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The occurrence of prolonged courtship behaviour in many animal species is a well-known phenomenon.
The duration of courtship may be inﬂuenced by both females and males, often with different interests.
In the scorpionﬂy Panorpa cognata, males offer a salivary secretion as a nuptial gift before copulation.
However, males do not immediately initiate copulation by the production of the salivary mass. Instead
pairs usually engage in prolonged courtship interactions. Yet the duration of courtship is highly variable,
ranging between a few minutes and several hours. Furthermore, courtship does not always result in
copulation; instead females often terminate courtship and abandon the male. The duration and outcome
of courtship are likely to be inﬂuenced by factors such as body condition and female mating history,
because they might inﬂuence individual attractiveness and motivation to mate. I examined to what
extent these factors inﬂuence both male and female courtship decisions. Mated females were less keen to
remain in courtship for long and abandoned males sooner than virgin females. Yet, male mating
behaviour was unaffected by female mating status. Counterintuitively, females in poor condition interrupted courtship sooner with increasing body weight of their male partner. In addition, heavier males
initiated copulations sooner than males in poorer condition. However, this effect was evident only in
interactions with females in poor condition. A possible interpretation of these results is that males
attempt to prevent females in poor condition from leaving prior to copulation by initiating copulation
faster.
Ó 2009 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

In many animal mating systems, mating is preceded by courtship. Traditionally, the function of courtship was regarded mainly
as a means for individuals to recognize species-speciﬁc traits to
avoid erroneous sterile matings with individuals of other similar
species (see Andersson 1994). However, there is now convincing
evidence that male ornaments or traits displayed during courtship
principally either serve as quality indicators to females and inﬂuence the choice of mates within a species (Johnstone 1995; Jennions & Petrie 1997) or reﬂect male attempts to coerce females into
mating, even if mating is not in the female’s interests (Arnqvist &
Rowe 2005). Yet sometimes females are the courting sex; in many
species with high paternal investment, ornamented females may
court choosy males (Amundsen et al. 1997; Bonduriansky & Brooks
1998; Bonduriansky 2001; Berglund & Rosenqvist 2003) or both
sexes may exercise mutual mate choice (e.g. Jones & Hunter 1993;
Kraak & Bakker 1998). Similarly, in species with high male mating
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effort, for instance where males transfer a large sperm amount or
produce costly nuptial gifts, time spent in courtship may potentially
be used by males to assess female quality and determine how much
to invest in this particular mating (Wedell et al. 2002).
In many species, courtship is brief and individuals make their
choices relatively fast. However, in other species, pairs may engage
in courtship or precopula for several hours or even days (Schaller
1971; Svärd & Wiklund 1988; Jormalainen 1998; Proctor 1998;
Engqvist & Sauer 2002a), which prompts the question of what the
adaptive signiﬁcance of such behaviour is. In most reported
examples of species with long-lasting precopula, males usually
have almost exclusive control of the events (reviewed in Arnqvist &
Rowe 2005). In these cases, males are able to grasp females and
guard them attentively until copulation, as has been reported for
many crustaceans, spiders and insects (Svärd & Wiklund 1988;
Elwood & Dick 1990; Watson 1991; Jormalainen 1998). The beneﬁt
for males is to delay mating until a more favourable time point.
Females might, for instance, only be receptive for a short time
(Elwood & Dick 1990; Jormalainen 1998) or mating delay might
reduce the risk of female remating and future sperm competition
(Svärd & Wiklund 1988). A male’s decision to remain in copula will
