ANIMAL BEHAVIOUR, 2008, 76, 993e1000
doi:10.1016/j.anbehav.2008.05.017

Available online at www.sciencedirect.com

Ingested spermatophores accelerate reproduction and increase
mating resistance but are not a source of sexual conﬂict
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Seminal products transferred during copulation can have substantial effects on females, including accelerated oviposition, decreased mating receptivity and shorter life span. This study addresses two sets of hypotheses about ingested seminal products: (1) whether they act as nutrition or have effects like those of
seminal proteins and (2) whether they harm females (implying sexual conﬂict). We studied the ladybird
beetle Adalia bipunctata, the females of which consume a spermatophore after mating. To examine the
effect of spermatophore feeding on short-term reproduction, we combined a spermatophore treatment
(allowing or preventing ingestion) with a diet manipulation. If spermatophores serve only as food, then
low-food females are expected to show the strongest response; if spermatophores contain signalling proteins, the effect should be of similar magnitude across food treatments. Feeding on a single spermatophore
affected females in two ways. The ‘allow’ group oviposited signiﬁcantly faster than the ‘prevent’ group, but
this response was independent of female diet, suggesting that spermatophores act as signals rather than as
nutrition. In a second experiment, spermatophore consumption increased female remating resistance. In
a long-term experiment, the continued ingestion of multiple spermatophores had no detectable effect on
female life span, lifetime reproductive success or lifetime remating behaviour. The absence of such costs
does not support the hypothesis of sexual conﬂict over spermatophore ingestion. Overall, the results imply
that spermatophores have a signalling function but provide little, if any, nutritional value or long-term
effect on ﬁtness. Direct evidence that spermatophore function is shaped by sexually antagonistic coevolution is still lacking.
Ó 2008 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
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Male seminal proteins, transferred to females during
copulation, can have nontrivial effects on female life
history, behaviour and physiology (Wolfner 1997; Chapman 2001; Chapman & Davies 2004; Gillott 2003). At
least 80 known proteins and peptides originating in
male accessory glands are passed in the seminal ﬂuids
and inﬂuence egg production, oviposition, receptivity to
mating and sperm storage. There is also increasing evidence that some accessory gland proteins (ACPs) have
negative effects on female ﬁtness (e.g. by decreasing life
span; Chapman et al. 1995; Wigby & Chapman 2005).
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Hence, the evolution of seminal ﬂuids may be inﬂuenced
by sexual conﬂict (a conﬂict in the evolutionary interests
of the sexes; Parker 1979, 2006) and some accessory gland
products may be sexually antagonistic traits, that is, traits
that further the evolutionary interests of one sex at the expense of the other (Arnqvist & Rowe 2005; Rowe & Day
2006). The sex peptide in Drosophila (Acp70A), for instance, is a well-studied case of an accessory gland product
that seems to be sexually antagonistic: it elevates egg production and decreases females’ remating receptivity (Wolfner 1997; Liu & Kubli 2003) and, overall, reduces their
lifetime reproductive success (Wigby & Chapman 2005).
The potential role of sexual conﬂict in the evolution of
seminal products has motivated an increasing number of
studies that re-examine behavioural traits in a framework
of sexual conﬂict (Holland & Rice 1998; Chapman et al.
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2003; Arnqvist & Rowe 2005). As an example, it is perhaps
surprisingly common for female arthropods to ingest male
seminal products, typically following copulation
(Eberhard 1994; Vahed 1998, 2007). The seminal products
may be seemingly unspecialized for consumption (as in
piophilid ﬂies; Bonduriansky 2003) or specialized nuptial
gifts derived from male accessory glands (e.g., the katydid
spermatophylax; Gwynne 1997). Given that male accessory glands are the source of powerful stimulants for females, it is possible that ingested ejaculates, including
seminal-derived nuptial gifts, produce effects in females
similar to those caused by ACPs in the female reproductive
tract (Simmons & Parker 1989; Arnqvist & Nilsson 2000;
Sakaluk 2000; Sakaluk et al. 2006; Bonduriansky et al.
2005; Engqvist 2007b; Vahed 2007). We refer to such effects as signals, implying neither positive nor negative effects on female ﬁtness. We imagine several possible
mechanisms of signal transfer: ingested ejaculates may
contain seminal proteins that pass through the gut wall
(passage of ACP-sized proteins is physiologically possible,
e.g. Jeffers et al. 2005), or they might mimic other foods
and thereby induce the regular female responses to food
ingestion. Alternatively, the ingested ejaculate may simply
transfer calories or nutrients to females. These two nonexclusive hypothesesda signalling versus a nutritive functiondhave differing implications for the coevolution of
ejaculate feeding in females and ejaculate traits in males.
Sexual conﬂict, and the possibility of sexually antagonistic
coevolution, is more likely if the signalling function
exists.
To determine whether sexual conﬂict plays a role in
ejaculate ingestion, it is necessary to test for positive or
negative effects of ejaculate ingestion on ﬁtness components such as life span and offspring production (Rowe &
Day 2006). The related hypothesis, whether ingested ejaculates tend to act as a signal or as nutrition, requires experiments that manipulate ejaculate ingestion independent
of mating itself, while measuring female traits commonly
affected by ACPs or by nutrition. In many insects, ACPs
typically induce more rapid oviposition, increased egg
production, resistance to remating and shorter life span
(e.g., Wolfner 1997; Chapman 2001; Chapman & Davies
2004; Gillott 2003). Food consumption is generally expected to increase oviposition, may increase or decrease
resistance to remating (e.g. Gwynne 1990; J. Perry, D.
Sharpe & L. Rowe, unpublished data) and may increase
or decrease longevity (if longevity declines with increased
reproduction; e.g. Stearns 1992). To distinguish an increase in oviposition caused by signals versus nutrition,
several authors have manipulated ejaculate ingestion in
conjunction with a diet manipulation (Will & Sakaluk
1994; Vahed & Gilbert 1997; Bonduriansky et al. 2005;
but see Eberhard 1997), predicting that low-food females
will derive greater marginal beneﬁt from any nutrition
in ingested ejaculates, compared to high-food females,
which will be near satiated. This is in fact the response
to extra food in some insects (Moehrlin & Juliano 1998).
In contrast, if ingested ejaculates function as signals,
then the effect of ejaculate ingestion on female reproduction should be of similar magnitude across food levels, or
there should be a greater response in high-food females

