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ABSTRACT

During mate choice copying (MCC), individuals evaluate the attractiveness of potential mating partners while
observing if they are preferred or rejected by other individuals. Numerous studies have examined female MCC, while
its role during male mate choice received far less attention. Using western mosquitofish (Gambusia affinis) as our
study organism, we asked if individual focal males would spend more time associating with the previously rejected
female of a pair of stimulus females (a large- and a small-bodied female) after they had observed another (model)
male consort the rejected female. We used the resulting ‘copying scores’ to test if individual variation in MCC can be
explained as part of a larger behavioral syndrome (i.e., social responsiveness). In one experiment, we assessed focal
males’ copying tendencies and then tested them in another context of socially-dependent mate choice (audience
effects). Males with high copying tendencies were also more likely to respond to rival presence by showing audience
effects (concealment of mating preferences). In another experiment, we assessed copying tendencies and behavioral
correlates of boldness, activity and sociability (shoaling tendencies) of the focal males. All three traits were
correlated, but did not predict male copying tendencies. Altogether, our results suggest that male MCC may indeed
be part of a social responsiveness syndrome (explaining correlated responses in two contexts of socially-dependent
mate choice), but this syndrome seems to be independent of standard behavioral parameters widely used to quantify
animal personality traits.

Keywords: Animal personality, Audience effect, Non-independent mate choice, Social learning, Social
responsiveness

INTRODUCTION

Male mate choice copying

Animals use social information in a variety of contexts [1-5]. This includes learning about predation risk and
foraging, as exemplified by studies on social learning in a live bearing fish, the guppy [6,7]. Animals also integrate
social information when searching for mates, whereby individuals observe how potential mating partners interact
with other individuals in their social environment [8,9]. This strategy helps to evaluate the quality of potential mating
partners and also reduces the costs associated with mate searching [9,10] (but see 11,12 for potential costs of
socially-dependent mate choice). Usually, studies on socially-dependent mate choice reported considerable variation
among individuals in social information use in natural populations [13-17], raising the question as to whether this
variation is consistent across different contexts of socially-dependent mate choice. In other words, the question arises
if some individuals consistently respond more to social information during mate choice than others.
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Our present study focused on a widespread form of socially-dependent mate choice: mate choice copying (MCC).
During MCC, choosing individuals accept or reject potential mating partners after they had observed how their
potential mates were preferred or rejected by other members of their own sex, respectively [13,18-20], and it is
widely accepted that MCC is operationally a form of non-independent mate choice resulting from social learning
[21]. MCC can be found in both invertebrates [22] and vertebrates [23,24]. Empirical evidence for MCC was first
reported for guppy females [25] and subsequent studies have largely continued to focus on female MCC
[13-16,26,27]. More recent studies, however, have started to acknowledge that also males copy the mate choice of
other males [9]. Examples of male MCC come from an array of species, including a sex-role reversed pipefish,
sticklebacks, darters and especially live bearing fishes [14,28-35].

In this study, we used relative changes in the strength of mating preferences as a means to assess the effect of MCC
on individual males’ mate choice decisions. We asked if individual focal males would spend more time associating
with the previously rejected female of a pair of stimulus females after focal males had been able to observe another
(model) male consort the rejected female. Previous studies confirmed that information obtained during MCC can
indeed weaken or override intrinsic preferences for certain phenotypes during female [26,36-38] and male mate
choice [14,31-34].

Our study for the first time reports male MCC in Western mosquitofish (Gambusia affinis; Poeciliidae). We gave
individual focal males an opportunity to choose between two different-sized females in a binary, dichotomous
association preference test and predicted males to exhibit an intrinsic preference for large female body size as
reported for the closely related G. holbrooki [39,40]. We then asked if focal males would alter their initial preferences
after they had an opportunity to observe an interaction between another (model) male and the initially non-preferred
female. Our major aim was to identify behavioral correlates of the observed variation in MCC.

Copying tendencies-part of a social responsiveness syndrome?

