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Abstract Models of sexual selection by female choice
require heritable variation in female mating preferences
in order for sexual selection to operate. However, recent
theoretical work shows that female preferences which
are transmitted non-genetically can result in exagger-
ation of male ornamentation. Guppies exhibit both
mate copying and considerable heritable variation in
female preferences. I studied the importance of these
phenomena by measuring repeatability of female mate
choice, which acts as an estimate of the upper limit to
which a feature may be heritable, and the incidence of
mate choice reversal in paired-trial binary mate choice
experiments. Mate choice was significantly repeatable
except in the treatment where females were given the
opportunity to copy a female that contradicted their
original choice. Apart from this, I found no evidence
that females copy the mate choice of others. The
differences between males in ornamentation had no
effect on the consistency of female mate choice or the
probability that they would reverse their original choice
decision (in both controls and the copying experiment).
The interval between choice trials did not influence
repeatability significantly, indicating that the indepen-
dence of choice decisions is not related to the time inter-
val between them.

Key words Mate choice · Mate copying · Ornaments ·
Repeatability · Guppy

Introduction

Despite the popularity of sexual selection, and partic-
ularly female mate choice, as a field of study (see

Andersson 1994 for a thorough overview), the inheri-
tance and ontogeny of female mating preferences are
still poorly understood. Models of female choice have
traditionally treated female preferences as characters
that are entirely determined by genes (Lande 1981;
Grafen 1990a, b). Whilst this served to simplify some
difficult questions regarding how male displays and
female preferences for those displays might evolve, we
still lack insight as to how female preferences are inher-
ited and how they are shaped during growth. Recently,
the forces influencing female mating behaviour and
preferences have begun to receive more attention (see
Rosenqvist and Berglund 1992). In particular, the
genetic basis for female preferences (Majerus et al.
1982, 1986; Bakker 1993; Houde 1994; Wilkinson and
Riello 1994) and the effects of female experience in sam-
pling males (Janetos 1980; Brown 1981; Bakker and
Milinski 1991), imprinting on early experiences (ten
Cate and Bateson 1988, 1989), and using information
about the choices made by other females when choos-
ing mates (Losey et al. 1986; Wade and Pruett-Jones
1990; Gibson and Höglund 1992; Kirkpatrick and
Dugatkin 1994; Laland 1994) have enjoyed increased
theoretical and empirical attention.

In this paper I address two processes fundamental
to the way preferences evolve in populations and deve-
lop within individual females: (i) the repeatability of
choice behaviour, which is an indicator of the herita-
bility of mating preferences, and (ii) the importance of
mate copying, by which mating preferences can be
transmitted culturally rather than genetically. This
paper therefore represents a first attempt at trying to
understand the relative contributions of genetic and
cultural determinants to female choice behaviour in a
single species (Poecilia reticulata).

Despite the importance of additive genetic variation
in female mating preferences to most models of sexual
selection (Lande 1981; Grafen 1990a, b; Pomiankowski
et al. 1991; Iwasa et al. 1991) only a handful of experi-
ments have shown evidence for this (Majerus et al. 1982,
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1986; Moore 1989, 1990; Bakker 1993; Houde 1994;
Wilkinson and Riello 1994). The repeatability of a
behavioural trait such as a mating preference describes
the contribution of within-individual variability in the
trait (which obviously cannot be heritable) to the total
variability within the population (Boake 1989).
Therefore repeatability estimates an upper limit of the
extent to which a trait can be heritable (Falconer 1989;
Boake 1989). In fact, repeatability is thought to over-
estimate heritability (Boake 1989). This may be because
not all between-individual variability is the result of
heritable differences between females, because social
and developmental differences between females are not
factored out. Also, within-individual variability may be
underestimated if trials conducted on the same female
within the time constraints of a normal experiment are
nonindependent. This may occur if a female’s prefer-
ence expression is influenced by factors such as her con-
dition and recent experience (Bakker and Milinski
1991; Brooks and Caithness 1995c). In this paper I test
the influence of the interval between mate choice tri-
als on the measureable repeatability of female prefer-
ence by varying the time interval between choice trials
in different treatments. I also examine the effects of one
social phenomenon, the opportunity to copy the mate
choice of others, on repeatability.

Mate copying is a form of nonindependent choice
which occurs if the probability of a female choosing
a particular male increases if he has already been
chosen by other females and decreases if he has not
(Pruett-Jones 1992). Apparent copying behaviour has
been documented in several taxa (see Gibson and
Höglund 1992 for a review), but only in guppies have
alternative explanations such a female grouping behav-
iour been effectively controlled out (Dugatkin 1992).
Female guppies will even reverse their original choice
of males in binary mate-choice trials to copy the choice
of another female (Dugatkin and Godin 1992, 1993).

