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Evolutionary and plastic responses by males to the level of sperm competition (SC) are reported across

widespread taxa, but direct tests of the consequences for male reproductive success in a competitive

context are lacking. We varied male perception of SC to examine the effect on male competitive

reproductive success and to test whether the outcomes were as predicted by theory. Exposure to rival males

prior to mating increased a male’s ejaculate investment (measured as mating duration); by contrast,

exposure to rival males in the mating arena decreased mating duration. The results therefore suggested that

SC intensity is important in shaping male responses to SC in this system, although the patterns were not

strictly in accord with existing theory. We then tested whether males that responded to the level of SC had

higher reproductive fitness in a competitive context. We found that males kept with rivals prior to mating

again mated for longer; furthermore, they achieved significantly higher paternity share regardless of

whether they were the first or second males to mate with a female. The plastic strategies employed by males

therefore resulted in significantly increased reproductive success in a competitive context, even following

subsequent rematings in which the majority of sperm were displaced.

Keywords: sexual selection; accessory gland proteins; Acps; ejaculate allocation; mating latency;

mating duration
1. INTRODUCTION
There is clear evidence across many taxa that sperm

competition (SC) is a potent driver of evolutionary

change in male morphology, physiology and behaviour

(Birkhead & Møller 1998; Simmons 2001). For example,

males from polyandrous species invest more heavily in

gonads, relative to somatic tissue (Harcourt et al. 1981;

Jennions & Passmore 1993; Gage 1994; Karlsson 1995;

Hosken 1997; Stockley et al. 1997; Møller & Ninni 1998).

Theory provides clear predictions of how males should

respond to SC (Parker et al. 1996, 1997). This includes

the prediction that, when ejaculates are limiting (see

Hihara (1981) and Linklater et al. (2007) for such

evidence in Drosophila melanogaster), males can be selected

to evolve plasticity in their ejaculate allocation (Gage &

Baker 1991; Wedell et al. 2002). Consistent with this idea,

there is good evidence that males that experience high

levels of SC ejaculate more sperm (Gage & Baker 1991;

Gage & Barnard 1996; Wedell & Cook 1999; Martin &

Hosken 2002; Neff et al. 2003; Siva-Jothy & Stutt 2003;

Pound & Gage 2004; Reichard et al. 2004; Friberg 2006;

Carazo et al. 2007). In order to assess the level of potential

competition, males may use cues from females that

indicate female mating status and/or cues from males

that indicate the number of actual or potential rival males.

For example, male D. melanogaster mate for longer and
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stimulate higher egg laying when mating with virgin

females that are perceived to be mated, compared with

virgin females perceived as virgin (Friberg 2006).

However, to date, no study has directly tested the

hypothesis that plastic responses by males to the level of

SC increase the share of paternity in a competitive context.

Here, we use the fruit fly model organism

(D. melanogaster) to investigate the responses by males to

number of rival competitors, both prior to and during

mating. We focused on male-derived signals that commu-

nicate the level of SC. We tested whether the responses

seen were as predicted by SC intensity and risk theory, and

whether any such responses resulted in direct effects on a

male’s share of paternity in a competitive context. Altering

the number of rival males potentially alters two parameters

of SC: (i) intensity (the average number of males

competing for a given set of eggs) and (ii) risk (the

probability that females in the population have mated or

will mate again; Parker 1990, 1993; Parker et al. 1996,

1997; Wedell et al. 2002; Engqvist & Reinhold 2005).

Both intensity and risk can vary with respect to their

average levels in a population or species, or to their current

levels in a mating bout. Recent work has emphasized the

importance of distinguishing between these components

(Engqvist & Reinhold 2005). This is because increases in

both average intensity and risk predict increased invest-

ment in ejaculates, whereas increases in current risk

predict increased investment, but increases in current

intensity predict the opposite, i.e. decreased investment,

owing to diminishing fitness returns (Parker et al. 1997;
This journal is q 2009 The Royal Society
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Engqvist & Reinhold 2005). The theory is thought to be

widely applicable (Wedell et al. 2002; Engqvist & Reinhold

2005, p. 1292), even in species such as D. melanogaster,

which have high second male sperm precedence (Williams

et al. 2005; Engqvist & Reinhold 2006).

