.3

Experimental apparatus

The apparatus consisted of a clear Plexiglas test aquarium (40 x 20 x 25 cm; L x W x H;
Figure 5-1) flanked by a clear Plexiglas container at either end (15 x 20 x 25 cm; Figure
5-1). The central aquarium served as the mate-choice arena and held the focal male, and
the end containers (hereafter ‘end compartments’) each contained a stimulus female
differing in body length. See Chapter 2 for more information on general test aquaria
conditions.

5.3.4

Experimental protocol

This experiment comprised two treatments and generally followed the protocol used by
Dugatkin and Godin (1992) for ascertaining the occurrence of mate-choice copying. The
Copying treatment (Figure 5-1) provided individual focal males with the opportunity to
copy the experimentally-staged mating preference of another male (the model), whereas
no such opportunity was available in the Control treatment. Briefly, each experimental
trial consisted of three consecutive 20-min phases (Figure 5-1): (i) an initial mating
preference test (Preference Test 1) to establish the baseline preference of the focal male,
(ii) a viewing period during which the focal male could observe the stimulus female that
he did not prefer in Preference Test 1 either with no model male present near her (Control
treatment: no copying opportunity) or with a visible model male exhibiting sexual interest
in her (Copying treatment: copying opportunity present), and (iii) a second mating
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15 cm

40 cm

20 cm

Preference test 1

F

10 cm
Treatment 1
No copying
opportunity

F
or

Treatment 2
Copying
opportunity

Preference test 2

F

M

M

F

Figure 5-1 Schematic top view of the experimental apparatus used in the mate-choice
copying experiment. The central compartment (40 x 20 x 25 cm; L x W x H) held the
focal male (F) and the end compartments (15 x 20 x 22 cm) held the model males (M)
and (or) stimulus females, depending on the treatment. The circle represents a removable
clear Plexiglas cylinder (7 cm diam.), in which the focal male could temporarily be
placed. The thick dark line in front of one of the end compartments denotes an opaque
Plexiglas screen. Dotted lines represent removable clear Plexiglas partitions that allowed
the end compartments to be either divided in half or left open.
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preference test (Preference Test 2) with no model male present. Therefore, each focal
male was tested twice for his mating preference and thus acted as his own control. The
Control treatment tested for consistency in male mating preference between the two
consecutive preference tests, whereas the Copying treatment ascertained whether a focal
male’s initial mate choice could be altered by an opportunity to copy the apparent mating
preference of another male (the model).
A mate-choice trial consisted of initially placing a focal male into a clear
Plexiglas cylinder (7 cm diam.) located in the centre of the test aquarium and randomly
placing one stimulus female into each of the two end compartments. The focal male’s
initial (baseline) mating preference was ascertained in Preference Test 1 as follows. All
fish were left undisturbed in their compartments for a 10-min acclimatization period
before the start of the preference test, during which time opaque screens blocked the focal
male’s view of the stimulus females in the end compartments. After this period, I
removed the aforementioned opaque screens allowing the focal male to observe the
stimulus females. After 2 min I released the focal male from the Plexiglas cylinder and
allowed him to ‘choose’ between the two stimulus females for 10 min. Immediately
following this choice period, I replaced the opaque screens and gently dip-netted the focal
male to place him into the central cylinder. I then switched the positions of the two end
compartments to control for any potential side bias in the male’s preference behaviour
(see Chapter 2 for details). I removed the screens, released the male from the cylinder,
and scored his mating preference for a second 10-min period. Thus, the mating
preference of the focal male was quantified over a total of 20 min (i.e. Preference Test 1).
Immediately following Preference Test 1, I replaced the opaque screens and
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placed the focal male in the central cylinder. To start the second (viewing) phase of the
trial, each of the two end compartments was temporarily divided in half parallel to the
long axis of the test aquarium with a clear Plexiglas partition (Figure 5-1). For the
Copying treatment, I introduced a model male next to the female that the focal male had
initially not preferred in Preference Test 1; this model male was visible to the focal male
held in the cylinder (Figure 5-1). The model male typically moved along the clear
Plexiglas partition, whilst following the movements of the female on the other side, and
exhibited courtship displays towards her. This staged encounter simulated an apparent
(non contact) sexual interaction between the visible model male and the initially nonpreferred female, presumably demonstrating to the observer focal male that this particular
female is attractive to another male. To minimize potential differences in the activity
level and behaviour of the females (Schlupp et al. 1994; Patriquin Meldrum and Godin
1998; Witte and Ryan 1998), I similarly placed a model male next to the other (initially
preferred) female; however, this model male was hidden from the view of the focal male
by an opaque screen in front of its compartment (Figure 5-1). I alternated between trials
whether the large female was placed in the left or right end compartment and the
particular half of the compartments in which the visible and hidden models were placed.
After I placed the model males in the end compartments, I removed the opaque
screens and allowed the focal male (whilst still in the cylinder) to observe for 20 min the
initially non-preferred female socially interact with a visible model male and the other
female apparently alone. At the end of this viewing period, I replaced the opaque screens
and gently removed the model males and Plexiglas partition from the end compartments
(this procedure took less than 1.5 min). I then removed the screens and released the focal
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male from the cylinder allowing him to choose between the two stimulus females for a
second 20-min period (i.e. Preference Test 2), as for Preference Test 1. I used the same
protocol for the Control treatment, except that I did not introduce a model male in either
of the two end compartments.
For any preference test, the preferred stimulus female was considered the one
with whom the focal male spent more than 50% of his total association time (summed
over the paired females). This criterion, or slight variants of it, for mating preference is
commonly used for poeciliid fishes (Bisazza et al. 1989; Plath et al. 2008c; Jeswiet et al.
2011b) and other taxa (Witte 2006b), and is a strong predictor of mating effort and mate
choice in guppies (Dugatkin and Godin 1992; Jeswiet and Godin 2011). I carried out the
trials for the two treatments in alternating order. A side bias was noted in a total of seven
trials (four in Preference Test 1, three in Test 2), which were discarded. I tested 20 focal
males (that showed no side bias) for each of the two treatments, and used different model
males and stimulus females for each trial. None of the fish were re-used.
If male guppies copy the mating preferences of other males, then I should expect
either a significant weakening or a reversal of a focal male’s initial preference for a
particular female following his observing a model male near the other, initially nonpreferred, female (Copying treatment) compared to his behaviour in the absence of a
model male (Control treatment) (Dugatkin 1992; Dugatkin and Godin 1992).

5.3.5

Controlling for shoaling behaviour

Because guppies are shoaling fish (Houde 1997; Magurran 2005), I carried out a
corollary control treatment testing for the possibility that any mate-copying behaviour
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observed in the aforementioned experiment could alternatively be owing to shoaling
behaviour by focal males, expressed as more time spent on the side of the test aquarium
where they had previously seen two fish (stimulus female and visible model male) than
on the other side where they had seen one fish (stimulus female).
Following Dugatkin and Godin (1992), I tested for this possibility by using an
identical protocol to the Copying treatment above, beginning at the viewing phase, except
that the stimulus females in the end compartments were replaced with size-matched
stimulus males (Table 5-2) to remove the sexual context. I quantified the time spent by
the focal male in each of the two preference zones, whilst facing the stimulus male, as a
measure of his shoaling preference. I tested 20 focal males, which were not re-used. The
width (10 cm) of the preference zones in the test aquarium corresponds to about five
body lengths, which is within the range of inter-individual distances observed in shoaling
fish in nature (Pitcher and Parrish 1993).
I compared the time individual focal males spent associating with the stimulus
male that was previously observed (during the viewing period) near another male in one
of the two end compartments against the time spent associating with the other stimulus
male, which was previously observed as being apparently alone.
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Table 5-2 Mean ± SE (range) standard body length (mm) of male guppies used in the shoaling control treatment of the
mate-choice copying experiment. The result of an ANOVA test for homogeneity of body length among male types is
shown.
Focal male

Model male

Hidden model male

Stimulus male 1

Stimulus male 2

ANOVA result

18.7 ± 0.2

18.9 ± 0.2

18.8 ± 0.2

19.4 ± 0.2

19.0 ± 0.2

F4,95 = 1.76,

(17.2 - 21.0)

(17.5 - 20.5)

(17.1 - 20.4)

(17.7 - 20.9)

(17.2 - 20.4)

P = 0.14
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5.3.6

Statistical analysis

All t-tests used were two-tailed and all statistical analyses were performed using the R
statistical framework (R Core Team 2014).
To ascertain whether focal males modified their initial mating preference after
having observed another male (the model) visually interact with the formerly nonpreferred female, I first calculated the proportion of time focal males spent associating
with the initially-preferred and initially non-preferred females in Preference Test 1 and
Preference Test 2 of each treatment, separately. I then used paired t-tests to compare the
proportion of time that males spent with their initially non-preferred female in Preference
Test 1 to that in Preference Test 2 for both treatments.
To compare between the two treatments, I calculated for each focal male a
difference score for any change in mating preference between the matched preference
tests [Difference score = (Proportion of time near the initially non-preferred female in
Preference Test 2 – Proportion of time near the initially non-preferred female in
Preference Test 1)], following Jeswiet et al. (2011). A positive value denotes an increase
in the proportion of time a focal male spent with the initially non-preferred female in the
second preference test (taken as evidence for mate-choice copying, Dugatkin and Godin
1992). I compared the difference score between the two treatments using an independent
t-test.
To test for the possibility that any observed copying effect could instead be
explained by a shoaling response, I compared the time individual focal males spent
associating with the stimulus male that was previously observed (during the viewing
period) near another male in one of the two end compartments against the time spent
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associating with the other stimulus male, which was previously observed as being
apparently alone using a paired t-test.
To complement the above analysis, I also compared the number of focal males
that reversed their initial mating preference in Preference Test 2 in each treatment
separately. As noted above, preference for a particular female was defined as a male
spending more than 50% of his time associating with her. Following Dugatkin and Godin
(1992), I compared frequencies of occurrence of mate-choice reversal using the G-test
with Williams’ correction (controlling for the expected false discovery rate (FDR) for
multiple comparisons, Benjamini and Hochberg 1995).
Lastly, because any difference in overall sexual motivation by focal males
between the paired preference tests may result in a change in preference between the
tests, I compared any difference in the overall total time individual focal males spent near
either stimulus female (as a proxy measure of their sexual motivation) between paired
Preference Test 1 and Test 2 using a paired t-test for each treatment separately. Next, I
calculated the relative change in the amount of time that the focal males spent near either
of the stimulus females in Preference Test 1 compared to Test 2 as [Relative change =
(Total time spent near either female in Test 2 - Total time spent near either female in
Test 1/Total time spent near either female in Test 1) x 100] for each treatment separately.
I compared the relative change in the time spent near either of the stimulus females
between Test 1 and Test 2 between treatments using the Mann-Whitney U test.
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5.3.7

Ethical standards

The current study was approved by my institutional Animal Care Committee (protocols
10651 and B10-17), and adheres to the animal use and care guidelines of the Canadian
Council on Animal Care and thus the laws of Canada.

5.4

Results

Overall, focal male guppies spent more time associating with the larger (mean ± SE =
693.2 ± 47.3 s) than the smaller (308.6 ± 35.9 s) of two stimulus females (paired t-test: t39
= 8.15, P < 0.001) in Preference Test 1, thereby showing a strong baseline preference for
large females. Males were consistent in their mating preference between the two
consecutive preference tests when there was no copying opportunity available (paired ttest: t19 = 0.87, P = 0.40, Figure 5-2; see also Figure 5-3c). In contrast, focal males
significantly increased their time spent near their initially non-preferred female, and
therefore spent correspondingly less time near the other (initially preferred) female, after
a copying opportunity was presented (paired t-test: t19 = -5.14, P < 0.001, Figure 5-2a;
see also Figure 5-3c). This behavioural response was reflected in a significant change in
the mating preference of the focal males (i.e. difference score; t-test: t38 = -4.91, P <
0.001, Figure 5-2b), and thus in significantly more males reversing their initial mating
preference between the paired preference tests (G-test: G1 = 8.72, P = 0.003, Figure 52c), when a copying opportunity was present than when absent. Taken together, these
results strongly indicate that focal male guppies ‘copied’ the apparent mate choice of a
demonstrator (model) male.
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Figure 5-2 Mating preferences of focal males for the female that was initially not
preferred in Preference Test 1 after they had observed that same female in either the
absence (Control treatment; no copying opportunity) or the presence of a conspecific
male model behind a clear Plexiglas partition (Copying treatment; copying opportunity)
in Preference Test 2. Mating preferences are shown using three measures: (a) mean (±
SE) proportion of time that focal males spent associating with the initially non-preferred
female in Preference Test 1 (open bar) and in Preference Test 2 (filled bar); (b) mean (±
SE) preference difference score between Preference Test 2 and Preference Test 1 (a
positive value denotes an increase in the focal male’s preference for the initially nonpreferred female in Preference Test 2); and (c) percentage of males that reversed their
initial preference (observed in Preference Test 1) in Preference Test 2. Significant P
values are shown for paired comparisons; n.s. denotes not significant (P > 0.05).
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Males were consistent in the amount of time they spent in the preference zone of
either stimulus between the two consecutive preference tests when there was no copying
opportunity available (paired t-test: t19 = 1.61, P = 0.12, Figure 5-3a). Focal males
significantly decreased the time they spent near either stimulus female after a copying
opportunity was presented (paired t-test: t19 = 3.21, P = 0.004, Figure 5-3a). I observed no
significant difference in the change in the amount of time that males spent with either
stimulus female from Preference Test 1 to Preference Test 2 between treatments (MannWhitney U test: W = 143, P = 0.13, Figure 5-3b), suggesting that the sexual motivation of
focal males did not differ significantly between treatments. In the corollary treatment
controlling for shoaling behaviour, focal male guppies spent significantly less time (312.6
± 43.4 s) associating with the stimulus male they had previously observed near another
male (paired t-test: t19 = -2.16, P = 0.04), and thus spent more time (513.6 ± 59.65 s) with
the other stimulus male they had not previously observed near another male. This result is
contrary to that expected based on social attraction to an area where more fish had been
previously observed. Therefore, my findings above, demonstrating mate-choice copying,
cannot be explained by any shoaling behaviour exhibited by the focal males.
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Figure 5-3 Comparison of the mating behaviour of focal males in Preference Test 1
compared to their mating behaviour in Preference Test 2 in either the absence of any
copying opportunity or when a copying opportunity was present. Mating behaviour is
shown as (a) the mean ± SE amount of time that the focal males spent associating with
either of the stimulus females in Preference Test 1 and Preference Test 2, (b) the mean ±
SE change in the amount of time that focal males spent associating with either stimulus
female in Preference Test 2 relative to the amount of time they spent with either stimulus
female in Preference Test 1, and (c) the mean ± SE amount of time that focal males spent
associating with the initially non-preferred female (open bars) and the initially preferred
female (grey bars) in Preference Test 1 and Test 2 for each treatment separately.
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5.5

Discussion

In the current study, male guppies ‘copied’ the observed apparent mate choice of a
nearby conspecific male (the demonstrator or model), as revealed by a significant shift in
their initial preference for a particular female (typically the larger female) towards an
increased preference for another female whom they had recently observed receiving
sexual attention from a model male rival. In comparison, in the absence of any
opportunity to copy, males were consistent over time (between the two consecutive
preference tests) in their mating preferences, confirming similar findings in previous
studies on the guppy (e.g. Jeswiet et al. 2011b; Godin and Auld 2013). Such mate-choice
copying behaviour by male guppies thus cannot be explained by spontaneous temporal
changes in their mating preference over time, any changes in sexual motivation, or by
simple shoaling behaviour. Nor can it be explained by any differential sexual response or
activity level of the stimulus females towards the focal or model males, because paired
females in each trial were similarly gravid and thus unreceptive to male courtship (cf.
Houde 1997) and both were exposed to a model male (one hidden and the other visible to
the focal male in the copying opportunity treatment). My findings therefore strongly
suggest that male guppies are sensitive to the presence and sexual behaviour of nearby
rival males, and social information gathered resulted in males modifying their own
mating preferences by copying the observed apparent mate choice of their rivals.
Although females from a number of Trinidadian guppy populations (e.g. Briggs et
al. 1996; Dugatkin et al. 2002; Godin et al. 2005), including the Upper Aripo River (J.G.J. Godin, A. Miller and A.-C. Auge, unpubl. data), are known to mate-choice copy
when given the opportunity to do so, my current study is the first to report evidence for
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male mate-choice copying in the Trinidadian guppy to my knowledge. A recent study
(Makowicz et al. 2010b) with non-Trinidadian feral guppies did not find a reversal of
male mating preference and concluded that mate-choice copying was not responsible for
their results. Differences in the result of their study and mine can be attributed to
differences in fish provenance, experimental design and measure of mating preference. In
the Makowicz et al. (2010b) study, males were allowed to fully interact with both freeswimming stimulus females, which could lead to successful inseminations and thus an
increase in actual sperm competition, whereas in my study focal males could only view
rival males demonstrating sexual interest towards the initially non-preferred female and
were unable to directly interact and copulate with either stimulus female. Additionally,
Makowicz et al. measured preference as number of sexual acts directed towards each
female, whereas I used time spent in each female’s preference zone as a measure of
preference (= association time), which is another predictor of actual mate choice in the
guppy (Dugatkin and Godin 1992; Jeswiet and Godin 2011). In addition to my findings
here, mate-choice copying by males has been previously demonstrated in only a few
other species of fish (Schlupp and Ryan 1997; Witte and Ryan 2002; Frommen et al.
2009; Bierbach et al. 2011b) and in humans (Place et al. 2010; Yorzinski and Platt 2010),
among species with traditional sex roles. Compared with females (reviewed by Witte
2006a; Vakirtzis 2011; Witte et al. 2015), this relative paucity of evidence for matechoice copying in males is likely owing to a female sex bias in studies of mate-choice
copying to date, which perhaps reflects the traditional view that males are generally less
choosy than females (Andersson 1994). Male mate-choice copying will undoubtedly be
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discovered in more species in the future, as it is now well established that males from
diverse taxa also express mating preferences (Edward and Chapman 2011).
In the absence of nearby sexual rivals and copying opportunities, mating
preferences in male Trinidadian guppies are consistent over time (current study; Jeswiet
et al. 2011b; Godin and Auld 2013; Chapter 4) and among individuals are highly
repeatable (Godin and Auld 2013; Chapter 4), possibly reflecting a heritable component
(Boake 1989). Notwithstanding such consistency, their mating preferences can also be
plastic and responsive to the ambient socio-sexual environment, as illustrated by the
influence of the presence and sexual behaviour of nearby sexual rivals (and potential
sexual competitors) on the mating preferences of focal males (current study; Chapters 67; Jeswiet et al. 2011b, 2012).
Copying the mate choice of another male is potentially associated with an
increased risk of sexual and sperm competition, a cost which may however be partially
offset by the reduced costs of mate sampling and assessment enjoyed by copiers in theory
(Witte 2006a; Vakirtzis 2011; Witte et al. 2015). It has been suggested that one of the
fitness-related benefits of male mate-choice copying is a reduced cost of finding sexually
receptive females (Schlupp and Ryan 1997), which are relatively rare in natural
populations of the Trinidadian guppy (Houde 1997). Although stimulus females in my
current study were gravid and consequently sexually unreceptive, Trinidadian male
guppies nonetheless sexually pursue, court and attempt to mate with previously-mated
gravid females (Houde 1997; Guevara-Fiore et al. 2009; Jeswiet and Godin 2011; Godin
and Auld 2013; Chapter 4) and can successfully inseminate unreceptive gravid females
through forced sneak copulations (Pilastro and Bisazza 1999; Evans et al. 2003a) and sire
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offspring (Kelly et al. 1999; Herdman et al. 2004; Neff at al. 2008). Since male guppies
primarily use olfactory cues to assess female reproductive status (Guevara-Fiore 2009),
the model male’s spatial proximity to and sexual interest in the nearby stimulus female in
my behavioural trials likely signaled that female’s (apparent) sexual receptivity or
‘quality’ as a potential mate to the focal male observer.
To my knowledge, this is the first study to demonstrate male mate-choice copying
in the Trinidadian guppy. The modification of male mating preferences and the
consequent alteration of social information conveyed in the presence of an audience of
sexual rivals, as shown in the current study, has important implications for the evolution
of social information use and the relative frequency of social copiers and non-copiers in a
population (Dubois 2015). This work highlights the importance of the use of public
information by males when choosing mates, and thus contributes to our relatively limited
knowledge of male mate choice in general (Edward and Chapman 2011). Towards a more
comprehensive understanding of the evolution of male mate choice, future empirical and
theoretical studies should therefore place greater emphasis on the social environment and
the use of public information by males in their mating decisions.
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Chapter 6:

Do Male Trinidadian Guppies Adjust their Mate Choice in the
Presence of a Rival Male Audience?