thus be affected by the time remaining to the most favourable time
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point for mating and the likelihood of ﬁnding a different female
(Parker 1974; Grafen & Ridley 1983). However, in species where
female behaviour is not entirely under male control, females might
directly inﬂuence the outcome by leaving (Schaller 1971; Proctor
1998; Engqvist & Sauer 2002a), and in these cases males must also
take female resistance and the likelihood of female departure into
account (see for instance Jormalainen 1998).
An example of a long prelude to male pairing where female
behavioural control is still maintained has been described for the
scorpionﬂy Panorpa cognata (Insecta, Mecoptera; Engqvist & Sauer
2002a). In this species, males attract females by emitting longrange pheromones as described for other scorpionﬂies (Thornhill
1979; Byers & Thornhill 1983; Kock et al. 2007). Following the
attraction of a female, copulation is not initiated immediately.
Instead pairs engage in long courtship interactions. These are
characterized by continuous male wing and abdominal movements
and can last for several hours (Engqvist & Sauer 2002a, 2003b). Yet
females may leave at any point during this time. Eventually, the
males initiate copulation by producing a salivary mass. Females
feed on the salivary mass during copulation, and terminate copulation when they have consumed it. By producing a larger salivary
mass before copulation, males increase copulation duration
(Engqvist & Sauer 2001), sperm transfer (Engqvist & Sauer 2003a)
and, thus, fertilization success (Engqvist et al. 2007), and also
reduce the likelihood of female remating (Engqvist 2007c). Males
produce and store saliva in their salivary gland. Saliva production is
strongly dependent on male food intake and, correspondingly, is
highly inﬂuenced by nutritional condition. In particular, foodlimited males have a very restricted amount of saliva in their glands
(Engqvist & Sauer 2001; Engels & Sauer 2006) and may therefore be
expected to invest these limited food resources cautiously (see
Engqvist & Sauer 2001, 2002b; Engqvist 2007a), similar to the
expectation for prudent allocation of ejaculates (Dewsbury 1982;
Wedell et al. 2002). Thus, the need for prudent male behaviour in
terms of optimal mating investment may select for prolonged
courtship, enabling males to evaluate female quality and willingness to mate.
Previous studies of P. cognata have shown that the variance in
the duration of the premating associations is immense, ranging
from a few minutes to almost 7 h (Engqvist & Sauer 2002a, 2003a;
Engqvist 2007a). It has been repeatedly found that premating
duration to a large extent is explained by male body condition:
males in good condition initiate copulations faster (Engqvist &
Sauer 2002a, 2003a). Yet, the initiation of copulations seems to be
a hazardous event as the costly nuptial gift is sometimes rejected.
The nuptial gift is more likely to be accepted by the female if premating duration is long (Engqvist & Sauer 2002a). Nevertheless, if
males wait too long, courtship is more likely to be interrupted and
the female will abandon the male (Engqvist & Sauer 2002a). In fact,
the majority of females do not remain in courtship for long and will
thus represent missed opportunities for males that hesitate.
These ﬁndings inspired Engqvist & Sauer (2002a) to propose
a novel hypothesis for the evolution of long premating associations.
Males in poor condition with a limited supply of saliva may deliberately delay initiating copulations to decrease the probability that
their costly gift is rejected and, thus, wasted. Males in good
condition with ample mating resources, on the other hand, may
afford the risk of wasting a salivary mass and therefore take every
opportunity to mate.
These previous studies have concentrated on male promptness
in producing and offering saliva as a nuptial gift, thereby focusing
on only those interactions in which males actually offer saliva.
Consequently, nothing is yet known regarding female willingness
to remain for long in courtship waiting for male salivary mass
production. In addition to focusing on male decisions, this study is