The possibility that there is a cultural component to
the transmission of mating preferences has important
evolutionary consequences. Copying is likely to result
in an increased variance in male mating success (Wade
and Pruett-Jones 1990), and therefore increased oppor-
tunity for sexual selection (Wade 1979). Furthermore,
the spread of a preference is likely to be faster than
under strictly vertical (genetic) inheritance because
preferences can also be transmitted diagonally or hori-
zontally (Kirkpatrick and Dugatkin 1994; Laland
1994). This may result in more rapid exaggeration or
fixation of the male ornament on which the preference
is based than is the case with preferences that are only
inherited genetically (Laland 1994), and even the loss
of all but the (initially) most common male traits and
female preferences (Kirkpatrick and Dugatkin 1994;
but see Findlay et al. 1989).

The effects of ornamentation on repeatability of
choice and the operation of mate copying have not been
examined previously. A functional explanation for

copying is that it reduces costs associated with the time
taken to assess males and that some females are poorer
at discriminating between males than others (Dugatkin
and Godin 1993; but see Gibson et al. 1991), and that
it is these females who have most to gain from copy-
ing. In a mixed copying/ independent choice strategy,
there may be a tradeoff for females between following
their own choice decision and copying others when the
two are contradictory. I therefore asked whether copy-
ing is stronger or weaker than independent choice,
and whether the similarity of the ornamentation
of males (in a binary choice trial) contributes to a
female’s decision to copy or stick with her original
choice. When males are most similar, choice is expected
to be at its least repeatable and copying is expected to
be common.

Guppies are well suited to attempts to resolve the
repeatability of female mating behaviour, and the effects
of copying on the outcome of choice decisions, for sev-
eral reasons. They are something of a model organism
in studies of sexual selection due to their highly promis-
cuous, non-resource-based mating system and the
importance of female choice to paternity. Female cho-
ice is responsible for the evolution and maintenance
of several of the ornaments borne by male guppies
including orange (carotenoid) pigment (Houde 1987;
Kodric-Brown 1985, 1989; Brooks and Caithness
1995a), black (melanin) pigment (Endler and Houde
1995; Brooks and Caithness 1995b; Brooks 1996) iri-
descent (structural) pigments (Kodric-Brown 1985;
Endler and Houde 1995) exaggerated fins (Bischoff
et al. 1985) and enlarged body size (Reynolds and
Gross 1992; Endler and Houde 1995). There is evidence
from selection experiments that there is additive genetic
variation in (at least) the female preference for orange
spots on males (Houde 1994; but see Breden and
Hornaday 1994). Studies on guppies have produced the
best evidence yet for the joint evolution of female pref-
erences and male ornaments within populations
(Breden and Stoner 1987; Houde 1988; Stoner and
Breden 1988; Houde and Endler 1990; Endler and
Houde 1995).

To date, the best experimental evidence for female
mate copying has been obtained using guppies (Dugat-
kin 1992; Dugatkin and Godin 1992, 1993). However,
Kirkpatrick and Dugatkin (1994) argued that wide-
spread copying is unlikely to favour the origin or main-
tenance of multiple sexual ornaments, but will rather
favour the most common male ornament at the expense
of others. The multiple ornaments borne by male gup-
pies contradict this prediction, such that Kirkpatrick
and Dugatkin were forced to invoke some unidentified
form of selection as the agent favouring multiple orna-
ments in opposition to the effects of mate copying.

Virgin female guppies from the population I used in
this study are able to exercise their mating preference
for more orange males (Brooks and Caithness 1995c).
This precludes the possibility that female mating
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preferences are transmitted entirely by culture as in
the models by Laland (1994) and Kirkpatrick and
Dugatkin (1994). However, I have also shown that a
female’s previous experience of males is important to
her choice decisions (Brooks and Caithness 1995c) in
that a female adjusts her response to a male based on
her experience of the level of ornamentation in the
population.

I have therefore attempted, in this paper, to under-
stand the extent to which female mating preferences
could be heritable by quantifying the repeatability of
a female’s choice between two males. I have further
examined some aspects of copying behaviour in order
to understand if female preferences could be, at least
partially, culturally transmitted. Lastly, I have looked
at how male ornamentation is related to the repeata-
bility of choice and the likelihood of mate copying.