This chapter is published as: Auld, H.L. and Godin, J.-G.J. 2015. Sexual voyeurs and
copiers: social copying and the audience effect on male mate choice in the guppy.
Behavioral Ecology and Sociobiology, 69: 1795–1807. It is reproduced here with
permission from Springer-Verlag Berlin Heidelberg©.
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6.1

Abstract

In most mating systems, males and females are commonly within signaling and receiving
distance of conspecifics during courtship and mating activities. Although it is well
known that females who observe sexual interactions between conspecifics will use public
information obtained from these interactions when making their own mating decisions,
much less is known about whether males use this type of information in making mating
decisions. I used the Trinidadian guppy (Poecilia reticulata) to test whether males use
public information to modify their mating preference for a given female in the presence
of one or two sexual rivals (potential copiers). I show that males alter their mating
preferences in response to the presence of an audience of sexual rivals, but find no
evidence of a stronger audience effect when the number of sexual rivals increases. These
results indicate that males pay attention to their immediate social environment in making
mating decisions, and suggest that they avoid having another male copy their mate choice
by weakening or even reversing their initial mating preference in the presence of
eavesdropping male sexual competitors. My findings highlight the importance of social
context and public information in male mate-choice decisions and have implications for
the evolution of male mating preferences and of social information use in populations.
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6.2

Introduction

In most animal mating systems, sexual interactions between males and females
commonly occur in the presence of nearby eavesdropping conspecifics (i.e. an
‘audience’, McGregor and Peake 2000). When sexually interacting with a particular
female, a male (the ‘demonstrator’) may inadvertently reveal his mating preference to a
nearby eavesdropping male rival, thereby conveying to the latter public information
(sensu Danchin et al. 2004) about the sexual attractiveness and (or) receptivity of that
female. If this public information is received by an audience male rival, it may
subsequently be used by that male to copy the mate choice of the demonstrator male
(Witte 2006a; Vakirtzis 2011; Witte et al. 2015), thereby increasing the risk of sperm
competition and reduced share of paternity for the copied male (Wedell et al 2002; Witte
2006a). To date, male mate-choice copying has been demonstrated in only a few species
(Schlupp and Ryan 1997; Witte and Ryan 2002; Frommen et al. 2009; Place et al. 2010;
Yorzinski and Platt 2010; Bierbach et al. 2011b), including the guppy (Auld and Godin
2015; Chapter 5).
If males are at risk of being copied by sexual rivals and of incurring a resultant
increase in their risk of sexual competition, then there should be selection on males to
either minimize the inadvertent social transmission of cues about their choice of mates
when in the presence of any audience male or to communicate false (deceptive)
information about their mating preferences that directs the attention of audience males
away from their preferred females (McGregor and Peake 2000; Dubois 2015). A change
in the behaviour of a focal individual when in the presence of an audience is referred to
as the ‘audience effect’ (McGregor and Peake 2000; Dablesteen 2005), which has been
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demonstrated in a sexual context in several species of fish (Dzieweczynski and Rowland
2004; Wong 2004; Dzieweczynski et al. 2005; Fisher and Rosenthal 2007; Plath and
Schlupp 2008; Plath et al. 2008a, b, c, 2009, 2010; Ziege et al. 2008, 2009;
Dzieweczynski and Walsh 2010; Makowicz et al. 2010a; Bierbach et al. 2013; Auld et al.
2015; Chapter 8) and in birds (Dubois and Belzile 2013). A sexual audience effect
expressed by males may be a behavioural response to a perceived increase in their risk of
sexual competition from sexual rivals (Kelly et al. 1999; Neff et al. 2008), as males
usually exhibit a decreased preference for a preferred female in the presence of an
audience of competitors (e.g. Plath and Schlupp 2008; Makowicz et al 2010a; Dubois and
Belzile 2013; but see Bierbach et al. 2012 for an exception).
In general, it remains unknown whether the characteristics of an audience, such as
the number of audience members or their phenotypes, influence the direction and(or)
magnitude of the audience effect (see Dzieweczynski and Walsh (2010) and Bierbach et
al. (2011a) for exceptions). If an audience comprises several individuals, and therefore
many potential ‘copiers’, males may face an even greater risk of sexual competition than
if there was only one audience member (cf. Wedell et al. 2002). A perceived increase in
sexual competition risk may therefore result in a greater audience effect.
Here, using the Trinidadian guppy as a model study system, I tested the
hypotheses that (i) males should modify their mate-choice behaviour in presence of an
audience of sexual competitors (= audience effect), and (ii) the magnitude of their
audience response should increase with an increase in the number of potential sexual
competitors (audience males).
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6.3
6.3.1

Methods
Study animals

I used wild-caught Trinidadian guppies as a study species. Paired stimulus females used
in the experiment described below were gravid and matched as closely as possible for
their degree of abdominal distension (assessed by eye), an indicator of stage of pregnancy
(Houde 1997); see Chapter 2 for rationale. However, they were chosen to differ in
standard length (measured from tip of snout to caudal peduncle) by 20.8 ± 1.0% (Table 61) to promote male discrimination between the females and to elicit a choice from the
male (Dugatkin and Godin 1993; Jeswiet et al. 2011; Godin and Auld 2013; Chapter 4).
All males used in any given behavioural trial were matched for standard length
(measured with a metric scale) and colour ornamentation as closely as possible (assessed
by eye, but later confirmed from analysis of their digital photograph; see Chapter 2 for
methodology).
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Table 6-1 Mean ± SE (range) standard body length (mm) and body ornamentation score (% of male body covered by orange and
black pigmentation) of guppies used in the three experimental treatments of the audience-effect experiment. Results of the ANOVA
(F-values), Kruskal-Wallis (χ-values), and t-tests for homogeneity of body length and colour score among male types, and results of ttests comparing the body length of paired stimulus females between and within treatments, are shown. The Kruskal-Wallis test was
used when residuals were not normally distributed.

Treatment
No audience
Within
treatment
comparison
1-male
audience
Within
treatment
comparisons
2-male
audience
Within
treatment
comparisons
Across
treatment
comparisons

Focal
18.5 ± 0.3
(16.7 - 21.7)

Male length (mm)
Audience 1
Audience 2
—
—
—

18.3 ± 0.3
(16.3 - 23.6)

18.2 ± 0.3
(15.5 - 21.8)
t56 = 0.26, P = 0.80

—

18.0 ± 0.2
17.9 ± 0.2
18.2 ± 0.3
(15.9 - 20.5)
(15.8 - 20.9)
(15.7 - 19.7)
F2,72 = 0.42, P = 0.66
χ 2 = 1.78,
P = 0.41

F2,76 = 0.38,
P = 0.69

Male colour score (%)
Focal
Audience 1
Audience 2
6.5 ± 0.5
—
—
(2.9 - 12.5)
—

Stimulus female length (mm)
Large female
Small female
25.7 ± 0.5
21.8 ± 0.4
(22.5 - 31.5)
(17.0 - 27.7)
t54 = 5.76, P < 0.001

5.3 ± 0.4
(1.6 - 9.1)

5.5 ± 0.5
(1.7 - 10.6)
t56 = -0.34, P = 0.73

25.6 ± 0.5
21.3 ± 0.4
(21.7 - 29.6)
(17.1 - 25.6)
t56 = 7.42, P < 0.001

6.1 ± 0.5
(2.1 - 10.6)

5.9 ± 0.7
4.9 ± 0.6
(0.5 - 14.3)
(0.7 - 13.0)
F2,72 = 1.55, P = 0.22

F2,79 = 2.34,
P = 0.1

F2,76 = 0.07,
P = 0.94

—

25.7 ± 0.6
20.9 ± 0.5
(22.4 - 32.5)
(15.7 - 26.7)
t48 = 6.4, P < 0.001
χ 2 = 0.01,
P = 0.99

F2,79 = 0.845,
P = 0.04
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6.3.2

General protocol

See Chapter 2 for a description of the common general protocol.

6.3.3

Experimental apparatus

The dichotomous-choice experimental apparatus consisted of a clear Plexiglas test
aquarium (40 x 20 x 25 cm; L x W x H; Figure 6-1) flanked by two Plexiglas end
containers (hereafter termed ‘end compartments’, 6 x 20 x 25 cm), which held the
stimulus females. See Chapter 2 for more information on general test aquarium
conditions.
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40 cm
(a)

6 cm

Preference test 1
20 cm

F

10 cm

(b)

Preference test 2
Treatment 1
No audience

F

or
Treatment 2
One audience
male

F
or

Treatment 3
Two audience
males

F

Figure 6-1 Schematic top view of the experimental apparatus. The central compartment
held the focal male (F) and the ‘audience’ fish (constrained in a clear cylinder) and the
end compartments held the stimulus females. In panel (b), each circle represents a
removable clear Plexiglas cylinder in Preference Test 2; one cylinder (most central – not
shown) temporarily held the focal male and the other cylinder was either empty or held
the ‘audience’ fish, depending on the treatment. The dashed lines in the test aquarium
demarcate the 10-cm preference zones
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6.3.4

Experimental protocol

The experimental protocol generally followed the one used by Plath et al. (2008a). The
experiment comprised three treatments, which differed only in the membership size of
the audience (either 0, 1 or 2 rival male guppies). Briefly, for all treatments, a given trial
consisted of two consecutive 20-min phases: (i) an initial mating preference test
(Preference Test 1) to establish the baseline preference of the focal male, and (ii) a
second preference test (Preference Test 2) with either no audience (control treatment), an
audience of one conspecific male or an audience of two conspecific males present (Figure
6-1). The control treatment (no audience) tested for consistency in male mating
preference between the two consecutive preference tests in the absence of an audience,
the one-member audience treatment determined whether a focal male’s initial mate
choice (in Preference Test 1) is altered by the presence of an audience of one potential
sexual rival (in Preference Test 2), and the two-member audience treatment tested
whether increasing the number (from 1 to 2) of potential sexual rivals in the audience
would increase the magnitude of any observed audience effect on a focal male’s mating
preference.
All three treatments shared a common procedure as follows. A trial consisted of
initially placing a focal male and the stimulus females in their respective compartments
of the apparatus (Figure 6-1). The fish were left undisturbed for a 10-min acclimatization
period, during which opaque screens prevented visual contact between the focal male and
the stimulus females. Following acclimatization, I removed the opaque screens and
allowed the focal male (constrained in the clear central cylinder) to observe the stimulus
females in their respective end compartments for 5 min (viewing period). After this
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period, I released the focal male from the central cylinder and allowed him to ‘choose’
between the two stimulus females for 10 min. Immediately following this choice period, I
replaced the opaque screens and gently dip-netted the focal male to place him into the
central cylinder. I then switched the positions of the two end compartments to control for
any potential side bias in the male’s preference behaviour. I removed the screens,
released the male from the cylinder, and scored his mating preference for a second 10min period. Thus, the mating preference of the focal male was quantified over these two
10-min periods, for a total of 20 min (i.e. Preference Test 1), similar to the procedure
used in Chapter 5.
Immediately following Preference Test 1, I replaced the opaque screens and
returned the focal male to the central cylinder. For the control treatment (no audience), an
empty clear Plexiglas cylinder (7 cm diam.) was gently placed adjacent to the focal
male’s cylinder in the centre of the test aquarium (Figure 6-1). For the one-member
audience treatment, one male sexual rival was added to the cylinder to form an audience.
In the two-member audience treatment, the audience comprised two male sexual rivals.
Once the audience males were in place, I removed the opaque screens and allowed the
focal male (whilst still in the cylinder) to view the stimulus females and, depending on
the treatment, the audience male(s) for 10 min. At the end of this viewing period, I
released the focal male from his cylinder and recorded his mating preference for another
20-min (i.e. Preference Test 2). Audience male(s) remained in their cylinder throughout
this mating preference test. Preference Test 2 was carried out exactly the same as
Preference Test 1, except for the inclusion of the aforementioned particular treatments.
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I quantified the mating preference of individual focal males for either of the
paired stimulus females as described in Chapters 2 and 5. For any preference test, the
preferred stimulus female was considered the one with whom the focal male spent more
than 50% of his total association time (summed over the paired females). This criterion,
or slight variants of it, for mating preference is commonly used for poeciliid fishes
(Bisazza et al. 1989; Plath et al. 2008c; Jeswiet et al. 2011b) and other taxa (Witte
2006b), and is a strong predictor of mating effort and mate choice in guppies (Dugatkin
and Godin 1992; Jeswiet and Godin 2011). Trials for the treatments were carried out in
alternating order. A side bias was noted in a total of 18 trials (15 in Preference Test 1,
three in Test 2), which were discarded. I tested 28, 29 and 25 focal males (that showed no
side bias) in Treatments 1, 2 and 3, respectively. I used different audience males and
stimulus females for each trial. None of the fish were re-used.

6.3.5

Control treatment for potential disturbance effect of an audience

It is possible that any change in the behaviour of focal males in the presence of an
audience could be owing to a general disturbance effect of any audience fish nearby
rather than to perceived sexual competition (from rival male conspecifics) per se. To test
for this possibility, I repeated the one-member audience treatment using a heterospecific
adult zebrafish (Danio rerio), instead of a male guppy, as the audience. Adult zebrafish
are similar in body size to adult Trinidadian guppies (Table 6-2), but do not resemble
guppies morphologically or behaviourally nor overlap geographically with them.
Therefore, male Trinidadian guppies are not likely to perceive adult zebrafish as sexual
competitors or potential predators. Because of a limited availability of wild females at the
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Table 6-2 Mean ± SE (range) standard body length (mm) of focal male guppies,
audience zebrafish and paired stimulus female guppies used in the disturbance-effect
control treatment. Results of paired t-tests comparing the body lengths of the focal male
and audience zebrafish and the paired stimulus females, respectively, are shown.

Focal guppy
male

Audience
zebrafish

Large stimulus
female

Small stimulus
female

19.4 ± 0.4
(17.2 - 23.9)

22.3 ± 0.4
(18.6 - 25.7)

29.1 ± 0.5
(24.6 - 33.4)

24.3 ± 0.5
(21.0 - 30.1)

t44 = -5.27, P < 0.001

t44 = 6.65, P < 0.001
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time of this control treatment, some (four) of the stimulus female guppies used were firstgeneration, lab-born offspring of wild-caught Upper Aripo River guppies; otherwise all
other guppies used in the treatment were wild-caught. I tested 32 males, 9 of which
exhibited side biases, which were discarded. Twenty-three focal males remained, which
were not re-used.

6.3.6

Statistical analysis

All t-tests used were two-tailed and all statistical analyses were performed using the R
statistical framework (R Core Team 2014). To ascertain whether focal males modified
their initial mating preference after having observed an audience of rival male(s) nearby
(audience effect), I first calculated the proportion of time focal males spent associating
with the initially-preferred and initially non-preferred females in Preference Test 1 and
Preference Test 2 of each treatment, separately. I then used paired t-tests to compare the
proportion of time that males spent with spent with the initially-preferred female in
Preference Test 1 to that in Preference Test 2 for each treatment separately.
To compare between treatments, I calculated for each focal male a difference
score for any change in mating preference between the matched preference tests
[Difference score = (Proportion of time near the initially-preferred female in Preference
Test 2 – Proportion of time near the initially-preferred female in Preference Test 1)]. A
negative value here denotes a decrease in the proportion of time a focal male spent with
the initially-preferred female, and thus an increased relative preference for the other
female, in the second preference test (taken as evidence for an audience effect if a male
audience was present during Preference Test 2). I compared difference scores between
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treatments using a one-way ANOVA, followed by a Tukey’s test for post-hoc multiple
comparison of means.
To complement the above analysis, I also compared the number of focal males
that reversed their initial mating preference in Preference Test 2 in each treatment
separately. As noted above, preference for a particular female was defined as a male
spending more than 50% of his time associating with her. Following Dugatkin and Godin
(1992), I compared frequencies of occurrence of mate-choice reversal using the G-test
with Williams’ correction (controlling for the expected false discovery rate (FDR) for
multiple comparisons, Benjamini and Hochberg 1995).
Lastly, because any difference in overall sexual motivation by focal males
between the paired preference tests may result in a change in preference between the
tests, I compared any difference in the overall total time individual focal males spent near
either stimulus female (as a proxy measure of their sexual motivation) between paired
Preference Test 1 and Test 2 using a paired t-test for each treatment separately. Next, I
calculated the relative change in the amount of time that the focal males spent near either
of the stimulus females in Preference Test 1 compared to Test 2 as [Relative change =
(Total time spent near either female in Test 2 - Total time spent near either female in
Test 1/Total time spent near either female in Test 1) x 100] for each treatment separately.
I compared the relative change in the time spent near either of the stimulus females
between Test 1 and Test 2 between treatments using a one-way ANOVA, followed by the
Tukey test for multiple comparisons.
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6.3.7

Ethical standards

The current study was approved by my institutional Animal Care Committee (protocols
10651 and B10-17), and adheres to the animal use and care guidelines of the Canadian
Council on Animal Care and thus the laws of Canada.
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6.4

