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Abstract The mating system of the Australian lycaenidr in smaller males. Ejaculate mass tended to increase
butterfly, Jalmenus evagorasis highly unusual com- with male age at both first and second matings. Female
pared to most other Lepidoptera. Characteristics of tklsaracteristics, in general, did not affect ejaculate mass,
system, which has been termed an ‘explosive matialghough the wet weight of the ejaculate was positively
strategy,” include the formation of an intensely competissociated with female weight at the second mating.
tive mating aggregation of males, a highly male bias€bpulation duration increased from 2.4 h to approxi-
operational sex ratio, a lack of discrimination and mateately 3 h at the second mating, and to over 4 h at the
choice by both sexes, a high variance in male matitgrd and fourth matings. Fecundity was positively corre-
success, and female monogamy. In this study, we tedtgdd with female size but not with mating history, copu-
the hypothesis that multiple mating by males imposkgion duration, or any other characteristics measured for
physiological costs resulting in smaller spermatophoreither males or females. Female longevity declined sig-
and that this results in a fithess cost to females. Wécantly as the number of times the male partner had
found that malel. evagorastransferred only 2.2% of previously mated increased. We conclude that despite the
their eclosion weight during their first mating, consistesmall male investment in ejaculate, the costs of multiple
with the hypothesis that males of monandrous specieating may nonetheless be significant, as indicated by
produce a relatively small investment. The wet weight tife reduction in ejaculate mass, an increase in copulation
the ejaculate declined by an average of 27% at the sheration, and reduction in female lifespan with increas-
ond mating and the dry weight by 29%, and an intermatg mating number.

ing interval of 5-9 days was needed for the ejaculate to

return to the size at the first mating, regardless of m#ley words Copulation duration - Explosive mating

size or age. Wet ejaculate mass increased proportionaifgtem - Ejaculate size - Lepidoptera - Mating history
with male size, though dry mass was proportionally larg-
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Introduction