The first part of our study tested the hypothesis that the observed variation in males’ tendency to copy is non-random
and can be explained by consistent differences among individuals in their general propensity to respond to social
information (i.e., social responsiveness; [41]). In our first experiment, we considered another context of male mate
choice during which individual differences in social responsiveness should also affect the degree to which males alter
their choices in response to social information [42]. We investigated so-called ‘audience effects’ [43,44] during
which males alter their mate choice behavior strategically in response to rival presence [45-47]. Poeciliid males,
when faced with a rival male during their mate choice (which may observe and later copy their mating decisions)
lower their sexual effort and conceal their mate preference, or they even trick their observers by interacting with the
previously non-preferred female [32,48-54].

We observed a correlation between males’ copying tendencies and strength of audience effects—alluding to the
existence of a ‘social responsiveness syndrome’. The second part of our study, therefore, asked if variation in male
MCC can also be linked to classical personality traits [55]. This question was motivated by studies suggesting that
personality traits can define individuals’ propensity to use social information [41,56,57] and may thus lead to
consistent differences in social responsiveness [58]. For example, when private and social information about the
optimal food searching strategy were conflicting, bolder guppies were relying more on private than social
information compared to shyer ones [59]. Likewise, in a study on barnacle geese (Branta leucopsis), bold individuals
used social information to a lesser extent than shy ones [60]. Hence, there is increasing evidence that shy individuals
rely more on social information than bold ones, a possible explanation being that sampling of private information
bears risks [10,61-63], which shy individuals are less likely to accept. However, studies exploring how individual
differences in social information use (especially in a mate choice context) relate to individual differences in
personality traits are scarce [64] and no study to date has made an attempt to link variation in males’ tendency to
show MCC to variation in personality traits but see [65] for an investigation of the link between personality and
female MCC in zebra finches. In our study, we explored the relationship between male MCC and three behavioral
parameters that are widely used to characterize animal personality in fish, namely boldness [66-70], activity
[42,68,70,71] and sociability [68,69,72-74].

In summary, our present study reports on two experiments that were designed to detect potential behavioral correlates
of individual differences in MCC in G. affinis males (testing both aspects in one comprehensive experiment was
unpractical, as it would have required keeping focal males isolated from females for an extended period of time). We
predicted a positive correlation between individual males’ tendency to show MCC and their tendency to respond to
rival presence (audience effects). We further predicted a positive correlation between MCC and sociability (assuming
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that general sociability correlates with social responsiveness), but a negative correlation with boldness, as bolder
individuals tend to be less sociable [72,74] and to respond less to social information [59,60].

METHODS

Test organisms and general housing conditions

Test fish were wild-caught G. affinis from the species invasive range in China [see Electronic Supplementary
Material 1 (ESM 1) for details]. We maintained fish in groups comprising both sexes, at densities of around 40 fish
per tank, in several aerated and filtered 200 L aquaria at 25°C under a 12:12 h light/dark regime. Aquaria were well
equipped with plants, twigs and stones. Fish were fed twice a day ad libitum with commercially available flake food,
frozen blood worms (chironomid larvae), as well as Artemia salina nauplii and shrimps.

Behavioral tests were conducted between 22nd December 2015 and 10th March 2016. Test fish were acclimated to
laboratory conditions for about eight months at this point. We isolated small groups of 3 individually recognizable
focal males from the same stock tank for 1–2 days before the tests in 50 L tanks, to which they were returned
between subsequent tests until a test sequence was completed. Poeciliid males are continuously sexually active but
increase sexual activity after a short period of isolation from females [75]. We tested each focal male only once for
MCC and once for their tendency to show audience effects; however, due to the limited number of males available
from our stocks, some focal males were also used once as model or audience males 2–4 days after they were used as
a focal male. When former focal males were re-used as a model or audience male, they were not paired with the same
male during a subsequent trial.