Results

Overall, focal male guppies spent more time associating with the larger (558.0 ± 22.8 s)
than the smaller (340.4 ± 19.7 s) of the two stimulus females (paired t-test: t104 = 5.49, P
< 0.001) in Preference Test 1, thereby demonstrating a strong baseline preference for
large females. Males were consistent in their mating preference between the paired
preference tests in the absence of an audience (paired t-test: t27 = 0.66, P = 0.51, Figure 62a; see also Figure 6-3a). In comparison, males significantly decreased the time they
spent near their initially-preferred female when one audience male (paired t-test: t28 =
5.86, P < 0.001, Figure 6-2a; see also Figure 6-3a) or two audience males (paired t-test:
t24 = 5.44, P < 0.001, Figure 6-2a; see also Figure 6-3a) was present. This male response
to a conspecific male audience was reflected in a significant change in their preference
difference score in the expected direction when an audience was present (one-way
ANOVA: F2,79 = 8.13, P < 0.001, Figure 6-2b). Although the preference difference scores
of focal males in the presence of a 1-male audience (P = 0.001) and 2-male audience (P =
0.006, Figure 6-2b) differed significantly from those in the control treatment (no
audience) as expected, they did not differ from each other (P = 0.91). Reinforcing the
above evidence for an audience effect, the number of males reversing their initial mating
preference between the paired preference tests differed between treatments (G-test: Gadj2
= 6.65, P = 0.04, Figure 6-2c). Proportionally more males reversed their mating
preference in the presence of a 1-male audience (Gadj1 = 5.04, P = 0.03) and a 2-male
audience (Gadj1=5.42, P = 0.02) than when no audience was present (control), as expected
(Figure 6-2c). However, contrary to expectation, there was no difference in mate-choice
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reversal frequencies, and thus the magnitude of the observed audience effect, between
when one or two audience males were present (Gadj1 = 0.007, P = 0.47, Figure 6-2c).
In the zebrafish control treatment for a general disturbance effect, the proportion
of time focal males spent near their initially-preferred female (in Preference Test 1) did
not differ significantly from that in the paired Preference Test 2 whilst in the presence of
an heterospecific (zebrafish) audience (paired t-test: t22 = 1.98, P = 0.06; Figure 6-2a).
Therefore, the zebrafish audience did not significantly affect the mating preference of
focal male guppies. Consequently, focal male mating difference scores and the proportion
of male guppies reversing their initial mating preference between the paired preference
tests did not differ between the zebrafish audience treatment and the control (no
audience) treatment (Tukey HSD: P = 0.94, Figure 6-2b; Gadj1 = 0.16, P = 0.69,
respectively, Figure 6-2c). However, the responses of focal males [both their difference
scores (Figure 6-2b) and proportion of males reversing their initial mating preference
(Figure 6-2c)] to the presence of either one (Tukey HSD: P = 0.01, Figure 6-2b; Gadj1 =
6.69, P = 0.01, Figure 6-2c, respectively) or two (Tukey HSD: P = 0.047, Figure 6-2b;
Gadj1 = 6.91, P = 0.009, respectively, Figure 6-2c) audience male guppies were
significantly greater than their responses to the presence of a zebrafish audience. These
results suggest that the strength of the above-observed effect of a conspecific male
audience on male guppy mating preferences is specific to the nearby presence of
conspecific sexual rivals, and cannot be explained by any general disturbance effect of
the presence of any fish.
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Figure 6-2 Comparison of the mating preferences of focal males for the particular female
initially preferred in Preference Test 1 compared to their preferences for the same female
in the paired Preference Test 2 when not being observed by an audience conspecific male
(no audience) or being observed by either an audience one conspecific male, two
conspecific males, or one heterospecific zebrafish (control for a general disturbance
effect). The vertical dashed line separates the results obtained from the three treatments
of Experiment 2 from the control (zebrafish audience) treatment. The mating preferences
of focal males are shown using three measures: (a) mean (± SE) proportion of time that
focal males spent associating with the initially-preferred female in Preference Test 1
(open bar) and in Preference Test 2 (filled bar); (b) mean (± SE) preference difference
score between Preference Test 2 and Preference Test 1 (a negative value denotes a
decrease in the focal male’s preference for the initially-preferred female in Preference
Test 2); and (c) the percentage of males that reversed their initial preference (observed in
Preference Test 1) in Preference Test 2. Only significant comparisons (P < 0.05) are
shown in panel (a). In the other two panels, histogram bars with dissimilar letters are
significantly different (P < 0.05) from each other. The multiple paired comparisons in
panels b and c were carried out using paired t-tests and the G-test, respectively, with the
FDR for multiple comparisons controlled for.
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Focal males spent less time with either stimulus female in Preference Test 2
compared to Preference Test 1 for all treatments (paired t-tests: all P < 0.02, Figure 6-3a;
see also Figure 6-3c). Overall, the relative change in the total amount of time that males
spent with either stimulus female differed across treatments (one-way ANOVA: F3, 101 =
12.9, P < 0.001, Figure 6-3b), potentially suggestive of a change in sexual motivation
over time that differed in magnitude between treatments. A post-hoc Tukey’s HSD test
revealed that the decrease in total association time near stimulus females exhibited by
focal males when no audience present (control) was significantly less than that for when
one (P < 0.001) or two (P < 0.001) audience male guppies are present and when a
heterospecific zebrafish audience is present (P < 0.001). Because the observed decrease
in the total time focal males spent with either stimulus female between paired preference
tests did not differ between the heterospecific zebrafish audience treatment and either the
one audience male guppy treatment (P = 0.73) or the two audience male guppy treatment
(P = 0.98), and because the zebrafish audience treatment did not show an audience effect
(Figure 6-2a), the aforementioned evidence for a guppy audience effect (Figure 6-2; see
also Figure 6-3) cannot be explained simply by any change in male sexual motivation
among the audience treatments.
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Figure 6-3 Comparison of the mating behaviour of focal males in Preference Test 1
compared to their mating behaviour in Preference Test 2 when either not being observed
by an audience conspecific male (no male; Treatment 1) or being observed by either an
audience one conspecific male (one male; Treatment 2), two conspecific males (two
males; Treatment 3), or one heterospecific zebrafish (control for a general disturbance
effect). The vertical dashed line separates the results obtained from the three guppy male
audience treatments from the control (zebrafish audience) treatment. The mating
behaviour of focal males is shown as (a) the mean ± SE amount of time that the focal
males spent associating with either of the stimulus females in Preference Test 1 and
Preference Test 2, (b) the mean ± SE change in the amount of time that focal males spent
associating with either stimulus female in Preference Test 2 relative to the amount of time
he spent with either stimulus female in Preference Test 1, and (c) the mean ± SE amount
of time that focal males spent associating with the initially non-preferred female (open
bars) and the initially preferred female (grey bars) in Preference Test 1 and 2 for each
treatment separately. Histogram bars with dissimilar letters are significantly different (P
< 0.05) from each other. The multiple paired comparisons in panel (a) were carried out
using the Tukey Test.
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6.5

Discussion

In the absence of nearby sexual rivals and copying opportunities, mating preferences in
male Trinidadian guppies are consistent over time (current study; Chapter 4; Jeswiet et al.
2011b; Godin and Auld 2013). Notwithstanding such consistency, their mating
preferences can also be plastic and responsive to the ambient socio-sexual environment,
as illustrated by the influence of the presence and sexual behaviour of nearby sexual
rivals (and potential sexual competitors) on the mating preferences of focal males
(Chapter 5; Jeswiet et al. 2011b, 2012).
Copying the mate choice of another male (Chapter 5) is potentially associated
with an increased risk of sexual and sperm competition, a cost which may however be
partially offset by the reduced costs of mate sampling and assessment enjoyed by copiers
in theory (Witte 2006a; Vakirtzis 2011; Witte et al. 2015). However, for males being
copied, the cost of sexual competition is potentially significant because the level of
multiple mating and mixed paternity in wild females is very high in natural Trinidadian
guppy populations (Kelly et al. 1999; Neff et al. 2008) and some degree of last-male
sperm precedence (Evans and Magurran 2001; Neff and Wahl 2004) would increase
sexual competition costs to the male being copied in relation to the copier. Because of
this potential high fitness cost of being copied, selection should thus favour males that are
able to accurately assess their ambient risk of sexual competition and modify their
behaviour to reduce the risk of being copied (Wedell et al. 2002; Dubois 2015).
As expected if being copied by a rival male is associated with a cost of sperm
competition, focal males that were observed by either one or two conspecific audience
males significantly decreased and reversed their initial preference for a particular female,
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thus shifting their relative preference to another female that they did not prefer initially,
compared with focal males in the absence of an audience (whose mating preferences
remained consistent over time). These results cannot be explained by any changes in the
sexual motivation of focal males. Interestingly, the magnitude of the audience effect was
not affected by the number of audience members (1 vs. 2 conspecific male rivals), as
might be expected if males were sensitive to a perceived increase in sperm competition
risk. It is unlikely that cognitive constraints on detecting a small difference in the number
of audience males (1 vs. 2) can explain the observed lack of response to an increase in
audience membership size, because guppies possess an innate ability to discriminate
between small numbers (Piffer et al. 2013). More likely, the increase in audience
membership size from one to two rival males represents too small of an increase in sperm
competition risk or intensity to influence the focal male’s mating behaviour (cf. Jeswiet et
al. 2012). It is also possible that sperm competition is not a factor driving the audience
effect.
The observed audience effect on male guppy mating preferences appears to be
specific to an audience of conspecific rival males (that is, potential sexual competitors)
and cannot be explained as a simple response to any type of audience fish (i.e. not a
disturbance effect), because an audience of unfamiliar heterospecific zebrafish did not
elicit a significant change in focal male guppy mating preferences. Alternatively, it could
be argued that a perceived interest in one female over another by a conspecific male
could lead to either copying behaviour, as shown in Chapter 5, or avoidance behaviour
(Bierbach et al. 2011b; Jeswiet et al. 2011b). However, this explanation is unlikely
because the audience male(s) was(were) constrained within a Plexiglas cylinder
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equidistant between the paired stimulus females and not sexually interacting with them,
thus minimizing the chance that the focal male’s behaviour was influenced by any
perceived mate preference in the audience male(s).
One functional hypothesis (Plath and Schlupp 2008) proposed to explain an
audience effect on male mate choice is that it can be attributed to males avoiding
aggressive encounters with each other; this hypothesis assumes shared mating
preferences between the audience and focal males. However, wild male guppies differ
consistently in their individual mating preferences (Godin and Auld 2013; Chapter 4) and
a recent comparative study across poeciliid fish species (Bierbach et al. 2013) did not
reveal a correlation between aggressiveness and audience effects, suggesting that
aggression avoidance is not the cause of observed audience effects. An alternative
hypothesis to the one above proposes that males reduce their risk of being copied, and
thereby reduce their risk of sexual competition, by shifting their sexual attention away
from a preferred female in the presence of a rival male audience (Plath et al. 2008c).
Overall, my findings for male mate-choice copying (Chapter 5) and an audience effect
(current study) are consistent with this latter hypothesis. Dubois and Belzile (2012) also
proposed that monogamous males might shift their preference away from a preferred
female in the presence of a sexual competitor to reduce the risk of being rejected by the
female; however, this hypothesis does not apply to male guppies as they are not
monogamous.
The modification of male mating preferences and the consequent alteration of
social information conveyed in the presence of an audience of sexual rivals, as shown in
the current study, has important implications for the evolution of social information use
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and the relative frequency of social copiers and non-copiers in a population (Dubois
2015). My work highlights the importance of the use of public information by males
when choosing mates, and thus contributes to our relatively limited knowledge of male
mate choice in general (Edward and Chapman 2011). Towards a more comprehensive
understanding of the evolution of male mate choice, future empirical and theoretical
studies should therefore place greater emphasis on the social environment and the use of
public information by males in their mating decisions.
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Chapter 7:

Male Mate Choice is Influenced by the Phenotype of Sexual
Rivals

This chapter has been provisionally accepted, conditional upon satisfactory completion of
minor revisions, in the journal Behavioral Ecology.
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7.1

Abstract

In populations with male mate-choice copying, males may mitigate their risk of sexual
competition by reducing their preference for a particular female in the presence of sexual
rivals (audience). Because of the cost of missed mating opportunities from such an
audience effect, males should reduce their mating preference to a greater extent in the
presence of more sexually competitive rival compared with less competitive ones. I tested
this hypothesis using the Trinidadian guppy (Poecilia reticulata). I compared a focal
male’s baseline mating preference for either of two stimulus females, which differed in
overall body size, in the absence of any sexual rival to his preference for the same
females in the presence of a sexual rival using dichotomous-choice tests. Focal and
audience males differed in body length and proportion of their body covered in orange
and black pigmentation, two sexually-selected traits in the guppy. In the presence of a
larger rival, focal males exhibited a greater reduction in preference for their initially
preferred female compared to focal males in the presence of a smaller rival, irrespective
of whether the latter male was more or less colour ornamented than the focal. The
strength of the initial mating preference of focal males and the magnitude of the audience
effect were significantly positively correlated when the audience male was larger than the
focal male. Male guppies are thus sensitive to the phenotype of nearby males and alter
their preference for a particular mate to a greater extent in the presence of relatively
larger, and more sexually attractive and competitive, males compared to smaller ones.
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7.2

Introduction

The social environment can shape the behaviour of animals, with important implications
for their fitness, sexual selection and social evolution (e.g. Wolf et al. 1999; McGlothlin
et al. 2010; Oh and Badyaev 2010; Mautz and Jennions 2011; Callander et al. 2013;
Gasparini et al. 2013). In such environments, individuals may supplement their own
personal information about local ecological conditions with public information (sensu
Danchin et al. 2004) by eavesdropping on social interactions between other animals and
their behaviour (Valone 2007). In doing so, bystanding eavesdroppers are thus able to
acquire relatively inexpensive public information, which they may later use in making
their own behavioural decisions (Valone 2007). For example, with public information
acquired through eavesdropping, an individual may decide to copy the behaviour of other
individuals or to behave independently (Valone 2007; Nordell and Valone 1998; Danchin
et al. 2004; Witte et al. 2015; Chapter 5). While copying the behaviour of another
individual (i.e. the demonstrator) can provide benefits to the copier (e.g. reduced
sampling costs), there can also be associated costs with copying for both the demonstrator
and copier, such as increased resource competition and risk of sperm competition (Nöbel
and Witte 2013; Dubois 2015; Witte et al. 2015; Castellano et al. 2016). When
demonstrators and eavesdroppers compete for the same limited resources (e.g. mates,
food), demonstrators could benefit from withholding or reducing social information,
generated either inadvertently or intentionally through their actions, so as to limit or
prevent the use of social information by eavesdroppers who could otherwise use such
information to copy the demonstrators’ behavioural decisions (Dubois 2015). Therefore,
in the presence of eavesdropping competitors, demonstrator individuals should be
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expected to adjust their behaviour in a manner that minimizes potential costs associated
with being copied (Nordell and Valone 1998; Dubois 2015; Castellano et al. 2016). A
change in the behaviour of a focal animal in response to the presence of non-interacting
bystanders is referred to as an ‘audience effect’ (Dablesteen 2005).
Audience effects have been documented for a variety of contexts, including
foraging, predator avoidance and mate choice (e.g. Evans and Marler 1994; Pollick et al.
2005; Le Roux et al. 2008; Dubois and Belzile 2013; Dzieweczynski et al. 2005; Chapter
6). Audience effects are relatively common in polygamous or promiscuous mating
systems species wherein individuals have opportunities to observe the mating behaviour
of others and to copy their mate choice under certain conditions (e.g. Dugatkin 1992;
Dugatkin et al. 1992; Schlupp and Ryan 1997; Schlupp et al. 1997; Witte et al. 2002,
2006a; Auld and Godin 2015; Chapter 5). An increasing body of work, mainly on
polygamous fishes, has demonstrated that the mere presence of an audience of one or
more sexual competitors can influence a male’s mating preference and mating tactics
(e.g. Dzieweczynski et al. 2005; Plath et al. 2008a,b, 2009; Ziege et al. 2008, 2009;
Dzieweczynski and Walsh 2010; Mautz and Jennions 2011; Auld et al. 2015; Auld and
Godin 2015; Chapters 6 and 8) and sperm allocation strategy (Nöbel and Witte 2013).
Despite growing interest in the effects of a rival male audience on male mating
preferences, relatively little is known about the potential influence of differences in
phenotype between eavesdropping bystanders (the audience) and demonstrators or actors
(individuals at risk of being copied) on the magnitude of such audience effects (but see
Dzieweczynski and Walsh 2010, Bierbach et al. 2011a, 2015). Of particular interest in
this context is how the perceived sexual attractiveness and(or) sexual competitive ability
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of a rival audience male influences the extent to which a focal male (the demonstrator)
alters his mating preference. For example, male Atlantic mollies (Poecilia mexicana)
reduce their initial mating preference for a particular female to a greater extent when in
the presence of a familiar, sexually-active and larger conspecific male (Bierbach et al.
2011b), and bolder males exhibit a greater audience effect than shyer ones (Bierbach et
al. 2015). However, altering one’s mating preference for a particular female in response
to an audience can potentially be costly if it results in an increased likelihood of being
subsequently rejected as a mate by that same female (Castellano et al. 2016). Therefore,
if males flexibly adjust their mating behaviour in response to a perceived risk of pre- or
post-copulatory sexual competition, then they should do so in a cautious, graded manner
that reflects an optimal trade-off between the cost of being copied by an audience (i.e.
increased risk of sperm competition) and the cost of being subsequently rejected as a
mate by one’s initially-preferred female (Dubois 2015; Castellano et al. 2016). I
hypothesize that selection should thus favour males who are sensitive to the phenotypes
of nearby audience male rivals (the audience) and who strategically modify their mating
preference for an initially-preferred female depending on the relative sexual
attractiveness and(or) sexual competitiveness of any nearby sexual male rival. Here, I
used the Trinidadian guppy (Poecilia reticulata) as a model species to experimentally test
this hypothesis.
In the presence of an audience of either one or two potential sexual competitors,
male guppies reduce their preference for an initially-preferred female (Makowicz et al.
2010b; Bierbach et al. 2013; Auld and Godin 2015; Chapter 6), presumably to minimize
the risk of another male copying their mate choice (Auld and Godin 2015; Chapter 5)
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which in turn would potentially elevate the risk of sperm competition and decrease their
share of paternity (Wedell et al. 2002; Witte 2006a). I previously demonstrated that this
audience effect on male mating preferences in the guppy is not simply the result of any
temporal spontaneous changes in male mating preference, but rather is specific to an
audience of conspecific male and not to a general disturbance effect of any fish being
present near the focal male (Auld and Godin 2015; Chapter 6). Male guppies vary in the
extent to which they alter their mating preference in the presence of a sexual rival (e.g.
Makowicz et al. 2010b; Auld and Godin 2015; Chapter 6). Sexual rivals also vary both in
their ability to attract and mate with females and the ability of their sperm to fertilize eggs
(Brooks and Endler 2001; Brooks 2002; Pilastro et al. 2002; Locatello et al. 2006; Auld
et al. 2016; Chapter 3).
In my study population in Trinidad, large and(or) more colour ornamented males
are expected to be more sexually attractive and competitive than smaller and(or) drabber
males because females prefer larger and more ornamented males as mates (Magellan et
al. 2005; Auld et al. 2016; Chapter 3; but see Schwartz and Hendry 2007) and more
ornamented males (possessing more orange and black colour on their body) produce
faster and more viable sperm than drabber males (Locatello et al. 2006), suggesting that
more ornamented males have a competitive advantage in sperm competition over less
ornamented ones. Irrespective of body ornamentation, large male guppies might also
outcompete smaller rival males for access to females through sneak copulation, because
burst swimming and body rotational velocities are positively correlated with body size in
this species (Ghalambor et al. 2004).
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In the current study, I therefore used the differences in these two sexually-selected
traits (body length and body ornamentation) between focal and audience males as proxy
measures of their relative sexual attractiveness to females and their sexual
competitiveness. I used the sequential dichotomous-choice test paradigm (Chapter 2) to
test for an effect of an audience (one rival conspecific male) on the mating preference of
focal male guppies for either a large or a small stimulus female. Dichotomous-choice
tests are commonly used to assess mate choice in animals (e.g. Witte 1996b; Lehtonen
and Lindström 1998; Walling et al. 2010; Jeswiet et al. 2011a,b; Jeswiet and Godin
2011). For each mate choice trial, I experimentally varied the perceived sexual
attractiveness and(or) sexual competitiveness of the audience male, as measured by his
body length and body ornamentation (amount of orange and black colour on his body),
relative to that of the focal male to ascertain whether the magnitude of any observed
audience effect is dependent on the relative difference in the sexual phenotype of focal
and audience males. I predicted that (i) focal males should on average exhibit an initial
preference for the larger (i.e. potentially more fecund, Reznick and Endler 1982; Kelly et
al. 1999; Herdman et al. 2004; Chapters 5 and 6) of two available stimulus females, (ii)
focal males should reduce their initial preference for a particular female in the presence
of an audience rival male compared with its absence (i.e. exhibit an audience effect), and
(iii) the magnitude of any observed audience effect should increase as a function of both
the differences in the body length and(or) ornamentation between the audience and focal
males and the strength of the focal male’s initial preference for a particular stimulus
female, which I assume is indicative of his assessment of that female’s reproductive value
and the potential cost of lost paternity if his mate choice is copied by an eavesdropping
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rival male (Dosen and Montgomerie 2004b; Jeswiet et al. 2012; Godin and Auld 2013;
Chapter 5).

