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Abstract Information on the mating system of an insect
species is necessary to gain insight into sexual selection
and population structure. Male territoriality of the common evening brown butterfly Melanitis leda has been
studied in the wild, but other aspects of its mating system
remain largely unknown. For a population of M. leda in
South India, we observed male-male and male-female
interactions in captivity, measured mating duration and
spermatophore mass, and also determined the degree of
polyandry in the wild. We found that mating behavior
takes place for short periods of time around dawn and
dusk. Our observations corroborate that males compete in
aerial combats (twirling) and interfere with mating pairs.
In the morning, they may use shivering to warm up.
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Females can twirl with males and refuse mating by
pointing their abdomens upwards or by flying away.
Males court females by fluttering their wings while
perched behind females, and then initiate copulation by
curling their abdomens ca. 180 degrees sideways to make
genital contact. While in the morning, matings lasted on
average one hour and twenty-three minutes and never
exceeded three hours, in the evening, matings could be of
similar duration, but 42% of butterflies only separated
when dawn was approaching. However, such long nocturnal matings did not result in heavier spermatophores.
The first spermatophore of a male tended to be larger than
subsequent spermatophores. Together with previous
studies on this species, our findings suggest that males
compete mainly through territorial defense (as reported
before), courtship performance, and interference, and to a
lesser extent by providing spermatophores, while females
exert some control over the mating system by the timing
of their receptivity and mate choice.
Keywords Aerial combat . Circadian rhythm .
Courtship . Interference competition . Mating duration .
Mating territory . Spermatophore

Introduction
The mating system of insects affects sexual selection
and sex differences, as well as population structure
(Andersson 1994). Therefore, insight into the mating
system is important for understanding an insect’s biology. Mating systems can be divided into components that
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follow each other in time, such as timing of mating
behavior, strategies to find mates, competition for potential mates, courtship, mate choice, sperm competition, and investment in offspring (Pliske 1975;
Andersson 1994; Andersson and Simmons 2006;
Shuker and Simmons 2014).
Variation among butterfly species in mating system
traits can provide insight into the evolution of traits such
as sexual dimorphism and life span (Wickman 1992;
Wiklund et al. 2003; Allen et al. 2011; Cannon 2019).
Butterfly mating systems often include diel patterns in
mating behavior (Freitas et al. 1997), males defending
territories through aerial combat such as twirling
(Rutowski 1991; Kemp and Wiklund 2001), females
signaling receptivity (Rutowski 1980; Bergman et al.
2011), male courtship such as hovering behind females
and wing fluttering (Mitra et al. 2016), female and male
mate choice (Kemp 2007; Costanzo and Monteiro
2007), mating interference by other males (Pliske
1975; Kemp 2002), transfer of large spermatophores
that contain nutrients (Boggs and Gilbert 1979;
Oberhauser 1989; Bissoondath and Wiklund 1995),
and sperm competition (Watanabe 2016). There is much
variation among butterfly species in these traits (Cannon
2019). For example, closely related species may avoid
reproductive interference through divergent diel activity
patterns (DeVries et al. 2008), butterflies vary from
monandrous to highly polyandrous (Karlsson 1995;
Molleman et al. 2005), and spermatophores can vary
from tiny to representing a large proportion of male
body mass (Oberhauser 1988; Bissoondath and
Wiklund 1995; Karlsson 1998; Molleman et al. 2005).
Mating systems can also vary within butterfly species. There may be variation among populations
(Välimäki and Kaitala 2006), within populations
(Wedell et al. 2002; Molleman et al. 2004), and across
seasons (Prudic et al. 2011). Therefore, information on