BEHAVIORAL EXPERIMENTS
To demonstrate that males do not alter their mate choice during two identical, successive mate choice tests without an
opportunity for MCC, we first tested n=15 males in a control experiment [42]. In experiment 1, we tested whether
males’ propensity to copy correlates with the strength of their tendency to respond to rival presence during mate
choice by showing audience effects. To this end, n=29 focal males were tested in two mate choice situations (one to
quantify MCC and one to quantify audience effects), whereby the order of the two assessments was balanced (i.e.,
half of the focal males were first tested for MCC, and half first for audience effects). In experiment 2, we tested
whether standard behavioral parameters used to characterize animal personality affect male copying tendencies.
Therefore, we assessed personality traits of another n=30 focal males before they were tested for MCC.

To minimize observer bias, blinded methods were used when recording behavioral data in a way that the
experimenter(s) did not know the outcome of a previous behavioral assessment (e.g. personality traits) for a given
focal male when conducting a trial. Specifically, a team of experimenters collected the data, and the different
behavioral assessments for the same focal male were conducted by different persons, who were naïve with respect to
the previous assessments.

In the following, experimental procedures are explained in a comprehensive (condensed) form. An extended
description of our experimental setup and details on the experimental procedures can be found in the Electronic
Supplementary Material (ESM 2-4).

Assessment of males’ tendency to copy

We assessed males’ tendencies to copy as the degree to which they alter their mating decisions after a copying
situation [26]. The test for MCC was divided into three consecutive phases: (1) 1st dichotomous mate preference test,
(2) observation phase, and (3) 2nd preference test. During the 1st test, the focal male (mean ± SE standard length,
SL: 21.89 ± 0.34 mm) was allowed to visually associate with either of two unfamiliar stimulus females of different
body size (large female: 39.66 ± 0.29 mm; small female: 31.02 ± 0.24; paired t-test: t73=28.81, P<0.0001) for 10 min,
whereby stimulus females were interchanged between sides after 5 min to detect potential side biases. We measures
times spent by the focal male in proximity of each stimulus female (i.e., in both of the preference zones; see ESM
Figure S1a). During the observation phase, the focal male could observe a visual interaction between the non-
preferred female and an unfamiliar model male (22.41 ± 0.57 mm; experiments 1, 2). The 2nd preference test was
identical to the 1st preference test and enabled us to determine if focal males’ preferences changed from the 1st to
2nd test part.
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To evaluate the strength of MCC, we calculated a copying score [38]. No change in male preferences would lead to a
copying score of zero, negative values would indicate that the focal males spent less time near the initially non-
preferred female in the 2nd part of a trial and positive values would indicate that males spent relatively more time
near the initially non-preferred female (i.e., copied the model male’s mate choice).

To demonstrate that focal males’ preferences remained unchanged when there was no opportunity to copy, we ran a
control experiment in which we did not include model males during the observation phase (such that the focal male
could not observe behavioral interactions between other males and either of the stimulus females; see ESM Figure
S1a).

Assessment of audience effects

We tested the same focal males for MCC and for their tendency to respond to rival presence during mate choice by
exhibiting audience effects (weakening of male preferences and less time spent engaging in mate choice altogether)
[48]. Test for audience effects consisted of two phases: (1) 1st preference test and (2) 2nd preference test, during
which an audience male could observe the focal male’s mate choice (ESM Figure S1b). The 1st preference test was
identical to the 1st part in tests for MCC (see above). Again, we noted the time the focal male spent associating with
each of the two (unfamiliar) stimulus females that differed in SL (mean ± SE, large female: 38.38 ± 0.48 mm; small
female: 30.90 ± 0.43; paired t-test: t28=11.68, P<0.0001). The 2nd preference test was different in that another male
(audience male) was placed in a transparent Plexiglas cylinder in the central back of the test tank.