7.3
7.3.1

Methods
Study animals

I used laboratory-reared Trinidadian guppies as a study species. See Chapter 2 for a
rationale.

7.3.2

General protocol

See Chapter 2 for a description of the common general protocol.

7.3.3

Experimental apparatus

My dichotomous-choice experimental apparatus consisted of a clear Plexiglas test
aquarium (40 x 20 x 25 cm; L x W x H) flanked by two Plexiglas end containers
(hereafter termed ‘end compartments’, 6 x 20 x 25 cm), which held the stimulus females
(Figure 7-1). See Chapter 2 for more information on general test aquaria conditions.

7.3.4

Experimental protocol

The experiment comprised four treatments, which differed only in the body length
and(or) body ornamentation of the audience male relative to the body length and
ornamentation of the focal male (Table 7-1). I manipulated the sexual attractiveness
and(or) competitiveness of the audience male in any given mate choice trial by preselecting the audience male to be either smaller and less ornamented than the focal male
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(Treatment 1), smaller but more ornamented than the focal male (Treatment 2), larger but
less ornamented than the focal male (Treatment 3), or larger and more ornamented than
the focal male (Treatment 4). Males were initially measured for their standard body
length using a metric scale and their body ornamentation assessed as closely as possible
(by eye, but later confirmed from analysis of their digital photograph; see Chapter 2) and
categorized into one of the four treatments (Table 7-1). The above treatment
combinations of body length and ornamentation for the audience males reflect their
occurrence in nature, as these two phenotypic traits in wild male guppies in my study
population are highly variable, normally distributed and covary only weakly (r = 0.152, N
= 672; Auge et al. 2016). The four experimental treatments are thus designed to test for
an audience effect on the mating preference of focal males and whether the magnitude of
any observed audience effect is influenced by the relative differences in sexual
attractiveness and(or) competitiveness of the focal and audience males, as measured by
differences in their body length and body ornamentation (cf. Introduction).
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40 cm
(a)

6 cm

Preference test 1
20 cm

F

10 cm

(b)

Preference test 2
F

Figure 7-1 Schematic top view of the experimental apparatuses used. The central
compartment (40 x 20 x 25 cm; L x W x H) held the focal male (F) and the audience male
(depending on the preference test) and the end compartments (6 x 20 x 22 cm) held the
stimulus females. In panel (b), the central compartment concurrently held the freeswimming focal male and the ‘audience’ male (constrained in a clear Plexiglas cylinder,
7 cm diam.) during Preference Test 2.
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Table 7-1 Mean ± SE (range) standard body length (mm) and body ornamentation score (% of male body covered by orange and
black) of guppies used in each treatment separately. Results of paired t-tests for homogeneity of body length and colour score among
male types, and results of paired t-tests comparing the body length of paired stimulus females within and between treatments, are
shown.
Treatment
1
Audience male
smaller and less
ornamented
2
Audience male
smaller and more
ornamented
3
Audience male
larger and less
ornamented
4
Audience male
larger and more
ornamented

Male length (mm)
Focal
Audience
19.24 ± 0.18
(16.62 – 21.71)

17.61 ± 0.14
(15.47 – 20.12)

Male colour score (%)
Focal
Audience
7.78 ± 0.31
(4.3 – 13.89)

3.93 ± 0.36
(0 – 9.08)

Stimulus female length (mm)
Large female
Small female
26.72 ± 0.32
(22.55 – 34.07)

21.8 ± 0.29
(17.55 – 26.42)

t46 = 9.95, P < 0.001
19.51 ± 0.31
17.41 ± 0.24
(16.77 – 23.89)
(15.06 – 19.36)

t46 = 10.37, P < 0.001
4.94 ± 0.37
7.08 ± 0.41
(1.38 – 7.5)
(2.26 – 10.12)

t46 = 19.18, P < 0.001
27.40 ± 0.64
22.64 ± 0.61
(22.98 – 36.16)
(16.9 – 32.18)

t26 = 7.97, P < 0.001
17.61 ± 0.09
19.12 ± 0.15
(16.24 – 18.88)
(17.51 – 22.99)

t26 = -7.13, P < 0.001
7.87 ± 0.32
4.8 ± 0.3
(3.79 – 15.09)
(0.99 – 11.66)

t26 = 13.04, P < 0.001
26.47 ± 0.32
22.16 ± 0.32
(22.51 – 34.03)
(18.62 – 32.31)

t49 = -9.79, P < 0.001
17.7 ± 0.15
19.06 ± 0.16
(15.86 – 19.95)
(17.50 – 23.55)

t49 = 9.04, P < 0.001
4.47 ± 0.3
7.26 ± 0.32
(0.59 – 8.1)
(2.33 – 11.46)

t49 = 17.67, P < 0.001
26.76 ± 0.37
22.5 ± 0.29
(18.94 – 32.83)
(17.11 – 26.77)

t40 = -8.25, P < 0.001

t40 = -7.53, P < 0.001

t40 = 11.98, P < 0.001
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My protocol testing for an audience effect generally followed that of Auld and
Godin (2015) and Chapter 6. Briefly, for all treatments, a given trial consisted of two
consecutive 20-min testing phases: (i) an initial mating preference test (Preference Test 1)
to establish the baseline preference of the focal male in the absence of any audience, and
(ii) a second preference test (Preference Test 2) with an audience male present (Figure 71) to test for an audience effect. Therefore, each focal male was tested twice for his
mating preference (i.e. in absence vs. presence of one audience male). I did not include a
no-audience treatment in this experimental design, because I had previously used such a
control treatment in a related experiment with similar apparatus and procedures (Auld
and Godin 2015; Chapter 6) to demonstrate that wild-caught Trinidadian male guppies
from my current study population are consistent (over time) in their mating preferences
between two consecutive preference tests in the absence of an audience male. Similarly,
in the absence of sexual competitors, I previously showed that the mating preferences of
individual male guppies for larger females in this same population are consistent and
highly repeatable (Godin and Auld 2013; Chapter 4).
All four treatments shared a common procedure as follows. A mate choice trial
consisted of initially placing a focal male into a clear Plexiglas cylinder (7 cm diam.)
located in the centre of the test aquarium and randomly placing one stimulus female into
each of the two end compartments of the apparatus (Figure 7-1a). Paired stimulus
females were chosen to differ in standard body length by 17.2 ± 0.005 % overall (mean ±
SE, see Table 7-1) to promote male discrimination between the females and to elicit a
choice from the male (Dugatkin and Godin 1993; Jeswiet et al. 2011b; Godin and Auld
2013; Chapter 4), but matched as closely as possible for their degree of abdominal
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distension (assessed by eye) to control for stage of pregnancy (Houde 1997). I alternated
between trials whether the large female was initially placed in the left or right end
compartment.
The fish were left undisturbed for a 10-min acclimatization period, during which
opaque screens prevented visual contact between the focal male and the stimulus females.
Following acclimatization, I removed the opaque screens and allowed the focal male
(constrained in the clear central cylinder) to observe the stimulus females in their
respective end compartments for 10 min (viewing period). After this period, I released
the focal male from the central cylinder and allowed him to ‘choose’ between the two
stimulus females for 10 min. Following Herdman et al. (2004), immediately following
this first 10-min test, I replaced the opaque screens, gently dipnetted the focal male and
placed him into the central cylinder. I then switched the positions of the two end
compartments to control for any potential side bias in the male’s preference behaviour.
After 5 min of acclimatization, I removed the screens, released the male from the
cylinder, and scored his mating preference for a second 10-min period. Thus, the mating
preference of the focal male was quantified over a total of 20 min (i.e. Preference Test 1)
and expressed as the proportion of his total association time (summed over the paired
stimulus females) that he spent near either of the females. Trials in which focal males
exhibited a side bias were discarded (see Chapter 2 for details on side biases). The
preferred stimulus female was considered the one with whom the focal male spent more
than 50% of his total association time. This criterion, or slight variants of it, for mating
preference is commonly used for poeciliid fishes (e.g. Bisazza et al. 1989; Plath et al.
2008c; Jeswiet et al. 2011b) and is a strong predictor of mating effort and mate choice in

157

the guppy (Dugatkin and Godin 1992; Jeswiet and Godin 2011) and other species (e.g.
Witte 1996b, Lehtonen and Lindström 2008; Walling et al. 2010).
Immediately following Preference Test 1, I replaced the opaque screens and
placed the focal male in the central cylinder. I then introduced an audience male of a
known body length and colour phenotype combination (depending on the treatment,
Table 7-1) into another clear Plexiglas cylinder (7 cm diam.) adjacent to the focal male
cylinder in the centre of the test aquarium and equidistant between the two stimulus
females (Figure 7-1b). Following a 5-min acclimatization period, I removed the opaque
screens and allowed the focal male (whilst still in the cylinder) to view the stimulus
females and the audience male for 5 min. At the end of this viewing period, I released the
focal male from his cylinder and recorded his mating preference for another 20 min in the
presence of an audience of one rival male (i.e. Preference Test 2). The audience male
remained in his cylinder throughout this mating preference test. Preference Test 2 was
carried out exactly the same as Preference Test 1, except for the inclusion an audience
male. I quantified the mating preference of the focal male for either of the paired stimulus
females as described for Preference Test 1.
Trials for the four audience treatments were carried out in random order. I tested
47, 27, 50 and 41 focal males (that showed no side bias) in Treatments 1, 2, 3 and 4,
respectively, for a total of 165 trials (Table 7-1). I used different audience males and
stimulus females for each trial. None of the fish were re-used.
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7.3.5

Statistical analysis

All t-tests used were two-tailed and all statistical analyses were carried out in the R
statistical framework (R Core Team 2014).
I first tested whether focal males exhibited an overall initial mating preference for
the larger stimulus female in Preference Test 1 across all four treatments by comparing
the observed proportion of their total association time spent near the larger female against
that expected by chance (i.e. 50%) using a one-sample t-test, and complementarily
comparing the number of males categorized as preferring the large females versus that
preferring the smaller female using the G-test (Signorell et al. 2015). Second, to ascertain
whether males modified their initial mating preference in the presence of an audience, I
compared the proportion of total association time individual focal males spent with their
initially-preferred female in Preference Test 1 (no audience) to that in Preference Test 2
(audience present) using the paired t-test for each treatment separately. Third, to compare
the magnitude of any observed audience effect across treatments, I calculated for each
focal male a difference score for any change in mating preference between the matched
preference tests [Difference score = (Proportion of time near the initially-preferred
female in Preference Test 2 – Proportion of time near the initially non-preferred female in
Preference Test 1)], following Auld and Godin (2015) and Chapter 6. A negative value
here denotes a decrease in the proportion of time a focal male spent with the initiallypreferred female, and thus an increased relative preference for the other female, in the
second preference test during the presence of an audience male (taken as evidence for an
audience effect).

159

I then used a linear model to test for potential effects of treatment and the strength
of the mating preference of focal males for their initially-preferred female (in Preference
Test 1), and their interaction, on the magnitude of the audience effect (as measured by the
difference score of individual focal males). I also included in the model the standard body
length and colour score of focal males as covariates. In a post-hoc analysis of the model’s
fitted values, I compared mean difference scores among treatments using a one-way
ANOVA to control for differences attributable to an interaction effect between treatment
and the proportion of time males spent with their initially-preferred female, followed by
paired t-tests to test for pair-wise differences in the magnitude of the audience effect
between treatments. I used the Benjamini-Hochberg method (Benjamini and Hochberg
1995) to control for false discovery rate related to the multiple paired t-tests. Lastly, I
correlated each focal male’s difference score with his initial mating preference score (for
Preference Test 1), and calculated confidence intervals for the correlation coefficient,
using the R package ‘compute.es’ (Del Re 2013) for each treatment separately. Residuals
from the models were normally distributed, as determined from Q-Q plots.

7.3.6

Ethical standards

The current study was approved by the institutional Animal Care Committee at Carleton
University (protocol #12157) and thus meets the guidelines for the care and use of
research animals of the Animal Behavior Society and the Canadian Council on Animal
Care and the laws of Canada.
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7.4

Results

Male guppies exhibited strong initial mating preferences for one or the other of the paired
stimulus females in Preference Test 1 (Figure 7-2a). Overall across all treatments, focal
males spent a greater proportion of their total association time with the larger of the
paired females (mean ± SE = 0.55 ± 0.02) in Preference Test 1 than would be expected
by chance (one-sample t-test: t164 = 2.67, P < 0.008), and correspondingly significantly
more males (95 out of 165) categorically preferred the large over the smaller female than
expected by chance (G-test: Gadj 1 = 3.80, P = 0.05), thereby demonstrating an overall
initial baseline male mating preference for the larger female as expected a priori.
Males reduced, but not significantly so (paired t-test: t26 = 1.83, P = 0.08; Figure
7-2a), their initial mating preference for a particular female while being observed by a
sexual rival who was smaller and more ornamented than themselves (Treatment 2). For
the other three treatments in comparison, males did significantly reduce their preference
for their initially-preferred female in the presence of an audience male who was either
smaller and less ornamented (t46 = 2.95, P = 0.005), larger and more ornamented (t40 =
3.17, P = 0.003), or larger and less ornamented (t49 = 6.15, P < 0.001) than themselves.
So a strong audience effect was observed in three of the four treatments (Figure 7-2).
As expected, the magnitude of any observed change in a male’s preference for a
given female in Preference Test 2 compared to his preference for that same female in
Preference Test 1 (= difference score) varied among audience treatments (linear model:
F3,161 = 2.92, P = 0.04; Figure 7-2b). There was no significant effect of the body length
(linear model: F3,161 = 0.46, P = 0.50) or colour score (linear model: F3,161 = 0.37, P =
0.84) of focal males on their difference scores. However, there was a significant effect of
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the initial mating preference score of focal males (linear model: F3,161 = 21.11, P <
0.001), and a significant interaction between the latter variable and the phenotype of the
audience male (linear model: F3,161 = 3.37, P = 0.02), on observed difference scores.
Because of this statistical interaction, I controlled for differences in the initial strength of
male mating preferences among treatments by running an ANOVA on the linear model’s
fitted values, which confirmed that observed difference scores (= magnitude of audience
effect) varied significantly among treatments (one-way ANOVA: F3,161 = 14.45, P <
0.001; Figure 7-2b). Post-hoc pairwise comparisons of mean difference scores (Figure 72b) revealed that focal males reduced their initial preference for a given female to a
significantly greater degree when the audience male was relatively larger than themselves
(Treatments 3 and 4) compared to when the audience male was smaller (Treatments 1 and
2), irrespective of whether the audience was more or less colour ornamented.
Surprisingly, the magnitude of the audience effect was greater (P = 0.03) when the
audience male was smaller and less colour ornamented than the focal male (Treatment 1)
compared to when the audience was smaller and more colour ornamented (Treatment 2).
There was no significant difference (P = 0.08) in the magnitude of the audience effect
between Treatments 3 and 4 (Figure 7-2b).
The magnitude of the audience effect (i.e. difference scores) did not depend on
whether the focal male initially preferred the larger or smaller of the paired stimulus
females (t-test: t1,163 = 0.09, P = 0.76). However, the difference scores of individual focal
males depended on the strength of their initial mating preference for a particular female
in Preference Test 1 (Figure 7-3). When the audience was relatively larger [Treatment 3
(correlation: r = -0.41, P = 0.003) and Treatment 4 (correlation: r = -0.53, P < 0.001)],
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this relationship was significantly negative (Figure 7-3); that is, the stronger the initial
mating preference of a focal male for a particular female (in Preference Test 1), the more
he subsequently reduced his preference for that same female in the presence of an
audience male (i.e. the greater the difference score). There was no significant relationship
when the audience male was relatively smaller than the focal [Treatment 1 (correlation: r
= -0.1, P = 0.49) and Treatment 2 (correlation: r = -0.34, P = 0.08)]. The slope of the
relationship was greatest when the audience males were larger than the focal males,
irrespective of the relative differences in their colour scores (Treatments 3 and 4).
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Figure 7-2 Comparison of the initial mating preference of focal males for one of the two
stimulus females presented in the absence of an audience male (Preference Test 1)
compared to their preference for the same female in the presence of an eavesdropping
audience male (Preference Test 2), who was either smaller and less colour ornamented
(Treatment 1), smaller and more ornamented (Treatment 2), larger and less ornamented
(Treatment 3) or larger and more ornamented (Treatment 4) than the focal male. The
mating preferences of focal males are shown using two measures: (a) mean ± SE
proportion of time that focal males spent associating with the initially-preferred female in
Preference Test 1 (open bar) and Preference Test 2 (filled bar); (b) mean (± SE)
preference difference score between Preference Test 2 and Preference Test 1 (a negative
value denotes a decrease in the focal male’s preference for the initially-preferred female
in Preference Test 2 calculated from linear model fitted values). Histogram bars with
dissimilar letters are significantly different (P < 0.05) from each other.
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Figure 7-3 Relationship between the initial mating preference of focal males for a
particular female (in Preference Test 1) and the change in their mating preference for the
initially-preferred female in the presence of an audience male (Preference Test 2) who
was either smaller and less colour ornamented (Treatment 1), smaller and more
ornamented (Treatment 2), larger and less ornamented (Treatment 3) or larger and more
ornamented (Treatment 4) than themselves. The arcsine-transformed partial residuals
from the linear model are plotted. In each panel, the best-fit regression line and the
correlation coefficient (with confidence intervals) of the relationship are shown.
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7.5