because these females may have more eggs available to
oviposit in response to a stimulus. A second way to distinguish the signalling and nutrition hypotheses is to assess
how ejaculate feeding affects lifetime reproductive success. If seminal products represent extra food, reproduction is expected to increase, whereas if they function
mostly as signals, no increase is expected.
Few experiments have manipulated the ingestion of
seminal products (Vahed 2007; Gwynne 2008). These
studies typically measure the response in oviposition or
remating behaviour and rarely evaluate measures of
lifetime ﬁtness. The most common effect of ingesting
seminal products in these studies has been a decreased
willingness to remate (Simmons & Gwynne 1991; Sakaluk
et al. 2006; Engqvist 2007b; but see Gwynne 1986; Wedell
& Arak 1989). Several studies also detected an increase in
female reproductive parameters such as fecundity and egg
mass following ejaculate ingestion (Gwynne 1984, 1988;
Simmons 1988, 1990; Reinhold 1999; Ono et al. 2004;
Engqvist 2007a), whereas other studies detected no effect
(Gwynne et al. 1984; Wedell & Arak 1989; Will & Sakaluk
1994; Vahed & Gilbert 1997; Vahed 2003; Bonduriansky
et al. 2005; Mondet et al. 2008). There is one report of
a positive effect on female longevity (Brown 1997)
and other reports of no effect (Wedell & Arak 1989;
Bonduriansky et al. 2005). Only a few studies have combined the manipulation of seminal product ingestion
with a diet treatment as discussed above. None detected
an interaction between the treatments for female reproductive responses (Gwynne 1988; Will & Sakaluk 1994;
Vahed & Gilbert 1997; Bonduriansky et al. 2005),
although in a katydid, spermatophylax ingestion increased the refractory period in low-food females but
not in high-food females (Simmons & Gwynne 1991).
Thus, in general, the effects on females seem to be mixed,
and no study has combined an assessment of all the responses of interest with measures of lifetime ﬁtness
(Vahed 2007).
Here, we report a series of experiments aimed at determining whether ejaculates fed upon by female two-spot
ladybird beetles, Adalia bipunctata (Coleoptera: Coccinellidae), act mainly as signals or as nutrition and whether
consumption of ejaculates tends to increase or decrease female ﬁtness. Female beetles eject a spermatophore shortly
after copulation and consume it (Obata & Johki 1991), but
the spermatophore has no obvious specialization for consumption. We ﬁrst manipulated spermatophore feeding
(permitting or preventing it) following a single mating
and measured the short-term effects on fecundity, egg
fertility, the delay until oviposition and egg mass. In this
experiment, we also manipulated the recent feeding
history of females to test the nutritional value of spermatophores. In a second experiment, we tested for an
effect of spermatophore feeding on female resistance to remating. Finally, we examined the effect of multiple spermatophore ingestion on resistance behaviour and two
proxies for female ﬁtness: life span and lifetime fecundity.
Results from this experiment provide a second test of the
nutrition and signalling hypotheses and allow an assessment of extant sexual conﬂict over spermatophore
ingestion.
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METHODS

