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Abstract Mate choice is linked to costs such as time and energy effort or a higher risk of

predation. Furthermore, reproduction with a partner of lower than average quality will

reduce an individual’s fitness. Copying the mate choice of others is assumed to reduce such

costs. Most studies dealing with mate-choice copying focused on females, as they are

usually expected to invest more into reproduction. However, in species where males

provide brood care both sexes face high costs. Little is known about mate-choice copying

in such mating systems. Male three-spined sticklebacks build nests and care for the off-

spring alone, facing a high-reproductive investment. Thus, one would expect that both

males and females copy the mate choice of others. We gave male and female sticklebacks

the opportunity to court either a partner that was visibly courted by another individual or a

partner that was not visibly courted. Both spent significantly more time courting next to

con-specifics after another individual has visibly courted them. Habituation effects, terri-

torial defence or shoaling behaviour as alternative explanations were excluded by control

experiments. The adaptive significance of mate-choice copying is not well understood. The

results of this study indicate that in sticklebacks both sexes may reduce the costs of mate

choice by copying the preferences of others.

Keywords Public information � Mutual mate choice � Sexual selection �
Fish � Stickleback � Gasterosteus aculeatus

Introduction

Choosing a mating partner is known to be costly (Pomiankowski 1987; Gibson and Langen

1996). Such costs are for example time and energy spent searching for a mating partner

(Milinski and Bakker 1992; Wong and Jennions 2003) or an increased risk of being
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predated due to conspicuous courtship behaviour (Pomiankowski 1987; Magnhagen 1991).

Furthermore, an individual choosing a mating partner of lower than average genetic quality

will produce lower quality offspring, consequently facing costs due to a reduced fitness.

Such expenses can be minimized using public information, that is cues produced by the

performance of others (Danchin et al. 2004). While it is generally assumed that female

preferences (Bakker 1993; Bakker and Pomiankowski 1995) as well as preferred traits

show genetic variation (Kirkpatrick and Ryan 1991; Pomiankowski and Møller 1995;

Bakker 1999; Iwasa and Pomiankowski 1999), influences of the social environment are

also evident (e.g. Gibson and Höglund 1992; Jennions and Petrie 1997). Using mating

interactions and decisions of others as cue influencing own mate-choice decisions (mate-

choice copying) (Dugatkin 1992; Pruett-Jones 1992; Nordell and Valone 1998) is an

example of using public information (Nordell and Valone 1998). Mate-choice copying is

defined as the higher probability of an individual choosing a particular mate as a result of

observing another individual choosing him or her (Gibson et al. 1991). Since the early

1990s mate-choice copying has become a field of increasing interest (Gibson and Höglund

1992; Galef and White 2000; Witte 2006). Although it has been demonstrated in several

species of birds (e.g. Höglund et al. 1990, 1995; Galef and White 1998; Swaddle et al.

2005), mammals (McComb and Clutton-Brock 1994) and fish (Amundsen 2003; Witte

2006), the adaptive significance of mate-choice copying is still not completely understood

(see Witte 2006 for a review of explanations). In fish, female mate-choice copying was

demonstrated for example in sailfin mollies (Poecilia latipinna) (e.g. Witte and Massmann

2003) and Japanese medaka (Oryzia latipes) (Grant and Green 1996). In guppies (Poecilia
reticulata), females prefer to copy the choice of larger con-specifics (Dugatkin and Godin

1993; Amlacher and Dugatkin 2005). As size in guppies correlates with age, the authors

argue that the females copy the choice of older and consequently more experienced

members of the same sex. Most studies on mate-choice copying focus on females as they

are usually expected to invest more into reproduction and to be consequently the choosing

sex (Trivers 1972). However, in species where males provide brood care both sexes face

high costs und should therefore be choosy (Kokko and Johnstone 2002). Sailfin mollies are

the only example for mate-choice copying in both males and females thus far (Schlupp and

Ryan 1997; Witte and Ryan 1998, 2002; reviewed in Witte 2006). In this species, mate-

choice copying can even lead to preferences for hetero-specific females (Schlupp and Ryan

1997). However, sailfin mollies are live-bearing fish where males do not provide any brood

care. Thus, besides the danger of being predated during courtship, little is known about

reproductive costs of males in this species. Broad-nosed pipefish (Syngnathus typhle) are

another example for male mate-choice copying (Widemo 2006). In pipefish, males care for

the eggs and are often the limiting factor in sexual selection (Berglund et al. 1989).