Mating behavior in the Lepidoptera has been increasing-
ly used in recent years to examine how ecological cir-
cumstances constrain or promote sexual selection and
the evolution of different mating systems. In many but-
terfly species, males do not defend either mates or a ter-
ritory, conforming to a category of mating system known
as scramble competition polygynfEmlen and Oring
1977). Within this category, two alternate types of mat-
ing behavior have been distinguished, based on the avail-
ability of females. When females are spread out in time
and/or space, prolonged searching polygymgay be fa-
vored, in which males fly about broadly in search of re-
ceptive females in an effort to outrace their competitors
(Thornhill and Alcock 1983). Under these circumstanc-
es, males may be expected to indulge in complex court-
ship behavior to stimulate unreceptive females and both
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sexes may be expected to both exhibit some degreegdraslarvae are obligately dependent on ants in the ge-
mate choice, and to mate several times over their lifats Iridomyrmex for protection against predators and
time (Thornhill and Alcock 1983; Odendaal et al. 1985)arasitoids (Pierce et al. 1987). Females use the presence
The majority of butterflies display this type of matingf ants as a cue for oviposition (Pierce and Elgar 1985),
system (Scott 1974), and while behavior in courtshimd frequently oviposit on the same host tree from which
varies among species (reviewed by Scott 1972; Silbdrey eclosed as pupak. evagoragpopulations are very
glied 1977; Rutowski 1984a, 1991), most differences gratchily distributed, confined to locations where the ap-
modest variations on the same basic plan. After locatimgpriate combination oAcaciahost plants and suitable
a female, a male typically approaches and courts heramy species co-occur (Smiley et al. 1988). Males eclose
either buffeting her with his wings or with a simple disseveral days before females and start searching for mates
play. The male then attempts a copulation and if the B8 visiting pupae on various trees. Pupae are easily visi-
male is receptive, copulation ensues (Silberglied 1977hle because they tend to aggregate and are tended by
When receptive females are hightly aggregated in miany ants (Elgar and Pierce 1988). The males hover
ther time or space, aaxplosive breedingtrategy, in near each pupa in turn, tapping it with their antennae,
which males congregate to compete for females, maygdwssibly to determine its age and its nearness to eclosion.
favored (Thornhill and Alcock 1983; Rutowski 1984a)About 12 h before emergence, pupae secrete substances
Odendaal et al. (1985) have suggested that a suitehat attract males and upon eclosion become surrounded
traits might be expected in butterfly species that halg a ‘mating ball’ consisting of as many as 20 male but-
adopted this breeding strategy, including a highly matflies. The males scramble and butt each other in their
biased operational sex ratio, poor discrimination amoatiempts to ward others off and copulate with the newly
mates, and strategies by males that ensure quick aceessrging butterfly. Despite the fact that female pupae
to fertilizable females. They also suggested that femadee often larger, males are apparently unable to distin-
of explosive breeders may be expected to be mated guish the sex of the emerging butterfly and are just as
mediately upon eclosion or upon entering male aggregjkely to attempt to copulate with newly eclosing males
tions, to have less need to discriminate among mates dgefemales (Elgar and Pierce 1988). Once the wings of
cause winners in male-male competition automaticatlye females have hardened, they vigorously reject further
have higher mating success, and to have a lower tendsgtempts at copulation by males; field observations of
cy than prolonged searchers to mate more than onoarked butterflies suggest they do not mate again (N.E.
Odendaal et al. (1985) further suggested that the positiiarce, personal observation). There is high variability in
of a butterfly species along the behavioral continuumale lifetime breeding success, with the majority of mat-
from prolonged searching to explosive breeding is detérgs being accomplished by a small number of individual
mined to a large extent by the ecological conditions favales (Elgar and Pierce 1988). Relatively larger and old-
ing the larvae. Specifically, they hypothesized that tlee males are more successful at competing for mates than
presence of host plants in appropriate condition detsmaller and younger males. Females appear to live only
mines the duration of availability of fertilizable femaless short time in the field (~3 days, compared to 7 for
and this in turn determines male mating strategies. Rwales), and the operational sex ratio is therefore highly
towski et al. (1988) further suggested that the spatial disale biased (Elgar and Pierce 1988).
tribution of pupation sites, and thus of freshly eclosed fe- The general aim of this study was to measure some of
males, have a profound effect on mating strategy. the characteristics and costs of this unusual breeding
Explosive breeding systems have been described $gstem for comparison with other species that exhibit
relatively few non-territorial butterflies. Several specierore typical lepidopteran reproductive behavior. Specifi-
in the genukuphydryadisplay many of the characteriscally, we tested the hypotheses that multiple mating by
tics described above, including the brief availability ghales imposes a physiological cost on males in terms of
fertilizable females, a male-biased operational sex ra@jaculate mass, copulation duration, and refractory inter-
and poor discrimination by males between adults of thal, and that this in turn may affect female fithess in
different sexes (Odendaal et al. 1985). Many speciestains of fecundity and longevity. These costs may be
Heliconiushave pupal mating, in which males compefegarticularly important in an explosive breeding system
with each other for access to female pupae and actualhere most matings are accomplished by just a few
mate before the female has fully eclosed (Deinert et mlales during intense physical competition. We addressed
1994). The mating frenzy of monarch butterfliBgnaus the following questions.
plexippus that occurs just before they disperse from First, what proportion of the males’ body weight is
their winter aggregations, may also qualify (Rutowskiansferred during mating, compared with other butterfly
1984a). species? Relative ejaculate mass in butterflies has gener-
The subject of this study, the Australian lycaedadt ally been found to increase with degree of polyandry
menus evagorasappears to represent an extreme maigvard and Wiklund 1989; Karlsson 1995). We predict-
festation of the explosive breeding strategy as characest; therefore, that the monandraiis evagoraswould
ized above, and provides support for the idea that bptioduce a relative small spermatophore.
larval ecology and the distribution of pupation sites are Second, given that most matings Jn evagorasare
important determinants of adult mating strateglyev- accomplished by just a few males, what are the costs of
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multiple mating? In one field study, Elgar and Pierggiced into a cage of at least ten males while being gently held
(1988) found that the most successful mhlevagoras with flat-bladed forceps around their wings. This method was nec-
mated seven times and that 57% of males failed to mai%re]\ry because femaleevagoraghat have eclosed for more than