Experimental Animals
Adalia bipunctata is an aphid predator broadly distributed in North America and Europe. Both males and females mate multiply (de Jong et al. 1998). Copulation
lasts 140  65 min (SD; J. Perry, unpublished data). During
copulation, males transfer sperm as well as seminal ﬂuids
that solidify into a spermatophore. Following copulation,
most females (w90%) eject this spermatophore (median
ejection time: 4 min, range 0e68 min), and nearly all females (94%) immediately begin to eat the ejected spermatophore; 81% consume at least half and 67% eat the
entire spermatophore (J. Perry, unpublished data). Our initial studies indicate that the spermatophore contains
protein and some sperm when ejected.
We obtained A. bipunctata larvae from Natural Insect
Control (Stevensville, ON, Canada) and reared them on
a diet of pea aphids (Acyrthosiphon pisum reared on broad
bean, Vicia faba) and UV-sterilized ﬂour moth eggs (Ephestia kuehniella). We reared the larvae and conducted experiments in an environmental chamber on a 16:8 h
light:dark cycle at 23  1  C. During maintenance and experiments, we provided the females daily with moistened
cotton as a water source.

Experiment 1: Short-term Reproductive
Responses
This experiment tested the signalling versus nutrition
hypotheses for ingested spermatophores with regard to
several reproductive responses: the time until ﬁrst oviposition after mating, egg fertility (% hatch), egg mass and
fecundity. We manipulated two factors: food level and
spermatophore consumption, in a 2  2 design.
We replicated the experiment three times. Each replicate consisted of a 4-day feeding phase, a mating trial,
and 3 days of monitoring egg production. During the
feeding phase, we fed virgin female A. bipunctata a low
(one adult pea aphid) or high (excess pea aphids) food
treatment daily for the ﬁrst replicate; in the second and
third replicates, we also included a medium treatment
of four adult pea aphids. We established that the feeding
treatment affected females by weighing a subset of females in the ﬁrst replicate over the 4-day feeding period:
low-food females lost mass (mean  SE ¼ 14  2.1%),
whereas high-food females maintained their weight (0.5 
2.0%; F1,27 ¼ 25.9, P < 0.0001). In addition, more highfood than low-food females oviposited unfertilized eggs
before the mating trial (34/38 versus 2/39; c21 ¼ 55.0,
P < 0.0001).
For the mating trial, we mated females to a virgin male
randomly chosen from the laboratory stock. Following
copulation, we monitored the females for spermatophore
ejection for 1 h. Upon ejection, we allowed the females to
eat the spermatophore or immediately removed the spermatophore, according to the assigned treatment. For females in the former treatment, we simulated removing
a spermatophore shortly after the females ﬁnished eating
the spermatophore to control for any slight disturbance