mating system traits from different regions and seasonal
forms can shed further light on the biology of a butterfly
species.
In butterflies, information on the degree of polyandry
and spermatophore size is important to understand their
mating systems. Butterfly spermatophores can contain
nutrients such as amino acids and sodium that enhance
the female’s reproductive output and can thus be
regarded as paternal investment (Boggs and Gilbert
1979; Pivnick and McNeil 1987; Oberhauser 1988,
1989; Bissoondath and Wiklund 1995; Mitra et al.
2016). Therefore, females may be selected to mate
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multiply to “forage” for these nutrients (Kaitala and
Wiklund 1994a, b). Males in turn can delay remating
of the female with other males by providing a large
spermatophore so that the female has no incentive to
forage for these nutrients by mating with other males
(Boggs 1981; Oberhauser 1992; Kaitala and Wiklund
1994a, b). Males of polyandrous species tend to produce
larger spermatophores compared to those of
monandrous species in which males do not compete
by providing larger spermatophores (Bissoondath and
Wiklund 1995). When females mate multiply, males
also have on average more opportunities to mate multiply, which combined with large spermatophores in such
polyandrous species, increases overall investment into
spermatophores. Males may have a strategy to invest a
larger proportion of their resources in their first mating
or to spread nutrients more evenly over subsequent
matings (Svärd and Wiklund 1986; Wedell et al. 2002;
Molleman et al. 2004). One may expect that when more
nutrients are transferred, the mating lasts longer because
nutrient transfer takes time (Rutowski and Gilchrist
1985). However, in subsequent matings of individual
males, smaller spermatophores may be produced during
longer matings compared to first matings of these males
(Rutowski and Gilchrist 1985; Bissoondath and
Wiklund 1996; Molleman et al. 2004), indicating difficulty in producing consecutive spermatophores. Therefore, information on female and male mating frequency,
spermatophore size, and mating duration is key for
understanding butterfly mating systems.
Here, we investigate the mating system of the Common Evening Brown butterfly (Melanitis leda;
Nymphalidae: Satyrinae). Melanitis leda is widely distributed in the Old World tropics (Larsen 1991; Kunte
2000). It is mainly active in the early morning and in the
evening, and adults feed on rotting fruits (Larsen 1991).
The ventral wing surface shows striking seasonal
polyphenism, where wet season forms have a series of
conspicuous marginal eyespots, while dry season forms
have a cryptic wing pattern which is polymorphic
(Brakefield 1987). Although some naturalists have noted M. leda mating behavior around both sunrise and
sunset (Common and Waterhouse 1981), others report
that mating behavior is restricted to sunset (Parsons
1999; Kemp 2002), possibly indicating geographic variation in this trait. Kemp (2002, 2003) described how
just before sunset, males engage in contest behavior
where they perch on the vegetation, defend a territory,
and pursue females that fly high above the vegetation,
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contrasting against the sky. A single direct observation
of an interaction with a female showed that two males
can pursue a single female, and thus interfere with each
other (Kemp 2002).
To determine the timing of mating behavior, and to
detect patterns in mating duration and spermatophore
size, we observed mating behavior in outdoor cages,
measured mating duration, and weighed spermatophores in a South Indian population of M. leda. In
particular, we tested hypotheses on relationships between spermatophore size and mating duration, and for
these two parameters separately whether they are predicted by the timing of the mating (sunrise or sunset),
the seasonal form of the male, the size of the male, and
the mating history of the male. We also made observations on the ethology of interactions between competing
males and between males and females that would be
hard to obtain in the wild, and counted spermatophores
in wild butterflies.