thus a ﬁrst attempt to understand variation in female waiting
duration.
Female readiness to remain in long-lasting courtship interactions with males will be a result of different processes (Brooks &
Endler 2001; Reinhold et al. 2002), each with its own set of
predictions. Female feeding history and mating status might
inﬂuence female responsiveness (i.e. motivation to mate), female
choosiness (i.e. whether to prefer certain males) and female preference (which male to prefer). As females receive both sperm and
nutrients during mating (Engqvist 2007b), females with different
mating and feeding histories may differ in their general motivation
to remain in courtship. Nonmated females will be more dependent
on the provision of sperm during copulation than already mated
females, and might therefore be more persistent. Food-stressed
females will, compared to well-fed females, be more reliant on the
nuptial gifts provided before copulation and therefore show higher
mating responsiveness. However, well-fed females will have
developed more eggs than poorly fed females (Engqvist & Sauer
2001, 2003a), and, if they have not mated, they might even be more
eager to mate in order to oviposit soon. Thus, there is no clear-cut
expectation on the effect of female feeding history on female
responsiveness and willingness to remain for long in courtship.
Furthermore, females with different feeding histories and conditions might differ with respect to their choosiness and preference
for certain males (Bakker et al. 1999; Cotton et al. 2006). For
instance, if female mating opportunities are restricted (e.g. because
of the cost of sampling or mating), food-stressed females might be
expected to be more discriminating and mate preferentially with
those males that provide the largest, most nutritious gifts (e.g.
Bussière et al. 2005; Lehmann & Lehmann 2008), that is with males
in good condition (Engqvist & Sauer 2001). Yet if females can mate
with many males, it might be better for females in poor condition to
mate indiscriminately to maximize the rate at which they obtain
male-provided nutrients (Brown 1997). Again there is no straightforward prediction regarding the effect of female feeding history on
female choosiness.
In this study I manipulated male feeding history and, in two
separate experiments, female feeding history and female mating
status, respectively. I analysed both how male readiness to offer the
gift fast and how female willingness to remain in courtship were
inﬂuenced by female mating status along with female and male
condition. Adult feeding history will in some way affect the body
condition of males and females, and although the term condition is
often used as a more general term (e.g. Rowe & Houle 1996), here it
refers to the dietary history of individuals.
METHODS
Breeding Conditions
Adult scorpionﬂies used in both experiments all descended from
wild-caught animals collected near Freiburg i. Br. in southwestern
Germany. In the ﬁrst experiment, I used F1 or F2 offspring from
animals collected in August 2003 or May 2004. In the second
experiment, I used F1 offspring from animals collected in May 2003.
In both experiments, established standard breeding protocols for
scorpionﬂies were used (see Sauer 1970, 1977; Thornhill & Sauer
1992; Engqvist & Sauer 2003a for details). Larvae were reared in
petri dishes (diameter: 12 cm) in groups of up to 20 at 18  C on an
18:6 h light:dark regime inducing diapause-free development (e.g.
Sauer 1970). Petri dishes contained moist ﬁlter paper and were
supplied with small segments of mealworm (Tenebrio molitor) ad
libitum. Once larvae had reached the third larval stage, they were
transferred outdoors to soil-ﬁlled, open-bottom cylinders (diameter: 40 cm; depth: 1 m) that were placed in the ground. Here they
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were further fed on a diet consisting of small pieces of mealworms
until pupation.
Inﬂuence of Female and Male Body Condition
On the day of adult emergence from the outdoor breeding
containers (beginning of August 2004), both females and males
were randomly assigned to different treatments affecting nutritional status. Females were assigned to two different treatments.
From day 1 until the courtship trials (beginning on day 15), they
were either fed every third day (good nutritional condition) with
a segment of a mealworm or every sixth day only (poor nutritional
condition). These are well-established treatments for creating two
distinct classes of condition in this species (Engqvist & Sauer 2001,
2003a). Condition was estimated as the difference in weight
between the time of the mating trial and the day of adult emergence. Four females in the poor-condition treatment gained more
weight than some of the females in the good-condition treatment
and were therefore excluded from the analyses presented here (see
also Engqvist 2007d). Including them did not qualitatively change
the results. The mean  SD weight of the females in poor condition
amounted to 39.20  2.95 mg (range 32.6–43.4 mg, N ¼ 64) and
that of females in good condition to 52.40  3.96 mg (range 46.4–
62.3 mg, N ¼ 61). Values of this magnitude are not uncommon in
natural populations (L. Engqvist, unpublished data). The mean  SD