To manipulate the perceived levels of SC, we altered a

male’s exposure to rival males for the 5 days prior to mating

(‘previous’male treatments), and to rivalmales in the mating

arena (‘current’ male treatments), with the aim of varying

the average and immediate levels of SC, respectively. In our

first experiment, we used a fully factorial design to identify

whether males respond predominately to SC risk (i.e. longer

mating duration as both previous and current SC increase)

or to SC intensity (i.e. longer matings with increasing

previous SC, but shorter matings with increasing current

SC), in line with the theoretical predictions (Parker et al.

1997; Engqvist & Reinhold 2005). In our second set of

experiments, we tested whether any such male responses

resulted in increased male reproductive success in a

competitive environment.

In the theory, mating ‘investment’ is an arbitrary value

that is often referred to as ‘sperm number’ (e.g. Parker et al.

1996, 1997). However, such investment could equally well

refer to and include the non-sperm ejaculate (Wedell et al.

2002). The transfer of sperm in D. melanogaster occurs

quicklybetween 6and 8 min after start of mating (Gilchrist&

Partridge2000),which itself normally lasts for approximately

15–20 min. Hence, as sperm transfer occurs during such a

short part of the total mating duration, a male’s investment in

mating, and allocation of total ejaculate, is likely to involve

more than just variation in sperm transfer. Here, we use

mating duration as a proxy for ejaculate investment, and this

is particularly appropriate given that mating duration is

positively related to both seminal fluid transfer in this species

(S. Wigby, L. Sirot, J. R. Linklater, A. Bretman, N. Buehner,

M. F. Wolfner, & T. Chapman 2009 in review) and the

induction of phenotypes known to be influenced by seminal

fluid proteins, e.g. female refractoriness (Gilchrist &

Partridge 2000).
2. MATERIAL AND METHODS
Experiments were conducted in a 258C humidified room,

with a 12 L : 12 D cycle, using standard sugar–yeast (SY)

medium (Bass et al. 2007), supplemented with live yeast

granules. Wild-type flies were from the Dahomey strain (Bass

et al. 2007). Marker flies for assessing paternity were from a

sepia stock recently backcrossed for three generations into the

Dahomey genetic background. Larvae were raised at a

standard density of 100 per vial. At eclosion, flies were

collected and sexes separated using ice anaesthesia. Virgin

females and sepia males were kept 10 per vial for 5 days.

Experimental males were randomly assigned to treatments.

Flies were mated at 5 days post-eclosion.

(a) Responses of males to SC: mating

duration and latency

To test whether males could respond to variation in SC we

manipulated a male’s perception of SC from low to high by

keeping males in groups of 1, 2 or 4. To vary previous levels of

SC prior to mating, males were kept from eclosion for 5 days

up until mating in groups of 1, 2 or 4. To vary current levels of

SC, males from each of the three previous treatments were

randomly assigned to groups of 1, 2 or 4 males immediately
Proc. R. Soc. B (2009)
before mating. This resulted in a fully factorial set of nine

treatments with final sample sizes of 31–39. On the day of the

matings, males were aspirated into vials each containing one

virgin wild-type female. Females had been placed singly into

experimental vials 24 hours prior to mating using ice

anaesthesia. Vials that contained dead males were discarded

before transfer. Mating latency and duration to the nearest

minute were recorded for the first matings that occurred,

without disturbing or moving vials. Flies were discarded if

they did not mate within 2 hours.

(b) Fitness consequences for males of

responding to variation in SC

To test the hypothesis that male responses to variation in SC

were adaptive and resulted in increased male fitness, we

measured the competitive reproductive success of males

experiencing low and high levels of previous and current SC.

To test the reproductive success of males in a first mating

position (P1 experiment), virgin sepia females were mated to

low and high SC treatment males, and then 24 hours later

given the opportunity to mate with one sepia male. To test the

reproductive success of males in a second mating position (P2

experiment), the same protocol was followed but the mating

order was reversed. We used the most extreme (1 and 4)

previous and current male treatments from the first

experiment (i.e. four experimental treatments, sample sizes

for P1 experimentZ49–61, P2 experimentZ42–50). As

before, experimental males were kept in their previous

treatment groups for 5 days until mating, when males from

each group were randomly assigned to one of the two current

male treatments. In all experiments, flies that did not mate

within 2 hours were discarded, and flies were separated within

1 hour after mating to avoid any rematings on the same day.

