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Abstract Socially monogamous partners suffer conflict-
ing interests concerning various aspects of reproduction
such as parental care, copulation and fertilization. Female
black-legged kittiwakes commonly eject their mates’
sperm immediately following copulations. Because sperm
ejection reduces male sperm competitiveness and pater-
nity assurance, males and females have conflicting
interests as regards sperm ejection. Males whose mates
ejected their sperm at least once remained longer on their
mates’ backs after the last insemination which apparently
prevented the females from ejecting sperm. These results
suggest that compelling females to retain their sperm may
be a previously unidentified tactic employed by males to
assure their paternity. Females tried to prevent their mates
from witnessing sperm ejection by ejecting sperm after
their mates departed from the nest. Females were more
likely to eject sperm when they terminated the copula-
tions by unbalancing the male. The conflict over sperm
ejection was related to the ability of the females to end the
copulations which covaried with the body mass of their
mates. These findings suggest that conflicts in monoga-
mous pairs also exist over the disposition of sperm.
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Introduction

Despite the necessity for socially monogamous partners to
cooperate, mates often have conflicting interests regard-
ing parental investment, copulation and fertilization
(Arnqvist and Rowe 1995; Gowaty 1996; Stockley
1997). For instance, males may benefit by copulating
frequently to assure their paternity whereas females may
only need to copulate once to achieve fertilization while
preferring to minimize the risk of acquiring sexually
transmitted diseases or parasites (Birkhead and Mgller
1993; Hillgarth 1996; Mgller 1998). The sexes have an
especially clear conflict of interest when females seek
extra-pair copulations (EPCs) (Stockley 1997; Johnsen et
al. 1998). It has been proposed that females may select
sperm among males to bias paternity toward a more
attractive or genetically compatible male (Thornhill 1983;
Birkhead and Mgller 1993; Olsson et al. 1996; Wilson et
al. 1997; Birkhead 1998; Olsson 1999; Pizzari and
Birkhead 2000). Female sperm choice may be achieved
by sperm ejection immediately following copulation, such
as in dunnocks Prunella modularis (Davies 1983), feral
fowl Gallus domesticus (Pizzari and Birkhead 2000)
possibly razorbills Alca torda (Wagner 1991) and some
mammal and insect species (reviewed in Eberhard 1996)
in which females mate with multiple males and eject
sperm to influence which males fertilize their eggs.
Female sperm choice is therefore viewed as a mechanism
of sexual selection (Eberhard 1998).

In contrast, sperm choice via sperm ejection by female
kittiwakes Rissa tridactyla is apparently driven by natural
selection to avoid the cost of infertility due to old,
degraded sperm. Wagner et al. (submitted) found that
sperm ejection occurs following 22% of within-pair
copulations in this socially monogamous seabird. In
kittiwakes, the criterion for female sperm choice is the
age of their mates’ sperm that fertilize their eggs (i.e. how
long it was stored in their reproductive tract; Wagner et
al. submitted) which is associated with hatching failure, a
phenomenon that has been suggested in other species
(Lodge et al. 1971; Birkhead et al. 1995; Siva-Jothy



2000). Sperm ejection frequency dramatically declines as
egg-laying approaches and females that retain their
mates’ old sperm suffer higher rates of hatching failure
(Wagner et al., submitted).

Male Kkittiwakes are unable to guard their mates
(Helfenstein 2002), which is typical of colonial species
(Birkhead et al. 1987; Birkhead and Mgller 1992; Mgller
and Birkhead 1993). However, males copulate more than
is probably necessary for fertilization (mean+SD=
14.08+10.64 copulations per clutch) and copulation
frequency peaks 5 days before egg-laying when females
are likely to be fertile (Chardine 1987; Neuman et al.
1998; Helfenstein 2002). Male kittiwakes thus appear to
attempt to assure their paternity via moderately frequent
and well timed copulations as in many non-mate-guarding
species (Birkhead et al. 1987). Although females were
never observed to pursueEPCs, forced EPCs occasionally
occur (Helfenstein 2002). Moreover, copulation interfer-
ence, which has been reported by Chardine (1986) in
another population, has also been observed in our study
(Helfenstein 2002). These behaviors indicate the presence
of sexually active extra-pair males in the colonies at a
time when females are likely to be at their peak of
fertility. These males may place pressure on pair males to
assure their paternity. A paternity analysis revealing
extra-pair paternity to be low to nonexistent (Helfenstein
2002) suggests that males evolved highly effective
paternity assurance strategies.