Discussion

In mating systems wherein males compete for mating access to a limited number of
sexually-receptive females that vary widely in reproductive value and can copy the
observed mating preferences of other males (i.e. demonstrators), and some degree of lastmale sperm precedence and sperm competition exist, as is the case for the Trinidadian
guppy (Houde 1997; Kelly et al. 1999; Evans and Magurran 2001; Neff and Wahl 2004;
Neff et al. 2008; Jeswiet et al. 2011b; Auld and Godin 2015; Chapter 5), demonstrators
could benefit from flexibly adjusting their mating behaviour so as to withhold or reduce
social information about their mating preferences or mate choice in the presence of an
audience of one or more eavesdropping sexual rivals (Nordell and Valone 1998; Dubois
2015; Castellano et al. 2016). A known audience-mediated evasive tactic is a reduction in
the initial mating preference of a focal (demonstrator) male for a particular female, and
an increase in his sexual attention towards another previously non-preferred female, in
the presence of an eavesdropping audience male (e.g. Dzieweczynski et al. 2005; Plath et
al. 2008a,b, 2009; Ziege et al. 2008, 2009; Dzieweczynski and Walsh 2010; Mautz and
Jennions 2011; Bierbach et al. 2013; Auld et al. 2015; Auld and Godin 2015; Chapters 6
and 8).
Here, I showed that wild-caught male guppies from a low-predation population
(Upper Aripo River) in Trinidad exhibited non-random preferences for either of two
potential female partners that varied in body size (and thus potential fecundity) and
expressed an overall initial mating preference for the larger female, even though
considerable inter-individual differences in preference were observed. These results are
as expected and corroborate previous studies on male mate choice in Trinidadian guppies
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originating from different natural populations, including my current study population
(Dosen and Montgomerie 2004a; Herdman et al. 2004; Jeswiet et al. 2012; Godin and
Auld 2013; Auld and Godin 2015; Chapters 4 - 6). In the mere presence of an audience
sexual rival, male guppies on average reduced their initial preference for a particular
female, and correspondingly increased their association time spend near the other
previously non-preferred female, as expected; that is, they exhibited an overall audience
effect on mating preferences. Similar audience-mediated adjustment in male mating
preferences have been previously observed in the Trinidadian guppy (Makowicz et al.
2010b; Auld and Godin 2015; Chapter 6) and other poeciliid fishes (e.g. Plath et al.
2008a, b, c, 2009; Makowicz et al. 2010a; Bierbach et al. 2011a; but see Bierbach et al.
2012 for an exception).
Notwithstanding the above validating findings, the most novel results of my
current study are that (i) focal male guppies responded to the presence of a nearby
audience male by reducing their initial mating preference for a particular female in a
graded manner, which depended on the relative differences in the expected sexual
attractiveness and competitiveness of the audience and focal males (as measured by their
respective body length and body ornamentation), and (ii) the magnitude of a focal male’s
response to an audience sexual rival (i.e. the audience effect) was positively correlated
with the strength of his initial mating preference. Male guppies were therefore sensitive
to the phenotype of a nearby audience male and reduced their initial preference for a
particular mate to a greater degree in the presence of a relatively larger audience male
compared to a relatively smaller one, irrespective of differences in their body
ornamentation. With the exception of Bierbach et al.’s (2011b) recent study and my
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current study, such phenotype-dependent audience effects on male mating preferences
have hitherto not been investigated empirically. Therefore, my results above are
particularly novel, important and of broad theoretical interest (Dubois 2015; Costellano et
al. 2016).
In species with male mate-choice copying, intense sperm competition and some
degree of last-male sperm precedence, such as the guppy (refs. loc. cited; Chapter 5), an
audience-mediated attenuation of the initial mating preferences of males for one of two
potential mates (and a corresponding increase in mating effort directed towards a
previously non-preferred female partner; Chapter 6 and current study) could be adaptive
if it either mitigates the costs associated with direct, pre-copulatory male-male sexual
competition for a preferred female (“flexible decision hypothesis”, Mautz and Jennions
2011; Costellano et al. 2016) or prevents eavesdropping audience males from copying the
mate choice of focal males, thereby minimizing their risk of sperm competition, by
deceptively redirecting the attention of audience male rivals away from the focal males’
preferred female by reducing the amount of inadvertent public information about the
latter males’ true mating preference that is available to eavesdroppers (“deception
hypothesis”, Plath et al. 2008c; Bierbach et al. 2013; Dubois 2015; Castellano et al.
2016). These two functional hypotheses are not necessarily mutually exclusive in my
opinion. Of these hypotheses, I argue below that the deception hypothesis better explains
my results overall.
Focal male guppies in the current study reduced their initial mating preference to
a greater extent when the audience male was relatively larger than themselves compared
to when the audience male was relatively smaller, irrespective of relative differences in
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their body ornamentation. Because of the potential fitness costs associated with being
copied (i.e. elevated risk of sperm competition) and the risk of being subsequently
rejected by their initially-preferred females, selection should favour males who
strategically adjust their mating preference in the presence of more sexually attractive and
competitive audience rivals. Larger audience males are likely to be perceived as stronger
sexual and sperm competitors by focal males because they are more attractive to females
(Auld et al. 2016; Chapter 3), produce larger quantities of sperm (Skinner and Watt 2007)
and are better burst accelerators and swimmers (Odell et al. 2003), and thus perhaps
better at sneak copulations, than smaller males. If focal males were responding to a
perceived risk of pre-copulatory sexual competition (flexible decision hypothesis), then I
would expect a stronger audience effect when focal males initially preferred the larger
(and potentially more fecund) of the two stimulus females, a preference which most
males have in my study population (Godin and Auld 2013; Auld and Godin 2015;
Chapters 4 - 6; current study). On the contrary, the magnitude of the audience effect did
not depend on whether focal males initially preferred the larger or smaller of the paired
stimulus females. Moreover, direct and actual pre-copulatory male-male sexual
competition was not possible in my study because the audience male remained
constrained in a clear cylinder in the centre of the test aquarium, and thus could not
physically interact with the focal male, throughout the mate choice trial. Direct physical
aggression among male guppies in the wild is relatively rare and does not appear to be a
significant determinant of male mating success (Houde 1997).
Similar to my evidence for a phenotype-dependent audience effect, Bierbach et al.
(2011b) found that, in the presence of an audience of potential sexual rivals, male
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Atlantic mollies (Poecilia mexicana) exhibited a greater reduction in their initial mating
preference when the audience male was larger and unfamiliar, or larger and known to be
sexually active. Because focal and audience male guppies used in my current study were
selected from different aquaria and were presumably unfamiliar with each other (see
Chapter 2 for details), it is unlikely that either social familiarity or a prior knowledge of
the sexual experience of rival audience males could have influenced the magnitude of the
audience effect observed in my study.
Contrary to my a priori prediction, focal males unexpectedly decreased their
preference for their initially-preferred female to a greater extent when the audience male
was relatively less colour ornamented than the focal male, irrespective of the relative
differences in their body length. Female guppies prefer males with a greater proportion of
their body covered with orange and black pigmentation (Auld et al 2016; Chapter 3; but
see Schwartz and Hendry 2010) and males with more orange coloration produce faster
and more viable sperm (Locatello et al. 2007) in my study population, and male guppies
with more orange colour in general produce more sperm (Pitcher and Evans 2001; Pitcher
et al. 2007) and have greater insemination success (Pilastro et al. 2002) than less
ornamented males, suggesting that males with greater colour ornamentation should be
perceived as stronger sexual and sperm competitors.
Interestingly, individual males that had an initially strong initial mating
preference for a particular female exhibited a stronger audience effect (i.e. decreased their
initial preference for the initially preferred female to a greater extent) than males with
weaker initial mating preferences. This result is consistent with the deception hypothesis
as it suggests that the more highly a focal male values a particular female partner, the
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more willing he is to invest in deceptive social information that redirects the attention of
a nearby audience male away from his preferred mate, so as to minimize the risks of
being copied and incurring sperm competition, but at the potential cost of being
subsequently ignored by his initially preferred female (lost mating opportunity cost) once
the deceived audience male is no longer an immediate threat. In support of this
proposition, Bierbach et al. (2013) showed that the audience effect on male mating
preferences is greatest in poeciliid fish species in which males exhibit the highest level of
sexual activity, suggesting that sperm competition likely drives such audience effect.
Contrary to my recent study (Auld and Godin 2015; Chapter 5) demonstrating matechoice copying in wild-caught Trinidadian male guppies, Makowicz et al. (2010b) found
that male guppies decreased their mating preference for a given female in a no-choice test
in the presence of an audience compared to when no audience was present, but found no
evidence that audience males subsequently copied the mate choice of the (demonstrator)
male they had previously viewed mate with a female. They concluded that the risk of
mate-choice copying could not be responsible for the observed audience effect in their
study. Differences between their experimental design and fish provenance and mine (see
details in Auld and Godin 2015; Chapter 5) likely account for differences in my
respective findings on mate-choice copying and conclusions on the importance of sperm
competition risk in the evolution of male evasive responses to a rival male audience.
Residual variation in the direction and strength of change in a male’s initial
mating preference in the presence of a rival male audience not explained by relative
differences in the phenotypes of focal and audience males may be attributable to interindividual differences in their personality and(or) past experiences. For example, in
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another poeciliid species (the Atlantic molly), Bierbach et al. (2015) found that under
high sexual competition bolder males reduced their initial mating preference for a
particular female to a greater extent than did shy males. I did not take into account
potential differences in personality between male guppies in my study. Whether
audience-mediated changes in the mating preferences of male guppies depend partly on
their personality, as measured for example by their boldness level, is unknown and
should be tested in future, given that boldness and colour ornamentation are positively
correlated in male guppies originating from a high-predation population in Trinidad and
that females prefer bold males as mates (Godin and Dugatkin 1996).
Overall, my results add to a growing body of evidence showing that males are
sensitive to their social environment when making mating decisions and respond in a
manner which presumably increases their individual reproductive success. Here, I
showed that male Trinidadian guppies strategically respond to the mere presence of
eavesdropping rival males based on relative differences in phenotypic traits (body length
and ornamentation) that are known indicators of sexual attractiveness and
competitiveness. My results further highlight the importance of social information in
mediating the mating decisions of males, and thus sexual selection, in polygamous
species.
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Chapter 8:

Do Male Trinidadian Guppies Adjust their Alternative Mating
Tactics in the Presence of a Rival Male Audience?

This chapter is published as: Auld, H.L., Jeswiet, S.B. and Godin, J.-G.J. 2015. Do male
Trinidadian guppies adjust their alternative mating tactics in the presence of a rival male
audience? Behavioral Ecology and Sociobiology, 69: 1191–1199. It is reproduced here
with permission from Springer-Verlag Berlin Heidelberg©.
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8.1

Abstract

Males in polygamous mating systems may inadvertently transmit information regarding
their mating preferences to bystanding sexual competitors, thereby permitting bystanders
to use this information to enhance their own mating success by copying the mate choice
of signallers. If males are at risk of having their mate choice copied and consequently
face a higher risk of sexual competition, then selection should favour males that reduce
conspicuous mating behaviours in the presence of an audience of sexual competitors. In
the current study, I used the Trinidadian guppy (Poecilia reticulata), a species that
exhibits alternative male mating tactics, to test this sexual competition avoidance
hypothesis and the predictions that males would decrease their overall mating effort and
exhibit fewer conspicuous courtship displays relative to more inconspicuous sneak
mating attempts in the presence of either one or two sexual rivals compared to the
absence of any audience. Male guppies significantly reduced their overall mating effort in
the presence of increasing numbers of rival audience males. This was reflected in similar
monotonic decreases in the frequencies of courtship displays and sneak mating attempts
and in the proportional use of courtship displays (relative to sneak mating attempts)
across treatments. These findings are consistent with the sexual competition avoidance
hypothesis. My novel results contribute to an increasing body of knowledge showing that
the social environment can influence the mating effort and mating decisions of
individuals and thus have important implications for sexual selection and evolution.
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8.2

Introduction

The social environment can importantly influence the behaviour of socially-interacting
animals and thereby selection and social evolution (Moore et al. 1997; Westneat et al.
2000; McGlothlin et al. 2010). In polygamous mating systems in particular, sexuallyinteracting individuals are commonly within view and signal-receiving distances of other
conspecifics, thus forming communication networks (McGregor and Peake 2000). Whilst
interacting with potential mates and sexual rivals in such a social context, a male may
inadvertently or purposefully transmit to other males social information (sensu Danchin
et al. 2004) about his mating preference and (or) his own quality. Nearby bystanding or
eavesdropping males (= the ‘audience’, sensu McGregor and Peake 2000) observing such
interactions would receive information about the quality of potential mates and (or) the
competitiveness of rivals and subsequently might use this information in making their
own mating decisions (Westneat et al. 2000; Danchin et al. 2004; Dabelsteen 2005;
Valone 2007). Such social eavesdropping can be beneficial for the bystander as it
provides a relatively low-cost, low-risk alternative to gathering the same socio-sexual
information acquired through direct interaction with the individual being observed
(Dabelsteen 2005). For the individual being eavesdropped upon, however, the opposite
may be true (Dabelsteen 2005). For example, female fighting fish (Betta splendens),
which had previously witnessed a male-male aggressive interaction, subsequently
preferred as a mate the winner of the interaction over the loser, whereas females that did
not witness the aggressive interaction showed no bias towards either the winner or loser
male (Herb et al. 2003). In this case, the presence of a female audience was beneficial for
the winner of the fight, but detrimental for the loser.
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Under certain circumstances, males will alter their aggressive behaviour and (or)
mating preference in the mere presence of an audience, a response referred to as the
audience effect (sensu Dabelsteen 2005). Such audience-mediated behavioural plasticity
has been reported for several vertebrate species, including fishes (Dzieweczynski et al.
2005; Plath et al. 2008a,b,c, 2009; Ziege et al. 2008; Makowicz et al. 2010a, b; Chapters
6-7), birds (Evans and Marler 1994; Striedter et al. 2003; Dubois and Belzile 2012), and
mammals (Pollick et al. 2005).
In recent years, increasing attention has been directed towards the audience effect
within the sexual context. For instance, males in some fish species (e.g. Atlantic molly,
Poecilia mexicana (Ziege et al. 2009), Grijalva mosquitofish, Heterophallus milleri
(Ziege et al. 2008), threespine stickleback, Gasterosteus aculeatus (Dzieweczynski et al.
2005), guppy (Chapters 6 - 7) exhibit weaker mating preferences in the presence of a
conspecific male audience. Similarily, male pacific blue eye (Pseudomugil signifier)
reduce their courtship behaviour when visually interacting with another conspecific male
(Wong 2004). If a male is seen courting and successfully attracting a female, then this
may reveal to a competing (audience) male information about the female’s receptivity
and willingness to mate (Schlupp and Ryan 1997) and thereby potentially increase the
level of sexual competition and risk of sperm competition for the signalling focal male
(Jeswiet et al. 2011b). In reducing his courtship behaviour towards, and sexual preference
for, a particular preferred female in response to a rival male audience, a focal male may
be either concealing his true sexual interest in that female or deceiving his sexual rivals
by diverting their sexual attention away from his preferred female (Plath et al. 2008b, c),
thereby potentially minimizing his risk of sexual competition (Plath and Schlupp 2008;
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Ziege et al. 2009; Jeswiet et al. 2011b, 2012) and possibly avoiding rejection by the
preferred female (Plath and Schlupp 2008; Dubois and Belzile 2012).
In addition to flexibly adjusting their courtship behaviour and mating preferences
(refs. loc. cited), males may also flexibly modify their relative use of alternative mating
tactics (Gross 1996; Brockmann 2001) in response to an audience of sexual competitors.
Alternative male mating tactics are common in highly competitive sexual environments
in nature (Gross 1996; Brockmann 2001), and their relative frequencies of use can be
plastic and dependent on an individual male’s phenotype and social status (Howard 1984;
Jirotkul 2000b; Ortega and Arita 2002), ecological factors (Godin 1995; Rodd and
Sokolowski 1995), and social factors such as conspecific density (Jirotkul 1999b) and
operational sex ratio (Jirotkul 1999a, 2000a), for example. Two of the most common
male mating tactics in animals are courtship displays, used to attract and influence
females to mate consensually, and sneak or coerced copulations/matings, used to
circumvent dominant males and (or) pre-copulatory female choice (Andersson 1994;
Gross 1996; Brockmann 2001). Courtship displays are usually more prolonged,
energetically costly and conspicuous compared with sneak mating attempts (Houde
1997). If a courtship display reveals more inadvertent social information about a focal
male’s sexual interest in a particular female than a sneak mating attempt would, then
selection should favour a context-dependent shift in the relative frequency of use of these
two alternative mating tactics, from predominantly courting to sneak mating, by a focal
male in the presence of an audience of sexual competitors. Such an audience-mediated
shift in the use of alternative mating tactics would presumably minimize a focal male’s
likelihood of attracting the interest of rivals towards his preferred female, whilst
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concurrently still pursuing mating opportunities via less conspicuous sneaking behaviour.
To date, there has been limited empirical research on the potential effect of an audience
on the use of alternative mating tactics in males (see Nöbel and Witte 2013).
Here, using the Trinidadian guppy (Poecilia reticulata) as a model system, I
experimentally tested the hypothesis of a context-dependent shift in the use of alternative
mating tactics by males in response to the mere presence of a rival-male audience
(hereafter referred to as the sexual competition avoidance hypothesis). Adult male
guppies are plastic in their mating behaviour and are individually capable of exhibiting
two alternative mating tactics (Houde 1997), either courtship displays or sneak (coerced)
copulation attempts, which are the principle components of their mating effort (Godin
and Auld 2013; Chapter 4).
Assuming that selection favours males which behave in ways that avoid attracting
the attention of sexual rivals and minimize their risk of sexual competition, I predicted
that (i) male guppies should perform proportionally fewer courtship displays (relative to
sneak copulation attempts), and (ii) the magnitude of any audience effect should increase
with increasing membership size of the audience.

8.3
8.3.1

Methods
Study animals

I used wild-caught Trinidadian guppies as my experimental subjects. Please refer to
Chapter 2 for a rationale underlying my use of the guppy as a model study system and for
a more detailed description of its mating system and reproductive behaviours.
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8.3.2

General protocol

See Chapter 2 for a description of the common general protocol.

8.3.3

Experimental apparatus

The experimental apparatus consisted of a clear Plexiglas test aquarium (40 x 20 x 25 cm;
L x W x H; Figure 8-1). See Chapter 2 for more information on general test aquaria
conditions.