Methods

The guppies used in this study were collected from a feral popula-
tion in Durban, South Africa (see Brooks and Caithness 1995a for
more on the population history). Males and females were separated
into single-sex cultures as soon as individuals could be sexed (when
the female gravid spot or the male gonopodium became visible).
Therefore, both males and females were sexually inexperienced.

Choice trials

This study comprised four treatments. In each treatment two choice
trials were conducted, using one female and two males. Choice tri-
als were conducted in a 100-l aquarium as shown in Fig. 1. I placed
a (randomly chosen) male in each of two “end” glass tubes (all
tubes diameter = 90 mm) and a (randomly chosen) female (the
“focal” female, after Dugatkin 1992) in the central glass tube. After
10 min, I slowly lifted the central tube by hand in a direct vertical
line (to prevent experimenter bias) until the female swam clear, and
then placed the tube gently down in the tank again. In 38 trials, I
noted the direction the female initially swam in, in order to com-
pare this with the eventual outcome of the trial. The female did not

swimbto the side bearing the eventual winner of the trial signifi-
cantly more often than to the other side (G = 0.747 d.f. = 1, n.s.).
The female was watched for 10 min, and the time spent within two
body lengths (horizontally) of each male’s tube and within 3 cm
(vertically) of the male in that tube was recorded. Vertical distances
were estimated from graduations every 3 cm (vertically) on the
tubes. Three sets of such graduations were etched at 120° intervals
around the tubes. Similar measures of female choice behaviour have
been used before, and shown to accurately predict success in mat-
ing encounters (Kodric-Brown 1985).

For each treatment, I swapped the side of the tank that males
were in between trials in half of the replicates, and left males in the
same tubes in the other half. There was no significant side prefer-
ence either generally or within males. The time between choice tri-
als varied between treatments. In treatment 1 (“2-day”) 48 h elapsed
between choice trials. In treatment 2 (“copying”) the second choice
trial from the 2-day treatment made up the first part of the treat-
ment, and the second trial followed 30 min later. The difference
between this and the other treatments was that during the first 8 min
of the 10-min “viewing time” (when the focal female was confined
to her tube) a second, “model” female was placed in a (similar)
glass tube adjacent to the male that had “lost” the first trial. I
removed the model female and her tube after 8 min and 2 min later
released the focal female to swim freely for 10 min during which I
documented the time she spent near each male. The model female
was larger than any of the focal females used in the experiment
(model = 36.66 mm, focal = 20.48–32.54 mm total body length), as
a female is more likely to copy a larger (and thus older) female than
one smaller than herself (Dugatkin and Godin 1993).

I used the same male pairs in treatment 3 (“30-minutes”), in which
30 min elapsed between choice trials, between 10 and 30 days after
treatments 1 and 2. Whilst in treatments 1 and 2 I used the same
female with a given male pair, I used a different focal female in the
30-min treatment for a given pair of males than in the first two. I
then used yet another different female in treatment 4 (“1-day”),
in which 24 h passed between the first and second choice trial.
For the first two treatments 40 replicates were performed, but
unfortunately, during the period between the first two and the last
two treatments, many of the males contracted fin-rot or died.
If a male had visible fin-rot, I did not use him in a trial in case
females avoided him to prevent contracting the infection themselves,
thereby influencing the outcome of the trials. Therefore of the origi-
nal 40 pairs of males used in the first two treatments, only 24
remained intact; 12 healthy fish from the 16 “broken” pairs were
arbitrarily paired up to make up the sample for these two trials to
30 pairs.

The design of this experiment is therefore similar, except for
superficial differences in choice tank design, to other experiments
investigating female choice (Bischoff et al. 1985; Kodric-Brown
1985) and in particular repeatability of female choice (Godin and
Dugatkin 1995) and female copying (Dugatkin 1992; Dugatkin and
Godin 1992, 1993) in guppies.

Measuring male ornamentation

I measured ornamentation by taking slide photographs of male
fishes under tungsten lighting and then tracing the projected slides
onto white A3 paper, including part of a section of plastic ruler
which I included in the photographs for calibration. This enabled
me to measure the area of each fish’s body and of each colour patch
using a grid of squares. The orangeness of each male was estimated
visually using Munsell colour chips. The hue, value and chroma of
the colour chip that most closely resembled each colour patch was
noted. In analysis, all three colour dimensions were used, and in
addition an “orangeness” variable was constructed by scoring hue
from 1 (2.5 Y) to 6 (10 R) and multiplying this by chroma. This
did not provide substantially different results from those obtained
for the separate colour dimensions, and is therefore the only colour
measure presented.
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Fig. 1 The aquarium used in choice trials. Background and bot-
tom colour were standardised by placing 2 cm of fine light brown
river sand on the bottom of the tank and tan paper on three sides
(the long side facing the observer was left clear). Three open-ended
glass tubes 90 mm in diameter and 350 mm in length were placed
in the longitudinal midline of the tank. The tube ($) which con-
tained the focal female was in the centre of the tank, with tubes
bearing males (#A and #B) 290 mm away (centre to centre)