Sperm ejection may thus constitute a reduction of the
males’ confidence of paternity because it reduces the
number of their sperm competing for fertilization if their
mates are forcibly inseminated by an extra-pair male.
Whereas it is to the advantage of both sexes to avoid
hatching failure caused by the retention of old sperm,
males exclusively suffer the cost of sperm ejection in
terms of reduced confidence of paternity.

Here we report a previously unidentified sexual
conflict over the ejection of the males’ sperm. The aims
of this study are to describe this conflict and to investigate
male and female strategies in relation to sperm retention
and ejection. Specifically, we examine (1) how males
attempt to prevent their mates from ejecting their sperm,
(2) the circumstances under which females eject their
mate’s sperm, and (3) the degree to which body size
predicts which sex controls the outcome of copulations
and the frequency of sperm ejection. Male quality may
alternatively explain the relationship between sperm
ejection and male paternity assurance behavior. If low-
quality males have low-quality sperm that degrade faster
and lead to higher infertility, females may eject their
sperm more often (Blount et al. 2001). Low-quality males
may also inseminate less sperm during copulation
(Dewsbury 1982) or have less motile sperm (Koyama
and Kamimura 1999; but see Froman et al. 2002) which
provide them with lower sperm competitiveness if their
mates are subjected to forced EPCs. Low-quality males
are then more likely to try to assure their paternity. We
tested whether male quality may explain how frequently a
female ejected her mate’s sperm and whether males try to
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assure their paternity by preventing their mates from
ejecting their sperm. We used two variables as measures
of male quality: arrival date and courtship feeding.
Because early arrival to the colony may indicate good
foraging and flight abilities, arrival date is likely to reflect
male quality (Mgller 1994; Currie et al. 2000; Helfenstein
et al. 2003). Courtship feeding rate may also reflect male
quality in kittiwakes (Helfenstein et al. 2003) as has been
suggested in other species (Wiggins and Morris 1986;
Green and Krebs 1995).

Methods

General

The study was conducted during 3 years (1999-2001) in the
kittiwake colonies of Cap Sizun (Brittany, western France) where
more than 10,000 individuals have been color-banded since 1979
(Danchin and Monnat 1992; Danchin et al. 1998; Cam and Monnat
2000). We observed sexual behavior from the early copulation
period to the end of the laying period (mid-April to early-June). Our
observations were made at one cliff with over 250 breeding pairs
each year. In the center of the cliff, we selected 52 focal pairs in
1999, 64 in 2000 and 115 in 2001 that produced eggs and in which
at least one individual was color-banded (in 32% of the pairs both
mates were marked). We used unique wing patterns, a method
developed by Cadiou (1993), to identify unmarked partners and
confirm the identity of the marked birds when their legs were not
visible. Kittiwakes were observed with 10x binoculars and a 20—
60x telescope from the opposite side of the gully from a distance of
approximately 30 m. Behavior was monitored by continuous
sampling (Altmann 1974). Daily observations were made oppor-
tunistically throughout the day, from 0830 to 2030 hours. Regular
visits to the colony from January to April allowed us to estimate a
male’s arrival date which was the first day on which an individual
was spotted. While color-banding the chicks, we captured some
adults and weighed them within 5 g using a Pesola spring balance.