Accordingly, males are often the choosier sex (Sandvik et al. 2000), while females are

competing intensely for mating partners (Rosenqvist 1990). Widemo (2006) found that

only male broad-nosed pipefish copy the mate choice of others and concluded that gen-

erally in fishes the sex facing higher costs should be more likely to show copying

behaviour. However, data are lacking about mate-choice copying in species where both

sexes face high reproductive costs.

During the mating season, reproductive three-spined stickleback (Gasterosteus acule-
atus) males show a conspicuous nuptial coloration and defend a territory in which they

build a nest. In nature, the distance between nests is often\1 m, so that males are able to

observe each other (Kynard 1978; Goldschmidt et al. 1992; Mori 1995). When the nest is

finished, males entice gravid females by performing a typical zig-zag courtship dance

(Wootton 1976). After spawning, males do not court other females for up to 1 h
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(Sevenster-Bol 1962). Males spend time and energy in building the nest, defending the

territory, mainly against rival males (e.g. Bakker 1986; Sparkes et al. 2007), and caring for

the brood (Wootton et al. 1995; Bakker et al. 2006). Consequently, males lose body mass

during the breeding cycle (Sargent 1985; Smith and Wootton 1999), and often die after-

wards (Allen and Wootton 1982).

Courtship is dangerous for males because their conspicuous coloration and behaviour

attract predators (Candolin 1997). Candolin (1998) for example showed that in the pres-

ence of a predator fewer males bred, and males developed less nuptial coloration than in

the absence of predators. Furthermore, courtship may attract rival males that compete for

the courted female (Dzieweczynski and Rowland 2004), or steal fertilizations (Largiadèr

et al. 2001). Males seldom collect more than 5–10 clutches (Wootton 1976; Smith and

Whoriskey 1988; Bakker et al. 2006) per breeding cycle, mainly because space in nests is

limited and high numbers of eggs lead to an increase of egg mortality (Kraak and Bakker

1998; Bakker et al. 2006). As males rarely complete more than 1–2 breeding cycles in their

life (Wootton 1976; Bakker and Mundwiler 1994), most males have a relatively small total

number of mating partners. Thus, choosing a female of lower than average genetic quality

will lead to a severe loss of a male’s fitness.

Females invest energy in producing eggs (Wootton 1973; Wootton and Evans 1976) and

searching mates (Milinski and Bakker 1992), and suffer a higher risk of predation because

of their reduced agility (Rodewald and Foster 1998). During courtship, females show a

typical head-up position, presenting their silvery shining belly to the male (Wootton 1976),

which may also increase the conspicuousness to predators (Kraak and Bakker 1998).

Furthermore, females spawn all produced eggs as an entire clutch in a single nest (Wootton

1976). It takes several days to produce a new clutch, even under optimal food conditions

(Fletcher and Wootton 1995), leading to a limited number of mating partners in females,

too. Wootton et al. (1995) summarize averages of 3.4–4.5 spawnings per female during the

breeding season. Thus, choosing a male of low quality will result in a severe loss of fitness

for the female. Consequently, both males and females are choosy (Bakker and Rowland

1995; Kraak and Bakker 1998).

Mate-choice copying may reduce the costs of mate choice in several ways. For example

both sexes may find mating partners faster due to copying the behaviour of others and thus

reduce the risk of being predated (Magnhagen 1991; Candolin 1998), and minimize energy

expenditure while searching for mates (Milinski and Bakker 1992). Furthermore, they may

reduce the risk of erroneously choosing a mating partner of lower than average genetic

quality. During courtship males and females often court each other without spawning

(Wootton 1976; Kynard 1978; Kraak et al. 1999), while being observed by other females

and males. Males are known to court females that are already courted by another male

(Dzieweczynski and Rowland 2004). Thus, the possibility for the evolution of mate-choice

copying is given for both sexes under natural conditions. However, until now studies have

focused only on female sticklebacks with ambiguous results. Patriquin-Meldrum and

Godin (1998) allowed females to choose between two males—either accompanied by

another female or not—and found no convincing evidence of female mate-choice copying.

In contrast, Goldschmidt et al. (1993) found that females preferred spawning in nests

already containing eggs. However, this might not be sufficient evidence for copying

behaviour (Kraak and Groothuis 1994), as males are known to cannibalize clutches con-

taining few eggs (van den Assem 1967). Thus, spawning in nests that already contain eggs

may be an assurance against egg cannibalism (Kraak 1996).