8.3.4

Experimental protocol

The experimental design consisted of three audience Treatments, namely, an audience of
either 0, 1 or 2 conspecific males presented to a focal male, and each treatment comprised
two consecutive Test periods (i.e. absence vs. presence of an audience). Each focal male
subject was tested repeatedly in these two (paired) tests for his mating behaviour directed
towards a stimulus female, with Test 1 carried out in the absence of an audience and Test
2 carried out in the presence of a rival-male audience. Individual male subjects were
assigned at random to one of the three treatments.
For any given trial, a stimulus female was randomly selected from the pool of
isolated females and gently dip-netted into the test aquarium. A focal male was then
selected from the pool of isolated males and temporarily placed into a clear Plexiglas
cylinder (7 cm diam.) located in the centre of the test aquarium. The fish were allowed to
view each other for 10 min. Following this viewing/acclimatization period, the cylinder
was gently removed, allowing the male and female to interact freely with each other for
20 min (= Test 1). During this test period, I recorded the number of courtship displays
and sneak copulation attempts directed by the male towards the female. At the end of
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Test 1, the male was dip-netted, the cylinder returned to the centre of the aquarium and
the male placed into the cylinder; the female was allowed to continue freely swimming
about in the experimental aquarium. After an additional 5 min acclimatization period,
paired Test 2 was carried out as follows.
For Test 2, a second clear Plexiglas cylinder (= the audience cylinder) was placed
in the centre of the test aquarium for the entire duration (20 min) of the test. For
Treatment 1, the audience cylinder remained empty as a control for any potential effect of
the mere presence of the audience cylinder on focal male behaviour. For Treatment 2, the
audience cylinder contained one audience male that was selected from the pool of
isolated male guppies. In Treatment 3, the audience cylinder contained two audience
males. It is important to note that the constrained audience males were only bystanders
and could not physically interact with the focal male and stimulus female. Because
female guppies generally prefer larger and (or) more colour ornamented males (Houde
1997; Herdman et al. 2004; Pilastro et al. 2004; Chapter 3) and larger and (or) more
ornamented males may be better sperm competitors (Locatello et al. 2006, but see Evans
et al. 2003b), the audience male(s) and the focal male were matched for standard body
length (measured with a metric scale) and ornamentation as closely as possible (initially
assessed by eye, and later measured from digital photographs; see Chapter 2 and Table 81). After the audience male(s) was (were) gently placed in the audience cylinder, the
focal male (still in his cylinder), the audience male(s) and the free-swimming stimulus
female were allowed to view one another for 10 min. Following this viewing period, the
focal male was released by gently raising his Plexiglas cylinder out of the aquarium and a
second 20-min observation period (Test 2) was initiated, during which the same focal
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male behaviours were recorded as for Test 1. Each male’s baseline mating effort was
always determined prior to testing his mating effort in the presence of an audience,
instead of alternating the order of Test 1 and Test 2, to control for perceived sperm
competition and so as to not confound baseline behaviour. I similarly tested 27, 26, and
22 different focal males in Treatments 1, 2 and 3, respectively, who demonstrated sexual
interest in the female in both Test 1 and Test 2 and performed both courtship displays and
sneak mating attempts.
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Figure 8-1 Schematic top view of the experimental apparatus. In Test 1, the test
aquarium (40 x 20 x 25 cm; L x W x H) held the focal male and stimulus female. The
circle represents a removable clear Plexiglas cylinder (7 cm diam.), in which the focal
male could temporarily be placed. In Test 2, the aquarium held the focal male, the
stimulus female and the ‘audience’ fish (constrained in a separate clear cylinder (not
shown) in the centre of the aquarium throughout the test). The audience cylinder was
either empty or held one or two conspecific audience males, depending on the treatment.
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8.3.5

Statistical Analysis

To control for differences among focal males in their initial baseline behaviour (in Test
1), I first calculated the relative change in the number of courtship displays exhibited by a
focal male between Test 1 and Test 2 as [Change in display rate = (Frequency of
courtship displays in Test 2 – Frequency of courtship displays in Test 1)/(Frequency of
courtship displays in Test 1 + Frequency of courtship displays in Test 2)]. I similarly
calculated the relative change in the number of sneak mating attempts exhibited by a
focal male between Test 1 and Test 2. I then calculated the proportion of all mating
attempts exhibited by a focal male that constituted courtship displays as [i.e. proportion
of courtship displays = # of courtship displays / (# of courtship displays + # of sneak
attempts)] in Test 1 and Test 2 for each treatment separately. Finally, I calculated the
change in their proportional use of courtship displays between Test 1 and Test 2 as
[change in proportional use of courtship displays = (proportion of courtship displays in
Test 2 – proportion of courtship displays in Test 1)/proportion of courtship displays in
Test 1].
To test for an audience treatment effect on the mating effort of focal males, I used
a multivariate analysis of variance (MANOVA) with relative changes in the frequencies
of courtship displays and sneak mating attempts and in the proportional use of courtship
displays as the dependent response variables and the audience treatment levels as the
independent variable. Because the residuals of the MANOVA were not multivariate
normally distributed (Royston’s test, H = 14.81, P < 0.001), they violated one of the
assumptions of the parametric MANOVA. Consequently, I necessarily carried out a nonparametric, permutational MANOVA (Anderson 2001) using the ‘vegan’ package
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(Oksanen et al. 2010) in the R statistical environment (R Core Team 2014), with the same
dependent and independent variables as mentioned above. Following this global
permutational MANOVA testing for an overall audience treatment effect on male mating
effort, I compared post-hoc mating effort across different pairs of treatment levels using
individual MANOVAs with Bonferroni correction for multiple comparison.

8.3.6

Ethical standards

The current study was approved by my institutional Animal Care Committee (protocol
8557), and adheres to the animal use and care guidelines of the Canadian Council on
Animal Care and thus the laws of Canada.
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Table 8-1 Mean ± SE (range) standard body length (mm) and body ornamentation score (% of male body covered by orange
pigmentation) of guppies used in the three audience treatments. Results of ANOVA tests (F-values), Kruskal-Wallis (χ-values) and ttests for homogeneity of body length and colour score between focal and audience males are indicated. Kruskal-Wallis tests were used
when residuals did not meet assumptions of normality.
Male length (mm)
Treatment
No audience
1-male audience

Focal
19.28 ± 0.28
(16.88 – 22.51)
19.44 ± 0.31
(16.74 – 21.89)

Within treatment
comparisons
2-male audience
Within treatment
comparisons
Across treatment
comparisons

Audience 1

Audience 2

—

—

19.46 ± 0.3
(15.81 – 22.28)

—

Focal
4.01 ± 0.37
(0 – 7.57)
3.99 ± 0.38
(0.74 – 8.83)

t50 = 0.05 , P = 0.96
19.71 ± 0.29
(17.87 – 22.56)

19.06 ± 0.3
(17.08 – 21.57)

Audience 1

Audience 2

—

—

3.72 ± 0.44
(0.34 – 9.64)

—

26.61 ± 0.65
(18.44 – 31.95)
27.67 ± 0.52
(22.25 – 32.75)

t50 = 0.45, P = 0.65
19.41 ± 0.33
(17.13 – 22.78)

4.5 ± 0.56
(1.24 – 12.63)

F2, 63 = 1.14, P = 0.33
F2,72 = 0.52,
P = 0.60

Stimulus female
length (mm)

Male colour score (%)

F2,67 = 0.47, P = 0.63

3.55 ± 0.35
(0.56 – 5.92)

3.42 ± 0.33
(0 – 9.18)

27.89 ± 0.58
(23.55 – 34.82)

χ2 = 2.65, P = 0.27
χ = 0.28,
P = 0.87

χ2 = 0.57, P = 0.75

F2,72 = 1.39,
P = 0.26
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8.4

Results

Male guppies significantly reduced their overall mating effort in the presence of
increasing numbers of rival audience males (non-parametric MANOVA, F2,72 = 2.317, P
= 0.048; Figure 8-2). This audience effect was reflected in similar monotonic decreases in
the frequencies of courtship displays and sneak mating attempts and in the proportional
use of courtship displays (relative to sneak mating attempts) across treatments, and was
largely attributable to the significant difference in mating effort between the 0 and 2
audience male treatment levels (post-hoc MANOVA, F1,47 = 5.070, P = 0.009; Figure 82). In comparison, overall mating effort did not differ between the 0 vs. 1 audience male
treatments (P = 0.275) nor between the 1 vs. 2 audience male treatments (P = 0.285).
Focal males and audience males did not differ in either their body length or colour
ornamentation within and between treatments, and the body length of stimulus females
did not vary across treatments (Table 8-1). Therefore, the observed differences in the
mating behavioural tactics of focal males across the three audience treatment levels
(Figure 8-2) cannot be explained by any variation in the body lengths and ornamentation
of focal and stimulus males and in the body lengths of females.
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Figure 8-2 Comparison of the mating effort of focal males between two paired 20-min
tests across three audience treatments: (i) not being observed by a conspecific audience
male (0 audience male present; Treatment 1), or (ii) being observed by either an audience
of one conspecific male (Treatment 2) or (iii) two conspecific males (Treatment 3). The
mating behaviour of focal males is shown as the mean (± SE) change in the frequencies
of (a) courtship displays and (b) sneak copulation attempts, and (c) the proportion of total
mating attempts that are courtship displays between the paired tests. Only statistically
significant paired comparisons across treatments (using permutational MANOVAs) are
shown.
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8.5

Discussion

Males in some fish species (e.g. Dzieweczynski et al. 2005; Ziege et al. 2008, 2009),
including the Trinidadian guppy (Auld and Godin 2015; Chapter 6), exhibit weaker
mating preferences in the presence of a conspecific male audience compared to when an
audience is not present. In species with alternative mating tactics, it remains unknown
whether males also modify the relative use of their mating tactics in response to an
audience of male sexual rivals nearby. Here, I report an audience effect on the mating
effort of wild-caught male guppies from the Upper Aripo River. Males significantly
reduced their overall mating effort, as measured by the rates of courtship displays and
sneak mating attempts and the proportional use of courtship displays, with an increasing
number of conspecific audience males present. The greatest effect was expressed in the
presence of an audience of two sexual competitors. A reduction in costly courtship
displays in particular was expected given that male Trinidadian guppies are sensitive to
the ambient risk of sperm competition from sexual rivals and modify their mate choice
behaviour in a manner than potentially minimizes this risk (Dosen and Montgomerie
2004b; Jeswiet et al. 2011b, 2012) and their alternative mating tactics are plastic in the
face of varying ecological factors, such as predation (Godin 1995), ambient light levels
(Chapman et al. 2009), and food availability and parasitism (Kolluru and Grether 2005;
Kolluru et al. 2009).
The observed differences in the decrease in the frequency of courtship displays
across my three experimental treatments suggests that focal males were aware of the
nearby audience and adjusted their courting behaviour downwards most pronouncedly in
the presence of an audience of two sexual rivals compared with the absence of an
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audience or the presence of only one sexual competitor. In doing so, focal males could
have redirected the attention of the rival audience male(s) away from the female of
interest, which could in turn potentially minimize their risk of sexual competition,
consistent with the sexual competition avoidance hypothesis. Other studies on poeciliid
fish have suggested that males strategically conceal their mating preferences from sexual
(audience) rivals, or that they deceive rivals, by shifting their mating preference to
another female nearby (Plath et al. 2008b; Bierbach et al. 2013), presumably to minimize
sperm competition whilst pursuing a preferred female; a strategy that male guppies
appear to exhibit as well (Chapters 6 - 7). Because of increased life-time fitness costs
associated with increased sexual activity, including courtship (Miller and Brooks 2005;
Jordan and Brooks 2010), selection should favour males who reduce overt courtship
displays, and thereby overall energy expenditure, directed towards females who are not
sexually receptive to their displays (Guevara-Fiore et al. 2010a) and thus unlikely to
accept mating consensually (Houde 1997). In the current study, I purposely used wildcaught gravid females, who should therefore be unreceptive to male sexual advances,
including courtship displays (Houde 1997), to minimize any confounding effect of female
preference on male mating effort and to represent the most common reproductive state
observed in wild female Trinidadian guppies, which is pregnancy and concurrent multiple
paternity (Houde 1997; Kelly et al. 1999; Neff et al. 2008). I also controlled for variation
in baseline mating effort between individual males by comparing a focal male’s mating
effort (courtship displays + sneak copulation attempts) towards a stimulus female whilst
in the presence of an audience with his own mating effort towards that same female in the
absence of an audience. However, so exposing individual focal males to sexually non-
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receptive females over a relatively lengthy trial period (i.e. over the course of paired
Tests 1 and 2) could have partly contributed to the observed proportional decrease in
male mating effort between the paired tests, but does not by itself explain the significant
difference in the change in courtship display rate between Treatment 3 (2 audience
males) and control Treatment 1 (no audience male).
My current results on male guppy courtship behaviour differ from those of a
recent study by Nöbel and Witte (2013), who compared the courtship behaviour of male
sailfin mollies in the presence or absence of a conspecific audience. They found that male
mollies spent less time following a stimulus female, but did not alter the frequency of
their courtship displays, when a male audience was present compared to when either no
audience was present or when the audience was comprised of three sexually mature
females. The latter study differed from ours in that the courtship behaviour of focal males
whilst in the presence of an audience was not compared to their prior baseline courtship
behaviour and the stimulus females used were sexually mature and receptive virgins. In a
recent study on the guppy, Makowicz et al. (2010b) reported that, in the presence of a
conspecific audience, focal males concurrently decreased the proportion of gonopodial
thrusts (sneak mating attempts), but increased the proportion of courtship displays,
directed towards the larger of two stimulus females presented, but neither change was
statistically significant. Their results differ from ours, which could be owing to
differences in fish provenance and experimental design between the two studies.
Importantly, focal males in the Makowicz (2010b) study had simultaneous access to two
stimulus females differing in body size (and potential fecundity), whereas focal males in
my study had access to only one (sexually unreceptive) stimulus female to direct their
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mating effort towards. The strategic response of male guppies to the presence of an
audience of sexual rivals may vary depending on the number of females available to
them, as the latter would influence the benefits and costs of alternative male mating
tactics.
Lastly, although male Upper Aripo guppies reduced the frequencies of their
courtship displays and sneak mating attempts and their proportional use of courtship
displays with an increase in the membership size of the audience (from one to two
audience males), this increased response was not significant. Similarly, the magnitude of
the decrease in the mating preferences of male guppies (from another Trinidadian
population) observed in response to apparent competition from nearby sexual competitors
did not vary significantly with an increase in the number (from one to two) of rival males
present when paired stimulus females were matched in body length (Jeswiet et al. 2012).
Competition from only one sexual rival may not be sufficient to select for male guppies
to alter their mating behaviour so as to minimize their perceived risk of sexual
competition, or an audience effect may not have been detectable in the presence of only
one sexual rival due to uncontrolled variables, such as individual differences in prior
mating experience (Jordan and Brooks 2012) and sperm production (Bretman et al.
2011b) among wild-caught males, in the current study.
Models of sperm competition (Parker et al. 1996) predict a biphasic male
response to a perceived increase in their risk and intensity of sperm competition, such
that males should increase their mating effort (and ejaculate investment) in the presence
of one sexual competitor but decrease them in the presence of two or more sexual rivals.
Contrary to sperm competition theory (Parker et al. 1996), male guppies in the current
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study showed a monotonic decrease in mating effort with increasing number (from 0 to 2)
of potential sexual rivals nearby. Therefore, Upper Aripo male guppies were more likely
adjusting their mating effort and alternative mating tactics in response to a perceived
increased in pre-copulatory sexual competition (from the audience males) than to a
perceived increase in their post-copulatory intensity of sperm competition in the current
study. In the presence of rival males, a male faces increased pre-copulatory competition
for physical access to females, as well as increased competition with respect to female
choice (Andersson 1994; Houde 1997). A third potential alternative explanation for my
results is that focal males (in the presence of other audience males nearby) could attract
the attention of predators and therefore could be selected to reduce their mating effort, in
particular their conspicuous courtship displays, when they perceive their risk of predation
to have so increased (e.g. Godin 1995; Godin and Briggs 1996). However, this hypothesis
does not explain my results because my source population (the Upper Aripo River) does
not contain major fish predators and is thus considered a low predation population
(Houde 1997; Magurran 2005).
In summary, I did obtain evidence for an audience effect on overall mating effort,
in wild-caught male Trinidadian guppies. My results suggest that male guppies may
minimize their risk of sexual competition in the presence of an audience of one or more
rival males by reducing overall mating effort, as seen by a concordant decrease in the
rates of both their courtship displays and sneak mating attempts and in the proportional
use of courtship displays, rather than by only reducing their relative use of conspicuous
courtship displays in favour of less conspicuous sneak mating attempts. However, I
cannot rule out the possibility of an audience-mediated shift in the relative use of
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courtship displays and sneak copulation attempts in circumstances when males are
courting sexually receptive females.
An animal’s social environment, including an audience of sexual rivals, can
influence their mating decisions and have important implications for sexual selection and
thus for both direct and indirect genetic effects in a population (Moore et al. 1997). In this
context, my finding of an audience effect on male mating effort is important. Building on
my novel results with the Trinidadian guppy reported here, I encourage others to further
investigate audience-mediated plasticity in alternative male mating tactics in the other
species, a phenomenon that has surprisingly not been considered hitherto given that
alternative mating strategies and tactics in animals has received considerable theoretical
and empirical interest in the past (Gross 1996; Brockmann 2001).
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Chapter 9:

Courtship Behaviour Attracts Male Sexual Rivals in the
Guppy
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9.1

Abstract

Based on sexual and social selection theories, individual males are expected to socially
associate with each other in ways that increase their chances of survival and(or)
reproductive success. Because males can use available social information when making
mating decisions, they should strategically associate with other males in a manner that
provides them access to social information about potential mating opportunities.
Courtship displays directed by a male towards a female might provide inadvertent social
information to nearby eavesdropping males about the perceived quality and(or) sexual
receptivity of that female. Using the dichotomous choice paradigm, I tested whether
eavesdropper male Trinidadian guppies (Poecilia reticulata) would preferentially
associate with a demonstrator male (deemed the ‘winner’) who they had previously seen
performing courtship displays towards a sexually-receptive female over another
demonstrator male (deemed the ‘loser’) they had seen in close proximity to a female, but
not performing any courtship displays. As predicted, following their observations of
paired demonstrator males interacting with stimulus females, eavesdropping focal male
guppies preferred to socially associate with the ‘winner’ demonstrator male over the
paired ‘loser’ demonstrator male. However, when the winner male had visual access to
the female, but did not perform courtship displays towards her, then focal males showed a
strong social association preference for the loser male. These results suggest that it is the
courtship displays per se of demonstrator males, and not simply their general behavioural
interaction with females, that attracts other males as potential social partners. My findings
highlight the importance of social behavioural cues and sexual signaling in the structuring
of male-male social associations.
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9.2

Introduction

In social species, both males and females should socially associate non-randomly in a
manner that increases their overall likelihood of survival and reproductive success.
Studies have shown that multiple interacting variables, including genetic relatedness,
physical characteristics (e.g., body size, sex) and(or) behavioural characteristics of
potential social partners, can affect with whom individuals associate socially and the
frequency and strength of those associations (e.g. Dugatkin and Sih 1995; Krause and
Ruxton 2005; Croft et al. 2008). Important ecological drivers of sociality and social
associations are those associated with survival benefits of group living, such as reduced
individual risk of mortality from predators and enhanced foraging rates (Krause and
Ruxton 2002). These fitness-related benefits can be further enhanced when associating
with kin. Kin-based associations are common in many species of fishes and confer antipredator benefits (Ward and Hart 2003), physiological stress reduction and increased
juvenile growth (Gerlach et al. 2007). Individuals also form social associations based on
body size and coloration (e.g. Ward and Krause 2001; Krause and Ruxton 2002; Croft et
al. 2005; Rodgers et al. 2011). Associating with individuals who are similar to oneself in
either body size and(or) colour is hypothesized to reduce the ‘oddity effect’ and thus
detection and attack by predators (Krause 1994; Krause and Ruxton 2002). There is also
evidence that there are foraging benefits accrued by individuals when associating with
phenotypically-similar conspecifics (Croft et al. 2009).
Sex and(or) reproductive status can also drive social associations between
individuals (e.g. Snekser et al. 2006; Mourier et al. 2012). For example, in blacktip reef
shark (Carcharhinus melanopterus) populations, individuals associate assortatively by