Statistical analysisI

I analysed data using Statistica for Windows (v. 4.5, Statistica Inc.,
1993) statistical software. I tested all variables for normality using
Lilliefors’ test, and used angular transformation (Sokal and Rohlf
1981) before using proportional data in parametric tests. Where
normality or other assumptions of parametric tests were not
satisfied, I used non-parametric tests.

I estimated repeatability after Falconer (1989), Lessels and Boag
(1987) and Boake (1989), using a one-way analysis of variance
(ANOVA) to partition the total variance in female choice of one
(randomly chosen) male in a pair over the other into the added
variance due to differences between females (S2

A) and the variance
within individuals (S2 or error variance). The ratio of between-indi-
vidual variance (S2

A) to total phenotypic variance (S2 + S2
A) is

equivalent to r, the coefficient of intra-class correlation, which is a
measure of repeatability. I used the method of Becker (1984) to cal-
culate the standard error of the repeatability measure. I compared
the repeatabilites of different pairs of treatments using the method
of Zar (1984) for comparing correlation coefficients.

I used the G-test (Sokal and Rohlf 1981) to compare the ratio of
females reversing to those remaining consistent in their “decision”
between trials with different models of choice. I compared all treat-
ments with a model of no choice (half the females switch their pref-
erence and half are consistent). I also compared the ratios obtained
in the copying treatment with the ratios observed in the 2-day treat-
ment (in which the same female was used with each pair of males)
and in the 30-min treatment (in which the same time elapsed between
choice trials).

To compare the increase in proportion of time a female spent
with the loser of the first trial in the first and second trials of a
treatment, I used paired-sample Student’s t-tests.

I used a Mann-Whitney U-test to compare the magnitudes of the
difference in various secondary sex characters between the two males
for replicates in which the female reversed her choice versus those
in which she chose the same male in both trials. Lastly, I estimated
the correlation between the above differences and the absolute
change in the measure of female preference in a replicate using
Spearman’s rank-order correlation coefficient.

Where tables of results are presented, I have used the sequential
Bonferroni readjustment (Rice 1989) to correct the 0.05 α-level of
acceptance for the number of tests performed.

Results

The repeatability with which a female chooses one male
over the other is significantly greater than zero in all
treatments except the copying treatment (Table 1).
None of the repeatability estimates differed significantly
from any of the others, the largest difference being
between the 2-day and copying treatments (Z = 1.34,
r = 0.232, 1-tailed P = 0.090).

In all four treatments, females chose the same male
significantly more often than expected under a random
model of choice (Fig. 2). Furthermore, in the copying
treatment, the relative frequencies of consistency and
reversal did not differ significantly from those observed
in the 2-day treatment or the 30-min treatment, as pre-
dicted if females reverse their choice due to copying.
Whilst females did not copy the “model” female, they
did not avoid copying her either.

Although females did not reverse their preference in
the copying treatment, the proportion of the total time
near males that they spent with the male that had been
near the model female (as opposed to their originally
preferred male) increased (Fig. 3). However, significant
increases in time spent with the loser of the first choice
trial also occurred from the first to the second trial in
all three of the other treatments (Fig. 3). The increase
from part one to part two was not significantly greater
in the copying treatment than in the 2-day treatment
(paired-sample t = 0.076, df = 39, n.s.).

Males in trials where females reversed their choice
decisions were neither more nor less similar to one
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ANOVA Repeatability

Treatment Source of variation SS df MS F P r        SE

2-Day Between females 6.499 39 0.169 2.088 0.011 0.352 0.052
Within females 3.191 40 0.080

Copying Between females 4.321 39 0.111 1.114 0.367 0.056 0.012
Within females 3.977 40 0.099

30-Min Between females 5.199 29 0.179 2.057 0.027 0.346 0.059
Within females 2.614 30 0.087

1-Day Between females 3.899 29 0.134 1.924 0.040 0.315 0.050
Within females 2.096 30 0.070

Table 1 Results of one-way
ANOVAs of the proportion of
time a female spends with one
(randomly picked) male in a
binary choice trial, and the
repeatability estimate and
standard error thereof for each
of the four treatments