In this study we tested whether a less preferred male or female could be made more

appealing by the presence of an individual of the opposite sex. This mate-choice copying
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behaviour was examined using a set-up similar to that used by Patriquin-Meldrum and

Godin (1998). As aggressive behaviour towards rival males (Bakker 1986; Rowland 1988)

as well as habituation effects (Bakker and Rowland 1995) influence courtship of stickle-

backs, control experiments were conducted concerning these points. The control experi-

ments on habituation additionally served as a disruption control (see Applebaum and Cruz

2000 for details). Furthermore, because female sticklebacks form shoals during their whole

life (Wootton 1976), and laboratory studies suggested that sticklebacks prefer the larger of

two shoals (Krause et al. 1998), a control for shoaling behaviour was conducted.

Materials and methods

Experimental subjects

Experiments were carried out between April 19th and May 16th 2006. Sticklebacks

were caught in the pond ‘Stadtweiher’ near Euskirchen, Germany (50�380 N/6�470 E)

(Modarressie et al. 2006) on March 10th 2006 and brought to the lab. Here, females and

males were kept together in large outdoor tanks (750 l) with air ventilation and a constant

supply of tap-water at a flow rate of 3 l min-1. One week before starting the experiments,

groups of *40 fish were transferred to smaller aquaria (160 l), which were equipped with

sand, air ventilation and two internal filters (Hobby Aquaristic). Here, fish were kept under

summer conditions (L : D 16:8, 17 ± 1�C) and fed with Chironomus larvae ad libitum.

Males that developed breeding coloration were isolated into small aquaria (10 l), which

contained 2 g of java moss Vesicularia dubyana and a Petri-dish filled with sand to build a

nest in. Later, dishes containing nests could be transferred to the test aquarium without any

problems of acceptance (Frommen and Bakker 2006; Rick et al. 2006). Male aquaria were

separated by opaque plastic partitions. To stimulate nest building gravid females were

presented to the males daily.

Experimental design

The test aquarium, measuring 100 cm 9 40 cm 9 40 cm (water depth 15 cm) was divided

by sheets of transparent Plexiglas glued to the tank walls into five compartments

(Patriquin-Meldrum and Godin 1998) (Fig. 1). Thus, visual contact was possible while

olfactory communication between the compartments was excluded. This was done to

reduce confounding olfactory effects to a minimum (e.g. Milinski and Bakker 1990; Rick

et al. 2006). On the left and right end of the aquarium, we separated two stimulus sections

that were again divided into two equal-sized compartments measuring 20 cm 9 20 cm

each. The central compartment measured 60 cm 9 40 cm. Choice zones of 10 cm were

marked on the bottom of the tank next to each stimulus compartment. In front of the

Plexiglas dividers opaque plastic partitions were installed that could be lifted by nylon

strings. These opaque partitions prevented visual contact among the fish. The set-up was

illuminated using a fluorescent tube (30 W) placed 120 cm above the bottom of the

aquarium. To exclude confounding influences of nuptial coloration on the females’ mate

choice, light tubes were wrapped with a red filter (Rosco, Supergel 73) during the female

experiment. Excluding red light did not reduce male or female courtship intensity in

previous studies (e.g. Milinski and Bakker 1990; Frommen and Bakker 2006). To prevent

interactions with the environment, side and back walls of the aquarium were covered with
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opaque plastic sheets. Additionally, a black curtain surrounded the set-up. Fish movements

were observed through a small spy-hole cut into the curtain.

Male experiments

In each trial a focal male and its nest was placed in the central compartment (Fig. 1) and

one gravid female was placed in each front-side stimulus compartment. Females were size-

matched to the nearest 2 mm. Stimulus males and their nests were placed in the rear-side

stimulus compartments (Fig. 1).

An experiment started with an acclimatization period of 60 min (Frommen and Bakker

2006). After that, the opaque partitions between the test male and the two females were

lifted (Fig. 1a). As soon as the test fish visited both choice zones once, the time the test

male spent in each choice zone was measured for 15 min (Wagner 1998). Following this

first measurement of males’ preferences, the opaque partitions were dropped again and the

focal fish was caught and placed in a transparent plastic enclosure (10 cm 9 7 cm, height

16.5 cm) in the middle of the central compartment. Thereafter, the opaque partitions

between females and stimulus males were lifted. As soon as all females and stimulus males

started courting, the opaque partitions between the central compartment and female