We compared association times near either females during the two preference tests and calculated an ‘audience score’
[48,50] as the difference between the relative association time near the initially preferred female with an audience
(2nd preference test) and the relative association time near the same female without an audience (1rst preference
test). No change in male association times lead to a score of zero, negative values indicate that the focal males spent
less time near the initially preferred female in the 2nd part of a trial and positive values indicate that males spent
relatively more time near the initially preferred female. This score, therefore, represents an equivalent to the copying
score described before while being negative instead of positive when focal males changed their preferences.
However, to keep our data comparable to previous studies [48,50], we kept those two different designations and
formulas.

Personality assessment

In experiment 2, focal males (mean ± SE standard length, SL: 22.73 ± 0.58 mm) were characterized along three
personality axes before they were tested for MCC: boldness as latency to emerge from shelter and enter an unknown
area [76-79], activity in an open field tank [42,80,81] and sociability (i.e., shoaling tendencies) as time spent in the
vicinity of a group of conspecifics [72,82,83]. All tests were performed consecutively in the same arena to minimize
handling stress. We conducted personality assessments twice, allowing us to calculate behavioral repeatability (see
ESM 4 for details).

STATISTICAL ANALYSES
All statistical analyses were conducted in SPSS 19. All relative data were arcsine (square-root)-transformed prior to
statistical analysis. Assumptions of normal error distribution and homogeneity of variances and covariances were met
for all analyses performed.

Direction of males’ initial preferences and individual preference scores

Males of the related G. holbrooki tend to prefer large-bodied over small-sized females as mating partners [39,40]. We
confirmed a significant preference for large (302.67 ± 15.18 s) over small stimulus females in G. affinis (215.93 ±
13.86 s; paired t-test: t73=3.05, P=0.003). However, not all males preferred the larger female (i.e., 40.5% preferred
the small female), and so we calculated copying and audience scores independent of which of the stimulus females
(large or small) was preferred in the first preference test.

Comparing copying and control treatments

Multi-step experiments in which the outcome of one step might influence following steps are especially prone to a
statistical phenomenon called ‘regression to the mean’ (RTM), which was first described by Galton [84] and
repeatedly discussed in the context of biological disciplines [85,86]. Unusually large or small measurements tend to
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be followed by measurements that are closer to the mean [85], which in our study might have caused changes from
the 1st to 2nd test parts that are not necessarily due to treatment-effects (i.e., due to MCC). To exclude this
possibility, we included a control group without copying situation. Our first analysis specifically tested whether
males responded to the copying treatment by increasing the time spent with the initially non-preferred female and
whether they would show more consistent behavior (i.e., whether they did not change their mate choice decisions) in
the control treatment. Copying scores were treated as the dependent variable in a General Linear Model (GLM), in
which ‘copying treatment’ [‘copying’ (experiments 1 and 2) vs. ‘control’] was coded as a factor and ‘focal male body
size’ as a covariate. A significant main effect of the factor ‘copying treatment’ would indicate that RTM can be ruled
out as the sole explanation for changes in males’ mate choice behavior from the 1st to 2nd test parts. Note that we
could not include ‘model male body size’ in this analysis, as no model males were involved in the control treatment.

Moreover, to prevent over-interpretation of our results in light of potential effects caused by RTM, we included the
‘relative time spent with the non-preferred female during the 1st test part’ (i.e., before males could copy) as a
covariate in all analyses. This decision was made because our experimental design used relative changes in mate
choice as a means to determine males’ tendency for mate choice copying and focal males with strong initial mating
preferences (i.e., males that had strongly rejected the initially non-preferred female) were more likely to show an
increase in relative time spent near the initially non-preferred female (leading to higher copying scores that would
actually reflect an effect of RTM).

We initially included all possible two-way interactions but removed non-significant interactions from the final model
when P>0.1 (all excluded interactions: F<2.17, P>0.12), leaving only the interaction effect of ‘copying treatment ×
focal male body size’ in the final model. To quantify the relative importance of model terms, we calculated effect
sizes using Wilks’ partial eta squared (ηp

2).