condition (weight gain) for the females in poor condition was
11.19  2.92 mg (range 4.5–15.8 mg) and 25.06  4.26 mg (range
16.7–34.2 mg) for the females in good condition. Males, on the
other hand were fed either every third, fourth, ﬁfth or seventh day.
Yet, the weight differences between these male groups were much
smaller than those between female groups, with substantial overlap in the weight distributions of groups. In the analyses, I therefore
treated male condition as a continuous variable instead of a discrete
variable with four levels. From emergence until the trials, animals
were kept individually in small plastic tubes (8  3.5 cm) containing moist ﬁlter paper and food. As age inﬂuences premating
duration (Engqvist & Sauer 2002a), this and the following experiment were all done with individuals of similar age (14–17 days) that
had all reached sexual maturity (approximately 10–12 days; see
also Engqvist & Sauer 2003b).
Inﬂuence of Female Mating Status
In this experiment, females were randomly assigned to one of
two treatments: either the female had already mated before or the
female was virgin at the time of the courtship trial. Courtship trials
of mated females were performed on the ﬁrst day following their
ﬁrst mating. All females and males used in this experiment were in
good nutritional condition, and had received a mealworm segment
every third day.
Courtship Trials
All courtship trials were staged in transparent plastic boxes
(10  10 cm and 7 cm high) containing moist ﬁlter paper. In addition, as P. cognata prefer to mate on the underside of leaves, nettle
plants, Urtica dioica, were cut at each internode, and all mating
boxes were provided with a minute vessel containing one of these
miniature nettle plants and water.
Panorpa cognata is crepuscular and nocturnal in its mating
activities like many other Panorpa scorpionﬂies (Byers & Thornhill
1983; Engqvist & Sauer 2003b; Kock et al. 2007). Females approach
pheromone-emitting (‘calling’) males almost exclusively during
the last hours prior to nightfall (Engqvist & Sauer 2003b; see also
Kock et al. 2007). I therefore did the experiments under a reversed
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day/night cycle (see e.g. Engqvist & Sauer 2003b). Trials started
approximately 4 h (at 0800 hours) prior to the dark phase. Male
calling activity usually stops abruptly when it gets dark and
courtship is very rarely initiated after this time. I therefore interrupted mating trials 2 h after the beginning of the dark phase when
all calling had ceased, unless females had approached a male at that
time point. Hence, every experimental day females had 6 h to
approach a male for courtship to begin, but courtship could
continue for much longer. Trials that were interrupted after 6 h
because no courtship had begun were repeated the next day.
First, males were allowed to enter the mating boxes. After a few
minutes of acclimatization, a female was carefully put in each box
and the boxes were continuously observed. Most importantly, the
time when a female was attracted to a male and courtship began
was noted. In all experiments, courtship was deﬁned to begin when
females were standing closer than 5 mm to the male. Males then
almost invariably stop ‘calling’ by reverting the pheromonal gland
and instead commence their typical courtship movements. Males
usually display by moving their abdomen up and down in
a pulsating, rhythmical fashion, accompanied by vibrating wing
movements (Engqvist & Sauer 2003b; Engqvist 2007d). Thereafter,
the time when courtship ended was noted: either the female left
the male or the male produced a salivary mass.
Statistical Analysis
This study was concerned with two main questions. The ﬁrst
relates to factors inﬂuencing the time females are prepared to
remain in courtship, that is, the time between the beginning of
courtship and female departure. The second concerns the prelude
duration before males secrete and offer females a salivary mass as
a nuptial gift. Unfortunately, it was not possible to estimate these
parameters exactly for all mating trials. For instance, in many trials
it was not feasible to measure exactly the time to female departure
because females did not leave the males, but waited until the males
produced a salivary mass and copulated. Yet, it would be a profound
mistake to discard these data from the analysis as they are probably
nonrandomly distributed and in any event provide important
information (not the exact time until female departure, but the
minimum time until female departure). Therefore, survival analyses (also called failure-time analyses) were carried out, which
allowed me to enter these data as censored observations (e.g. Fox
2001; Therneau & Grambsch 2004). Thus, in questions regarding
female departure, observations were right censored at either the
time copulations started or when I interrupted courtship (two
cases), meaning that a data point was certain to be above a certain
value but it was unknown by how much. Theoretically, it would
also have been possible to enter cases where males interrupted
courtship and left the female as censored data, but this never
happened during these experiments. Similar analyses were used to
analyse the duration of courtship before males secreted a salivary