For all matings, mating latency and duration were recorded.

The eggs laid by P1 experiment females between the first and

second matings were counted. After the second matings in

both the P1 and P2 experiments, females were aspirated into

fresh vials every 24 hours for 4 days. The vacated vials were

retained for 12 days until all offspring had eclosed. These

cultures were then frozen before scoring the number and

paternity of the emerging offspring.

(c) Statistical analysis

Statistical analysis was performed using R v. 2.6.1 (Ihaka &

Gentleman 1996) and SPSS v. 14 (SPSS, Inc., Chicago, IL,

USA). All data (both raw and residuals) were tested for

normality using Kolmogorov–Smirnov tests and for hom-

ogeneity of variance using Bartlett tests, and data were

transformed to normality where possible. Normally distrib-

uted data were analysed by ANOVA, with previous and

current number of males as fixed factors. Where data could

not be normalized, we used the Scheirer–Ray–Hare extension

of the Kruskal–Wallis test (Dytham 1999). P1 and P2 data

were analysed using general linear models (GLMs) based on a

quasibinomial error distribution to account for overdisper-

sion. Significance of factors was tested in an analysis of

deviance through subtraction from the full model.
3. RESULTS
(a) Responses of males to SC: mating

duration and latency

Mating duration was significantly longer when the

previous level of SC was high (i.e. when males were kept
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Figure 1. Effect of male responses to the previous or current
level of SC on male investment in first mating duration. Males
were kept for 5 days from eclosion in groups of 1, 2 or 4 males
(previous treatments) and then placed 1, 2 or 4 males per vial
in the mating arena (current treatments). (a) Mating duration
(mean minutesGs.e.) and summary of the mating duration
response (mean minutesGs.e.) to (b) current and (c) previous
male treatments. Asterisks represent significant differences
revealed by Mann–Whitney U-tests (�p!0.05, ��p!0.01,
���p!0.0001; n.s., non-significant).
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with rivals prior to mating), but was significantly shorter

when the current level of SC was high (when there were

rival males present in the mating arena: Scheirer–Ray–

Hare test previous treatment H2Z14.70, pZ0.0006;

current treatment H2Z6.90, pZ0.03; interaction H4Z
2.30, pZ0.68; figure 1a–c). Latency to mating was

significantly shorter when rival males were present in the

mating arena, but latency was not affected by a male’s

previous exposure to rivals (Scheirer–Ray–Hare test

current treatment H2Z6.74, pZ0.03; previous treatment

H2Z4.41, pZ0.11; interaction H4Z2.05, pZ0.73; see

figure S1 in the electronic supplementary material).

(b) Fitness consequences for males of responding

to variation in SC

In both the P1 and P2 male reproductive success

experiments, we found the same effects on mating

duration as described above. A combined probability test

(Sokal & Rohlf 1981) showed that mating duration

increased significantly across all three experiments when

males were kept with rivals for 5 days prior to mating

( p!0.0001) and decreased when more than one male was

present in the mating arena ( pZ0.0014). There was a

non-significant trend for males to respond to variation in

SC risk signified by female mating status, as seen by

increased mating duration with once-mated females when

compared with virgins (i.e. in the P2 experiment, Mann–

Whitney U-test ZZK1.81, pZ0.07).

The most striking result was that both first (P1) and

second (P2) mating male paternity share was significantly

higher for males that had been kept with rivals prior to

mating (table 1), with males kept with rivals achieving

either 14 (P1) or 9 (P2) per cent higher paternity (effect

sizes expressed as the difference between the two mean

proportions). An alternative analysis using instead the

absolute progeny number fathered by males experiencing

high or low SC also gave significantly higher absolute

paternity for males experiencing high SC prior to mating

when they were the first males to mate, but this was not

significant when they were second males to mate (see

table S1 in the electronic supplementary material). There

was an additional effect of the current treatment, with

males exposed to rivals in the mating arena having shorter

mating duration and gaining lower paternity share in the

P2 experiment (5% difference in mean proportions when

mating with non-virgin females; table 1). These findings

were robust to alternative analysis methods (see table S2 in

the electronic supplementary material). None of the

analyses gave a significant interaction effect (table 1; see

table S2 in the electronic supplementary material) even

though there was lower paternity share in the ‘previous

1!current 4’ treatment. There was also no interaction in

the analysis of total progeny fathered (see table S1 in the

electronic supplementary material). Interaction effects

might have become apparent upon the use of larger

sample sizes.