Methods
Butterfly Rearing
Wild females were collected from Thiruvananthapuram,
Kerala, India, and allowed to lay eggs on maize seedlings. Most larvae were reared on maize seedlings in
outdoor cages which yielded wet season- and intermediate adult forms. In addition, some larvae were reared
on a range of grasses in sleeves inside a growth chamber
at 240C and 55% Relative Humidity as part of another
experiment (see Molleman et al. 2020), which yielded
all seasonal forms (wet, dry, and intermediate
phenotypes; Halali et al. 2019). All pupae were sexed
and weighed 1–3 days after pupation (Sartorius
MSA6.6 s-000-DM) nearest up to 0.0001 mg. They
were kept individually in upside down plastic jars with
tissue paper at the bottom (fixed between the jar and the
lid), and paper lining on the sides. Eclosed butterflies
were marked with a unique number using a permanent
marker and released into experimental cages 2–4 days
after eclosion.
Experimental Arena and Procedures
We performed multiple pilot trials in which we made
observations only during the evening. These trials revealed that (1) M. leda does not readily couple in small
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cages (height 50 cm, length 50 cm, width 30 cm), because this species requires a large space for courtship
flights, (2) when male densities are high, interference
between males disrupts courtships and few matings
occur (similar to Pliske 1975), (3) before starting mating
trials, acclimatization of females is necessary for at least
five hours to obtain mating pairs, and (4) matings can
last till shortly before dawn.
Butterflies were released into large outdoor cages of
ca. 2.2 m height width and length (10.6 m3; example
shown in supplement 1). Cages were covered on all four
sides and the ceiling with shade netting (75%) and were
sheltered by transparent polycarbonate sheets on the
roof. We kept some plants for shelter, and mashed
banana and water for food and drink inside the cages.
To allow females to get acclimatized to the cage environment, they were released at least five hours prior to
the start of the experiments. Once released, both females
and males remained inside the cages throughout trials.
Because females were killed to determine spermatophore mass, whereas males were returned to obtain
subsequent matings, the sex ratio tended to become
male biased. However, we compensated for this by
adding young virgin females (but not males) to obtain
subsequent matings from the same males. The density in
the trials reported here was kept between 10 and 30
individuals. Even though this is a much higher density
than found in the wild, it was suitable for observing
many interactions and obtaining matings. Four trials
were conducted in 2016; from 21 to 23 October, 11–
19 November, 25–28 November, and 3–29 December;
respectively. The experiment was conducted near the
equator where the timing of dawn and dusk remains
similar throughout the year (e.g. in October sunrise is
at around 6:10 and sunset at around 18:10, while in
December sunrise is at around 6.25 and sunset at around
18:05).
Observations were started in the morning before
butterflies became active (~ 5:45) and lasted until the
end of mating activity (~ 7:00). Similarly, in the evenings, observations were initiated before the start of
mating activity (~ 17:30) and lasted until the end of
mating activity (~ 19:00). Frequent observations carried
out during the day did not provide any evidence for the
occurrence of mating behavior or mating pairs. During
observations, an observer sat on a chair in a corner
inside the cage with a flashlight to intermittently spot
mating pairs when it was dark. This did not appear to
affect butterfly activity. Each couple was gently picked
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up by holding the wings of both the male and female
simultaneously between index and middle finger, and
was thus transferred to a small numbered cage (diameter
19 cm, height 30 cm). This did not disrupt matings.
The small cages containing the coupled mating pairs
were observed directly or through recorded videos to
obtain data on mating duration. Notably, mating durations were often longer than could be recorded on the
camera memory (about 6 h), and butterflies were typically first observed directly, before the recording was
started. Therefore, the duration of long matings were
often underestimated when they exceeded seven hours.
After de-coupling, females were stored at -200C for later
dissections to measure spermatophore size, while males
were released back into the experimental cage. When
female abdomens were too dry to carry out dissections,
the abdominal tissues were re-hydrated by placing them
on wet cotton wool covered with tissue paper in a closed
plastic box overnight. After dissections, spermatophores
were air dried for 48 h before measuring the dry mass on
a microbalance (Sartorius MSA6.6 s-000-DM) nearest
up to 0.0001 mg. Unfortunately, mating duration was
not available for 19–28 November and spermatophore
size data from 3 to 21 December due to technical issues,
which limited our power to link mating duration to
spermatophore mass.
Female mating frequency in the wild was estimated
by dissecting field caught females irrespective of age
class (Burns 1968). Samples were collected by placing
fruit-baited traps in Thiruvananthapuram, South India,
from February 2016 to August 2017.
Statistical Analyses
Data were analyzed using t-tests, ANOVA, regression,
and GLM models after checking for normality of residuals using Q-Q plots in Statistica (TIBCO 2017), and
graphs were prepared in R (R Core Team 2017). See
details in "Results" section.