caused by the removal. We assigned more females to the
‘allow’ treatment because some females do not attempt
to eat the spermatophore, though the likelihood of spermatophore feeding did not depend on the food treatment
(c21 ¼ 0.29). When this occurred, we assigned that female
to the ‘prevent’ treatment; six females fell into this category, and excluding these females did not affect the results. We discarded females that did not eject
a spermatophore within an hour and females assigned to
the ‘allow’ treatment that did not eat the entire spermatophore. The total sample size was 137 females.
After the mating trial, we fed medium- and high-food
females the same respective diets and low-food females two
aphids daily to promote oviposition. We transferred the
females to new petri dishes daily to stimulate oviposition.
We monitored egg production regularly for the 3 days
following mating and removed any eggs. In the ﬁrst
replicate, we permitted the larvae to hatch to test for
a treatment effect on egg fertility. In the second and third
replicates, we froze the collected egg batches (20  C) and
later weighed them to test for a treatment effect on egg mass.

Experiment 2: Remating Response
In this pair of experiments, we tested for an effect of
spermatophore feeding on female remating behaviour,
speciﬁcally, whether females resisted males and the extent
of that resistance. Resisting females kick at and move
quickly away from males; if a male successfully mounts,
the female tucks its posterior abdomen into the elytra,
preventing genital contact. Females may resist in this
manner for up to several hours until mating commences
or the male dismounts. We did not manipulate diet in this
experiment because the signalling and food hypotheses
make opposite predictions about the effect of spermatophore ingestion on female resistance. The signalling
hypothesis predicts increased resistance following spermatophore feeding, whereas our previous studies indicate
that females that have been recently fed or maintained on
a high-food diet display decreased resistance (J. Perry, D.
Sharpe & L. Rowe, in preparation).
We fed females excess Ephestia eggs for several days prior
to the experiment. To conduct the experiment, we initially mated females with males from the stock population. After copulation, we removed the male from the
petri dish and allowed the female to eat or prevented it
from eating the spermatophore. We then exposed the female to a second nonvirgin ‘test’ male 1 h later and recorded the amount of time the female spent resisting
the male.
The two experiments differed in how long we monitored female resistance. In the ﬁrst experiment, we paired
the test male and the female for 1 h and recorded resistance behaviour. Twenty-ﬁve of 29 females mated within
an hour; we excluded the four that did not mate. For
the second version of the experiment, we altered the experimental design for two reasons: (1) we attempted to
standardize the duration of male mating effort the females
were exposed to and (2) we were concerned that females
could not evade males within the conﬁnes of a petri
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Experiment 3: Lifetime Effects
We tested for an effect of repeated spermatophore
ingestion on two proxies for female ﬁtness, lifetime egg
production and longevity. We maintained females subjected to the medium food treatment in experiment 1
(replicates 2 and 3) on the medium diet and mated them
every 3 or 4 days for their life span. We chose the medium
food level so that females had sufﬁcient food for continued oviposition but were not satiated. At each mating, we
manipulated spermatophore feeding according to the
original assigned treatment. We counted and collected
eggs daily. The total sample size was 44.
Conducting this experiment allowed us to assess remating resistance following spermatophore feeding on a longer time scale than was tested in experiment 2, i.e. several
days after spermatophore ingestion rather than 1 h. We
recorded resistance behaviour for 27 mating sessions.

RESULTS

Reproductive Responses in the Short Term
Because there were differences in the three replicates of
experiment 1dmedium food was not included in the ﬁrst
replicatedwe had two options for analysis of the two
responses measured in all replicates, the time until ﬁrst
oviposition and fecundity. We could include the low- and
high-food treatments of all three replicates or include all
food levels but restrict our analysis to replicates 2 and 3.
We chose the latter approach as it included more information. None the less, the pattern of results was the
same with the former approach (see the online appendix,
S1). We included ‘replicate’ as a random blocking variable
with the two treatments (food level and spermatophore
feeding) in our analyses. Replicate and its interactions
were not signiﬁcant terms in any analysis.
Both elevated food and spermatophore ingestion advanced the time of ﬁrst oviposition following copulation
(square-root-transformed
data:
food:
F2,94 ¼ 19.2,
P < 0.001; spermatophore: F1,94 ¼ 4.1, P ¼ 0.045; Fig. 1).