The remating latency of females was significantly

affected by the SC treatment of their first mate. Females

first mated to males kept together with rivals prior to

mating took approximately 10 min longer to remate

(ANOVA, previous treatment F1,224Z10.45, pZ0.001;

current F1,224Z0.01, pZ0.92; interaction F1,224Z0.08,

pZ0.78; figure 2), and there was also a trend for a lower

frequency of remating in those females overall (c1
2Z3.26,
Proc. R. Soc. B (2009)
pZ0.07). This suggests that longer first matings reduce

subsequent female sexual receptivity, a finding that was

also supported by the positive correlation between



Table 1. Analysis of paternity share for males responding to high and low levels of SC. (First (P1) and second (P2) male
paternity share for low and high SC treatment males in the P1 and P2 experiments. Prior to mating, males were kept for 5 days in
groups of one or four males (previous treatments) and then placed one or four males per vial in the mating arena (current
treatments). In the P1 experiment, sepia females were first mated to low and high SC males and then 24 hours later to a sepia
male. In the P2 experiment, the mating order was reversed. (a) Mean (Gs.e.) P1 and P2 values calculated from progeny totals
and sample size (n) per treatment and (b) results of a GLM with previous and current number of males as fixed factors. The
dispersion parameter for the P1 model was 45.35 and P2 was 36.99.)

(a)
previous male treatment current male treatment P1 mean (Gs.e.) n P2 mean (Gs.e.) n

1 1 0.51 (0.07) 59 0.91 (0.04) 49
1 4 0.35 (0.06) 61 0.80 (0.06) 42
4 1 0.58 (0.07) 49 0.96 (0.03) 42
4 4 0.58 (0.06) 59 0.94 (0.03) 50

(b) P1 experiment P2 experiment

source d.f. deviance F p -value d.f. deviance F p -value

previous 1 339.2 7.5 0.007 1 348.9 9.56 0.002
current 1 96.6 2.13 0.146 1 142.5 3.90 0.049
previous!

current
1 101.6 2.24 0.136 1 11.0 0.30 0.608
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Figure 2. Effect of male responses to the previous or current
level of SC on female receptivity to a second mating. Mating
latency (mean minutesGs.e.) of female remating 24 hours
after a first mating with low or high SC treatment
males. Females first mating with males kept with rival males
prior to mating had significantly longer latencies to their
second mating.
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first mating duration and the remating latency

(Spearman’s rZ0.200, pZ0.002). We also found that

the longer the second mating latency, the higher the

P1 paternity share (rZ0.566, p!0.001) and the shorter

the second mating latency, the higher the P2 share

(rZK0.580, p!0.001). This shows that males that could

lengthen or shorten female time to remating in their favour

achieved significantly higher reproductive success.

There were additional effects of variation in SC on

female fecundity and fertility in the 24 hours following first

matings to experimental males in the P1 experiment.

Females mated to males kept with rivals prior to mating

laid significantly more eggs (7% difference in mean), but

the current number of males had no effect (ANOVA

previous treatment F1,223Z6.3, pZ0.013; current treat-

ment F1,223Z0.01, pZ0.93; interaction F1,223Z1.54,

pZ0.21; see figure S2a in the electronic supplementary

material). There were also significant effects on egg to

adult survival. Females mated to males kept with rivals

prior to mating laid eggs with an average 3 per cent higher

survival to adulthood, but there was no effect of the

current number of males in the mating arena (GLM

dispersion parameterZ29.8; previous treatment d.f.Z1,

devianceZ224.1, FZ7.6, pZ0.006; current treatment

d.f.Z1, devianceZ13.80, FZ0.46, pZ0.50; interaction

d.f.Z1, devianceZ9.10, FZ0.30, pZ0.58; see figure S2b

in the electronic supplementary material). We analysed

these variables separately as we effectively had multiple

dependent variables with significant collinearity between

them. We analysed fecundity and egg fertility for

experimental males in the P1 experiment only, as in the

P2 experiment we could not tell which of the males had

fertilized which of the newly laid eggs.
4. DISCUSSION
The most important results from our study were that

males altered their ejaculate investment, measured as

mating duration, according to the level of SC, and that this
Proc. R. Soc. B (2009)
resulted in significantly higher male reproductive success.