Correlation between copying tendencies and audience effects

Our second analysis asked if there is a correlation between MCC (expressed as the copying score) and males’
tendency to respond to rival presence by showing audience effects. We analyzed the subset of data from experiment 1
and again used the copying score as the dependent variable in a GLM, in which the ‘strength of audience effects’,
‘focal male body size’, ‘model male body size’ and ‘relative time spent with the non-preferred female during the 1st
test part’ were included as covariates. Again, we initially included all two-way interactions but excluded them from
the final model as all interactions were non-significant (F<2.77, P>0.11).

Repeatability of personality traits and correlation with copying tendencies

Repeatedly measured traits can be evaluated regarding their consistency by calculating repeatability (R)-values,
defined as: R=variance among individuals/(variance among individuals+variance within individuals). R was
calculated from variance estimates obtained from linear mixed models (LMMs) for each personality trait assessed in
experiment 3. Significant deviations of R from zero were tested with likelihood ratio tests (LR-tests).

To test for correlations between all three measures of personality, we used mean values from both assessments and
calculated Pearson correlations. We corrected α-levels for multiple testing as α’=0.05/2=0.025. As we found evidence
for a correlation structure between all three variables, we condensed the data into a single variable for further
statistical analysis. A correlation-matrix based principal component analysis retrieved one single PC with an Eigen
value >1 (1.83; eigenvalue of PC 2=0.69) that explained 61.0% of the total variance. Axis loadings were -0.78 for
emergence times (boldness) +0.72 for activity and +0.84 for sociability.

We used another GLM to estimate the effects of our measures of animal personality on males’ tendency to copy.
Again, copying scores were coded as the dependent variable, while ‘focal male body size’, ‘model male body size’
and ‘relative time spent with the non-preferred female during the 1st test part’ were included as covariates. To test for
personality effects, the personality-related PC was included as another covariate. We initially included all two-way
interactions but excluded them from the final model as all interactions were non-significant (F<1.51, P>0.23).

RESULTS

Comparing control and copying treatments

In our first analysis, we tested if males change their association preferences when given an opportunity to copy
(experiment 1: n=29; experiment 2: n=30), but retain their initial preferences when given no opportunity for copying
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(control experiment: n=15). In the General Linear Model (GLM) using the copying score as the dependent variable,
‘copying treatment’, ‘focal male body size’, the ‘relative time spent near the non-preferred female during the first test
part’, and the interaction term ‘copying treatment × focal male SL’ had significant effects (Table 1a). The significant
treatment-effect reflects that males showed positive copying scores after they had an opportunity to copy (experiment
1: 0.211 ± 0.064; experiment 2: 0.130 ± 0.041), while copying scores were close to zero in the control group (0.040 ±
0.073). Even though copying scores were (qualitatively) slightly different in the two copying experiments, post hoc
Fisher’s LSD tests detected no significant difference between experiments 1 and 2 (P=0.59), while there was a
statistically significant difference between the control and experiment 1 (P=0.035) and between the control and
experiment 2 (P=0.011). More information on behavioral consistency can be found in the Electronic Supplementary
Material (ESM 5).

Table 1: Results from General Linear Models (GLM) using ‘copying scores’ (see main text) as the dependent variable. (a)
Comparison of copying and control treatments (r2=0.41), (b) test for a correlation between males’ tendency to show mate choice
copying and audience effects within the subset of trials from experiment 1 (r2=0.74), and (c) correlation between copying
tendencies and three behavioral correlates of animal personality (boldness, activity and sociability, combined in one PC, see main
text; r2=0.36). Non-significant interaction terms and main effects were excluded from the final models if P>0.1. Significant
effects are highlighted in bold typeface.