7.5
Hours until oviposition
(square–root transformed)

dish and would eventually acquiesce to mating. In this
second version, we monitored the mating effort shown
by the test male. If the male did not attempt to mount
the female within 6 min, or if more than 6 min elapsed
between mounting attempts, the test male was replaced.
We continued replacing males until mating occurred or
until the females experienced a cumulative total of
15 min of mounting attempts from males. At this point,
we reasoned that in a natural setting, females might
have successfully rejected a male. This difference between
the experiments means that resistance times could range
from 0 to 60 min in experiment 1 and from 0 to 15 min
in experiment 2.
We excluded females from analysis based on several
criteria: failure to eject a spermatophore, failure to consume the entire spermatophore in the spermatophore
feeding treatment, and oviposition during the period of
exposure to the second male. The ﬁnal sample size was 58.

Low food
Medium food
High food

5

2.5

0

Allow
Prevent
Spermatophore feeding

Figure 1. The effect of spermatophore ingestion (allowed or
prevented) and food level (low, medium or high) on the interval
between mating and first oviposition. Bars represent standard errors.

High-food females tended to oviposit within hours of mating (mean of 1.9 h, back-transformed), whereas low-food
females took longer than a day (27.4 h), on average. Averaged across food levels, oviposition was advanced several
hours in those females that ate a spermatophore compared to females that did not (7.6 h compared to 14.2 h,
back-transformed). In contrast to the prediction of the nutrition hypothesis, there was no signiﬁcant interaction between food level and spermatophore consumption
(F2,94 ¼ 0.8, P ¼ 0.48; Fig. 1). To evaluate our ability to detect an interaction, we compared the effect size of the
spermatophore ingestion treatment at each food level.
Low-food females had the largest absolute response to
spermatophores (a decrease of 3.2 h, 95% CI 0.3 to
16.8), compared to 0.2 h (4.0 to 7.8) for medium food
and 0.7 h (2 to 3.7) for high food. It may, however, be
more appropriate to consider the relative effect size.
High-food females had the largest relative response, ovipositing 46% faster after eating a spermatophore, compared
to medium-food (12%) or low-food females (30%).
Fecundity, measured in the 3 days following copulation,
was strongly inﬂuenced by food level, but not by spermatophore feeding (food: F2,96 ¼ 73.2, P < 0.001; spermatophore: F1,96 ¼ 0.3, P ¼ 0.59; interaction: F2,96 ¼ 0.3,
P ¼ 0.73; Fig. 2). Females produced 79  15 eggs in the
110
100

Fecundity
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Figure 2. Effects of food level and spermatophore ingestion on oviposition in the 72 h following copulation. Bars represent standard error.

PERRY & ROWE: EJACULATE FEEDING AND FEMALE FITNESS

Remating Behaviour
Spermatophore feeding increased the likelihood that
a female resisted remating. Fifteen of 19 spermatophorefeeding females resisted remating, compared to 20 of 39
females prevented from spermatophore feeding (c21 ¼ 4.1,
P ¼ 0.043).
To test the effect of spermatophore feeding on the
duration of resistance, we ﬁrst set those resistance times
from the ﬁrst replicate that exceeded 15 min to exactly
15 min, to make the results from the two versions of the
experiment comparable. This procedure makes the test
more conservative. We used the nonparametric Wilcoxon
test because the residuals from an ANOVA were not normally distributed and could not be corrected by transforming the data. Spermatophore ingestion increased the