Males invested more in mating duration when their

exposure to males in the 5 days prior to mating was high

and invested less when they were exposed to other males at

the time of mating. This was consistent across all three

experiments and was therefore true regardless of whether

males were mating with virgin or once-mated females

(e.g. in the P1 and P2 experiments, respectively). Our

experiments show for the first time that male responses to

increased levels of SC prior to mating resulted in a

significantly increased paternity share in a competitive

context, when males were the first or second to mate with a

female. Hence, male responses to previous levels of SC

were the important determinants in terms of male

reproductive success.
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In highly polyandrous species such as D. melanogaster,

we expect the impact of SC intensity to be dominant,

relative to SC risk (Simmons 2001). Risk is expected to be

less important because females will have already mated

and will regularly mate again, and hence the risk of SC is

guaranteed and somewhat invariant (Engqvist & Reinhold

2005). By contrast, SC intensity, as represented by the

number of males contributing to the stored sperm pool in

females, varies more markedly. For example, in the wild

female D. melanogaster have been observed to carry the

sperm of between two and six males (Harshman & Clark

1998; Imhof et al. 1998), with an average of four males

fathering the offspring of each female (Imhof et al. 1998).

However, the D. melanogaster system differs from the

theoretical assumptions in one key way. The characteristic

high level of sperm displacement (Gromko et al. 1984;

Civetta 1999), and potentially limited expansion of the

female sperm storage organs in this species, may prevent

additional sperm adding to an ever-increasing pool

(Pitnick et al. 1999). This could mean that the number

of contributors to the sperm stored by females (i.e. the

intensity of SC) is less important than whether females will

mate again (risk of SC). However, even if this were the

case, the fitness-related effects of seminal fluid molecules,

such as accessory gland proteins (Acps; e.g. Chapman

et al. 2003), could themselves still be additive, increasing

the importance of intensity relative to risk. There is a

widely held view that recently mated D. melanogaster

females typically have a long refractory period before

remating, which would decrease the overlap in ejaculates

and decrease the intensity of SC. However, although this is

true for females that have time to develop a full refractory

response over several hours, there is a surprisingly high

probability of early, immediate remating (30–50% remat-

ing within 6 hours (Vanvianen & Bijlsma 1993); up to

80% remating within 4 hours, A. J. Bretman &

T. Chapman 2008 unpublished data) and patterns of

sperm displacement in such rapid rematings have not yet

been investigated. Hence, these factors could increase still

further variation in, and the importance of, SC intensity

relative to risk.

We conclude that while the number of males in the

mating environment will give a focal male an accurate idea

of the likely intensity of SC if he mates, the degree and

pattern of both polyandry and sperm displacement can

decrease the ability to predict whether males will respond

primarily to SC risk or intensity. Perhaps consistent with

this reasoning, our findings were not strictly in accord with

either SC risk or intensity theory, but did, in general,

support the idea that SC intensity was the more important

force in shaping male responses to SC. Specifically, if

males were responding primarily to increased SC risk,

then we would expect to see increased mating duration

when the previous level of risk was trebled (i.e. in the

comparison between the previous two versus four male

treatments, where each individual male was exposed to

one or three other competitors, respectively; Parker et al.

1996, 1997; Engqvist & Reinhold 2005); however, we did

not observe this (figure 1c). Risk models also predict

increased investment when both previous and current

risk increase; but, by contrast, we observed a decline in

mating duration with increased current SC levels. We did,

however, see a non-significant trend for males to respond

to variation in risk as signified by female mating status,
Proc. R. Soc. B (2009)
with increased mating duration with once-mated females

when compared with virgins, consistent with a previous

report (Friberg 2006).

If, on the other hand, males were responding primarily

to SC intensity, we would expect to see increased mating

duration with increased previous SC intensity (which we

did observe) and decreased mating duration when more

than one competitor was present in the mating arena

(i.e. the peak of investment should be with one rival

present; Parker et al. 1996, 1997; Engqvist & Reinhold

2005). The latter pattern was only partially seen; we

observed a decrease in mating duration with increased

numbers of current males at mating, but the longest

duration was with no competitors rather than one

competitor (i.e. two males in the mating arena;

figure 1b). This departure from expectation could be

explained if mating pairs were harassed by single males

causing early termination of mating, or may indicate that

females play a role in shortening matings when there is

the potential for remating. However, previous work in

D. melanogaster suggests that shifts in mating duration are

under male control (Friberg 2006), and our data also

support this idea. Overall, the fit of our data was closer to

the predictions of models of SC intensity rather than risk,

in line with our general expectations. Hence, SC intensity

may be of greater importance in shaping a male’s

responses to SC than risk, under the conditions tested.