mass. Here, however, observations were censored at the time of
female departure or the time of my interruption. Thus, female
departure behaviour was analysed independently from male salivary secretion behaviour. In interactions where females did leave
prematurely, the exact data for females’ departure time and the
minimum (censored) time until salivary secretion could be
extracted. In interactions where males produced a salivary mass,
the exact durations until male secretion and the minimum
(censored) female waiting times were available. These analyses
make it possible to disentangle female departure time from male
saliva production time statistically. But we still have to bear in mind
that it will always remain difﬁcult to know the extent to which, for
instance, female courtship decisions are affected by male actions.
Although males do not interrupt courtship, they might put less
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effort into it and therefore indirectly inﬂuence female courtship
interruption.
All analyses were performed using R 2.8.0 (R Development Core
Team 2008). Cox proportional hazards models were performed
using the coxph function of the survival library (Therneau &
Grambsch 2004). The statistical signiﬁcance of model parameters
was tested using the change in log likelihood which follows a chisquare distribution.
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In this experiment, I observed the outcome of 125 female–male
interactions: 61 involved a female in good nutritional condition and
64 a female in poor nutritional condition. In 61 (48.9%) interactions,
a mating occurred after 117.1  109.1 min. In the analysis of time
until female courtship termination, there was a signiﬁcant interaction between female treatment and male condition (Fig. 1) on the
survival function (c21 ¼ 9.89, P ¼ 0.002), indicating that the effect of
male condition was different in the two female groups. For females
in poor condition, male condition had a signiﬁcant inﬂuence on
time until female courtship termination (b  SE ¼ 0.099  0.041,
c21 ¼ 5.89, P ¼ 0.02; Fig. 1a), whereas for females in good condition
male condition did not inﬂuence the chances of female departure
(b  SE ¼ 0.054  0.042, c21 ¼ 1.90, P ¼ 0.2; Fig. 1b). For females in
poor condition, the value of the estimated coefﬁcient describing the
effect of male condition on the hazard function was positive,
implying that increased male condition is associated with an
increased failure rate and thus interactions of shorter duration.
Thus, females in poor condition interrupted courtship sooner in
interactions with heavier males than when lighter males were
courting them (Fig. 1a).
Similarly, the time until the male offered a salivary mass was
best explained by an interaction between female treatment and
male condition (c21 ¼ 5.57, P ¼ 0.02). As for female departure, male
condition signiﬁcantly inﬂuenced the time until salivary mass
offering in interactions with females in poor condition
(b  SE ¼ 0.125  0.045, c21 ¼ 6.97, P ¼ 0.008; Fig. 2a): heavier
males produced the nuptial gift sooner than males in poorer body
condition. Yet, in courtship with females in good condition male
condition had no signiﬁcant effect on the promptness of salivary
mass production (b  SE ¼ 0.0005  0.029, c21 ¼ 0.0003, P ¼ 0.98;
Fig. 2b).
Inﬂuence of Female Mating Status
In this experiment, I observed 278 male–female interactions:
224 with virgin females and 54 involving once-mated females.
Copulations occurred in 159 (57.2%) cases after on average
79.0  76.0 min. Female and male weights were used as covariates.
In the ﬁrst maximal model all higher order interactions including
the three-way interaction were entered. In the analysis of time until
female departure, none of the higher-order interactions were
signiﬁcant (all c21 < 3.34, all P > 0.05) and were therefore stepwise
removed from the model (see Aiken & West 1991; Engqvist 2005).
Female mating status signiﬁcantly inﬂuenced time until female
courtship termination (Table 1). Mated females left the courting
male signiﬁcantly sooner than virgin females (Fig. 3a, Table 1).
Female and male weight were entered as covariates, but had no
signiﬁcant effect (Table 1).
In the analysis of time until male production of a salivary mass,
all higher-order interactions were nonsigniﬁcant (all c21 < 1.14, all
P > 0.05) and were therefore removed from the model. Yet, unlike
the previous analysis, female mating status had no effect on
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Figure 1. Survival curves showing the proportion of females remaining with the male
as a function of courtship duration for (a) females in poor condition and (b) females in
good condition. The separate lines illustrate the effect of male condition. The bold lines
show the survival curves for courtship interactions involving males in good condition
with body condition above the median (>14.7 mg weight gain), whereas the thin lines
represent the survival curves for courtship interactions involving males in poor
condition, below the median. The classiﬁcation of males into two groups was made for
illustrative purposes only; in all analyses male condition was handled as a continuous
variable.