Factor df F P Wilks’ partial ηp2

(a) Copying vs. control treatments

Copying treatment 2 3.43 0.038 0.093

Focal male body size (SL) 1 4.45 0.039 0.062

Relative time spent with non-preferred female (1st test part) 1 35.32 <0.0001 0.345

Copying treatment × focal male SL 2 3.4 0.039 0.092

Error 67

(b) Experiment 1

Strength of audience effect 1 12.62 0.002 0.336

Focal male body size (SL) 1 15.84 0.001 0.388

Relative time spent with non-preferred female (1st test part) 1 56.24 <0.0001 0.692

Error 25

(c) Experiment 2

Focal male body size (SL) 1 3.77 0.062 0.123

Model male body size (SL) 1 12.07 0.002 0.309

Error 27

The direction of both other significant main effects in the GLM will be outlined below. The significant interaction
term (‘copying treatment × focal male body size’) reflects absence of a true copying situation (in which ‘focal male
body size’ does play a role, see below) during the control runs.

Correlation between copying tendencies and audience effects

We tested for a correlation between the strength of male mate choice copying and audience effects (experiment 1).
We excluded ‘model male body size’ from the final GLM, as it had no significant effect (F1,24=0.11, P=0.75). The
final GLM using copying scores as the dependent variable detected significant effects of the covariates ‘strength of
audience effects’, ‘focal male body size’ and the ‘relative time spent near the non-preferred female during the first
test part’ (Table 1b).

We used residuals from reduced models to analyze those effects further and found a negative relationship between
copying scores and the strength of audience effects (Pearson correlation: rP=-0.56, P=0.002, n=29; Figure 1). This
indicates that males that were more likely to copy (i.e., showed high and positive copying scores) also were more
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likely to respond to rival presence by showing audience effects (i.e., they showed strong and negative audience
scores).

Figure 1: Scatterplot illustrating the relationship between males’ tendency to copy the mate choice of a model male (resulting in
positive ‘copying scores’) and their tendency to alter their mate choice in response to rival presence during the mate choice tests
(resulting in negative ‘audience scores’). Depicted are unstandardized residuals of copying scores from a GLM similar to the
final analytical model (see main text); the solid line represents a linear regression (R2=0.31).

Considering the ‘relative time spent near the non-preferred female during the first test part’, our post hoc correlation
analysis confirmed the predicted negative relationship (rP=-0.78, P<0.001, n=29), suggesting that males that initially
strongly rejected one of the two stimulus females were more likely to show copying compared to males with less
clear-cut initial preferences (thus, inclusion of this covariate corrected for effects of ‘regression to the mean’; Galton
[84]). Moreover, copying tendencies decreased with increasing focal male body size (rP=-0.58, P=0.001, n=29),
suggesting that large males copied less than smaller ones.

Repeatability of and correlation between personality traits

In experiment 2, we found moderate to high estimates of repeatability (R) for boldness (i.e., emergence time; R=0.39,
LR-test: P=0.016) and activity (numbers of squares crossed; R=0.61, P<0.001), while the R-value for sociability
(time spent shoaling) was lower and only bordered statistical significance (R=0.27, P=0.088).

When considering mean values from both personality assessments, all three measures of personality showed
pronounced variation within the cohort of focal males (emergence time: 57.9 ± 8.3 s, range: 10.0–213.5 s; activity:
158.2 ± 9.5 squares, range: 64.5-272.0 squares; shoaling time: 182.5 ± 11.3 s, range: 0.0–260.5 s). A correlational
structure between personality traits became evident (Figure 2a), whereby emergence times tended to correlate
negatively with activity levels (Pearson correlation, rP=-0.32, P=0.090, n=30, α’=0.025) and showed a significant
negative correlation with our measure of sociability (rP=-0.50, P=0.005, n=30, α’=0.025). Note that bold individuals
typically show short emergence times, while shy individuals should exhibit longer emergence times. Hence, our
results suggest that bolder individuals were more active but—counter to prediction—spent more time shoaling than
shy individuals. Finally, activity levels were positively correlated with sociability (rP=+0.42, P=0.020, n=30,
α’=0.025).