Results
Timing of Mating Behavior
A total of 99 couplings were recorded across all four
trials. Twenty-three couplings were with males of dry
season forms, 40 with intermediate, and 13 with wet
season forms (22 were unassigned). Melanitis leda
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showed mating activity strictly around sunset and sunrise, and only for a brief period of time. More couplings
occurred in the evening (N = 72) than in the morning
(N = 27; Fig. 1). In the morning, both the first and the
last coupling commenced on average at 6:15, the earliest
was at 6:00, the latest at 6:22. The average time between
the first and last coupling during a given morning was
5 min, and the maximum was 9 min (only 3 mornings
with more than 1 mating). In the evening, the first
coupling commenced on average at 18:10 and the last
on average at 18:16, the earliest was at 17:53 and the
latest at 18:50. The average time between the first and
the last coupling during a given evening was 10 min and
the maximum was 50 min (N = 19 days with more than
one coupling in the evening).

Mating Duration and Spermatophore Size
We obtained mating duration information for 77 couplings, and weighed 40 spermatophores. Male re-mating
frequency was high, with males mating up to 5 times
(Fig. 1). Males were able to mate in quick succession.
For example, 4 males mated both in the morning and
evening of the same day. Mating duration had a bimodal
distribution with maxima around 2 h and around 9 h,
while matings that lasted between 3 and 6 h were
relatively rare (Fig. 1). Most matings lasted between 1
and 3 h (58% of matings N = 77). While mating duration
in the morning ranged between 50 min, and 2 h and
36 min with an average of 1 h and 23 min, evening
matings often ended only shortly before sunrise (minimum 35 min, maximum 10 h, average 4 h and 26 min,
noting that the mating duration often exceeded camera
memory capacity and was thus underestimated; Fig. 1).
Forty-two percent of evening matings lasted through
most of the night (more than six hours).
Since there was no significant difference in spermatophore size between morning and evening matings (t-test: t = -1.708 df = 38, p = 0.096), we suspect that transfer of material did not take place
throughout the entire duration of such long nocturnal matings (see also Supplement 2). Therefore, we
performed further statistical analyses excluding matings in excess of 3 h when using mating duration as
a predictor of spermatophore mass, or when testing
predictors of mating duration. Even after excluding
these long matings, evening matings were on average longer (t-test: t = 2.421, df = 48, p = 0.019). For
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Fig. 1 Mating durations of
Melanitis leda males with virgin
females for the first up to the fifth
mating of the male. While
morning matings never exceeded
three hours, many evening
matings lasted until shortly before
dawn. Note that many long
nocturnal mating durations are
underestimated for technical
reasons

the matings that lasted less than 3 h, we implemented GLM models that included mating period (morning vs. evening) along with one additional predictor
and their interaction (male mating order, the time
interval between matings, pupal mass, and male
seasonal form). These potential predictors or their
interaction with mating period never approached
significance (results of models without interactions
given in Table 1). Spermatophore mass was not
predicted by mating duration (Regression: F1,10 =
2.21, p = 0.171, N = 11, R2 = 20%; Fig. 2), unless
one outlier was removed (Regression: F1,9 = 10.67,
p = 0.011, R2 = 57%). The first spermatophore of a
male tended to have a higher mass than later ones
(average dry mass of first spermatophore 0.0018 mg,
later ones 0.0012 mg., t-test between first and subsequent matings: t = 2.377, df = 37, p = 0.023;
Fig. 3). Even when long matings were included,
male seasonal form did not predict spermatophore
mass (one way ANOVA: F1,32 = 0.042, p = 0.958,
N = 33).

Mating Frequency in the Wild
Forty-one wild M. leda from the study population were
dissected. Twelve females were not mated, 23 contained
1 spermatophore, and 6 had 2 spermatophores.

Observations on Mating Behavior
Precise quantitative behavioral observations were difficult to obtain because movements were rapid and transient, multiple males and females tended to be active in
the cage at once, light levels were often low, and it is not
possible to distinguish the sexes in flight with certainty
(sex can only be ascertained after the butterflies have
alighted and close inspection is possible). Nevertheless,
we were able to note that at the start of the mating
period, males flew towards perched butterflies and
courted females. Males then often took up position with
a clear view of the arena, such as on plants or on the
knees, hands or nose of the observer. As females became more active, males would fly from their perch after
females, or engage with other males in aerial combat in
twirls (rapid motion in spirals). Courtship consisted of
males positioned behind perched females and fluttering
their wings rapidly for at most a few seconds. Females
refused male advances by pointing their abdomens upwards or by flying away and settling elsewhere. Females
occasionally twirled with males, which could be followed by a mating. Matings resulted when females perched
on the cage wall or on a plant, and males approached
from behind and, after fluttering their wings, curled their
abdomens sideways ca. 180 degrees to make genital
contact while the female sat still. In some instances,
two males attempted to initiate copulation with the same
female simultaneously, and in many instances males
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Table 1 Results of GLM analyses on M. leda mating durations of
these that lasted less than 3 h. Mating period = morning or evening,
male mating order = whether it was the first or second mating of
the male, mating interval = time between first and second matings
of a male in days, male pupal mass = pupal mass of males in
grams, male forms refer to phenotypically plastic wing patterns
that were compared to wet season forms
Predictor

Estimate s.e. estimate t

p

interfered with a courting pair by performing wing
fluttering and pushing with their heads so that the pair
could not copulate and the female flew off. On 3 occasions in the morning, males were noticed to be shivering
as they were perched on a hand or nose. A video is
provided showing twirling butterflies, courtship, and a
mating (Supplement 1).