Fig. 2 The percentage of focal females choosing the same male (con-
sistent) and reversing their choice (reversal) between the first and
second trial in each experiment. In all four treatments, significantly
more females consistently prefer the same male than change their
choice of male. This consistency is significantly different from a
random model of choice for all experiments (2-day Gadj = 8.295,
df = 1, P < 0.01; copying Gadj = 6.501, df = 1, P < 0.02; 30-min
Gadj = 4.857, df = 1, P < 0.05; 1-day Gadj = 4.857, df = 1, P < 0.05).
The number of females reversing their choice in the copying treat-
ment did not differ significantly from the pattern shown in the
2-day treatment (Gadj = 0.625, df = 1, n.s.) or the 30-min treatment
(Gadj = 0.063, df = 1, n.s.)



another than in trials when females remained consis-
tent in any of the potential cues measured (Table 2).
Similarly, the absolute value of the change in female
preference between trials did not relate consistently to
any of the potential cues (Table 3).

The possibility that the model female influences the
outcome of behaviour trials because females are more
likely to investigate the male she was “with” first than

they are the other male is refuted as the focal female
went first to the side where the model female was only
16 times out of 40 (Gadj = 1.161, df = 1, P > 0.1).

Discussion

I have shown that not only do females prefer the same
male significantly more often than they reverse their
choice decision, but that the variability between females
in their mating behaviour is significantly greater than
the within female variability (except in the copying
treatment). The repeatability of a female’s preference
for one male over another is the maximum to which a
female preference for any particular male trait may be
heritable, because it is unlikely that, even in the sim-
plest mate choice systems, one factor (the cue) alone is
the only determinant of a female’s response to a male.
The repeatabilities obtained in this study are higher
than the non-significant values for preferences for
specific ornaments in flour beetles (r = 0.0, Boake 1989)
and barn swallows (r = 0.152–0.241, Ba¡bura 1992),
but not as great as those obtained in sticklebacks
(r = 0.65, Bakker 1993) and, interestingly, another
study of barn swallows (r = 0.57, Møller 1994). The
repeatability measures that I obtained in this study are
lower than the repeatability of female guppies’ prefer-
ence for brighter males (r = 0.577 ± 0.107; Quaré river,
Trinidad) reported by Godin and Dugatkin (1995), but
not significantly so (compared with the 2-day trial :
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Fig. 3 The proportion (of the total time a female spent near both
males) time that a female spent with the loser of the first trial of
each treatment in the first (left bar) and second (right bar) trials of
that treatment. Differences are all significant (2-day: paired-sam-
ple t = 1.893, df = 39, 1-tailed P = 0.033; copying: t = 4.076,
df = 39, P = 0.000; 30-min: t = 3.219, df = 29, P = 0.002; 1-day:
t = 2.566, df = 29, P = 0.008)

Table 2 Results of Mann-Whitney U-tests in which the absolute
value of the difference between males in each potential cue was
compared for trials in which females reversed their choice versus
those in which females chose the same male both times. None
of the differences are significant after the sequential Bonferroni
adjustment

U
Zadj
1-tailed P

2-Day Copying 30-Min 1-Day

Body size 75 85 47 36
(1.044) (0.316) (1.415) (2.038)

> 0.1 > 0.1 > 0.05 0.028

Orange area 76 83 61 46
(1.001) (0.406) (0.623) (1.472)

> 0.1 > 0.1 > 0.1 > 0.05

Orangeness 100 104 84 79.5
(0.924) (0.497) (0.456) (0.684)

> 0.1 > 0.1 > 0.1 > 0.1

Black area 91 69 68 64
(0.348) (1.04) (0.226) (0.453)

> 0.1 > 0.1 > 0.1 > 0.1

White area 97 85 55 59
(0.087) (0.316) (0.963) (0.736)

> 0.1 > 0.1 > 0.1 > 0.1

Pattern complexity 96 87 55 62
(0.131) (0.203) (0.963) (0.567)

> 0.1 > 0.1 > 0.1 > 0.1

Table 3 Correlations of the absolute value of the difference between
males in each potential cue with the absolute value of the difference
between preference for one (randomly chosen) of the males in the
first and second parts of the treatment

rs
(n)
P

2-Day Copying 30-Min 1-Day

Body size [0.030 0.071 [0.244 [0.483
(30) (30) (19) (19)
> 0.1 > 0.1 > 0.1 0.02

Orange area [0.424 [0.069 [0.054 [0.123
(30) (30) (19) (19)