Behavioral data

Daily observation ranged from 1 to 10 h totalling 223 h in 1999, 67
in 2000 and 512 in 2001 for a total of 57,736 nest-hours. We
recorded observations of copulations and courtship feeding for 112
color-banded females and 91 color-banded males. We recorded the
times of the mountings, of the first and last cloacal contacts, and of
the dismountings to the nearest second. Following copulation,
sperm ejection comprised a conspicuous muscular contraction by
the female. Females forcefully expelled from the cloaca white fluid
which often carried beyond the nesting cliff, landing in the sea
below. In contrast, feces were expelled without force and typically
dropped vertically. We focused on the females’ cloaca for 90 s after
the male dismounted and recorded whether or not sperm was
ejected and when. We calculated the duration of the copulation
(from mounting to the last cloacal contact), the amount of time the
males remained on their mates’ backs following the last cloacal
contact (i.e. the post-insemination mounting) and the time between
the dismounting and the ejection of the sperm. We also recorded the
number of cloacal contacts performed and which sex terminated the
copulation (Wagner 1996). Copulations were either stopped by the
female standing up and unbalancing her mate or by the male
dismounting from his mate’s back or flying away. Immediately
after the copulation, the male either remained on the nest or
departed.

We performed all the calculations on copulations that occurred
from the peak of sperm ejection, which was 16 days before the
laying of the first egg (Wagner et al., submitted) until 2 days after
clutch initiation. The sperm storage duration in female birds varies
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widely among species (reviewed in Birkhead and Mgller 1992) and
is unknown in kittiwakes. We conservatively assumed that any
sperm transferred between 16 days before and 2 days after laying
may fertilize the eggs which numbered from one to three in a
clutch.

We recorded pre-laying food delivery by males to their mates.
Courtship feeding rate was calculated as the mean daily feeding
frequency (feeding bouts h™') on the period from day —21 (first
courtship feeding) to day +2 relative to the laying of the first egg of
the pair (Helfenstein et al. 2003).

Data analyses

Proportions were arcsine-transformed to meet statistical assump-
tions for parametric tests. We checked fit of linear models by
analyzing the residuals (normality, homogeneity of variance).
When variables departed from a normal distribution, we applied
non-parametric statistics. For analyses that focused on female
behaviors, we used data from pairs in which the female or both
mates were color-banded. Sperm ejection frequency has been found
to be highly repeatable within females and between years (ANOVA
on the annual proportion of copulations followed by sperm ejection
using females observed in at least 2 years, and female identity as a
factor; Wagner et al.,, unpublished data). This allowed us to
compute mean sperm ejection proportions for females that had been
observed more than once in the 3 years. When investigating male
quality in relation to male copulation behaviors we focused on
color-banded males and computed means for males that had been
observed in two or more years. Because some variables were not
available for all the individuals, sample sizes vary between
analyses. All analyses were conducted with the (SAS 1999)
software and following the statistics in (Sokal and Rohlf 1995).

Results

Sperm ejection behavior

In addition to the difference in appearance between sperm
ejection and defecation, there was also a difference in the
frequency of each behavior. Females were 290% more
likely to extrude a white substance from their cloaca
within 90 s after a copulation (19 sperm ejections out of
78 randomly selected copulating pairs: 24.4%) than at
other time (5 defecations out of 60 randomly selected
resting pairs observed during 90 s: 8.3%; x°=6.06, df=1,
P=0.014, n=138 females).

Although in some species females may be unable to
retain all the sperm transferred during a copulation
(Ginsberg and Huck 1989), sperm overflow is expected
to occur in species with rapid multiple copulations.
Although a mean number (+SD) of 14.08+10.64 copula-
tions per clutch (Helfenstein 2002) may be more than
necessary to fertilize the eggs, it is a much lower rate than
in many non-mate guarding species (Birkhead et al. 1987;
Birkhead and Mgller 1992). Unsurprisingly, we found no
evidence that females ejected sperm because they were
unable to store large or multiple ejaculates. Sperm
ejection did not depend on the number of cloacal contacts,
and presumably inseminations, performed (mean+SD of
cloacal contacts when sperm ejection occurred:
4.72+2.07; mean+SD of cloacal contacts when no sperm
ejection occurred: 4.93+1.73; Wilcoxon-paired signed-
rank test: z=0.62, P=0.54, n=51 females). The probability
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Fig. 1 The time lag between sperm ejection and dismounting in the
kittiwake Rissa tridactyla in relation to the duration of the post-
insemination mounting. The line is the regression line