courtship duration until male copulation initiation (Fig. 3b, Table 1).
As in the previous analysis, female and male weights were entered
as covariates, but had no signiﬁcant effect (Table 1).
DISCUSSION
Courtship duration in the scorpionﬂy P. cognata is inﬂuenced by
two different processes: female willingness to remain in courtship
and the promptness of male salivary mass production initiating
mating. In two experiments, I investigated whether these two
processes are affected by female mating status as well as by female
and male condition. The results of these experiments demonstrate
that female willingness to stay was at least to some extent
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Table 1
Summary of the survival analyses on the effect of female mating status and female
and male condition on both the time until female departure and the courtship
duration until male copulation initiation

(a)
0.8

Predictor variables

0.6

Female mating status
Female condition (g)
Male condition (g)

Proportion of males offering

Time until female
departure

Time until male copulation
initiation

bSE

c21

P

bSE

c21

P

0.5920.229
16.715.1
2.1017.4

6.0
1.1
0.0

0.01
0.29
0.92

0.0890.229
15.612.7
3.9114.5

0.09
1.59
0.09

0.72
0.21
0.78

Cox proportional hazards regression models were used. The b values give the
coefﬁcients for the estimated hazard function. For covariates, positive values of
b indicate a shorter average time-to-event (increased hazard) with higher values of
the predictor variable. For female mating status, the b values give the log hazard
ratios between groups. A positive b value indicates an increased hazard and a shorter
time-to-event for mated females. All ﬁrst- and higher-order interactions were
nonsigniﬁcant and removed prior to the ﬁnal analyses (see text).
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Figure 2. Cumulative time-to-event plots showing the proportion of males initiating
mating by offering a salivary mass as a function of courtship duration in interactions
with (a) females in poor condition and (b) females in good condition. As in Fig. 1, the
separate lines illustrate the effect of male condition. The bold lines show the survival
curves for courtship interactions involving males in good condition with body condition above the median (>14.7 mg weight gain), whereas the thin lines represent the
survival curves for courtship interactions involving males in poor condition, below the
median. The classiﬁcation of males into two groups was made for illustrative purposes
only.

inﬂuenced by female mating status and by a combination of their
own body condition and that of their male partner. Male salivary
mass production, on the other hand, was not inﬂuenced by female
mating status. Yet in a similar pattern to female willingness to
remain, a combination of male and female body condition seemed
to affect male behaviour.
Inﬂuence of Female and Male Body Condition
In particular, the results from the experiment testing the effects
of male and female condition on male and female courtship decisions seem difﬁcult to grasp. Females in poor condition were more
likely to interrupt courtship interactions with heavy males than

with light males (Fig. 1a). In two respects this outcome was highly
unexpected. First, one would expect that if females exercise mate
choice, then they would prefer males in good condition (Andersson
1986; Rowe & Houle 1996) and would not leave sooner when
courted by them. Second, one would normally not expect females
in poor condition to be more choosy, as usually higher-quality
individuals should afford to be more selective (Johnstone et al.
1996; Cotton et al. 2006). Yet if females mate infrequently, females
in poor condition that depend more on nutritious nuptial gifts
might be expected to be more discriminating. However, this
possible explanation is unlikely to explain the results, as female
P. cognata are rather polyandrous (Engqvist & Sauer 2003b), and it
therefore seems more beneﬁcial for females in poor condition to be
undiscriminatiing and mate with as many males as possible (e.g.
Brown 1997). Another possibility is that females in good condition
with higher egg load might be more eager to mate to start egg
laying and therefore be more sexually responsive (Hunt et al. 2005).
Yet this explanation ignores the fact that females in good and poor
condition did not differ much in their response to males in poor
condition (compare the thin lines in Fig. 1a, b). Thus, it does not
really address the question of why females in poor condition seem
to discriminate speciﬁcally against good-condition males.
Interactions where males in good condition courted females in
poor condition were also characterized by unusually fast male
salivary mass offering and copulation initiation (Fig. 2a). Males in
good condition initiate copulations sooner than males in poor
condition (Engqvist & Sauer 2002a, 2003b), but why would this
effect be most pronounced in interactions with females in poor
condition? One possibility could be that to take advantage of the
mating opportunity, males have to forestall female departure and
initiate copulations quickly. Comparing Figs 1a and 2a reveals that,
in interactions between heavy males and females in poor condition,
male mating attempts occurred predominantly within the ﬁrst
hour following courtship initiation (Fig. 2a): concurrently an
increased frequency of female departure events occured at
a courtship duration of 75–100 min, later than most offering
attempts (Fig. 1a). Females in poor condition may thus be responsive at an early stage in courtship. Yet male reluctance to initiate
copulation within the ﬁrst hour of courtship may signal male
disinterest to females and it may be better to leave at this time
point. This might be reﬂected in the increased likelihood of female
departure. The major problem, though, with this explanation is that
the beneﬁt of both behavioural phenomena depends on the existence of each other. Thus, the conditions for the evolution of this
combination of gender-speciﬁc behaviour should be constrained.
Nevertheless, with the current knowledge of this mating system,
the scenario outlined above at least seems a reasonable working
hypothesis for future research.
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Figure 3. The effect of female mating history on courtship duration illustrated by (a)
the survival curves showing the proportion of females remaining with the male as
a function of courtship duration and (b) the cumulative time-to-event plot showing
the proportion of males initiating mating by offering a salivary mass as a function of
courtship duration. The outcome of courtship interactions with mated females are
represented by solid lines and interactions with virgin females are represented by thin
lines.

