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Mating duration of Pisaura mirabilis (Araneae: Pisauridae)
depends on size of the nuptial gift and not on male size
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(Araneae: Pisauridae) çàâèñèò îò ðàçìåðà áðà÷íîãî
ïîäàðêà, à íå îò ðàçìåðà ñàìöà
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ABSTRACT. The males of Pisaura mirabilis present a wrapped prey item as a nuptial gift to
females prior to mating. Previous studies have shown that females favour males with large nuptial
gifts by allowing them to copulate for longer. Thus, larger nuptial gifts mean that more eggs will be
fertilized by the male. We hypothesized that male size might also be a factor in female choice, such
that larger males would obtain a longer mating. We also predicted that males would show a
preference for large prey when given a choice between prey items of different sizes. Laboratory
experiments confirmed the earlier findings that males with a larger gift will obtain a longer
copulation, but we found only weak (not significant) evidence for the effect of male body size.
Males did not select the largest prey items for nuptial gifts, and the average prey size chosen by large
males was not larger than that chosen by small males.
ÐÅÇÞÌÅ. Ñàìöû Pisaura mirabilis ïðåäëàãàþò çàâåðíóòóþ äîáû÷ó ñàìêàì äî êîïóëÿöèè.
Ïðåæíèå èññëåäîâàíèÿ ïîêàçàëè, ÷òî ñàìêè ïîçâîëÿþò áîëåå äëèòåëüíóþ êîïóëÿöèþ ñàìöàì ñ êðóïíûìè áðà÷íûìè ïîäàðêàìè. Òàêèì îáðàçîì, áîëåå êðóïíûé áðà÷íûé ïîäàðîê
îçíà÷àåò áîëüøå ÿèö, îïëîäîòâîðåííûõ ñàìöîì. Ìû ïðåäïîëîæèëè, ÷òî ðàçìåð ñàìöà ìîæåò
òàêæå áûòü ôàêòîðîì âûáîðà ñàìêè, è áîëåå êðóïíûå ñàìöû ìîãóò èìåòü áîëåå äëèòåëüíóþ
êîïóëÿöèþ. Ìû òàêæå ïðåïîëîæèëè, ÷òî ñàìöû ìîãóò ïðåïî÷èòàòü áîëåå êðóïíóþ äîáû÷ó,
êîãäà åñòü âûáîð. Ëàáîðàòîðíûå ýêñïåðèìåíòû ïîäòâåðäèëè ïðåæíèå äàííûå, ÷òî ñàìöû ñ
áîëåå êðóïíûìè áðà÷íûìè ïîäàðêàìè èìåþò áîëåå äëèòåëüíóþ êîïóëÿöèþ, íî ìû îáíàðóæèëè î÷åíü ñëàáûå (íå çíà÷èìûå) äîêàçàòåëüñòâà äëÿ ýôôåêòà ðàçìåðà ñàìöîâ. Ñàìöû íå
âûáèðàëè áîëåå êðóïíóþ äîáû÷ó äëÿ áðà÷íîãî ïîäàðêà, è ñðåäíèé ðàçìåð âûáðàííîé
äîáû÷è ó áîëüøèõ ñàìöîâ íå áûë áîëüøå, ÷åì ó ìåëêèõ ñàìöîâ.
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Introduction
Pisaura mirabilis (Clerck, 1757) is peculiar
among spiders in its mating behaviour because

the male provides a nuptial gift (a prey insect
wrapped in silk) to the female before he is
allowed to mate [Bristowe, 1958; Nitzsche,
1988]. Austad & Thornhill [1986] found a pos-
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itive correlation between copulation duration
and the size of nuptial prey in P. mirabilis.
Drengsgaard & Toft [1999] found that males
having a longer copulation fertilized a higher
percentage of eggs. Stålhandske [2001] confirmed these results and further demonstrated a
preference of females for males with a larger
nuptial gift. She argued that the male presenting
a nuptial gift to the female during mating is
maintained by sexual selection at two levels:
the presence/absence of a gift (males without a
gift have a very low chance of copulating), and
the size of the gift (males with a larger gift have
a higher reproductive success).
These studies have not yet considered the
effect of male size, or the likely interaction
between male and gift sizes. Larger males should
be able to catch larger prey than smaller males.
A large male size may also indicate a high
viability, or a large male may show a more
active copulatory courtship. Large male size
may thus be a factor in female choice. The
female preference for male size might also depend on the size of males with which she has
previously copulated. Regardless, males should
benefit from presenting a larger gift, and would
be expected to select larger prey when given a
choice. These are the questions we have addressed in the experiments described below.

