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ABSTRACT

The aim of this work was to test if egg viabilifypolyandrous females was increased with increasingber of
matings. Longevity and reproductive output of farmabf the predatory stinkbugodisus nigrispinushat were
allowed to mate for 0, 1, 2, 3 times or were in ¢batinuous presence of the same male was evaluatdgandry

resulted in diminished sperm depletion. Femalettithd mated three times or that were in continymesence of a
male produced more offspring than females that chatee or twice throughout their lifetime. Theresveanegative
correlation of mating history on female longeviResults indicated that remating, either with sanaenor with

different males were crucial for maximization of tleproductive success of females.
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INTRODUCTION because of higher exposition to predators during
copulation, and an increased risk of parasite
In many insect species, females may deplete thgansmission (Daly, 1978; Dickinson, 1997).
sperm they stored after mating (Mangan, 1979pespite the likely negative effects of remating, the
Lauer, 1996; Sakurai, 1998) and female receptivitpenefits are considered to outweigh the drawbacks
to remating is influenced by the amount of storedArngvist and Nilsson, 2000). Drawbacks of
sperm. Multiple mating, either with the same malgemating have been reported for the predatory bug
or with different males (polyandry) in thesePodisus nigrispinugDallas, 1851) (Heteroptera:
species is commonly observed in the field as wefPentatomidae), where multiple mating decreased
as in the laboratory (Thornhill and Alcock, 1983;female longevity (Torres et al., 1997). However, it
Arnqvist and Nilsson, 2000). One obvious benefitvas unclear if this decreased longevity was due to
of multiple mating is the replenishment of spermremating or due to the experimental design,
(Thornhill and Alcock, 1983), thus ensuringbecause remating was performed after the each
fertilization of all female eggs. There are alsoegg laying, causing more manipulative stress to
drawbacks, however, associated with multiplghe females.
mating, such as an increased risk of predation
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Even when remating decreases longevity, the né&gg viability was determined through the division
benefit of remating may be positive. To test theof total number of nymphs by total number of eggs
hypothesis that polyandry increases the fertilproduced by each female. Fertility period was the
period of females, the time of sperm depletion angeriod between the first and last day that at least
female survivorship of femalP. nigrispinusthat one viable egg was laid. Both egg viability and
were mated 1, 2 or 3 times before first egg layindertile period were compared using ANOVA with
or were continuously paired with the same mal@a generalized linear model (glm) because the
was compared. different number of replicates among treatments
(Crawley 2002). The significance among the
different treatments was compared usirgy
MATERIALS AND METHODS posteriori contrasts (Crawley 2002). Five females
that mated three times and four females with
Second-instar nymphs &. nigrispinuswere kept continuous male presence died before the onset of
in groups of 10 in an organdie bag attached to agperm depletion (infertile egg production), and
Eucalyptus urophyllaree. They were allowed to then they were discarded from the evaluation of
feed in the leaves and in tvkenebrio molitorL.  fertility period.
(Coleoptera: Tenebrionidae) pupae every two daysemale longevity in different treatments was
until adult emergence. This procedure wasompared using survival analysis (Hosmer and
important to give adults more precocious tharkemeshow, 1999). This analysis allowed the use
nymphs maintained exclusively witl. molitor of data from replicates in which the ‘event’ (death)
pupae (Zanuncio et al. 2000). Newly hatched virginvas not observed. These data was treated as
adults were put in separate plastic containers (50@ensored data and survival analysis used the
ml) until sexual maturity (3-4 days after emergenceinformation contained in them.
(Zanuncio et al.,, 1992). After this period, 15
females were allowed to mate by confining them in
a plastic container (500 ml) together with oneivirg RESULTS AND DISCUSSION
male and observing mating behavior. These females
were thus mated one time within a period of 24 hThe female fertility period was different among
Another group of once mated females (n = 10) wergeatments § = 47.72, p < 0.01) (Table 1).
confined for another 24 h period with a second-emales that mated once and twice had a similar
virgin male immediately after the first mating, and &time of fertility”, which differed from females
third group (n = 10) was allowed to mate for threghat were mated three times or in continuous
times in a similar way, hence, spending three daysontact with the same male (Table 1). This was
with three different virgin males. Females almostaused by the higher fertility in the treatment with
always mated with the male offered and if not, thdemale paired continuously, followed by three
male was changed for another. In only one case, tieated females, compared to the other treatments
female did not mate. A last group of females wa¢F = 12.64, p < 0.01) (Table 1).
kept in continuous presence of one single mal&round 50% of the females that mated once or
throughout their lifespan (n = 7). A group oftwice produced egg masses that were completely
unmated females (n = 7) were used as contranfertiie up to 40 days after the last mating,
Different numbers of replicates among matedndicating the onset of sperm depletion.
females are due to an insufficient number of virginfwo females that had mated once and one that had
males. mated twice laid no viable eggs throughout their
The bugs were kept at 25 + 2 °C, 12 h photophadigetime. Unmated females had a higher longevity
and were supplied with tw®. molitor pupae every than mated females. Thus, compared to unmated
two days. A glass tube (@ = 5 mm, 2.5 ml)females or that had mated once or twice, female
containing water, with the open end facing dowrlongevity was reduced for three times mated
and sealed with a moistened cotton padding, wdemales or those in continuous presence of a male
inserted through an opening made in the lid of eacfChi-square = 16.94, p < 0.01) (Fig. 1).
container as a supply of water and to maintain
humidity. The number of eggs produced per female
was scored every day for their entire life span.
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Table 1 - Egg viability and fertility time (meag standard error) oPodisus nigrispinugemales with different
numbers of mating with different males or in coatins presence of the same male.