of sperm ejection after a second copulation in the same
day did not depend on the time elapsed since the first one
(logistic regression, 1*=0.63, df=1, P=0.43, n=35 fe-
males). The probability of sperm ejection was also not
significantly different after the first (meantSD=
0.37+0.44) or the second (mean+SD=0.39+0.42) copula-
tion in the same day (Wilcoxon-paired signed-rank test:
z=0.12, P=0.45, n=19 females).

Male reactions to sperm ejection

Males appeared to prevent their mates from ejecting their
sperm by remaining on the females’ backs after the last
cloacal contact. Males remained on their mates’ backs a
mean (£SD) of 29.96+28.78 s (median: 22.0 s, range: 1—
279 s, n=621 copulations) and sperm ejection never
occurred while a male stood on his mate’s back. Males
often appeared to struggle to maintain balance while their
mates were shifting position. Among those cases in which
sperm ejection occurred, the longer males remained on
their mate’s back, the sooner the females ejected sperm
after males dismounted (F)sc=18.38, P <0.0001, n=58
females; Fig. 1).

Males whose mates ejected their sperm at least once
remained on their mates’ backs longer after the last
cloacal contact (mean+SD=34.22+21.96 s, n= 60females)
than males whose mates were never observed ejecting
their sperm (mean+SD=23.12+12.53 s., n=41 females; ¢-
test, 1=2.80, df=99, P=0.006, Fig. 2a). Among the pairs in
which the female had ejected their mate’s sperm at least
once, males spent significantly more time on their mates’
backs after the first sperm ejection (mean+SD=
38.36+24.08 s) than before (mean+SD=22.66+14.55 s;
Wilcoxon-paired signed-rank test, 7,=35, P<0.01, n=20
females; Fig. 2b). The duration of the copulation (from
the mounting to the last cloacal contact) did not depend
on whether or not females had ejected their mates’ sperm
(mean+SD copulation duration with sperm ejection:
52.03+21.96 s, n=58 females; and without sperm ejection:
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Fig.2 a Mean duration of the post-insemination mounting
(mean+SE) depending on whether or not females had ejected their
mates’ sperm at least once. Numbers above the bars refer to sample
sizes. b Within-pair comparison of the mean duration of the post-
insemination mounting (+SE, n=20 females) during copulations
taking place before and after the first copulation followed by sperm
ejection

52.76+16.73 s, n=38 females; t-test, r=0.59, df=94,
P=0.56).

There was a positive relationship between the mean
duration of the post-insemination mounting and the mean
proportion of copulations followed by sperm ejection
(F1.99=6.87, P=0.01, n=101 females). This analysis may
however reflect more the way males react to the ejection
of their sperm by their mates than the influence of
duration of the post-insemination mounting on the
probability of sperm ejection.

There was no relationship between sperm ejection and
two measures of male quality (see Introduction): (1)
arrival date (r,=-0.08, P=0.58, n=46 males) and (2)
courtship feeding rate (r,=0.05, P=0.70, n=76 males).
Arrival date and courtship feeding rate also did not
correlate with the duration of the post-insemination
mounting (r,=0.11, P=0.44, n=50 males and r=0.03,
P=0.82, n=80 males, respectively). There was also no
relationship between courtship feeding rate and the
frequency with which males departed from the nest after
a copulation (r,;=0.02, P=0.87, n=80 males). However,
males that arrived seasonally late to the colony were more
likely to leave the nest immediately after a copulation
(rs=0.35, P=0.012, n=50 males).