N = 49, df = 44, R2 = 20%
Intercept

1.605

0.097

16.628 0.000

mating period

0.204

0.086

2.386

0.022

male mating order

0.010

0.095

0.101

0.920

N = 16, df = 14, R2 = 12%
Intercept

1.836

0.392

4.689

mating period

0.196

0.096

2.053

0.048

mating interval

-0.904

1.007

-0.897

0.376
0.000

0.000

N = 36, df = 34, R2 = 12%
Intercept

1.836

0.392

4.689

mating period

0.196

0.096

2.053

0.048

male pupal mass

-0.904

1.007

-0.897

0.376

0.103

14.959 0.000

0.123

-1.205

N = 36, df = 33, R2 = 13%
Intercept

1.545

male intermediate form -0.148

0.237

male dry form

0.029

0.145

0.198

0.844

mating period

0.202

0.100

2.013

0.052

Fig. 2 Relationship between
mating duration and
spermatophore mass for matings
that lasted less than three hours.
Spermatophore mass was not
predicted by mating duration (F =
2.21, p = 0.171, N = 11, R2 =
20%;), unless one outlier was
removed (Regression: F = 10.67,
p = 0.011, N = 10, R2 = 57%;
removing the large
spermatophore from second
shortest mating duration)

Discussion
We observed mating behavior in a South Indian population of M. leda in captivity, and measured mating
duration and spermatophore size. We found that these
butterflies have brief periods of mating behavior around
sunrise and sunset, and that 42% of evening matings
lasted through most of the night. Female M. leda are
only moderately polyandrous and appear to exercise
mate choice.
Most matings were initiated within a 15-minute time
frame during both morning and evening observations. In
contrast, Kemp (2002) did not report mating activity in
the morning in Australia. Therefore, there may be differences among populations in the occurrence or relative
frequency of morning and evening matings. Early morning mating behavior may be rare among butterflies
(Freitas et al. 1997). Nevertheless, owl butterflies
(Caligo idomenaeus) also show mating activity at dawn

144

J Insect Behav (2020) 33:138–147

Fig. 3 Spermatophore dry mass
per mating of individual male
Melanitis leda butterflies,
including long evening matings

for only about 15 min (Freitas et al. 1997), and similar
behavior might occur in other species of evening brown.
We observed that M. leda butterflies can shiver in the
morning, which is similar to owl butterflies (Srygley
1994), and hitherto unknown in this species. Shivering
may allow butterflies to warm up and be active when the
ambient temperature is too low for flight activity
(Masters et al. 1988; Srygley 1994). Since shivering is
energetically costly (Srygley 1994), females may be
selected to prefer males that are able to compete when
the ambient temperature is low. In addition, there may
be selection for females to be receptive only during a
short time-frame to promote competition among males.
The timing and brevity of mating periods may also be
selected by predators (suggested by Freitas et al. 1997)
or to serve to avoid reproductive interference from other
species that mate at different times of the day (suggested
by DeVries et al. 2008).
The durations of morning matings were within the
normal range recorded for satyrine butterflies
(Molleman et al. 2004), but the long nocturnal matings
were unexpected. Since such long nocturnal matings did
not lead to heavier spermatophores, it seems unlikely
that material is transferred throughout the entire mating.
Perhaps such long matings carry little predation risk