8

Resistance time (min)

high-food treatment and only 15  15 eggs in the lowfood treatment. The absence of any effect of spermatophore feeding on fecundity over this 3-day period suggests
that its effect was only on the timing of oviposition (see
above), not on the quantity oviposited, and that the effect
was short-lived.
We did not detect a difference in hatching success
caused by either food level or spermatophore ingestion
(food: F1,31 ¼ 1.8, P ¼ 0.19; spermatophore: F1,31 ¼ 0.6,
P ¼ 0.44; interaction: F1,31 ¼ 0.5, P ¼ 0.47; hatching success was arcsine-transformed and weighted by the number
of eggs). In females allowed to eat versus those prevented
from eating the spermatophore, the proportion of hatching larvae was 0.73  0.15 versus 0.54  0.20 for lowfood females and 0.80  0.14 versus 0.80  0.14 for
high-food females. Female A. bipunctata can harbour
male-killing bacteria (Hurst et al. 1992) and a phenotypic
indicator of infection is a low hatching rate. With this in
mind, we performed a second analysis excluding females
with a hatch rate of 60%. The pattern of results did
not change (see the online appendix, S2).
Similarly, we did not detect a difference in egg mass
from either treatment (square-root transformed: food:
F2,75 ¼ 2.9,
P ¼ 0.06;
spermatophore:
F1,75 ¼ 0.6,
P ¼ 0.43; interaction: F2,75 ¼ 0.1, P ¼ 0.91). In females allowed to eat versus prevented from eating the spermatophore, the mass per egg was 112  0.03 mg versus
108  0.05 mg for low-food females and 114  0.06 mg
versus 112  0.03 mg for high-food females.

6

4

2

0

Allow
Prevent
Spermatophore feeding

Figure 3. Effect of spermatophore ingestion on the extent of female
resistance to a second mating. Least-squares means are presented,
with bars indicating standard error.

duration of female remating resistance by more than twofold (T ¼ 2.3, N ¼ 58, P ¼ 0.0248; Fig. 3). This pattern
remained when we analysed resistance time using parametric statistics (F1,56 ¼ 4.0, P ¼ 0.0495).

Lifetime Effects
We did not detect any effects of multiple spermatophore
ingestion on life span (using a proportional hazards
model; Table 1). We lost two females partway through
the experiment and included them as censored data. To
address the possibility that a spermatophore effect might
accumulate over a female’s lifetime, we conducted a second analysis that excluded females that died relatively
early (before the ﬁrst quartile of life span, 38 days); however, the results did not change (c21 ¼ 0.55; P ¼ 0.55). Including the number of eggs as a covariate did not affect
the pattern of results in either analysis.
After controlling for life span, we found no effect of the
ingestion of multiple spermatophores on lifetime fecundity, whether females that died before the ﬁrst quartile of
life span were included (Table 1) or excluded.
Females allowed to eat spermatophores were just as likely
to resist matings as females prevented from eating any
spermatophores (F1,42 ¼ 0.8; P ¼ 0.37), after controlling for
the number of mating sessions. Females that ate spermatophores showed mating resistance during 9.8  0.4 mating

Table 1. A lifetime of spermatophore ingestion (or prevention from spermatophore ingestion) had little effect on life span, lifetime fecundity or
remating behaviour
Spermatophore feeding
Response

Allowed

Prevented

Effect size
and CI

Statistic

P

Life span
Lifetime fecundity
Average duration
of remating resistance*

69 days
460 eggs
17 min

59 days
454 eggs
21 min

9.1 (9.8 to 28.1)
5.8 (138 to 149)
4.1 (2.7 to 0.4)

c21¼0.75
F1,41¼0.0
F1,41¼0.4

0.39
0.89
0.54

CI: confidence interval.
*Analysis performed on square-root-transformed data; back-transformed least-squares means presented.
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sessions, compared to 9.3  0.4 sessions for females prevented from spermatophore feeding. Females also spent
similar amounts of time resisting males, regardless of their
treatment group (Table 1). We reanalysed these data excluding females that died before the ﬁrst quartile of life span;
again, the pattern of results did not change.
DISCUSSION
With increasing understanding of the effects of ACPs on
females, there is a growing interest in the hypothesis that
seminal products ingested by females transfer signals (in
addition to or in place of nutrition), raising the possibility
that sexual conﬂict plays a role in their evolution
(Simmons & Parker 1989; Arnqvist & Nilsson 2000;
Arnqvist & Rowe 2005; Sakaluk 2000; Sakaluk et al.
2006; Bonduriansky et al. 2005; Engqvist 2007b; Vahed
2007). In this study we found that ingesting spermatophores affects female ladybird beetles in two ways: by advancing females’ oviposition schedule (without affecting
fecundity) and by increasing remating resistance. Both effects are more consistent with a signalling than with
a food function, and the absence of any effects on fecundity in the short or long term likewise challenges the food
hypothesis. Although there seems to be a signalling function, we found no evidence supporting the hypothesis
that sexual conﬂict is currently involved in spermatophore ingestion. Below, we evaluate the support that our
data provide for these conclusions.