Sexual conflict over copulation duration

Copulations were either terminated by the males dis-
mounting from their mates’ backs or by the females
unbalancing their mates, forcing them to dismount. Males
remained on the female’s back for a shorter period of time
after the last insemination when the female ended the
copulation (mean+SD duration of the post-insemination
mounting: 22.33+20.26 s) than when the male ended the
copulation (31.43+20.74 s; Wilcoxon-paired signed-rank
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Fig. 3 Within-pair comparison of the mean duration of post-
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Fig. 4 Within-pair comparison of the mean proportion (+SE, n=35
females) of the copulations followed by sperm ejection depending
on the sex that terminated the copulation

test, z=2.86, P=0.004, n=34 females; Fig. 3). When
females stopped the copulation they were three times
more likely to eject sperm (mean+SD sperm ejection
frequency: 0.28+0.44) than when males ended the cop-
ulation (0.09+0.17; Wilcoxon-paired signed-rank test,
z=2.65, P=0.008, n=35 females; Fig. 4), suggesting that
females may have ended copulations in order to eject
sperm expeditiously.

Females ejected sperm more than twice as often when
their mates departed after the copulation (mean+SD
sperm ejection frequency: 0.35+0.41) than when they
remained on the nest (0.16+0.29; Wilcoxon-paired
signed-rank test, z=3.67, P<0.0003, n=55 females), sug-
gesting that females avoid ejecting sperm in their mates’
presence.

Sexual conflict and body mass

The proportion of copulations followed by sperm ejection
was not correlated with female body mass (r,=—0.16,
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Fig. 5 Proportion of the copulations stopped by the females in
relation to their mates’ body mass. The line is the regression line

P=0.19, n=70 females), male body mass (r,:=0.02, P=0.91,
n=43 males) or the difference in body mass between
mates (r,=0.18, P=0.38, n=26). The amount of time that
males remained on their females’ backs after the last
insemination was also not correlated with female body
mass (rs=—0.08, P=0.53, n=71 females), male body mass
(r=-0.21, P=0.16, n=45 males) or the difference in body
mass between mates (r,=—0.01, P=0.97, n=28). The
frequency with which females stopped the copulation
did not depend on their own body mass (r=—0.18,
P=0.14, n=71 females) but was significantly correlated
with their mates’ body mass (r,=—0.40, P=0.007, n=45
males) (Fig. 5) and with the difference in body mass
between mates (r,=—0.44, P=0.02, n=28), suggesting that
male control over copulation depended on their size.

Discussion

In kittiwakes there appears to be a conflict between mates
over the retention of the male’s sperm. Whereas females
often eject their mate’s sperm, the males, by remaining on
their mate’s back at the end of the copulation, appear to
try to prevent sperm ejection. Wagner et al. (unpublished
data) found that female kittiwakes generally eject sperm
that would have become old and possibly damaged by the
time of fertilization, and retain fresh sperm as laying
approaches. Frequent sperm ejection results in higher
hatching success and may be mainly, if not solely, driven
by natural selection in kittiwakes (Wagner et al., unpub-
lished data). However, because EPCs, though infrequent,
may be forced in kittiwakes, male kittiwakes may risk
losing paternity. Sperm ejection, because it reduces the
number of their sperm in their mates’ reproductive tract,
may lower males’ confidence of paternity. Hence, the
balance of the costs and benefits of sperm ejection may
differ between mates. Female birds, and presumably
female kittiwakes, invest a large amount of energy in their
eggs (Bolton et al. 1992; Nager et al. 1997; Ramsay and
Houston 1997; Neuman et al. 1998) and suffer a net cost
when an egg fails to hatch. In contrast, males may benefit
more from a reduced hatching rate if they sire all the

chicks than from a brood that entirely hatches but may
contain extra-pair offspring. Males may thus have devel-
oped behavioral strategies to prevent their mates from
ejecting their sperm in order to maximize their probability
of paternity.