An important result from our study, therefore, was that the

benefits for males of responding to the presence of rival

males persisted after female remating and despite the

strong sperm precedence patterns observed.

There was no support for the idea that precopulatory

sexual selection (i.e. where the ‘best’ male mates for

longest) could explain the observed patterns of mating

duration. For example, if males were winning precopula-

tory contests (through female choice or male–male

competition for access to females) then mating duration

would be maximized when four were present in the mating

arena. This is because the best (longest duration) male

sampled from four males should, on average, have a longer

mating duration than the best male sampled from two or

single males. However, this did not occur (figure 1c).

Likewise, variation in mating duration times would be

lower when more males were present at mating (with the

variability of individual males capturing that of the

population as a whole, but with the variability of the best

one male from four being much less), but this also was not

the case (figure 1c). However, it is possible that

precopulatory sexual selection could be followed by

harassment of the mating pair by the non-mating males

present, an effect that could reduce mating duration.

We also observed significant effects of variation in SC on

the latency to mating. The presence of rivals in the mating

arena decreased mating latency, and just one competitor

was enough to achieve this effect, which is consistent with a

previous report (Crossley & Wallace 1987). This finding

cannot wholly be explained by higher encounter rates in the

presence of more males in the mating arena, otherwise

matings in the presence of three rival males would have the

shortest latencies, which we did not observe (see figure S1

in the electronic supplementary material).

Turning to mechanism, our results suggest that

prolonged matings serve to increase sperm and/or

seminal fluid transfer resulting in higher fertilization
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success (Michiels 1992; Hadrys et al. 1993; Arnqvist &

Danielsson 1999; Friberg 2006). Previous studies of

SC have almost exclusively focused on the number

of sperm ejaculated (e.g. Gage 1991; Wedell & Cook

1999; Candolin & Reynolds 2002; Pizzari et al. 2003;

Delbarco-Trillo & Ferkin 2004; Engqvist 2007; Ramm &

Stockley 2007) and increased sperm transfer could be a

part of the explanation for our results. However, the

changes we observed in the post-mating responses of

females in the P1 experiment, such as decreased sexual

receptivity and increased egg production, are processes

known to be controlled by male seminal fluid accessory

gland proteins (Acps; Chapman et al. 2001, 2003; Gillott

2003), which suggests that longer matings serve to

increase Acp transfer in this species. This is supported

by direct evidence for correlations between mating

duration and Acp transfer into the female reproductive

tract (S. Wigby, L. Sirot, J. R. Linklater, A. Bretman,

N. Buehner, M. F. Wolfner, & T. Chapman 2009 in

review). Further support for the idea that longer matings

permit more Acp transfer is the positive correlation we

observed in this study between first mating duration to

experimental males and a female’s latency to a second

mating, which suggests that males influence female mating

behaviour by the amount of ejaculate they transfer. Sperm

transfer is less likely to be a major explanation because,

unlike many insects where sperm transfer shows a linear

correlation with mating duration (Simmons & Siva-Jothy

1998; Simmons 2001), as detailed earlier, sperm transfer

in D. melanogaster does not, and occurs quickly between

6 and 10 min from the start of mating (Gilchrist &

Partridge 2000). Matings curtailed after sperm transfer

but before their natural end result in no loss of fertility, but

instead an increased likelihood of remating by females

(Gilchrist & Partridge 2000), supporting further the idea

that longer matings serve to transfer more Acps such as

those that reduce female receptivity.

In summary, our results demonstrate a plastic mating

strategy by males that is not strictly in accord with existing

SC game theory. What is clear is that males obtain

information on the potential level of SC from the

surrounding number of rivals, but how this information

is obtained remains to be investigated. Importantly, the

strategies employed by males result in significantly

increased reproductive success in a competitive context,

even following subsequent rematings in which the

majority of a male’s sperm are displaced.
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