Materials and methods
Spiders

More than 300 large juveniles and subadult
specimens of P. mirabilis were collected in
meadows at the Mols Laboratory, eastern Jutland, Denmark, during the period 24 April  13
May 2002. They were raised to adulthood at
room temperature (c. 20°C) and ambient photoperiod in half-litre glass jars with wet, live
Sphagnum moss as a substrate. Twice weekly
they were fed five house flies (Musca domestica) obtained from a laboratory culture. After
the maturity moult feeding rations were reduced to three flies twice weekly.

Experiment 1. Female choice experiment

Females were mated twice, first at the age of
nine days post maturity. They were weighed

Design of female choice experiment.

Table.

Experimental series AF represented different combinations of large/small males with large/small gifts in
first and second mating of a female, respectively.
Initial N = 10 in each series.

Òàáëèöà.
Ñõåìà ýêñïåðèìåíòà ïî âûáîðó ñàìêè.

Ýêñïåðèìåíòàëüíûå ñåðèè AF ïðåäñòàâëÿþò
ñîáîé ðàçëè÷íûå êîìáèíàöèè êðóïíûõ/ìåëêèõ
ñàìöîâ è êðóïíûõ/ìåëêèõ ïîäàðêîâ â ïåðâîé è
âòîðîé êîïóëÿöèè ñàìêè. Íà÷àëüíîå ÷èñëî ïîâòîðîâ 10 â êàæäîé ñåðèè.
Series

1. mating
male  gift

2. mating
male  gift

A
B
C
D
E
F

Large  Large
Large  Large
Small  Large
Large  Small
Large  Small
Small  Small

Large  Large
Large  Small
Small  Large
Large  Large
Large  Small
Small  Small

and randomly assigned to one of six mating
treatments (see Table), which combined male
size (large/small) and gift size (large/small) in
different combinations over the two matings.
The available adult males were weighed and
divided into two groups: small (< 72 mg) or large
(> 80 mg). Crickets (Gryllus bimaculatus) were
obtained from a laboratory culture and used as
prey items, divided into two size groups: small
(515 mg) and large (3747 mg). The small prey
fell within the lower range of natural gift size [S.
Toft, unpubl. data], whereas the large prey were
heavier than most natural gifts. Each male was
offered one prey according to the treatment it
was assigned to. Males were at least five days
post maturity and each was used only once.
Females were transferred to mating cages (15
´ 21 ´ 12 cm) 24 hrs before an experiment [cf.
Stålhandske, 2001]. These cages had paper tissues on the bottom and the spiders were supplied
with drinking water via a cotton-stoppered glass
tube. Shortly before an experiment, males were
introduced to the glass jar of its mate and offered
the prescribed prey. Stimulated by the lingering
female silk pheromones the males immediately
wrapped up the prey as a gift rather than eating it
themselves [Nitzsche, 1988]. Having wrapped
the gift, each male was introduced to the female
in its mating cage and the duration of copulation
was measured. The female was returned to her
jar for 48 hrs, then the procedure was repeated
with a second male. Initially, ten females were

L.E. Bruun et al. Female choice in Pisaura mirabilis
used in each mating group, but because some
females laid an egg-sac before the second mating, the final sample sizes were slightly smaller.

Experiment 2. Prey size selection by
males

Males were weighed and divided into four
categories: < 72 mg; 7280 mg; 80100 mg;
100120 mg. Similarly, the crickets (Gryllus
bimaculatus) were divided into three categories:
small 2.37.7 mg; medium 10.415.4 mg; and
large 22.729.1 mg. Each male (N = 10 in each
size group) was simultaneously offered one
cricket from each of the three prey size groups.
The choice experiments took place in the
mating cages with female silk. One cricket from
each of the size categories was added. A tube
with a male spider was placed in the middle of
the cage. The lid of the tube was removed after
a few minutes when the spider had calmed
down. The size group of the first prey caught
and wrapped was noted. If no prey had been
caught within 60 mins, the test was cancelled.

Statistical analyses

After an initial check of homogeneity of
group variances using Levenes test, results of
Experiment 1 were analyzed in three different
ways. First, 2-way ANOVAs were run on the
duration of the first and second matings, with
male size category (large/small) and prey size
category (large/small) as factors. Preliminary
analyses included both the interaction term and
female weight (covariate), but none of these
were significant and they were deleted from the
final analyses. Second, comparable multiple
regression analyses were performed using the
exact values of male size and gift size. Third,
repeated measures MANOVA were run with
duration of first and second mating as the repeated response and the mating groups AF
(Table 1) as the factor. This was followed by
contrasts between specific groups.