197

both body length and sex (Mourier et al. 2012). In other species, there is evidence of
females selectively associating with other females within their social network based on
perceived sexual attractiveness or reproductive state. For example, female guppies
(Poecilia reticulata) preferentially associate with other female guppies who are more
sexually attractive to males, presumably to minimize their own sexual harassment from
males (Brask et al. 2012). Female zebras assort by reproductive status (Sundaresan et al.
2007) and lactating female bats preferentially associate with other lactating females
(Kerth and Konig 1999). There is also evidence of male-male associations being driven
by mating opportunities or reproductive status. For example, bachelor zebras establish
stronger social bonds with other bachelors than they do with stallions (Fischhoff et al.
2009). Male elephants preferentially associate with similarly-aged kin, which could
benefit males through sparring play activities, which would later prepare them for malemale competition (Chiyo et al. 2011). Some male associations in dolphins are similarly
thought to be driven by male-male competition (Lusseau 2007).
Based on sexual and social selection theories (Andersson 1994; Bateson and
Healy 2005; McGlothin et al. 2010), males are expected to socially associate with each
other in a manner which increases their individual chances of attracting females. To date,
studies testing whether or not males associate with each other based on relative sexual
attractiveness or sexual competitiveness in the guppy have used physical characteristics,
such as body length and(or) colour ornamentation (Gasparini et al. 2013; Auge et al.
2016; S.J. Potter, H.L. Auld, T.N. Sherratt and J.-G.J. Godin, unpubl. data), as target
traits. Together, the results of these studies suggest that in some populations male guppies
will associate with other conspecific males based on their phenotypes, but in different
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ways depending on the circumstances (e.g. presence or absence of females). Using a
population of feral guppies from Australia, Gasparini et al. (2013) found that males
preferentially associated with males who were less sexually attractive than themselves
when in the presence of females. In contrast, another study using wild-caught Trinidadian
guppies from three different populations in Trinidad that vary in predation pressure found
that, in the absence of females, males prefer to associate with males who are more
attractive than themselves (Potter, Auld, Sherratt and Godin, unpubl. data). Moreover, a
study using wild Upper Aripo River guppies (same as the current study’s guppy
population) did not find any evidence for assortative or dissassortative male social partner
choice based on either body length or colour ornamentation, in either the laboratory or
the field (Auge et al. 2016).
In addition to physical traits, certain behavioural characteristics of males, such as
propensity to perform courtship displays, can affect their sexual attractiveness to females
(Andersson 1994). While females of numerous species use courtship displays to
discriminate among males as potential mates (Andersson 1994), such displays are
typically visually conspicuous and can reveal inadvertent social information (sensu
Danchin et al. 2004) about the quality and(or) sexual receptivity of both the displaying
males and the females being courted to male eavesdroppers and potential ‘copiers’ (see
Chapter 5). When in the presence of an audience of either one or two sexual rivals, male
guppies reduce their overall mating effort, as well as the proportion of their mating
attempts that are courtship displays, compared to less conspicuous sneak mating attempts
(see Chapter 8). By reducing their overall mating effort and the number of courtship
displays, males minimize the overall amount of social information they inadvertently
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transmit through their sexual activities to eavesdropping male rivals, thereby minimizing
their risk of their mate choice being later copied by eavesdroppers.
If male guppies are using social information to maximize their own reproductive
success, then they should socially associate with other males who provide quality social
information about their mating preferences and the quality of nearby females. If overt
courtship displays are indicative of a male’s sexual interest in a female and thus reveal
information about the quality of that female as a mate, then males should seek to
associate with other males who inadvertently provide social information about the quality
of females by performing overt courtship displays. Additionally, males who perform
courtship displays are likely to be sexually attractive to females (Andersson 1994; Houde
1997), which in turn could attract other males to their vicinity and thereby increase their
encounter rate with sexually-receptive females than otherwise.
Here, using the dichotomous choice paradigm (e.g. Jeswiet and Godin 2011; Auge
et al. 2016), I tested whether eavesdropping male Trinidadian guppies (Poecilia
reticulata) would preferentially associate with a demonstrator male (deemed the
‘winner’) who they had previously seen performing courtship displays towards a
sexually-receptive female over another demonstrator male (deemed the ‘loser’) they had
seen in close proximity to a female, but not performing any courtship displays. I
predicted that focal males would preferentially socially associate with the winner male,
who he had previously observed courting a female.
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9.3
9.3.1

Methods
Study animals

I used laboratory-reared Trinidadian guppies as a study species. See Chapter 2 for a
rationale.

9.3.2

General protocol

See Chapter 2 for a description of the common general protocol.

9.3.3

Experimental apparatus

For the first phase (viewing phase) of the experiment, the experimental apparatus
consisted of a clear Plexiglas test aquarium (40 x 20 x 25 cm; L x W x H; Figure 9-1)
placed inside a warm water bath (100 x 100 x 30 cm; Figure 9-1). Water was 15 cm deep
and maintained at a temperature of 24-26oC. using two submersible Tetra® 100W heaters.
Five smaller, similar-sized and clear Plexiglas compartments (each 10 x 13 x 20 cm)
were placed adjacent to one another in a single row along one of the sides of the water
bath and facing the larger viewing aquarium at a distance of 20 cm (Figure 9-1). A single
narrow and perforated Plexiglas compartment (4 x 4 x 20 cm; Figure 9-1) was placed
inside the small compartment located at each end of the row. An opaque Plexiglas screen
in front of each of the latter two end compartments obstructed the focal male’s view into
these compartments. A larger, removable opaque Plexiglas could be placed in front of the
test aquarium, temporarily blocking the focal male’s view of all the small compartments
(Figure 9-1). The entire apparatus was placed behind a blind and illuminated overhead by
three Phillips® 30W fluorescent light tubes that were affixed above three sides of the
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water bath. The water bath, the viewing aquarium and all end compartments all contained
a thin layer (approximate 1 cm) of light-coloured gravel on the bottom.
In the second phase (social partner-choice phase) of the experiment, the
experimental apparatus (Figure 9-2) consisted of a clear Plexiglas test aquarium
(40 x 20 x 25 cm; L x W x H) flanked by a clear Plexiglas container (6 x 20 x 25 cm;
hereafter termed compartment) at either end (see Chapter 2 for more details). The central
aquarium served as the partner-choice arena and held the focal male, and the end
compartments held the winner and loser demonstrator (stimulus) males. Removable
opaque Plexiglas screens could temporarily block the focal male’s view of both stimulus
males. Since chemical cues can influence mate choice in animals (Candolin 2003),
including the guppy (Shohet and Watt 2004), I prevented any exchange of chemical cues
between the focal and stimulus males by placing the stimulus males in the end
compartments outside of the central test aquarium, which also ensured that males could
only use visual cues when assessing the stimulus males as potential social partners. See
Chapter 2 for more information on general test aquaria conditions.

9.3.4
9.3.4.1

Experimental protocol
Viewing phase

First, a sexually-receptive, virgin stimulus female was haphazardly selected from a
holding aquarium of virgin females and placed in the central stimulus compartment.
Next, a focal male was selected from a separate all-male holding aquarium and placed in
the larger viewing aquarium that faced the stimulus fish (Figure 9-1). From a different
holding aquarium than the focal male, two other males that were matched in standard
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body length and ornamentation as closely as possible were then selected (see Chapter 2
for details on length and colour measurements, and Table 9-1) to serve as stimulus males.
One of the paired stimulus males was designated as the ‘winner’ male and placed in one
of the two compartments adjacent to the stimulus female (Figure 9-1); this male could
view and court the stimulus female in the central compartment. The other paired stimulus
male was designated as the ‘loser’ male and gently placed in the adjacent stimulus
compartment on the other side of stimulus female, but could not view and court the
stimulus female because of an opaque screen blocking his view into the central female
compartment (Figure 9-1). The sides on which the winner and loser male were placed
was alternated between trials. To control for any effect of potential differences in overall
activity between the paired stimulus males, which could otherwise result from the winner
male being able to see another fish (the stimulus female) while the loser male could not, a
third male (a so-called ‘dither’ fish, Barlow 1968) was selected and placed into the far
corner of the small compartment at the end of the row of compartments and adjacent to
the loser male’s compartment. This dither male was not visible to the focal male at
anytime, nor to the stimulus female or winner male owing to opaque Plexiglas screens
placed in front of the dither male’s end compartment and between the loser male’s
compartment and the central female compartment (Figure 9-1). This set-up was counterbalanced by placing an empty dither male compartment inside the other far-end
compartment adjacent to the winner male.
Once all fish were placed in their respective compartments, they were allowed to
acclimatize for 5 min with opaque screens in place between all compartments and in front
of the viewing aquarium, thus effectively preventing any visual contact between them.
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Following this acclimatization period, the opaque screens between the stimulus female
and the winner male and between the loser male and the dither stimulus male were
removed, and these stimulus fish were allowed to view each other for 5 min. During this
period, the opaque screen between the focal male and the stimulus fish remained in place.
After this brief viewing period for the stimulus fish, the focal male was given visual
access to the stimulus fish and their behavioural interactions (through the clear walls of
their respective compartments) by slowly removing the opaque screen in front of his
viewing tank. The opaque screen between the stimulus female compartment and the
compartment holding the loser male, as well as the opaque screen in front of the two
dither male compartments at each end of the row of compartments, remained in place for
the duration of the trial (Figure 9-1).
Immediately after the removal of the opaque screen in front of the focal male’s
viewing aquarium and once he resumed normal swimming behaviour, a 10-min viewing
phase commenced. During this phase, the winner male had the opportunity to visually
interact with the stimulus female and to perform courtships displays towards her. The
loser male did not have visual access to the stimulus female and thus could not interact
with her in any way or perform courtship displays towards her. However, the loser male
did have visual access to a stimulus (dither) male in the far-end compartment adjacent to
his compartment that none of the other fish could see. During this viewing phase, the
amount of time that the focal male spent inside either of the viewing zones of his
aquarium and directly facing either the distant winner or loser male compartment was
recorded using stop watches. This viewing time was regarded as the time that the focal
male spent visually ‘assessing’ the two stimulus males from a distance. Concurrently, the
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behaviour of the stimulus fish was recorded using a Canon VIXIA HF M500 digital video
camera, positioned directly above the row of small compartments, for later analysis.
Upon completion of the viewing phase, the focal male and the loser and winner stimulus
males were gently dip-netted out of their respective aquarium/compartment and
transferred to the partner-choice test aquarium (Figure 9-2). The stimulus female and the
dither stimulus male were left in their respective compartments for later photography (see
Chapter 2 for methodology).

9.3.4.2

Social-partner choice phase

Immediately following his removal from the viewing aquarium (Figure 9-1), the focal
male was gently placed in a clear Plexiglas cylinder in the centre of the social partnerchoice test aquarium (Figure 9-2). The winner and loser stimulus males were then each
introduced into one or the other of the two end compartments (Figure 9-2). The particular
side (left or right) of the apparatus into which the winner and loser males were
individually placed was the same side they were on during the viewing phase (Figure 91). See Chapter 2 for details on general protocol.
The fish were given a 5-min acclimatization period during which they did not
have visual access with one other. After this period, I gently removed both opaque
screens to allow visual contact between the focal male and both stimulus males. I then
gently lifted the clear Plexiglas cylinder, allowing the focal male to swim freely in the
test aquarium and choose to socialize with either stimulus males. During the next 10 min,
I observed the behaviour of the fish through a viewing window in the blind and recorded
using stopwatches the amount of time that the focal male spent in the 10-cm preference
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zone associated with each of the two stimulus males. At the end of this first 10-min
period, I gently replaced the opaque screens (Figure 9-2) and gently dip-netted the focal
male and returned him to the central clear Plexiglas cylinder in the middle of the test
aquarium. To control for the possibility that the focal male might exhibit a preference
(bias) for one side of the aquarium over the other rather than a preference for a particular
stimulus male, I switched the sides of the end compartments holding the stimulus males
(e.g. if the winner male was initially on the right-hand side of the test aquarium, then his
end compartment was moved to the left-hand side of the aquarium, and vice-versa). Focal
males exhibited a side bias (see Chapter 2 for details) in seven trials, which were
discarded.
Once the the positions of the end compartments had been switched to control for
any potential side bias of the focal male, I removed the opaque screens and lifted the
Plexiglas cylinder to release the focal male and begin a second 10-min preference test
(Preference test 2). This second preference test was identical to the first preference test
(Preference test 1) described above. To calculate an overall preference score, I summed
the amount of time that the focal male spent with the loser and winner male separately in
Preference tests 1 and 2. The social preference score of the focal male for the winner
stimulus male was expressed as the proportion of his total association time spent near (<
10 cm) that stimulus male (i.e. Sum of total association time spent near winner male /
(Sum of total association time near the winner male + total association time near loser
male)). At the end of second preference test, all fish were removed from the apparatus,
lightly anesthetized and digitally photographed for later measurement of body length and
quantification of male body ornamentation. See Chapter 2 for methodological details.
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After the social-partner choice phase was completed, I observed on a video
monitor the behaviour of the fish during the 10-min viewing phase of the experiment
using video playback. For each trial, I recorded the number of courtship displays
exhibited by the winner male during this phase. Whilst observing the videos of stimulus
fish behaviour, I realized that just less than half of all winner males courted the stimulus
female. Because of this finding, two categories of stimulus ‘winner’ males were
generated and regarded as separate treatments for the purpose of analysis, namely, winner
males who courted the stimulus female (N = 15, Table 9-1) , and winner males who did
not exhibit any courtship displays (N = 18, Table 9-1), despite visually interacting with
the stimulus females, during the viewing period. Such a categorization of the winner
stimulus males allowed me to discern whether focal males preferentially associated with
winner males or not based on their previous observation of courtship displays exhibited
or not by the winner males, and not simply because the latter males were seen interacting
with a female.
To control for the possibility that males were associating with sexual rivals based
on their courtship displays and interactions with females and not based simply on having
been seen interacting with another fish, I carried a third treatment (N = 18, Table 9-1)
following the same protocol described above (viewing phase followed by social partnerchoice phase), except that in this control treatment the stimulus female in the central
small compartment was replaced by a stimulus male to remove any possibility of
courtship activity between either of the winner or loser males and the stimulus fish in the
central compartment. Trials for the three treatments were carried out in random sequence.
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100 cm

10 cm

20 cm

Focal

100 cm

40 cm

Loser

Winner

4 cm

13 cm

4 cm

20 cm

or

Dither

10 cm

Figure 9 -1 Schematic top view of the experimental apparatus used in the viewing phase
of the experiment. The larger viewing aquarium (40 x 20 x 25 cm; L x W x H), which
held the focal male, and the five smaller compartments (6 x 20 x 25 cm), which held the
stimulus fish, were placed in a warm water bath (100 x 100 x 30 cm) as shown. The
dashed lines represent 10-cm viewing zones directly in line with the end compartments
containing the stimulus males, and the thick solid lines represent removable opaque
Plexiglas screens. The central small compartment held a stimulus female or male
depending on the treatment (see Table 9-1).

208

10 cm

Focal

‘Winner’

20 cm

‘Loser’

6 cm

40 cm

Figure 9-2 Schematic top view of the experimental apparatus used in the partner-choice
phase of the experiment. The central compartment (40 x 20 x 25 cm; L x W x H) held the
focal male and the end compartments (6 x 20 x 22 cm) held the ‘winner’ and ‘loser’
demonstrator stimulus males. The dashed lines represent 10-cm (social association)
preference zones, and the thick solid lines represent removable opaque Plexiglas screens.
The dotted circle denotes the removable clear Plexiglas cylinder (7 cm diam.) that
temporarily held the focal male.

209

Table 9-1 Mean ± SE (range) standard body length (mm) and body ornamentation score (proportion of male body covered by orange
and black pigmentation) of guppies used in the three treatments. Results of the ANOVA (F-values), Kruskal-Wallis (χ-values), and ttests for homogeneity of body length and colour score among male types, and results of t-tests comparing the body length of stimulus
females between treatments, are shown. The Kruskal-Wallis test was used when residuals were not normally distributed.
Body length
Treatment

Focal

‘Winner’

‘Loser’

Stimulus male

‘Dither’

Control

16.62 ± 0.26
(14.97 – 19.24)

16.61 ± 0.23
(15.22 – 18.22)

16.71 ± 0.24
(15.18 – 18.48)

16.78 ± 0.28
(14.77 – 19.31)

16.91 ± 0.21
(15.21 – 18.78)

Within
treatment
comparison
F4,85 = 0.26,
P = 0.90

16.28 ± 0.48
(12.88 – 19.19)

16.60 ± 0.51
(11.68 – 20.33)

16.43 ± 0.45
(12.83 – 19.24)

--

15.67 ± 0.43
(12.62 – 18.17)

F3,56 = 0.75,
P = 0.53

21.55 ± 0.40
(19.35 – 24.65)

16.41 ± 0.41
(12.51 – 18.54)

16.73 ± 0.30
(14.14 – 18.89)

--

16.21 ± 0.28
(13.39 – 17.75)

F3,68 = 0.39,
p = 0.76

21.51 ± 0.67
(16.41 – 27.44)

F2,48 = 0.09
P = 0.92

F2,48 = 0.25
P = 0.78

--

χ 3 = 6.86
P = 0.03

--

t31 = -0.056
P = 0.96

Courtship

No courtship
Between
treatment
comparison

16.46 ± 0.36
(13.50 – 20.47)
F2,48 = 0.21
P = 0.81

Stimulus female
--

Body ornamentation score
Treatment
Control
Courtship
No courtship
Between
treatment
comparison

Focal

‘Winner’

‘Loser’

Stimulus male

‘Ditter’

0.050 ± 0.004
(0.012 – 0.081)
0.045 ± 0.0054
(0.017 – 0.098)
0.048 ± 0.007
(0.009 – 0.089)

0.050 ± 0.006
(0.02 – 0.14)
0.065 ± 0.005
(0.032 – 0.11)
0.049 ± 0.005
(0.013 – 0.096)

0.057 ± 0.0067
(0.025 – 0.12)
0.051 ± 0.0056
(0.02 – 0.089)
0.048 ± 0.006
(0.007 – 0.11)

0.058 ± 0.0055
(0.026 – 0.11)

0.046 ± 0.0037
(0.024 – 0.088)
0.05 ± 0.006
(0.013 – 0.10)
0.046 ± 0.006
(0.007 – 0.099)

F2,48 = 0.25
P = 0.78

χ 2 = 4.82
P = 0.09

χ 2 = 0.80
P = 0.67

----

χ 2 = 1.14
P = 0.57

Within
treatment
comparison
χ 4 = 3.01
P = 0.55
χ 3 = 7.81
P = 0.05
F3,68 = 0.07
P = 0.98
--

Stimulus female
-----

210

9.3.5

Statistical analysis

I first calculated the proportion of time that focal males spent in the viewing zone aligned
in front of the winner male compartment (out of the total time spent in either viewing
zone) during the viewing phase of the experiment, and then tested whether this proportion
of viewing time in front of the winner male differed from that expected by chance (i,e.
proportion = 0.50) using a one-sample t-test for each of the three treatments separately.
To determine whether males make social partner-choice decisions based on the
courtship rate of other males, I calculated the proportion of total social association time
that focal males spent in the preference zone of the winner male for each treatment
separately during the social partner-choice phase of the experiment. I then tested whether
the proportion of total association time that the focal male spent in the preference zone
associated with the winner male differed from that expected by chance (i.e. proportion =
0.5) using the one-sample t-test. To compare the proportion of time that focal males
spent associating with the winner stimulus male between the three treatments, I used oneway ANOVA, followed by a Tukey’s test for post-hoc multiple comparison of means. I
then used a linear model to compare the number of courtship displays performed by the
winner stimulus male during the viewing phase and the proportion of time that the focal
male subsequently spent socially associating with that stimulus male. Finally, I compared
the proportion of time each focal male spent in the viewing zone in front of the winner
male’s compartment during the viewing phase and the proportion of time the focal male
spent socially associating with the winner male in the social partner-choice test for each
treatment separately using an ANOVA.
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When appropriate, proportional data were arcsine transformed. All t-tests used
were two-tailed and all statistical analyses were performed using the R statistical
framework (R Core Team 2014).