. . . our vigorously repel attempts by males to mate. Once a fe-
at all. Mating history has been shown in several butterfjsle was introduced in this way, males typically began to cluster

species to have significant effects on both the quantityanfund her. Once a male started to mate with the female and the

material transferred at mating, and the time spent in cégipale regained mobility, the pair was removed to a separate cage.

ula (e.g., Boggs and Gilbert 1979; Rutowski aﬁs soon as copulation ended, the male was placed in a cage of
y

) : . .. . . - her males with the same mating history. The female was killed
Gilchrist 1986; Svard and Wiklund 1986; Rutowski et aly freezing, and dissected. The bursa copulatrix was removed and

1987). Mating history has also been found to affect fgeighed to the nearest 0.01 mg on a Cahn electrobalance, then
cundity and longevity in some species (Rutowski et dfied to constant mass and reweighed. Previous studies (Rutowski

1987: Oberhauser 1988 Watanabe 1988) but not in Cﬁh—al' 1983; Svard and Wiklund 1986), have indicated that the
) ! jght of the empty bursa is negligible, so the weights obtained

: i o e
ers (Greenfield 1982; Jones et al. 1986; Svard a('ﬂdreafter referred to as ‘ejaculate’) consisted of the spermato-
Wiklund 1988; Ward and Landolt 1995). phore plus any accessory substances transferred by the male.

We examined the effects of male mating history afhles were then remated 1-9 days later and the dissection proce-
intermating inverval on (1) ejaculate size, (2) copulatiéj§re VSP‘?f‘treg- dseveg f}}a'reg c;’\’ere Ledmzatef? rag%r 1 day, 8 after 2
duration, (3) female fecundity, and (4) female longevity”2Y® < &€l 2 days, © aller > days and < after 9 days.

Effect of mating history on copulation duration

Study species . i
Matings were conducted as described above and the length of cop-
ulation recorded to the nearest 5 min. Where possible, individual

J evagoragDonovan) is a multivoltine lycaenid buttermajes were mated at least three times, with the time between mat-
fly that inhabits both coastal and inland regions of easigs varying from 1 to 5 days. Copulation duration was recorded

ern Australia, ranging from Melbourne, Victoria, in théor a total of 78 males. Of these, 44 were mated twice, 17 were
south, to Gladstone, Queensland, in the north (Comnibffed three times, and 3 were mated four times.

and Waterhouse 1981). Although widespread in distribu-

tion it tends to occur in discrete, highly localized populgffect of mating history on female fecundity and longevity

tions, and is known to feed on at least 18 speciésaf ) )

cia (Pierce et al. 1987). Males and females show aknﬁmgs were conducted as above except that once copulation had

. . f . ished, females were placed in separate plastic oviposition cages
no sexual dimorphism in wing color or pattern (Comm ntaining feeders of honey-water solution, a sprig.adecurrens

and Waterhouse 1981; Pierce 1984). Ants of the gefslage, and pieces of stem into which several grooves had been
Iridomyrmexnot only protect]. evagoraslarvae from cut. Most femalel. evagoraspreferentially laid their eggs into

predators and parasitoids, their presence also shorfr?%gv%fos\)/;% rTefé%rtgetﬁ WL“ebnerthoef ]?grgzlégedfiifﬁﬁe'aiv(\j/e?;‘ddihser
larval development time (Pierce et al. 19.87)' 'F‘ retu c%ed )::md any chorionated eggs remaining in thei¥ abdomens
the larvae secrete carbohydrates and amino acids for{Bg counted.

ants (Pierce 1983). Further details about the general biol-

ogy of this species can be found in Kitching (1983;%{,ﬁ o _

Pierce (1983, 1984, 1987), Pierce and Elgar (1985), atigfistical analysis

Pierce et al. (1987)- We initially tested the effect of female and male size, female and
male age, and male mating history on ejaculate size, copulation
duration, female fecundity, and female longevity, using simple re-
Methods gressions. The significance of the analyses was tested by one-way
ANOVA. Where two or more factors were both significant predic-
tors on their own, we also tested them together in a multiple re-
.,gression. Pairetitests were used to test the effect of mating histo-
ﬁ)és(first vs second mating) on ejaculate mass. The effect of mating

istory on copulation duration, female fecundity, and longevity
within groups of males was tested by repeated-measures ANOVA.
Tukey's tests were used to compare differences in means. Data
&re” transformed where appropriate to improve normality. All
e;SSrcentage data were arcsine transformed.