Treatment * Egg viability (%) Fertility period (days )

Mated once 0.32 £ 0.05a 37.85 £ 7.26a

Mated twice 0.33£0.07a 33.56 £ 6.83a

Three matings 0.57 £0.08b 52.33£9.61b
Continuous presence of male 0.81 +0.08c 76.33%cl

"Means followed by the same letter within a column are né#reifit bya posterioricontrastsq = 0.05).
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Figure 1 - Survivorship curves of unmated females, femalas itiated once, twice or three times,
or could copulate at libitum. Compared to unmatehdles or that had mated once or
twice (more than 100 days), female longevity wakiced for three times mated females
or in continuous presence of a male (Chi-squaré.€4l p < 0.01).

Remating was important for reproductive succesbecause either no viable sperm was transferred or
of P. nigrispinus females. The fact that two the male was infertile. Another hypothesis was
females that mated once and one female th#hat these females did not reach reproductive
mated twice did not produce viable eggs could benaturity even after four days of emergence.

due to two possible factors: (i) no viable spernmDespite the short period to sperm depletion,
was transferred during copulation; and (ii) spernfemales that mated once or twice had a lifetime
was ejected immediately following copulation.fecundity similar to polyandrous females (Torres
Sperm ejection is common in insects and it is aet al., 1997; Sakurai, 1998), indicating that these
adaptive strategy in evolution of sexual conflicttemales were able to produce eggs even after
between male and female, where the femalsperm depletion and could remate with another
chooses which sperm will be allowed into themales to preserve high fertility. The predatory
spermatheca (Thornhill and Alcock, 1983; Wedelktinkbug P. nigrispinus has been used in pest
et al., 2002). Sperm ejection in this studymanagement programs to control lepidopterans
however, was not evaluated; hence, further studgefoliators in Eucalyptus spp. plantations
would be needed to clarify its occurrence andqZanuncio et al., 1994). Sperm depletion in
importance inP. nigrispinus The females that did females that mated once or twice indicated that
not produce viable eggs might have done seemating was necessary to replenish inadequate
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sperm supply and thus achieve full fertility. Crawley, M. J. (2002),Statistical Computing: An
Present results suggested that the effectiveness ofntroduction to Data Analysis using S-Plublew

release of females for biological control might be_ York: John Wiley and Sons.

increased by allowing for at least three mating?aly’ M. (1978), The cost of matingme.Nat., 112,

before release, or by releasing high numbers (Bi771'774'

- o . ckinson, J. L. (1997), Multiple mating, sperm
males, to facilitate remating in the field. competition, and cryptic female choice in the leaf

beetles (Coleoptera: Chrysomelidae). In: Choe,.J. C
and Crespi, B. J. (Eds.Yhe Evolution of Mating
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