9.3.6

Ethical standards

This study was approved by the institutional Animal Care Committee at Carleton
University (protocol #13281) and thus meets the guidelines for the care and use of
research animals of the Animal Behavior Society and the Canadian Council on Animal
Care and the laws of Canada.

9.4

Results

There was no significant difference in the proportion of time that focal males spent in the
viewing zone aligned in front of the winner stimulus male’s compartment compared to
that expected by chance when the latter male did not court the stimulus female (onesample t-test: t17 = -0.22, P = 0.83; Figure 9-3a) or when the winner male courted the
stimulus female (one-sample t-test: t14 = 0.90, P = 0.38; Figure 9-3a). However, focal
males did spend significantly more time in the viewing zone aligned in front of the
winner male’s compartment in the control treatment, wherein the stimulus female was
replaced by a stimulus male (one-sample t-test: t17 = 2.29, P = 0.03; Figure 9-3a).
After having observed the winner stimulus male court a stimulus female, focal
males spent a greater, although marginally insignificant, proportion of their total
association time in the preference zone of that male compared to that expected by chance
(one-sample t-test: t14 = 1.98, P = 0.07; Figure 9-3b). In contrast, when the winner male
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did not court the stimulus female, focal males spent proportionally more time socially
associating with the loser stimulus male than expected by chance (one-sample t-test: t17 =
-4.07, P < 0.001; Figure 9-3b). Similarly, in the control treatment, focal males spent more
time socially associating with the loser male than expected by chance (one-sample t-test:
t17 = - 2.67, P = 0.02; Figure 9-3b). There was a significant difference in the proportion of
social association time that focal males spent in the preference zone of the winner male
between treatments (one-way ANOVA: F2,51 = 8.36, P < 0.001; Figure 9-3b). Post-hoc
analysis revealed that focal males spent proportionately more time socially associating
with the winner male when the latter had been previously observed to court a female
during the viewing phase compared to when the winner male did not previously court the
stimulus female (P = 0.008) or when a conspecific stimulus male was present in the
central compartment rather than a virgin stimulus female (P = 0.008).
When the winner male courted the stimulus female during the viewing phase, the
frequency of courtship displays performed by that male was positively (but marginally
non-significant) related to the proportion of time the focal male subsequently spent social
associating with the winner male during the social partner-choice phase (linear model: t13
= 2.13, R2 = 0.26, P = 0.053). Across all three treatments, the proportion of time that
focal males spent in the viewing zone aligned with the compartment of the winner male
during the viewing phase did not strongly predict the time they subsequently spent
associating with the winner male during social partner-choice test (linear model: t1,49 =
2.07, R2 = 0.06, P = 0.04).
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(a)

0.7

a

a

a

Proportion of time spent
with the ‘winner’

0.6
0.5
0.4
0.3
0.2
0.1
0
(b)

b

0.7

Proportion of time spent
with the ‘winner’

0.6
0.5
a

a

18

18

0.4
0.3
0.2
15

0.1
0
Male
control

No courtship
displays

Courtship
displays

Figure 9-3 Mean ± SE proportion of total association time the focal male spent near the
winner stimulus male in the three treatments during (a) the viewing phase and (b) the
social partner-choice phase of the experiment. The horizontal stippled lines at proportion
0.5 denote no choice (i.e. chance level). Histogram bars with dissimilar letters are
significantly different (P < 0.05) from each other. In the male control treatment, the
stimulus female in the central compartment of the viewing phase was replaced by a
stimulus male. The number of replicate trials (with no side bias) for each treatment is
shown inside inside the histogram bars.
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9.5

Discussion

In the current study, eavesdropping focal male guppies preferred to socially associate
with a conspecific stimulus male (deemed the ‘winner’) who they had previously seen
performing courtship displays towards a female over another nearby stimulus male
(deemed the ‘loser’) who they had concurrently seen in proximity of the same stimulus
female, but had not exhibited any courtship displays. There was a strong trend for a
positive relationship between the courtship display rate of the winner stimulus males
during the viewing phase and the strength of subsequent social association of the focal
males for them. However, when the winner male did not perform any courtship displays
towards the stimulus female or when the stimulus female was replaced with another
stimulus male, focal males demonstrated a strong social association preference for the
other (loser) stimulus male. These novel results suggest that male guppies who eavesdrop
on the sexual interactions of other males are able to remember the identity of these males
and to subsequently use social information gleaned from their past courtship behaviour,
or lack thereof, to make decisions about which male conspecifics to socially associate
with.
During the viewing phase of the experiment, focal males ‘sampled’ the aquarium
zone in front of the winner and the loser male compartments equally when the stimulus
fish in the central compartment was female. This is likely the result of the focal male
being more interested in the stimulus female than either the adjacent winner or loser
males and consequently spent most of his time in front of the stimulus female’s central
compartment during the viewing phase. When the stimulus fish in the central
compartment was a male (control treatment), then the focal male spent significantly more
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time in front of the winner male’s compartment than expected by chance, suggesting that
the focal male was paying attention to the interaction between the winner male and the
stimulus male.
Past studies (Dugatkin and Sargent 1994; Gasparini et al. 2013), which used
different measures of male attractiveness, have found that male guppies prefer to
associate with males who they perceive to be less attractive than themselves. Dugatkin
and Sargent (1994) used male proximity to females as a proxy measure of their sexual
attractiveness and found that eavesdropping males later showed a social association
preference for the stimulus male that was observed further away from a female (i.e.
‘loser’) compared to another stimulus male that was similarly matched for body size and
colour, but observed in closer proximity to a female. Stimulus males did not apparently
court females in their study. Their result is consistent with my finding that males prefer to
associate with the loser male in cases where neither the loser or winner stimulus males
courted the stimulus female. While the compartments holding the paired winner and loser
males were placed equidistant from the central stimulus female, the winner male had
visual access to the female and thus spent more time interacting with her through the
clear Plexiglas walls of their respective compartment, whereas the loser male did not.
Because of this asymmetry, the eavesdropping focal male would have observed the
winner stimulus male in close proximity (i.e. within three body lengths) of the stimulus
female more often than the loser male.
When the winner stimulus male in this experiment performed courtship displays
towards a sexually-receptive stimulus female, the eavesdropping focal male subsequently
spent more time associating with the winner than the loser male, despite the winner male
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potentially appearing more sexually attractive to the female owing to his courtship
displays directed towards her. The difference in the observed social association
preferences of the focal male between the two treatments (i.e. winner male courting vs.
not courting during the viewing phase) indicates that it is the courtship displays
themselves that are socially attracting the focal male towards the winner stimulus male
and not simply the general behavioural interactions between the winner male and
stimulus female.
It is possible that the social attraction of eavesdropping focal male guppies
towards the winner stimulus male, who they had previously seen courting a female, is the
result of a sensory bias towards males actively performing courtship displays (Endler
1992). This proposition is supported by the finding of a positive, although marginally
non-significant, relationship between the number of courtship displays performed by the
winner male and the strength of the eavesdropping focal male’s social association
preference for the winner male. Furthermore, parasite-infected male guppies have lower
courtship display rates than healthy males who are not infected by ectoparasites (Kolluru
et al. 2009). Male guppies that are faced with a perceived increase in their ambient
predation risk are more fearful and, in response, reduce their conspicuous courtship rate
compared to males that are less threatened (Godin 1995). While it is unlikely that any
males in the current experiment were parasitized since they were laboratory born and
reared and showed no obvious sign of parasite infection, and there was no threat of
predation during the experiment, eavesdropping focal males could have assessed the
observed difference in courtship activity between the paired stimulus males as differential
parasite load and(or) fear and subsequently avoided the male with the lower courtship
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rate and presumably associated higher parasite load and(or) fearfulness. The social
attraction to the stimulus male who was observed displaying higher levels of activity may
override any association preference for males who are perceived to be less sexually
attractive as a result of differential proximity to a female. In the presence of sexual rivals,
male guppies decrease their overall mating effort by decreasing both sneak mating
attempts and courtship displays with a further decrease in the proportion of courtship
displays relative to sneak mating attempts (Chapter 8). Additionally, a reduction in
overall mating effort and a further decrease in courtship displays reduces the amount of
social information available to eavesdropping rivals. Males may be more attracted to
male social partners who continue to be active sexually and to thereby provide
inadvertent social information than to other males who reduce or shut down their sexual
behaviour and associated social information in the presence of sexual rivals.
Even though past studies using different measures of male sexual attractiveness
and different populations have found that male guppies prefer to associate with less
attractive males (Dugatkin and Sargent 1994; Gasparini et al. 2013), it is possible that
eavesdropping focal male guppies in the current study preferred to socially associate with
males who they had previously observed courting a female because they perceived these
males as being more likely to attract other sexually-receptive females. By associating
with such apparently attractive males, eavesdropping males might enhance their
reproductive success through higher encounter rates with receptive females and(or)
greater opportunities to sneak copulate females that are courted and attracted by their
more attractive social partners. This result is consistent with the findings of a recent study
(Potter, Auld, Sherratt and Godin, unpubl. data) that showed, in absence of females, male
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guppies from three different natural populations in Trinidad preferring to socially
associated with rival males who were larger and more colour ornamented than themselves
and thus more likely to be perceived as more sexually attractive and competitive.
However, using the same study population (Upper Aripo River, Naranjo tributary) as I
did in this experiment, Auge et al. (2016) found no male-male association preference
based on either body size or colour ornamentation, both signals of sexual attractiveness
and competitiveness in this population, in either the presence or absence of females. The
difference in results between the latter study and my own suggest that either male guppies
use behavioural cues over physical traits, such as body size and colour ornamentation, as
signals of sexual attractiveness when assessing potential social partners or that males are
increasing their association preference for males who they have previously seen courting
females for other reasons, such as a sensory bias for males with increased activity levels,
or an attraction to males who transmit social information regarding their perceived
quality of nearby females.
The evolution of signals, such as courtship displays, in the guppy are affected by
multiple factors including social structure, predation level, and ambient light (Endler
1992, 1995). In the current study, I used a single population of laboratory-reared, sexually
inexperienced fish from a low-predation population and so my results may not be
representative of how male guppies use behavioural cues when associating with social
partners in other environments. For example, in high-predation environments, predation
pressure could change the ways in which males use courtship displays when choosing
social partners.
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The results from my study show that male guppies use behavioural cues from
sexual rivals when making social partner-choice decisions. This highlights the importance
of sexual behaviour in influencing male-male social associations, and thereby social
networks, in nature. Future studies should investigate the mechanism underlying the
observed preference of males to socially associate with males who they have previously
observed courting females, while avoiding males who interact with females, but who do
not court them.
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Chapter 10:

General Thesis Conclusions
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10.1 Salient findings and conclusions
In this thesis, I have shown that male Trinidadian guppies, like their female counterparts,
from the Upper Aripo River population in Trinidad have repeatable and consistent mating
preferences in the absence of available social information (Chapter 4), but when social
information is available (e.g. through observing the behavioural interactions of others),
males can flexibly adjust their mating behaviour. Similar to males in many animal
species, male guppies from my study population exhibited an overall preference for
larger, and presumably more fecund, females in all experiments that measured male mate
choice in the absence of available social information (Chapters 4 - 7). Even though males
generally had a preference for larger females, there was nonetheless considerable
variation among individuals in the strength and direction of their mating preferences
(Chapter 4). Expression of male mating preferences could change over the course of a
male’s lifetime and is likely to be constrained by female preference to some degree.
As expected, female guppies in my study population demonstrated strong mating
preferences for larger males over smaller ones, but a surprisingly weaker (but nonetheless
significant) preference for colour ornamentation given that they originated from a
population with low predation pressure (Chapter 3). Larger, and presumably more
desirable females, showed stronger mating preferences for larger males than did smaller
females, suggesting at least some degree of assortative mating. These results thus
contribute further to our understanding of both intra- and inter-population variation in
mating preferences in the Trinidadian guppy, a long-standing important model species for
the study of sexual selection and evolution, and should encourage further investigations
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into size-assortative mating and potential interactions between male body length and
ornamentation on female mate choice in this model species and others.
When provided with the opportunity to supplement their own privately acquired
information regarding the quality of nearby potential mates, males copied the mate choice
of rival males who they had observed near an initially non-preferred female (Chapter 5).
Copying the mate choice of another male could reduce the costs and associated with
searching for a high-quality and sexually-receptive mate. In species with some degree of
last male sperm precedence, such as the guppy, copying the mate choice of another male
would result in asymmetrical levels of sperm competition with the first male to mate
suffering a greater cost (lost of paternity) than the ‘copier’.
As would be predicted if males were responding to an increased risk of sexual
competition in the presence of an audience male, males decreased their overall mating
effort by decreasing their total number of courtship displays and total number of sneak
mating attempts. Furthermore, they decreased their relative use of conspicuous courtship
displays compared to less conspicuous sneaky mating attempts in the presence of either
one or two nearby sexual rivals (Chapter 8). Males also decreased their preference for an
initially-preferred female and consequently increased their preference for an initially nonpreferred female in the presence of one or two sexual rivals (Chapter 6). Whether or not a
male changed his mate preference in the presence of an audience was contingent on the
strength of his preference for his initially-preferred female and the phenotype of the
audience male (Chapter 7). Males who initially had a very strong preference for one
female over the other exhibited a greater change in their preference irrespective of
whether or not the initially-preferred female was the larger, and presumably more
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desirable, of the two females (Chapter 7). Males decreased their initial mating preference
for a particular female when the audience male was larger than himself, but not when the
audience male was smaller than himself. This increased reduction in preference for an
initially preferred female in the presence of a larger rival audience male is consistent with
males avoiding sexual competition in the presence of a more competitive sexual rival.
Larger males are likely to be better sexual competitors as females prefer larger males as
mates (Chapter 3), they produce more sperm, and they are likely to be able to physically
outcompete smaller males for access to females. Altogether, these results demonstrate
plasticity in male mating behaviour, including mate choice, and highlight the importance
of social information and the social environment in determining male mating behaviour.
Because a male’s social environment and by extension his social partners can
affect his mating behaviour and thus reproductive success, males should associate with
other males in a way which enhances their individual reproductive success. As would be
expected if males were associating with other males to increase their own reproductive
success, male guppies preferred to associate with conspecific males who they had
previously seen courting sexually-receptive virgin females, suggesting that males will
preferentially associate with other males based upon the latter’s sexual attractiveness
and(or) their propensity to provide social information whilst interacting with females.
Altogether, the experimental results from my thesis importantly demonstrate that
although male guppies have repeatable and inherent mating preferences, they are also
highly sensitive to their social environment and are able to use public information to
flexibly adjust their mating preferences, mating effort and alternative mating tactics in
ways that appear to be adaptive. These socially-mediated changes in the mating
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behaviour of males modify the expression of inherent mating preferences and potentially
plays an important role in influencing the direction and strength of sexual selection and
maintenance of variation in populations, which is critical for the operation of selection
and further adaptive evolution.

10.2 Future studies
The results from my thesis research generated more questions about how males use social
information when making mate-choice decisions, how they respond to the presence of an
audience of sexual rivals, and how their socially-mediated mating decisions might affect
male-male associations (i.e. social partner choices) in nature.
In Chapter 5 of my thesis, I demonstrated male mate choice copying in the guppy
when the focal male (copier) and model male (demonstrator) were similarly matched for
body length and colour ornamentation. However, males may use available social
information discriminately. For example, when female guppies copy the mate choice of
other females, they do so selectively by only copying the mate choice of older, more
experienced females who would presumably be able to transmit higher quality
information (Dugatkin and Godin 1993; Vukomanovic and Rodd 2007). Similar to their
female counterparts, male guppies should selectively copy the mate choice of other males
in order to maximize their reproductive success. Future research should include
behavioural studies that test whether or not males are selective when copying another
male’s mate choice. Similarly, future research should test whether certain types of males,
for example younger ones, are more likely to use available social information when
making mating decisions. For example, there is some evidence that personality type

225

affects an individual’s propensity to use social information (e.g. Kurvers et al. 2010) and
how they respond to an audience of sexual rivals (Bierbach et al. 2015), which in turn
may influence his/her likelihood of copying the mate choice of other individuals. In
Chapters 6 and 8, I demonstrated that male guppies will respond to the presence of an
audience of sexual rivals, and thus to the risk of being copied and the subsequent increase
in sexual competition, by altering their apparent mate choice or decreasing their sexual
activity. More work is needed to understand how male mate choice copying and the
audience effect co-exist in a population, as the existence of the audience effect should
decrease the likelihood of male mate choice copying. In Chapter 7, I showed that males
will respond the presence of an audience by modifying their inherent mating preference
to a greater extent in the presence of larger males, but not more ornamented, audience
males. Future work should seek to determine why males respond differently to the
presence of larger males compared to more colour ornamented males, given that both are
likely to be perceived as strong sexual competitors in my study population. Building on
my novel results on mate choice copying and the audience effect with the Trinidadian
guppy reported here (Chapters 5 - 8), I encourage others to further investigate audiencemediated plasticity in alternative male mating tactics in other species, a phenomenon that
has surprisingly not been considered before now given that alternative mating strategies
and tactics in animals has received considerable theoretical and empirical interest in the
past (Gross 1996; Brockmann 2001).
In Chapter 9, I showed that eavesdropping male guppies prefer to socially
associate with male conspecifics who they have recently seen courting a sexuallyreceptive female over other males that were observed interacting with, but not courting, a
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female. However, my experiment was unable to tease apart whether males were attracted
to males who performed courtship displays because those males would be viewed as
more sexually attractive to females, because they provide social information regarding
the quality of nearby females, or simply because they demonstrate higher overall activity
levels. Future studies should address the question of why male guppies prefer to socially
associate with other males who they have seen perform courtship displays towards
females.
The fish used in my experimental studies originated from a natural low-predation
population (Upper Aripo River) in Trinidad. Predation level is known to influence mate
choice in the guppy (Godin and Briggs 1996) and in other species (e.g. Teyssier et al.
2014) and could similarly influence how males use social information when making
mating decisions. It would be interesting to study the effects of predation risk on whether
and how males use social information when making decisions, particularly as they relate
to mating effort and mate choice because of their central importance to sexual selection.
Lastly, future research into the effects of social information on male mate choice
should incorporate genetic work to test whether males gain any fitness benefits, such as
an increase in offspring number and(or) quality, when copying the mate choice of other
males or flexibly adjusting their mating preference, mating effort or mating tactics in the
presence of an audience of sexual rivals.
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Appendix Figure 1. Photograph of free-ranging adult male (top) and female (bottom)
guppies in the Naranjo tributary of the Upper Aripo River, Trinidad. Photo credit: P.
Bentzen.
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Appendix Figure 2. Examples of individually unique body colour ornamentation pattern
in adult male guppies originating from the Upper Aripo River (Naranjo tributary),
Trinidad. Photo credit: J.-G.J. Godin.
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Appendix Figure 3. Google map of Trinidad and a photograph of the Upper Aripo River
(Naranjo Tributary). The red dot in the upper part of the map denotes the general
location of the study population.
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