0.01 > 0.1 > 0.1 > 0.1

Orangeness 0.172 0.095 [0.037 0.217
(34) (34) (28) (28)
> 0.1 > 0.1 > 0.1 > 0.1

Black area [0.083 0.210 0.000 0.269
(30) (30) (19) (19)
> 0.1 > 0.1 > 0.1 > 0.1

White area [0.322 [0.107 [0.022 0.211
(30) (30) (19) (19)

0.04 > 0.1 > 0.1 > 0.1

Pattern complexity 0.301 [0.262 0.043 0.153
(30) (30) (19) (19)

0.05 > 0.05 > 0.1 > 0.1



Z = 0.125, r = 2.32, 2-tailed P = 0.216) except for the
copying treatment (Z = 0.259, r = 2.32, 2-tailed
P = 0.011). Therefore in this population, as in some
others, female choice behaviour shows significant
repeatability, a result necessary but not sufficient to
claim that additive genetic variation for female mate
preferences is present in the population.

Repeatability of mate choice behaviour is reduced
when a female observes another female contradicting
her mate choice decision. The negative effect on
repeatability that was seen in the copying treatment is
not necessarily the same as the effect expected in a wild
situation. This is because, if females in a population
share similar preferences, copying is more likely to cor-
roborate a female’s independent decision than contra-
dict it. I therefore predict that if there is copying and
it has any effect on repeatability in the wild, it increases
repeatability rather than decreasing it as seen in this
study. This prediction remains to be tested.

The time between choice trials does not appear to
influence the repeatability of choice. The slightly (but
not significantly) lower repeatability in the 30-min and
1-day treatments than in the 2-day treatment may well
be due to the reduced sample in the former treatments
due to illness and death of fishes. This lends credibil-
ity to measures of repeatability in which the repeated
measures are separated by a relatively short time inter-
val, such as that obtained by Godin and Dugatkin
(1995). However, the time intervals used in this study
are all relatively short, and certainly several orders of
magnitude smaller than a female’s reproductive life-
span. I suggest that repeatabilities should be estimated
using longer intervals between measures before firm
conclusions are drawn in this regard.

Ironically, whilst the copying treatment shows such
low repeatability, there is no direct support for any
claim that females in this population copy the mate
choice of others. Females do not reverse their choice
decision when faced with a female that chooses another
male, as shown by Dugatkin and Godin (1992, 1993)
in a wild Trinidadian guppy population. Similarly,
although females in the copying treatment pay rela-
tively more attention to the male that they had observed
with the “model” female, this increase is not signifi-
cantly larger than the increase in attention paid to the
“loser” of the first trial in other treatments. If copying
does occur, it is certainly much weaker than indepen-
dent mate choice. The predominance of individual mate
choice over copying (if it occurs) may be due to the
fact that I did not match male pairs for similarity in
size and colouration as was the case in experiments
where females did copy one another (Dugatkin 1992;
Dugatkin and Godin 1992, 1993). If this is the reason
for our failure to find strong evidence for copying, it
may be true that previous studies overestimated the
importance and strength of imitative behaviour in
determining the outcome of female mating decisions.
This would favour the hypothesis that copying is an
important aid to females having trouble discriminating

between males on the basis of their ornamentation (see
Gibson and Höglund 1992 for a fuller treatment of this
hypothesis and its alternatives).

The above explanation is unsubstantiated, however,
as males in all treatments, including the copying treat-
ment, in replicates where females reversed their choice
decision were no more or less similar to one another
than in replicates where females chose the same male
twice. Likewise, the change in female behaviour was not
significantly correlated with the difference in male orna-
mentation. These two types of analysis were used
because they were expected to reflect the “certainty”
with which a female chooses a male. If males do not
differ a great deal in the cues that a female uses for
choice, and we know that the females in this popula-
tion use at least orange (Brooks and Caithness 1995a)
and black (Brooks and Caithness 1995b; Brooks 1996),
I predicted there would be larger changes in preference
scores and a higher incidence of choice decision rever-
sal than if the males are extremely different. This is
because the chances of receiver error and failure to dis-
criminate effectively (Schluter and Price 1993) are higher
if the males on offer are similar than if they are very
different. It seems that within-female variability in mate
choice behaviour cannot be explained by receiver error
or inability to effectively discriminate between males.

Kirkpatrick and Dugatkin (1994) argue that the
nature of sexual selection, if copying is widespread,
will not favour the evolution or maintenance of more
than one ornament, as only the most common orna-
ment will be selected for. The apparent lack (or extreme
weakness) of mate copying in this population allows for
the possibility that female choice is the agent selecting
for the multiple ornaments of male guppies in this
population (see Brooks and Caithness 1995a, b;
Brooks 1996).