Spermatophores as Nutrition versus Signals
The ingestion of a spermatophore caused accelerated
oviposition, and, importantly, this effect seems independent of female nutritional condition. If there were signiﬁcant nutritional value to the spermatophore, then the effect
of spermatophore feeding should be greatest in low-food
females (Bonduriansky et al. 2005); on the other hand, if
spermatophores contain signals that inﬂuence females in
a way distinct from food, then a spermatophore effect
should be of similar magnitude across food levels. The
strong effect of food treatment on oviposition delay (see
Fig. 1) does indicate that nutrition limits the oviposition
schedule under our experimental conditions. Yet the result
that the spermatophore effect was statistically independent
of food level is consistent with a signalling function.
Clearly, it is important to question our ability to detect an
interaction between food level and spermatophore consumption. Although the conﬁdence intervals of the effect
size at each food level (that is, the average difference in oviposition delay between the ‘allow’ and the ‘prevent’ groups)
overlap, the largest absolute decrease in oviposition time occurred at low food. The largest relative effect size, however,
was measured at the high-food level. We acknowledge that
it is relatively easy (in a statistical sense) to accept the null
hypothesis of no interaction; accordingly, we refrain from
basing a conclusion on this result alone. Another important
outcome that supports the signalling hypothesis is the immediacy of the spermatophore effect: high-food females
oviposited sooner, even within hours of copulation, much
sooner than they could have generated eggs from additional

food. It is also noteworthy that ACPs are well known to
accelerate oviposition in insects (Eberhard 1996; Vahed
1998; Gillott 2003; Chapman & Davies 2004). A similar
advance in oviposition schedule has emerged from an ejaculate feeding study of piophilid ﬂies maintained at two food
levels (Bonduriansky et al. 2005).
The absence of a spermatophore effect on fecundity,
measured in the short term or over a female’s lifetime,
provides further evidence that spermatophores do not
contribute signiﬁcant nutritional value. The results of our
short-term experiment clearly imply that fecundity is
limited by food (see Fig. 2); however, ingesting a spermatophore did not permit females to produce more eggs. A potential concern is whether the short-term experiment was
sensitive enough to detect an effect, given that females
were allowed to eat only one spermatophore. However,
in the long-term experiment females ate on average eight
spermatophores in the spermatophore feeding treatment
versus zero in the prevented treatment. In other systems,
increased ejaculate ingestion or nuptial feeding has indeed
resulted in increased fecundity when isolated from the effect of mating on fecundity (Gwynne 1984, 1988; Simmons 1990), although this effect is not universal
(Gwynne et al. 1984; Wedell & Arak 1989; Will & Sakaluk
1994; Vahed & Gilbert 1997; Vahed 2003; Ono et al. 2004;
Bonduriansky et al. 2005; Mondet et al. 2008).
Females that consumed a spermatophore also showed
an immediate decline in receptivity to mating, which is
not expected under the food hypothesis. This response is
not expected because our preliminary studies suggest that
food makes female A. bipunctata more willing to mate in
both the short and the long term (J. Perry, D. Sharpe &
L. Rowe, unpublished data). The increase in remating resistance is consistent with a variety of other species by
which ejaculate-derived material is ingested (Vahed
1998, 2007; Gwynne 2008). It is also consistent with the
effects of ACPs transferred during copulation in Drosophila
(Wolfner 1997; Chapman & Davies 2004). The decrease in
receptivity in the short term was associated with increased
female resistance to male mating attempts, rather than
a decrease in male attempts to mate, suggesting that males
were not reacting to some scent or other signal of female
mating status (reviewed by Simmons 2001).
In contrast to the result from the short-term experiment,
females that fed on multiple spermatophores throughout
their lives were no more or less resistant to remating than
females prevented from spermatophore feeding. In this
long-term experiment, females were offered another mating opportunity 3 to 4 days after each previous mating;
thus, it seems that the inﬂuence of spermatophores on
remating behaviour diminishes with time. This pattern is
consistent with the action of ACPs on Drosophila remating
behaviour: ACPs induce refraction in the day following
mating, but the effect disappears by the second day
(reviewed by Wolfner 1997; Chapman & Davies 2004).
Last, we note that no effect of spermatophore feeding
on egg mass or hatch rate was detected, a result that is in
accord with prior studies that manipulated ingestion of
seminal products (e.g. Wedell & Arak 1989; Mondet et al.
2008). The absence of a response in these traits does not
argue as strongly against spermatophores as nutrition as
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do our fecundity data, because we also observed no effect
of the feeding treatment on these variables.