J. evagorasutterflies were raised from eggs collected frAna-
cia melanoxylorat Mount Nebo, Queensland, Australia (152°4
E, 27°23' S). Larvae were reared until the third instar in plas
boxes on cuttings of yound. melanoxylonand A. decurrens
leaves. They were then transferred to po&ecthelanoxylomplants
in a glasshouse (day temperature approximately 25°C, night t
perature 21°C, 60% relative humidity, photoperiod 14:10), wh
they were tended by a colony bfdomyrmex ancepsOnce the
larvae pupated, they were removed from the trees and placed in
individual plastic cups. Following eclosion, butterflies were sexed,
weighed, and marked with a unique number. Butterflies were tHResults
placed in cages separated by sex and fed at least once daily on a
20% honey-water solution. Male butterflies were randomly all : :
cated into groups to be mated once, twice, three, or four times. %ﬁeCtS on eJaCUIate Size

o _ During the first mating, males transferred an average of
Effects of mating history on ejaculate mass 2.2% of their eclosion weight to females (range
—. 0, i
Most females were mated on the day of eclosion but a few wgrg 4.0%) (Fig. 1). The average water content of the

mated 1-3 days later. Virgin females were placed in a refrigera@d@culate was 43.6% (+15%). The slope of the relation-
for 10 min to temporarily immobilize them and were then intrship between log male eclosion weight and log ejaculate
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As the time between the first and second matings in-
creased, the reduction in ejaculate weight between mat-
ings declined. Figure 3a,b shows the percentage reduc-
tion in ejaculate weight as a function of intermating in-
terval and indicates that ejaculate weight returned to its
original level 5-9 days after the first mating (wet weight:
r’=0.528, F, ;5~23.33, P=0.0001, Fig. 3a; dry weight:
r’=0.255,F; ,=9.92,P=0.0042, Fig. 3b). To test whether
large males ‘recovered’ at a different rate to small males,
we divided the males into two size categories above and
below the median wing length of 20 mm, and compared
the regression slopes of percentage ejaculate weight re-
duction against intermating interval. There was no sig-

Mating No. nificant difference in slopes, indicating that male size did

not affect the recovery rate of the ejaculate [wet weight:
Fig. 1 Ejaculate weight as a percentage of male eclosion weightibpe+95% confidence limit=—9.63+4.80 (small males,
first, second, and third mating (mean+SE) n=10), —6.73+4.21 (large male®=16); dry weight:

—3.289+5.13 (small males)=15), —5.084+3.62 (large

males,n=22)]. We also tested the effect of male age on
wet weight was not significantly different from 1, indirecovery rate by dividing the males into two age catego-
cating that wet ejaculate weight increased proportionatlgs, ‘young males’ (aged 5 days or less at the second
with increasing male size (slope+x95% confidence liifmating) and ‘old males’ (aged more than 5 days at the
it=0.933+0.365,r2=0.451, F, 3;=27.24, P<0.0001; Fig. second mating). The slopes of the regressions of percent-
2a). However, the dry weight of the ejaculate was prage decrease in ejaculate weight against intermating in-
portionally larger in smaller males (slope=0.595+0.26tgrval were not significantly different between the two
r’=0.341,F, 3~20.66,P<0.0001; Fig. 2a). The log dryage categories, indicating that male age did not affect re-
weight of the ejaculate was positively related to male ag@very rate [wet weight: slope=—0.855+19.572 (young
(r>=0.192, F, 36=9.81, P=0.0034; Fig. 2b). Log malemales, n=11), —8.733+8.368 (old males)=10); dry
weight and male age together explained 42.4% of tlveight: —14.360+11.782 (young males;12), —5.135+
variation in log dry spermatophore weiglf, g,~14.20, 5.532 (old males)=15)].
P<0.0001). Log wet weight of the ejaculate was not sig- We obtained ejaculate weights for three males that
nificantly related to male age. Neither wet nor dry ejacmated three times. These males transferred an average of
late weight was significantly affected by female weight.1.4% of their eclosion weight to females (Fig. 1).