An alternative explanation is that sexual conﬂict has driven the
evolution of male and female preferences (reviewed in Arnqvist &
Rowe 2005). There is some indication that in P. cognata, malederived substances in the salivary masses enable males to manipulate female remating and reproduction (Engqvist 2007c). It is at
least possible that males in good condition might be particularly
potent manipulators and thus more harmful to females. In addition,
females in poor condition might be more sensitive to males. In this
case, it might even be beneﬁcial for males to prefer females in poor
condition. At the same time, females in poor condition should avoid
matings with males in good condition.
Inﬂuence of Female Mating Status
The most straightforward result of this study was that mated
females were less likely than virgin females to remain in courtship,

waiting for the male to initiate copulation. Mated females would
beneﬁt from additional matings because of nuptial gift consumption
(Engqvist 2007b), although these nutritional beneﬁts may not
always outweigh the costs of enduring a long-lasting courtship
interaction. In a recent study, experimental mating trials with mated
females were less likely to result in copulations than mating trials
involving virgin females (Engqvist 2007c). The present results
conﬁrm these ﬁndings and suggest that the reduced success of
mating attempts with mated females can at least partly be explained
by their reduced motivation to remain in courtship for long. In
addition, mated females may also be less likely to seek and be
attracted to ‘calling’ males, but this possibility remains to be studied.
Mating-induced changes in female reproductive behaviour have
been widely documented in insects (see Leopold 1976; Chapman
et al. 1998; Wedell 2005). Reduced receptivity following mating may
be induced by an adequate sperm supply (Wedell 2005), but other
male-produced compounds transferred during copulation are
known to induce female receptivity (Leopold 1976; Chapman et al.
1998; Wedell 2005), possibly as a male adaptation to reduce the risk
and intensity of sperm competition (Parker & Simmons 1989; Simmons & Gwynne 1991; Stockley 1997). In P. cognata, the reduced
receptivity following mating is at least partly mediated by salivary
mass consumption during mating (Engqvist 2007c), which may
either indicate that the saliva secretions are instruments for male
manipulation of female mating behaviour or that optimal female
mating frequency is inﬂuenced by salivary mass consumption (see
discussion in Engqvist 2007c; Gwynne 2008).
In contrast to the behaviour of females, male courtship behaviour was not inﬂuenced by the mating status of the female. The
most straightforward explanation is that males are simply unable
for assess female mating status. Yet there is good evidence that
males invest strategically in matings in relation to the amount of
sperm stored by females from previous matings (Engqvist 2007a).
Thus, males seem capable of a very precise assessment of female
mating history. Male inability to assess female mating status
therefore appears unlikely as an explanation for these results. One
might expect males to prefer virgin females and initiate matings
sooner with them, because, as a result of sperm competition, the
reproductive value of copulating with mated females will on
average be less than the value of mating with nonmated females
(Simmons et al. 1994; Bonduriansky 2001). In contrast, as mated
females are less likely to remain for long in courtship, males could
also be expected to initiate copulations quickly to take advantage of
the mating opportunity before courtship is interrupted by the
female. Yet none of these possibilities were supported by the data.
Possibly, for instance, search costs related to ﬁnding future
prospective mates may set constraints on male preferences (Real
1990; Milinski & Bakker 1992).
This study on courtship duration in scorpionﬂies revealed some
unexpected, yet interesting results. It is obvious that to understand
courtship decisions fully, one will need an even better insight into
the different behavioural elements displayed by both females and
males during courtship and what they signal. Future studies should
therefore examine how, for instance, eagerness to mate and
choosiness are reﬂected in different behavioural elements. The
results also emphasize that to make theoretical predictions of the
optimal male waiting duration in courtship interactions without
complete male control, it is necessary to take female behaviour into
account and vice versa (Jormalainen 1998). Such considerations
will not only be relevant for this particular mating system. In fact,
long precopula behaviour in species where females are able to
disrupt courtship is not uncommon but seems especially common
in soil arthropods with indirect sperm transfer (Schaller 1971;
Proctor 1998), where a very similar courtship behaviour has
evolved.
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