Since Fisher (1930) it has been accepted that female
preferences evolve (and coevolve with male ornamenta-
tion) genetically. It seems possible from recent models
(Laland 1994; Kirkpatrick and Dugatkin 1994) that sim-
ilar results could be obtained even if the female prefer-
ences were inherited in a strictly cultural fashion. At this
point, the evidence points to a role for both genetic inher-
itance and experience (see also Brooks and Caithness
1995c) but not cultural determination, in shaping female
choice behaviour in this guppy population. 

Acknowledgements I would like to thank Mike Jennions for draw-
ing my attention to some of the issues addressed in this paper,
Herman du Preez who painstakingly counted grid squares and Neil
Caithness and Robin Crewe who read earlier drafts of the manu-
script. This study was funded by the CBRG and FRD via grants
to Robin Crewe. Animal Ethics screening committee number
93-32-1.

References

Andersson M (1994) Sexual selection. Princeton University Press,
Princeton

328



Bakker TCM (1993) Positive genetic correlation between female
preference and preferred male ornament in sticklebacks. Nature
363:255–257

Bakker TCM, Milinski M (1991) Sequential female choice and the
previous male effect in sticklebacks. Behav Ecol Sociobiol 29:
205–210

Ba¡bura J (1992) Mate choice by females of the swallow Hirundo
rustica: is it repeatable? J Ornithol 133:125–132

Becker WA (1984) Manual of quantitative genetics, 4th edn,
Academic Enterprises, Pullman

Boake CRB (1989) Repeatability: its role in evolutionary studies
of mating behaviour. Evol Ecol 3:183–188

Bischoff RJ, Gould JL, Rubenstein DI (1985) Tail size and female
choice in the guppy (Poecilia reticulata). Behav Ecol Sociobiol
7:253–255

Breden F, Hornaday K (1994) Test of indirect models of sexual
selection in the Trinidad guppy. Heredity 73:291–297

Breden F, Stoner G (1987) Male predation risk determines female
preference in the Trinidad guppy. Nature 329:831–833

Brooks R (1996) Melanin pigment as a visual signal amplifier in
male guppies. Naturwissenschaften 83:39–41

Brooks R, Caithness N (1995a) Female choice in a feral guppy pop-
ulation: are there multiple cues? Anim Behav 50:301–307

Brooks R, Caithness N (1995b) Manipulating a seemingly non-
preferred male ornament reveals a role in female choice. Proc
R Soc Lond B-261:7–10

Brooks R, Caithness N (1995c) Does a male’s attractiveness to a fe-
male depend on her previous experience? S Afr J Sci 91: 156–158

Brown L (1981) Patterns of female choice in mottled sculpins
(Cottidae, Teleostei). Anim Behav 29:375–382

Cate C ten, Bateson P (1988) Sexual selection: the evolution of con-
spicuous characteristics in birds by means of imprinting.
Evolution 42:1355–1358

Cate C ten, Bateson P (1989) Sexual imprinting and a preference
for “supernormal’’ partners in Japanese quail. Anim Behav 38:
356–358

Dugatkin LA (1992) Sexual selection and imitation: females copy
the mate choice of others. Am Nat 139:1384–1389

Dugatkin LA, Godin J-G (1992) Reversal of female mate choice
by copying in the guppy (Poecilia reticulata). Proc R Soc Lond
B-249:179–184

Dugatkin LA, Godin J-G (1993) Female mate copying in the guppy
Poecilia reticulata: age dependent effects. Behav Ecol 4: 289–292

Endler JA, Houde AE (1995) Geographic variation in female pre-
ferences for male traits in Poecilia reticulata. Evolution 49:
456–468

Falconer DS (1989) Introduction to quantitative genetics, 3rd edn.
Wiley, New York

Findlay CS, Hansell RIC, Lumsden CJ (1989) Behavioural evolu-
tion and biocultural games: oblique and horizontal cultural
transmission. J Theor Biol 137:245–269

Fisher RA (1930) The genetical theory of natural selection.
Clarendon, Oxford

Gibson RM, Höglund J (1992) Copying and sexual selection. Trends
Ecol Evol 7:229–232

Gibson RM, Bradbury JW, Vehrencamp SL (1991) Mate choice in
lekking sage grouse revisited: the roles of vocal display, female
site fidelity, and copying. Behav Ecol 2:165–180

Godin J-G, Dugatkin LA (1995) Variability and repeatibility of
female mating preference in the guppy. Anim Behav 49:
1427–1433