Correlation between copying tendencies and personality traits

The covariate ‘relative time spent near the non-preferred female during the first test part’ was excluded from the final
GLM as it had no statistically significant effect (F1,26=1.01, P=0.33); the same was true for the personality-related
PC (F1,25=0.48, P=0.50; Figure 2b). We ran independent GLMs using only one of the three personality traits as a
covariate in each model, but also found no significant effects (F<1.04, P>0.32). In the final model, only ‘model male
body size’ was significant. Our post hoc correlation analysis using residuals from a reduced model uncovered a
positive correlation between model male body size and focal males’ tendency to copy (Pearson correlation: rP=+0.42,
P=0.020). ‘Focal male body size’ bordered statistical significance (i.e., P<0.1; Table 1c), which was reflected by a
negative (but also non-significant) correlation coefficient in our post hoc analysis (rP=-0.27, P=0.15).
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Figure 2: (a) Pearson correlations between three behavioral parameters used to characterize focal males’ personality traits
(boldness, activity and sociability). Note that ‘boldness’ was assessed as time focal males needed to emerge from shelter. Hence,
negative correlations between our measure of ‘boldness’ and both other personality traits suggest that bolder males were more
active and spent more time shoaling than shy males. (b) Personality traits (condensed into one principal component, PC) did not
predict male copying tendencies. Depicted are unstandardized residuals of ‘copying scores’ from a GLM similar to the final
analytical model.

DISCUSSION
Copying the mate choice of others is thought to benefit individuals by decreasing time and energy required to find
suitable mates and lessening predation and injury risks associated with individual information sampling (sensu
[10,61-63]). An open question in this context is whether and how the observed variation among individuals in their
tendency to copy the mate choice of others can be explained. In the following, we discuss this question by
scrutinizing the evidence for both predictions outlined in the introduction regarding (1) the correlation between
copying tendencies and strength of audience effects, and (2) the (non-existent) correlation between personality traits
(including sociability) and copying tendencies. Additional discussion of the observed effects of focal male body size
and model male body size on focal males’ copying tendencies can be found in the Electronic Supplementary Material
(ESM 6).

We used two different-sized stimulus females in our mate choice copying tests. Previous studies on female mate
choice copying found that copying does not completely reverse the female preference for large-bodied males [87]
however; choosing individuals can rate the relative attractiveness of previously rejected mating partners differently,
spending more time in association with them (see Introduction). In our study, we found a significant male preference
for large female body size in G. affinis. Studies using the related mosquitofishes Gambusia sexradiata and
Heterophallus milleri found focal males to show no preference for large-bodied mating partners [88], while the sister
species G. holbrooki exhibited a preference for large female body size in some [39,40,47,89], but not all studies [90].
Our analyses of copying tendencies were independent of the average (population-wide) direction of male preferences
and were based on the relative attractiveness of both stimulus females during the 1st preference test independent of

Gomes-Silva et al. Ann Biol Sci, 2017, 5 (1): 25-36

Available online at http://abiosci.com/archive.html

8



their body size (i.e., we calculated individual ‘copying scores’ from the relative times spent near the initially non-
preferred female independent of whether or not it was the smaller of both stimulus females).

Copying tendencies-part of a social responsiveness syndrome?

The major question of our present study was whether (and to what extent) individual variation in males’ tendency to
copy could be explained as part of a behavioral syndrome [91-93], i.e., whether we would uncover a correlation with
another measure of social responsiveness [56-58], assessed in another experimental situation that tested for socially-
dependent mate choice (audience effects). We then asked whether the observed ‘social responsiveness syndrome’ can
be related to classical personality traits like boldness, which have been hypothesized previously to play a role in the
evolution of consistent differences in social responsiveness [41].