Results
Experiment 1. Female choice experiment

Fig. 1 combines the results from all mating
groups and indicates that the large gift size
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increases the mating duration compared to small
gift size for both male sizes and first and second
matings. ANOVA on duration of the first mating (overall analysis: F2,74 = 3.68, P = 0.030)
gave a highly significant effect of gift size (F =
7.36, P = 0.0083), but no effect of male size (F =
0.041, P = 0.84). A similar, but not significant
trend was observed for the second mating (overall F2,41 = 2.15, P = 0.13). Multiple regression
analyses confirmed these results (duration of the
first mating: gift size P = 0.0023, male size P =
0.90; duration of the second mating: gift size P =
0.071, male size P = 0.67). Repeated measures
MANOVA gave a marginally significant effect
on mating duration of the mating groups (F5,34 =
2.13, P = 0.086). Two contrasts were significant
(group A vs. group F: P = 0.0038, group B vs.
group F: P = 0.0214); both comparisons involved differences in both gift size and male size.
When gift size was held constant there was
no effect of male size with respect to the first
mating, but there was a trend towards increasing mating duration for large males in the second mating. However, this was not significant
in any of the analyses. A contrast between mating groups E and F (which differ in male size in
both matings, but not in gift size) after the
repeated measures ANOVA, gave a marginally
significant effect (P = 0.087).
Second matings seemed to be shorter than
first matings (Fig. 1). This, however, was not
confirmed when mating groups with the same
combination of male size and gift size in first
and second matings (i.e., A, C, E and F) were
compared (paired t-test, n.s.).

Experiment 2: Prey size selection by
males

There was a significant difference in the
prey sizes chosen by the male size groups (Fig.
2, ANOVA, F3,38 = 3.113, P = 0.039). However,
there was no clear trend in the relationship and
therefore no evidence that larger males select
larger prey for nuptial gifts. Only males from
one of the small male size groups took a substantial number of crickets from the large prey
size group. Thus, there was no evidence that the
males prefer the largest available prey for nuptial gifts.
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Fig. 1. Duration (mean ± SE) of first and second mating in Pisaura mirabilis as a function of male and nuptial gift
size. For definition of size categories, see Materials and methods. Numbers indicate sample sizes.
Ðèñ. 1. Ïðîäîëæèòåëüíîñòü (ñðåäíÿÿ ± SE) ïåðâîé è âòîðîé êîïóëÿöèè Pisaura mirabilis êàê ôóíêöèÿ
ðàçìåðîâ ñàìöà è áðà÷íîãî ïîäàðêà. Îïðåäåëåíèå ðàçìåðíûõ ãðóïï äàíî â Ìàòåðèàëàõ è ìåòîäàõ. Íîìåðà
îáîçíà÷àþò ðàçìåðû îáðàçöîâ.

Discussion
The current study strongly supports earlier
findings with P. mirabilis that males presenting
a large nuptial gift obtain significantly longer
copulations than those presenting a small gift.
However, the study provides only very weak
evidence for the idea that large males might be
rewarded with a longer copulation, if gift size is
accounted for. This weak evidence appeared
only in the second mating of females. In P.
mirabilis the females mate multiple times and
available evidence indicates that late males will
father more offspring than earlier males [Drengsgaard & Toft, 1999]. It is therefore possible that
females become more and more selective once
they have already mated a number of times.
This selectivity is not expected to be revealed
by complete rejection of small males, because

even small males bring a nuptial prey that will
contribute to female fecundity. But females
may favour large males by allowing them a
longer copulation and thus a relatively higher
paternity than their actual nuptial gift should
justify. Alternatively, since females often break
the copulation by running away with a gift [see
Stålhandske, 2001], it may be easier for them to
do this when confronted by small, rather than
large males.
Given the clear advantage to the males presenting a large gift, the lack of a male preference for large crickets may seem odd. The fact
that males from the smaller size group were
able to capture crickets of the largest prey size
has demonstrated that the lack of preference for
large prey in other male size groups was not due
to the inability to subdue these prey. Possibly, it
was the first prey males encountered that was
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Fig. 2. Mean (± SE) prey sizes chosen by four male size groups of Pisaura mirabilis when given a choice between
three sizes of crickets.
Ðèñ. 2. Ñðåäíèå (± SE) ðàçìåðû äîáû÷è, âûáðàííîé 4 ðàçìåðíûìè ãðóïïàìè ñàìöîâ Pisaura mirabilis, ïðè
âûáîðå èç òðåõ ðàçìåðîâ ñâåð÷êîâ.

wrapped as a nuptial gift. This might have been
the result of performing the experiment with the
males under the influence of female pheromones to stimulate their decision to wrap prey
into gifts. Under less stimulating conditions
(i.e., without female silk), we suspect that males
might have decided to eat small prey themselves and to use large prey for gifts.
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