during the night, while copulating is risky during the
day. When in copula, mobility can be greatly
constrained so that couples are more susceptible to
predation than single individuals (Magnhagen 1991;
Almbro and Kullberg 2009). Because predation pressure may be higher during the day compared to the night
(Seifert et al. 2016), butterflies mating after sunset might
experience relaxed predation pressure against long matings compared to those mating in the morning. Furthermore, these butterflies are not active during the night
and thus nocturnal mating does not strain their activity
budget. Mate guarding may be an unsatisfactory explanation in this case, because there is no mate competition
during the night and females do not normally mate in
quick succession (pilot study and our spermatophore
counts). Nevertheless, perhaps long nocturnal matings
do influence female behavior. Nocturnal mating has also
been documented in monarch butterflies in their winter
roosts, where coupling takes place during the day, but
sperm transfer only starts at night, which probably is a
form of mate guarding (Svärd and Wiklund 1988). From
a mechanistic perspective, we hypothesize that butterflies follow their diel activity pattern and fall asleep
while in copula, and uncouple as they wake up in the
morning (Helfrich-Förster 2018). We suspect that
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M. leda butterflies often remain in copula during the
night because there is neither cost nor benefit of them
doing anything else.
Mating duration (of first mating) might be expected
to correlate with spermatophore size because transfer of
material costs time. Because there was no significant
difference in spermatophore mass between morning and
evening matings, we suppose that the full duration of the
long nocturnal matings does not represent transfer of
material. We therefore limited this analysis to observations of matings lasting less than 3 h, thus allowing only
a sample size of 11. One data point showed a large
spermatophore for a brief mating (1 h and 10 min),
being about twice the mass of spermatophores of other
matings that lasted less than two hours. Only if we
exclude this outlier, do we find that longer matings
resulted in larger spermatophores. Therefore, more data
are needed to establish whether or not there is a correlation between mating duration (of the first mating) and
spermatophore size in M. leda.
We found that males did transfer slightly smaller
spermatophores during subsequent matings (when long
matings were included), similar to many other butterflies
(Dewsbury 1982; Oberhauser 1988, 1992; Svärd and
Wiklund 1986). However, mating duration was not correlated with mating order (excluding nocturnal matings
that exceeded three hours), while in butterflies subsequent
matings of a male are often longer and sometimes shorter
than the first mating (Svärd and Wiklund 1986;
Bissondath and Wiklund 1996; Oberhauser 1988, 1992;
Molleman et al. 2004). We found no significant relationships between seasonal form, body size, or mating interval and spermatophore size or mating duration, but note
that our sample sizes were small.
Monandrous butterfly species tend to have smaller
spermatophores than do polyandrous species (Svärd and
Wiklund 1989). Since females of M. leda usually mate
only once or twice, we may expect quite small spermatophores in this species. Indeed, the spermatophores
we found were smaller than those of highly polyandrous
species (Oberhauser 1989; Karlsson 1998). If females
mate only once, males may also have limited chances to
mate multiply, and may thus be selected to invest most
of their resources in their first mating, impairing their
ability to mate again (Wedell et al. 2002; Molleman
et al. 2004). Nevertheless, M. leda males were able to
mate multiply even within the same day. This may be
expected because the nutrient investment in spermatophores may be small (suggested by low mass). In our
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experiments, females sometimes twirled with males before courtship, but there are too few observations from
the wild to determine if this also occurs in nature. Such
male-female twirling may indicate that females can use
twirling as a means to assess male quality. We confirmed that interference among males can be part of
the male mating strategy (one similar observation in
Kemp 2002). Pliske (1975) also observed such interference in the monarch butterfly in captivity so that the
density of butterflies had to be limited to 40 to observe
courtship behaviors. Although interfering males did not
succeed in mating with females directly, they were
successful in breaking up the courtship of others, so that
these females would remain receptive. More precise
ethological observations could be obtained using fewer
individuals in larger cages, clearly marked sexes (e.g.
using males and females of different seasonal forms
reciprocally), and night vision video recordings.
Our results suggest that in M. leda, males compete
mainly through the territorial defense that was studied
by Kemp (2002, 2003) and possibly courtship, and to a
lesser extent through providing large spermatophores to
females, or sperm competition. Females appear to exert
some control over the mating system because receptive
females are known to actively entice males by flying
conspicuously near male territories (Kemp 2002), females may test males by engaging in twirling similar to
male-male competition (this study), and refuse copulations by pointing their abdomens upwards (this study).
Females may choose males based on male fighting
ability during cool parts of the day, and perhaps based
on wing-fluttering performance during courtship (which
might fan male pheromones over the female). Since
during courtship the male is directly behind the female,
and courtship takes place during twilight, females are
not likely to use visual cues when assessing potential
mates.
In conclusion, we found that M. leda in South India
(1) performs mating behavior for short periods of time
around sunrise and sunset, possibly facilitated by shivering, (2) evening matings can last extraordinarily long
without resulting in larger spermatophores, (3) males
can mate multiply, even twice during the same day, (4)
subsequent matings of a male tend to yield spermatophores of slightly lower mass than the first but are of
similar duration, (5) males actively interfere in courtship
of others, (6) receptive females may twirl with males
and can refuse copulation, and (7) females usually mate
once or twice during their life time.
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