Social responsiveness describes the extent to which individuals respond to social information [58]. Theoretical
considerations suggest that different forms of selection give rise to consistent individual differences in (social)
responsiveness [57,94] (1) benefits of responding to social information (rather than collecting private information)
are likely negatively frequency-dependent, which could explain why responsive and less responsive individuals
coexist within a population. (2) The costs of being responsive are likely reduced by positive-feedback mechanisms.
Hence, being responsive becomes less costly for individuals that have been responsive before, which could explain
why individuals differ consistently in their behavioral strategies. In our present study, we found males’ copying
tendencies to be correlated with their tendencies to respond to rival presence by showing audience effects
(concealment of preferences and reduced sexual activity overall) [43,44]. Our present study, therefore, provides
empirical evidence for the existence of a social responsiveness syndrome during mate choice, i.e., consistent
individual differences across different situations of socially-dependent mate choice. This is in congruence with a
study on female zebra finches [65], which showed that the propensity of social information use was consistent across
two different contexts (MCC and foraging).

We also predicted a correlation between sociability/shoaling and males’ tendency to use social information, assuming
that those individuals that are more likely to seek the proximity of conspecifics are also more likely to observe
conspecifics’ behavior and to use social information. However, we detected no effect of any of our three measures of
personality (sociability/shoaling, boldness and activity) on males’ propensity to copy. While we are lacking a
compelling answer for the lack of the predicted correlation, we tentatively argue that our assessment of ‘shoaling
tendencies’ may not have adequately captured sociability: shoaling mainly serves as a strategy to protect fish from
predators [96-98] and so bolder individuals are predicted to spend less time shoaling than shyer ones [72,74]. In our
present study, we used stimulus shoals consisting of three males to avoid effects of sexual attraction, and it seems
likely that the focal male’s decision to approach the stimulus shoal was coupled with the decision to accept increased
competition levels—which bolder individuals may be more likely to do. This would explain the unexpected finding
of bolder males spending more time in the vicinity of the stimulus shoal than shy males.

Social responsiveness as a proximate explanation for individual variation in audience effects

We found males’ tendencies to show mate choice copying and audience effects to be correlated (i.e., to be part of a
social responsiveness syndrome). In the following, we will discuss how this result seemingly contradicts earlier
hypotheses for the evolution of audience effects especially [35,48]. We will then provide a unifying framework to
reconcile existing hypotheses.

Poeciliid females store sperm from multiple inseminations for fertilization [99,100]. Therefore, male mate-choice
copying is associated with considerable costs for both the copying and the copied male as it leads to increased sperm
competition (sensu [101]). Evolution of male mate choice copying despite associated costs has been explained by the
fact that only a small portion of females within a shoal is receptive at the same time [102], which increases costs of
private assessment of potential mating partners [33]. However, while the copying male faces both costs and benefits,
the copied male only faces an increased sperm competition without gaining any benefits [103].

Previous studies found poeciliid males to respond to the presence of a potential copier male with (1) reduced sexual
effort, (2) concealment of their mating preference for a given female by associating less with that female, and (3)
spending more time with the previously non-preferred female when observed by a rival. Those effects have been
interpreted as a strategy to reduce sperm competition arising from male mate choice copying [43,44]. In support of
this interpretation Bierbach et al. [88] found audience effects to be widespread when comparing ten species of
poeciliids, but the degree of effect (3) was correlated with species-level sexual activity—a likely correlate of average
sperm competition intensity across species.
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Our finding of a social responsiveness syndrome involving both copying tendencies and strength of audience effects,
at first sight, seems to contradict earlier (adaptive) interpretations for the existence of audience-induced changes in
male mate choice behavior [35,43,103]. However, we argue that those hypotheses can be viewed as ultimate
explanations, i.e., hypotheses regarding the adaptive significance of audience effects, while our present study
provides a potential proximate explanation for audience effects (i.e., a causal linkage to social responsiveness).
Consistent variation in social responsiveness among individuals may actually represent the substrate on which
selection acts to create differences among populations and species in average levels of male MCC and the degree to
which males respond to rival presence by showing audience effects. Establishing this correlation empirically by
comparing different poeciliid species or independently evolving populations of the same species represents a logic
next step to test our hypothesis.
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