We never observed sperm ejection while the males
stood on their mates’ backs following the last cloacal
contact, suggesting that males tried to prevent the females
from ejecting their sperm by remaining on their backs.
Females may have been unable to perform the conspic-
uous muscular contraction while bearing the male’s full
weight. It is also possible that females never ejected
sperm while mounted in order to avoid allowing their
mates to perceive the ejection of their sperm. Our results
also suggest that males adjust their copulation behavior to
their mates’ behavior, remaining on the females’ backs
longer when they have previously ejected their sperm
(Fig. 3). By compelling their mates to retain their sperm,
males may increase the probability that their sperm will
reach the females’ sperm storage tubules and eventually
achieve fertilization (Brillard and Bakst 1990; Bakst et al.
1994).

Females may be constrained by a time threshold
beyond which sperm ejection is no longer efficient and
sperm become stored in their reproductive tracts. Females
may reduce this constraint by adjusting the timing of
sperm ejection according to the amount of time their
mates had remained on their backs. Females ejected their
mates’ sperm rapidly when males remained a long time
on their backs, whereas they tended to delay sperm
ejection when their mates dismounted soon after the last
cloacal contact (Fig. 2). Females may delay sperm
ejection, waiting for their mate to depart from the nest,
in order to avoid them witnessing sperm ejection.
Notably, sperm ejection occurred three times more often
when females stopped the copulations than when males
did. By ejecting sperm more frequently when their mates
leave the nest just after the copulation, females may
prevent their mates from witnessing sperm ejection and
subsequently trying to prevent it. In addition, females
often shortened copulations by unbalancing their mates.

Because low-quality males may have low-quality
sperm that degrade faster (Blount et al. 2001), their
mates may be more likely to eject their sperm. In turn,
low-quality males, in which sperm may also be less
competitive, may try to prevent their mates from ejecting
their sperm to assure their paternity. However, there was
no correlation between our measures of male quality
(arrival date and courtship feeding rate) and sperm
ejection frequency or the duration of the post-insemina-
tion mounting. Thus, males seem to adjust their behavior
solely in response to their mates’ behavior, i.e. whether or
not they ejected their sperm, and not according to their
own quality.

Females terminated an average of 14.9% (+24.9) of the
copulations, ranging from 0 to 100%, suggesting that
some females were more likely than others to control the
duration of copulations. Simply because it may be more
difficult for females to stand up and make a heavy male



dismount, male body mass may determine how likely
females are to be able to stop the copulation. Indeed,
females paired with heavy males were less likely to stop
the copulations. However, the ability of males to remain
on their mates’ backs may either be due to their ability to
prevent their mates from standing up or to the females not
attempting to unbalance them. This may explain the lack
of direct relationships between male body mass, post-
insemination mounting duration and sperm ejection
frequency. Our results nevertheless suggest that male
kittiwakes are able to perceive the risk of losing paternity
through their mates’ behavior because they increased the
duration of the post-insemination mount after their mates
had ejected their sperm.

If males remain on their mates’ backs to prevent them
from ejecting their sperm, we might predict a negative
relationship between the duration of the post-insemination
mounting and sperm ejection frequency, yet we found a
positive relationship. This prediction however, does not
account for our finding that males remain on their mates’
backs longer after apparently witnessing sperm ejection
once (Fig. 2a, b). This male response is the likely
explanation of this positive relationship and suggests that,
combined with other paternity assurance tactics (Helfen-
stein et al., unpublished data), it may help explain the low
extra-pair paternity frequency in kittiwakes.

Further research on paternity assurance strategies may
fruitfully examine seemingly simple behaviors such as
males remaining on their mates’ backs after copulation
because it may be a strategy to prevent the females from
ejecting their sperm. Males pressuring their mates to
retain their sperm appears to be a previously unrecognized
paternity assurance strategy. Kittiwake behavior adds a
new dimension to the study of sexual conflict in
monogamous species by illustrating that conflicts may
arise over the disposition of sperm.
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