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Abstract Courtship displays are often important in deter-
mining male mating success but can also be costly. Thus,
instead of courting females indiscriminately, males might
be expected to adjust their signalling effort strategically.
Theory, however, predicts that such adjustments should
depend on the rate with which males encounter females, a
prediction that has been subject to very little empirical
testing. Here, we investigate the effects of female encounter
rate on male courtship intensity by manipulating the time
interval between sequential presentations of large (high
quality) and small (low quality) females in a fish, the
Australian desert goby Chlamydogobius eremius. Males
that were presented with a small female immediately after a
large female reduced their courtship intensity significantly.
However, males courted large and small females with equal
intensity if the interval between the sequential presentations
was longer. Our results suggest that mate encounter rate is
an important factor shaping male reproductive decisions
and, consequently, the evolutionary potential of sexual
selection.
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Introduction

Males of many species perform conspicuous courtship
displays in an attempt to increase their mating success.

However, courtship can be costly in terms of, for example,
time, energy and predation risk (e.g. Kotiaho et al. 1998;
Woods et al. 2007; Hoefler et al. 2008). To reduce these
costs, males may evolve strategies to adjust their level of
courtship depending on the situation. For instance, males
may court with lower intensity when females are likely to
be aggressive, as in dwarf chameleons (Stuart-Fox and
Whiting 2005), or prone to raiding the male's nest, as in
three-spined sticklebacks (Belles-Isles et al. 1990). Impor-
tantly, males may also reduce the time and effort spent
courting females of lower reproductive value as shown, for
example, in fiddler crabs (Reading and Backwell 2007) and
zebra finches (Jones et al. 2001). Theory predicts that such
strategies can increase a male's reproductive success, but
only when there is a good chance of rapidly finding
alternative (higher-quality) females (Bonduriansky 2001).
Thus, the rate with which males encounter females should
be a crucial factor in determining whether males adjust their
courtship effort with regard to female reproductive quality
(Kokko and Johnstone 2002). Surprisingly few studies,
however, have explicitly addressed whether mate encounter
rate influences male courtship decisions (Wong et al. 2004).

The Australian desert goby, Chlamydogobius eremius, is
a remarkable freshwater fish endemic to the arid regions of
Central Australia. Despite the taxing environmental con-
ditions of their desert habitat, males invest heavily in
reproduction through nest defence, elaborate courtship dis-
plays and exclusive paternal care of the eggs (Allen et al.
2002). As in other gobies (Kvarnemo 1994; Pelabon et al.
2003), there is a strong positive length–fecundity relation-
ship among female desert gobies (T. K. Lehtonen, L.
Slingerland, P. A. Svensson and B. B. M. Wong, unpub-
lished manuscript). Thus, by mating with larger females,
males may receive a larger clutch, thereby increasing their
reproductive success. Previously, Wong and Svensson
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(2009) showed that desert goby males adjust their courtship
effort according to female size, and that this was true even
when females were presented one at a time (i.e. sequen-
tially). In that study, however, the interval between female
encounters was kept constant, and it remains to be tested if
and how the timing of female presentations affects male
courtship tactics. This is an ecologically meaningful
question because, in the wild, male desert gobies defend
and guard nest sites and must rely on mate-searching
females to visit their territories. Thus, nest-holding males
have limited opportunities to directly affect the rate of mate
encounters. However, males might be expected to respond
to variation in female visits by adjusting their mating
decisions according to the perceived encounter rate. The
aim of the present study was to test whether the interval
between female encounters influences how males adjust
their courtship effort with regard to female quality.

Materials and methods

Collection and housing

Desert gobies were collected from waterholes and springs
west of Lake Eyre in South Australia and transported back
to the laboratory where they were housed in separate-sex
aquaria, kept at a temperature of 24–26°C on a 12 hour
light–dark cycle. The aquaria had a fine gravel substrate,
rocks and plastic plants for cover, and the water was
maintained at a salinity of 5‰. All fish were fed daily on a
diet of commercially prepared pellets and frozen brine
shrimp (Artemia spp.).

Experimental setup

Sexually mature males, identified by their nuptial colouration,
were placed in individual aquaria 1 week prior to the
experiment. Each aquarium measured (length × width) 30 ×
20 cm and was filled with water to a depth of 15 cm. Males
were provided with a nest in the form of a 9-cm long PVC
pipe (3-cm diameter) positioned horizontally in the middle
of the aquarium on top of a layer of fine gravel. Each pipe
was capped at one end with the opening facing the front of
the tank and was anchored in place by securing it onto a
piece of ceramic tile that was buried into the substrate.
Males remained in these tanks for the duration of the
experiment. At the start of the experiment, a large stimulus
female was introduced into a clear container which was
placed inside the front of the male’s tank. A sheet of black
plastic prevented visual contact between the male and the
female. After a 5-min acclimation period, the sheet was
removed and we quantified male courtship behaviours
directed towards the stimulus female. This was achieved by

conducting spot samples every 10 s over a 10-min period. A
male was recorded as 'associating' if facing the female while
being within 5 cm of her compartment and 'courting' if also
performing a fin display (flaring its dorsal and anal fins;
Wong and Svensson 2009). After the first presentation, the
container with the large female was removed. Males were
then haphazardly assigned to one of two treatments (n=10
per treatment). In the short interval treatment, a small female
was introduced shortly after the large female (interval
between presentations, 11±0.8 min [mean ± SE]). In the
long interval treatment, a small female was introduced the
next day (interval between presentations, 24±0.1 h). For both
treatments, the same acclimation and sampling procedures
were used as during the presentation of the large female. At
the completion of the experiment, the total length of all fish
was measured using image analysis of digital photographs.
Large females were 55±0.6 mm, whereas small females were
42±0.7 mm. The length of females did not differ between
treatments (t-tests comparing large females, small females
and the size difference between the large and small female
in each replicate, all t18<0.13, P>0.89). Males were 66±
1.1 mm, and their length did not differ between treatments
(t-test, t18=0.5, P=0.65).