Spermatophore Ingestion and Sexual Conflict
The effects of spermatophore ingestion in the short
termdadvancement of the oviposition schedule and decreased remating receptivitydare certainly likely to beneﬁt a male that transfers a spermatophore. Faster
oviposition will beneﬁt males if females deposit eggs
before remating, and this is a genuine risk because female
A. bipunctata do mate multiply (Brakeﬁeld 1984; de Jong
et al. 1998; Webberley et al. 2006) and because stored
sperm is mixed in the spermatheca (de Jong et al. 1998).
If we assume a male beneﬁt from spermatophore feeding
by their mates, the occurrence of sexual conﬂict depends
on the costs of spermatophore ingestion for females.
Such costs are plausible, for example, through an energetic
cost to faster oviposition (Simmons & Parker 1989) or a decrease in a female’s optimal mating rate (Arnqvist & Nilsson 2000). Ultimately, though, direct evidence for the role
of conﬂict in the maintenance of spermatophore production and feeding should include evidence that spermatophores are antagonistic to female ﬁtness. This is the
approach we have taken, and our data do not support
the existence of such costs: both female life span and lifetime fecundity were unaffected by multiple spermatophore feeding events. In a separate study, we tested for
a spermatophore effect on longevity independent of any
effect on reproduction by using nutrient-stressed females
(which do not oviposit); again, ingesting spermatophores
had no effect on longevity (Perry & Rowe 2008). Our
ﬁnding that spermatophore ingestion does not lead to increased longevity is consistent with studies of other insects in which consumption of ejaculate material was
manipulated directly (Wedell & Arak 1989; Bonduriansky
et al. 2005; see also Omkar & Mishra 2005).
Our data do not provide evidence that sexual conﬂict
has been involved in the coevolution of the spermatophore and its consumption. But theory and data suggest
that sexual conﬂict may be hidden by cycles of adaptation
and counteradaptation between the sexes (Chapman &
Partridge 1996; Rice 1998; Arnqvist & Rowe 2005) and
so this issue requires further study. Indeed, there is evidence of cryptic sexual conﬂict in a nuptial-feeding system: the spermatophylax of the house cricket, Gryllodes
sigillatus, has no effect on G. sigillatus females but induces
decreased mating receptivity when offered to females of
related species that do not normally have nuptial feeding
(Sakaluk et al. 2006). A similar comparative experimental
approach in these ladybirds could prove informative.

Conclusion
There are many species in which females eject and
consume seemingly unspecialized ejaculate material. It is
noteworthy that in two such species, the piophilid ﬂies
(Bonduriansky et al. 2005) and the ladybird beetles studied here, there is now evidence that ingested ejaculates affect females in a manner distinct from nutrition, implying
a form of signalling. These systems with ejaculate

ingestion, and potentially systems with nuptial gifts, represent previously unknown pathways by which males can
access female regulatory systems and inﬂuence female behaviour; the extent to which these effects are detrimental
to females is still unknown.
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