Grafen A (1990a) Sexual selection unhandicapped by the Fisher
process. J Theor Biol 144:473–516

Grafen A (1990b) Biological signals as handicaps. J Theor Biol 144:
517–546

Houde AE (1987) Mate choice based upon naturally occurring
color-pattern variation in a guppy population. Evolution 41:1–10

Houde AE (1988) Genetic difference in female choice between two
guppy populations. Anim Behav 36:510–516

Houde AE (1994) Effect of artificial selection on male colour pat-
terns on mating preference of female guppies. Proc R Soc Lond
B 256:125–130 

Houde AE, Endler JA (1990) Correlated evolution of female mat-
ing preferences and male colour patterns in the guppy, Poecilia
reticulata. Science 248:1405–1408

Iwasa Y, Pomiankowski A, Nee S (1991) The evolution of costly
mate preferences. II. The “handicap” principle. Evolution 45:
1431–1442

Janetos AC (1980) Strategies of female mate choice: a theoretical
analysis. Behav Ecol Sociobiol 7:107–112

Kirkpatrick M, Dugatkin LA (1994) Sexual selection and the evo-
lutionary effects of copying mate choice. Behav Ecol Sociobiol
34:443–449

Kodric-Brown A (1985) Female preference and sexual selection for
male coloration in the guppy (Poecilia reticulata). Behav Ecol
Sociobiol 17:199–205

Kodric-Brown A (1989) Dietary carotenoids and male mating suc-
cess in the guppy: an environmental component to female
choice. Behav Ecol Sociobiol 25:393–401

Laland KN (1994) Sexual selection with a culturally transmitted
mating preference. Theor Popul Biol 45:1–15

Lande R (1981) Models of speciation by sexual selection on poly-
genic traits. Proc Am Nat Acad Sci 78:3721–3725

Lessels CM, Boag PT (1987) Unrepeatable repeatabilities : a com-
mon mistake. Auk 104:116–121

Losey GS, Stanton FG, Telecky TM, Tyler WA III, Zoology 691
Graduate Seminar Class (1986) Copying others, an evolution-
arily stable strategy for mate choice: a model. Am Nat 128:
653–664

Majerus MEN, O’Donald P, Weir J (1982) Female mating prefer-
ence is genetic. Nature 300:521–522

Majerus MEN, O’Donald P, Kearns PWE, Ireland H (1986)
Genetics and evolution of female choice. Nature 321:164–167

Møller AP (1994) Repeatability of female choice in a monogamous
swallow. Anim Behav 47:643–648

Moore AJ (1989) Sexual selection in Nauphotea cinerea : inherited
mating preferences? Behav Genet 19:717–724

Moore AJ (1990) The inheritance of social dominance, mating
behaviour and attractiveness to mates in male Nauphoeta
cinerea. Anim Behav 39:388–397

Pomiankowski A, Iwasa Y, Nee S (1991) The evolution of costly
mating preferences. I. Fisher and biased mutation. Evolution
45:1422–1430

Pruett-Jones SG (1992) Independent versus nonindependent mate
choice: do females copy each other? Am Nat 140:1000–1009

Reynolds JD, Gross MR (1992) Female mate preference enhances
offspring growth and reproduction in a fish, Poecilia reticulata.
Proc R Soc Lond B 250:57–62

Rice WR (1989) Analyzing tables of statistical tests. Evolution 43:
223–225

Rosenqvist G, Berglund A (1992) Is female sexual behaviour a
neglected topic? Trends Ecol Evol 7:174–176

Schluter D, Price T (1993) Honesty, perception and population
divergence in sexually selected traits. Proc R Soc Lond
B-253:117–122

Sokal RR, Rohlf FJ (1981) Biometry. Freeman, New York
Stoner G, Breden F (1988) Phenotypic differentiation in female pref-

erence related to geographic variation in male predation risk in
the Trinidad guppy (Poecilia reticulata). Behav Ecol Sociobiol
22:285–291

Wade MJ (1979) Sexual selection and variance in reproductive suc-
cess. Am Nat 114:742–764

Wade MJ, Pruett-Jones SG (1990) Female copying increases the
variance in male mating success. Proc Nat Acad Sci USA 87:
5749–5753

Wilkinson GS, Riello PR (1994) Female choice response to artificial
selection on an exaggerated male trait in a stalk-eyed fly. Proc
R Soc Lond B255:1–6

Zar JH (1984) Biostatistical analysis. Prentice Hall, London

Communicated by F. Trillmich

329