Fig. 1 Set-up for the male experiment. (a) The test aquarium (100 cm 9 40 cm 9 40 cm) was divided
into five compartments, each separated from other compartments by both transparent (dotted lines) and
opaque (black lines) dividers. Thin grey lines indicate association zones that were drawn on the bottom of
the aquarium. The test fish was placed in the central compartment. Gravid females were placed in the front
compartments, stimulus males in the rear. All male fish were placed in the respective compartments with
their own nest (indicated by dark circles). (b) During the observation period, the focal fish was enclosed in a
transparent Plexiglas cylinder. The female that was less preferred during the first measurement was allowed
to visibly court with a rival male, while the male courting the more preferred female was not visible.
Thereafter, male mating preferences were again measured as in (a)
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compartments were lifted again. If stimulus fish did not start courting within 30 min, the

experiments were stopped and repeated the next day using new combinations of fish. When

all fish courted, the opaque partition between the central compartment and the stimulus-

male compartment on the side of the female less preferred (that is, that particular choice

zone in which the male spent \50% of the total time that he spent in both choice zones)

during the first measurement was lifted, too (Fig. 1b). Thus, the test male was allowed to

see both females, but only one was visibly accompanied by a courting male (Witte and

Ryan 1998). After 10 min, all partitions were dropped again and the test male was released

from the enclosure. The opaque partitions between the test male and females were

removed, and the second measurement started as described above. The person quantifying

the choice behaviour of the test fish was naı̈ve according to the side at which the female

had been visibly courted by the stimulus male.

To exclude habituation effects, a control experiment was conducted as described above,

but here the stimulus-male compartments did not include any fish. A second experiment

was conducted to control for effects of territorial defence against the stimulus male. Here,

subadult individuals not showing any reproductive behaviour substituted the gravid

females.

Female experiments

Female mate-choice experiments were carried out analogous to the male experiments, but

here gravid females were used as test and stimulus fish. The main compartment contained a

gravid female, while the front-side stimulus compartments each contained a male with his

nest and the rear-side stimulus compartments a gravid female each. As described above,

experiments controlling for habituation effects were conducted excluding gravid stimulus

females. Additionally, experiments controlling for a possible influence of female shoaling

behaviour on the time spent on the side of the male that was visibly courted by another

female were conducted analogous to the male territoriality-control experiment. Here, non-

reproductive subadults substituted reproductive males. All test fish were used only once.

However, some stimulus females and males were used in more than one trial, but never on

the same day or in the same combination.

Data analysis

In three male and four female copying experiments the test fish did not visit both choice

zones within 30 min or one of the stimulus fish failed to show courting behaviour during

the first or second measurement. Furthermore, in 11 control trials the test fish spent no time

at all in one choice zone. These experiments were excluded from analysis. To compare

preferences within measurements, the time spent in the choice zones was used. In order

to be able to compare preferences between the first and second measurement, in which

the total time each individual spent in both choice zones was different, the relative time

spent in the choice zone next to the less preferred individual was calculated (rel. time =

timeless preferred/(timeless preferred + timepreferred). Parametric statistics were used for nor-

mally distributed data (according to Kolmogorov-Smirnov test with Lilliefors-correction).

Data that deviated significantly from a normal distribution were transformed (log or

square-root) to meet normal distribution. Given p-values are two-tailed throughout. All

tests were performed using SPSS 12.0.
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Results

Male mate-choice

Copying experiment

Time males spent in the choice zones differed significantly between the less and more

preferred female before the presentation of a rival male (time in sec. ± s. d., less preferred:

146.83 s ± 102.47, more preferred: 325.33 s ± 153.53, t = -3.49, n = 12, p = 0.005).

This preference got lost after the male saw the less preferred female being courted by

another male (221.17 s ± 159.9 and 208.5 s ± 165.18, respectively; paired t-test:

t = 0.129, n = 12, p = 0.9). Male test fish significantly increased the relative time staying

in the choice zone next to the female that had been visibly courted by the stimulus male

(mean relative time in % ± s. d. before and after presentation of the rival male:

30.6% ± 14.8 and 50.5% ± 22.6, respectively; paired t-test: t = -2.48, n = 12,

p = 0.031, Fig. 2). Total time spent in both choice zones combined in the first and second

measurement (first: 472.17 s ± 91.71, second: 429.68 s ± 214.64) did not differ signifi-

cantly (paired t-test: t = 1.062, n = 12, p = 0.311).

Control experiments

The habituation-control experiment, in which no rival courting male was shown, revealed

no significant changes in the test fish’s preferences for the less preferred female between

the first and second measurement (29.85% ± 13.01 and 37.92% ± 25.16, respectively;

paired t-test: t = -1.156, n = 13, p = 0.27). Furthermore, no significant difference

in association time before and after seeing the rival male in the aggression-control

experiment, in which the females were replaced by subadult individuals, was found

Fig. 2 Male and female preferences before and after animation. Relative time during the first and second
mate-choice measurements each test fish (left: males, right: females) courted the fish that was visibly courted
by a rival in the second measurement. During the second measurement both focal males and females spent
significantly more time next to the fish that had been visibly courted by a rival than during the first
measurement
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(31.71% ± 16.25 and 31.0% ± 19.1, respectively; paired t-test: t = 0.123, n = 14,

p = 0.904).