In addition to the aforementioned experiment, we
reanalysed data from a previous study (Wong and Svensson
2009) to test whether the short interval, in itself, might
potentially cause a change in male courtship intensity
between presentations (for example, due to male exhaustion,
handling stress or habituation). The sequential experiment in
Wong and Svensson (2009) used an identical experimental
design as the short interval treatment described here, except
that half of the males were offered females in the reversed
order (first small, then large). Re-analysing this data set
therefore allowed us to test for changes in male courtship
between the first and second presentation whilst controlling
for the effects of female size. Our prediction was that males,
on average, should court the second female with equal
intensity as the first.

Statistical analyses

Data analysis was performed using R 2.8.0 (R Develop-
ment Core Team 2008). Parameter estimates are presented
as mean ±1 SE. Association and courtship were analysed
using mixed models to account for the repeated measure-
ments of male behaviours. The identity of each male was
entered as a random factor, while treatment (long or short
interval) and female size (large or small) were entered as
fixed factors. Values were log+1 transformed prior to
analysis, whenever this improved the normality of residual
errors. Models were fitted using maximum likelihood, and
likelihood ratio (G2) tests were used to calculate P-values of
interaction terms (Quinn and Keough 2002).
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Results

There was a significant interaction between female size and
interval between female presentations, both for associations
(G2=5.1, P=0.02) and for male courtship displays (G2=5.8,
P=0.02; Fig. 1). Analysing the two treatments separately,
there were significant reductions in courtship in the short
interval treatment (paired t-tests, associations: t9=4.2, P=
0.002, courtship: t9=4.1, P=0.002), but there were no
changes in the long interval treatment (paired t-tests,
associations: t9=0.04, P=0.97, courtship: t9=0.16, P=0.89;
Fig. 1).

When re-analysing data from Wong and Svensson
(2009), there was no reduction in overall male courtship
intensity between the first and the second presentation
(paired t-tests, associations: t15=0.11, P=0.91; fin displays:
t15=0.13, P=0.90). Thus, removing the effect of female
size, males courted at the same level during the first and the
second presentation, despite a short time interval.

Discussion

Males dramatically reduced both association time and
courtship intensity when they were presented with a small

female shortly after encountering a large female. However,
female size had no effect on these behaviours if the interval
between presentations was longer. Theory predicts that
mate encounter rate is crucial in determining whether male
mating behaviours will be affected by female reproductive
quality (Bonduriansky 2001; Kokko and Johnstone 2002).
Our empirical results suggest, for the first time, that males
adjust their courtship in regard to female fecundity only if
the time interval between female encounters is short. Until
now, mate encounter rate has only been shown to affect
mating decisions in females, for example, in sticklebacks,
where female interest in dull males increased as the time
interval between male encounters grew longer (Bakker and
Milinski 1991; Milinski and Bakker 1992).

In contrast to females, males are generally expected to
maximise their reproductive success by increasing their
number of sexual partners (Kokko and Johnstone 2002).
Any delay in mating may therefore translate into lowered
male reproductive success. Thus, even though a high-quality
female may increase male reproductive payoffs, males
should not necessarily forego the opportunity to attract
lower-quality females (Rowland 1982; Verrell 1995). How-
ever, because the intensity of male courtship displays can
be important for female choice, and courtship can be costly,
males may direct their efforts strategically by courting
particular females more than others (Stuart-Fox and
Whiting 2005; Reading and Backwell 2007). Such strate-
gies may be especially important in species where males are
constrained by the number of clutches they can accommo-
date in their nest, a common scenario in nest-guarding
gobies (Lindström 1992). Indeed, when given a choice,
male desert gobies direct less courtship toward less fecund
females (Wong and Svensson 2009). Our current results
suggest that this discrimination disappears if we simulate a
scenario where females are encountered infrequently.
Temporal costs therefore seem important for how males
will balance the trade-off between the quality and quantity
of mating partners.

Although our results can be interpreted as an adaptive
male strategy, an alternative explanation is also possible,
namely, that a long time interval between female encounters
simply obfuscated accurate size comparisons (MacLaren
and Rowland 2006). However, regardless of the proximate
reason for the behavioural differences between the two
treatments, the actual outcome remains the same: when males
encountered females infrequently, differences in female
quality were of less importance for male courtship effort.

The re-analysed data from Wong and Svensson (2009)
showed that mean male courtship intensity (i.e. when
disregarding female size) did not change between the first
and the second presentation of females, despite a short time
interval. We can therefore rule out male exhaustion and/or
habituation as potential causes for the observed reduction in

Fig. 1 Mean ± SE time males spent a associating with and b
displaying to females presented in sequence with either a short or long
time interval. Shaded bars represent large females (first presentation);
open bars represent small females (second presentation)
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courtship and association time in the short interval
treatment.

In conclusion, our results suggest that mate encounter
rate can influence male courtship tactics. Temporal aspects
of mate encounters should therefore be considered both
when designing mate choice experiments and when
investigating how mate selection operates in nature.
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