Female mate-choice

Copying experiment

During the first measurement, there was a significant preference of the test female for one

of the two males (less preferred: 110.38 s ± 96.34, preferred: 271.23 s ± 202.83, paired t-
test: t = 3.333, n = 13, p = 0.006). This difference disappeared after seeing a rival female

courting the least-preferred male (184.85 s ± 102.33 and 220.0 s ± 182.71, respectively;

paired t-test: t = 0.639, n = 13, p = 0.535). Females significantly increased the relative

time staying in the choice zone next to the male that had been visibly courted by a rival

female (30.69% ± 15.26 and 51.38% ± 28.30, respectively; paired t-test: t = -2.37,

n = 13, p = 0.035, Fig. 2). Total time spent in both choice zones combined in the first and

second measurement (first: 381.62 s ± 253.30, second: 404.85 s ± 220.0) did not differ

significantly (paired t-test: t = 1.25, n = 12, p = 0.235).

Control experiments

The habituation-control experiment, in which no rival courting female was shown,

revealed no significant difference in association time before and after animation

(36.71% ± 11.95 and 56.71% ± 33.6, respectively; paired t-test: t = -1.409, n = 7,

p = 0.208). The shoaling-control experiment, in which the courting males were replaced

by subadult individuals, also showed no significant difference in association time with the

less preferred subadult before and after it was shown with a receptive female

(28.45% ± 17.49 and 45.73% ± 26.92, respectively; paired t-test: t = -1.521, n = 11,

p = 0.159).

Discussion

The results of this study suggest that in three-spined sticklebacks both sexes copy the mate

choice of others. In doing so they may reduce costs of reproduction, like time and energy

invested in search for mating partners (Milinski and Bakker 1992) or the risk of being

predated (Gibson and Langen 1996). Additionally, copying the mate choice of another fish

could reduce the risk of choosing a mate of low quality (Dugatkin 2005). Alternative

interpretations of our results such as aggression, habituation, shoaling, or disruption were

excluded by control experiments.

Male mate-choice copying

The male copying experiment showed that the visible presence of a courting rival near a

female significantly increased the male’s interest in that female, indicating that males copy

the mate choice of other males. An alternative explanation would be that males searched
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for the rival which they had seen courting the female before, instead of copying its mate

choice. To exclude this territoriality effect, in the aggression-control experiments non-

reproductive subadults were used instead of gravid females. If the results of the copying

experiment could be explained by the males’ search for the rival, one would also expect a

significant difference here. However, male sticklebacks did not significantly prefer the side

where they had seen the rival over the side where no rival had been visible. A second

alternative explanation would be that the male lost interest in the preferred female because

she could not be reached (Bakker and Rowland 1995), and therefore changed his choice in

the second part of the experiments. However, the habituation-control experiment, in which

no rival male was presented, did not reveal any significant influence of time on males’ mate

choice.

Female mate-choice copying

The female copying experiment also showed a significant influence of the presence of a

rival female on the test fish’s mate choice. Again, gravid females courted the non-

preferred male significantly longer after another gravid female had visibly courted him.

Habituation or shoaling had no significant effects on this result, although sample sizes

were rather small due to the exclusion of experiments in which the test fish did not spend

time in both choice zones. However, females in the copying experiment showed courtship

behaviour for most of the time, thus making it quite unlikely that the results can be

explained by shoaling behaviour. Females in our experiments did not know whether the

male’s nests contained eggs or not. Reducing the risk of egg cannibalism can be excluded

as an explanation of the results. In concordance with the results of Goldschmidt et al.

(1993), it can thus be concluded that mate-choice copying influences preferences of female

sticklebacks. At first sight this result seems to contradict earlier findings of Patriquin-

Meldrum and Godin (1998) who found no significant (p [ 0.08) evidence for female

mate-choice copying in sticklebacks. However, the authors only compared the time

females spent near a male that had been observed being courted by another female with

the time the female spent near a male without a second female. This equals the second

measurement of our experiment and is thus in concordance with our findings. Patriquin-

Meldrum and Godin (1998) did not measure the changes in time females spent courting

before and after they were allowed to view a male courted by a second female. Thus, they

were not able to tell whether mate-choice copying changes the preference for a formerly

unfavoured male.

In conclusion, this study shows to our knowledge for the first time that in a species with

mutual mate choice and high reproductive costs, both sexes copy the mate choice of others.

Reducing reproductive costs may be one reason why mate-choice copying evolved. Mate-

choice copying might thus be more widespread among species in which both sexes are

choosy than documented thus far.
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