At the second mating, the wet weight of the ejaculate
was, on average, 26.6% smaller than at the first mating
and represented 1.7% of the males’ eclosion weigdtffects on copulation duration
(pairedt-testt=6.558,P<0.0001,d=21; Fig. 1). The dry
weight of the ejaculate was 29.1% smaller than at thikee main influence on copulation duration was the num-
first mating (=6.192,P<0.0001,d=27; Fig. 1). The av- ber of times the male had previously mated (Fig. 4). Av-
erage water content of the second ejaculate was 39é&f#ge copulation time increased from 2.4 h at the first
(x17.2%). As in the first matings, the log wet weight ahating =78) to 3.1 h at the second=44), 4.0 h at the
the ejaculate increased proportionally with log male etird (n=17), and 4.3 at the fourtm£3), (repeated-mea-
losion weight but the log dry weight of the ejaculate wasired ANOVA for n=17 three-times mated males,
proportionally larger in smaller males (log wet weight, ;,=11.434,P<0.001). Within the group of males that
slope +95% confidence limit=0.661+0.48%2=0.209, had mated three times, copulation duration was not sig-
F,.,=7.87, P=0.0096; dry weight slope=0.275+0.313nificantly different between once- and twice-mated
r?=0.080, F,,53.25, P=0.0833; Fig. 2c). Log wetmales, but was significantly longer for males that had
weight was positively related to male age€=0.129, mated three times (Tukey’s teB&0.05).
F1.54.84,P=0.0373; Fig. 2d), and log female eclosion The only other factor to significantly influence copu-
weight ¢2=0.332, F;169.46, P=0.0072; Fig. 2e). Log lation duration was male birth weight which was nega-
male weight, log female weight, and male age togethisely associated at both the first and second, but not
explained 67.3% of the variation in log wet spermatsubsequent, matings. The amount of variation explained
phore weight £3,512.0, P=0.0005). Log dry weight by this factor, however, was small (first mating:
was positively related to male agé<0.163,F; ,=6.08, r?=0.065,F, ,,=6.20,P=0.015; second mating2=0.091,
P=0.0209; Fig. 2d) and time between matm@s@ 212, Fy4775.22,P=0.028).

F1.57.98,P=0.0092; Fig. 2f). Log male weight, male
age, and intermating interval together explained 41.8%
of the variation in log dry spermatophore weight
(F3,57.23,P=0.0014).

(8]

Ejaculate wt as % eclosion wt

0.5+
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Fig. 2 Effects on ejaculate mass of male eclosion weight at fifstales mated with older males also produced more eggs

mating (log scales)j, male age at first mating (dry weight only), i iynifi ; i
(b) male eclosion weight at Second mating (log scalels)nfale although this was only significant at the first mating

age at second mating)( female eclosion weight at second matin&ﬂrs.t mating: r2=0.14, F1v25=4'31' P=0.0478; second
(wet weight only) é), and intermating interval at second matingnating: r2=0.14, F, ,.==2.49, P=0.1358). Together, male
(dry weight only) f). R? values are from simple regression analysage and female weight only accounted for 10.3% of the
es,P values are from one-way ANOVAs variation in fecundity k, ,=2.55, P=0.0982). No char-
acteristics of either males or females had significant ef-
fects on fecundity for females mated to three- or four-
Effects on female fecundity times-mated males, probably due to the small sample
sizes. There were no significant effects of copulation du-
The number of eggs laid was correlated with femalation or intermating interval on fecundity.
mass for females that mated with virgin maleés@.11, There was a tendency for fecundity to decline with
F, ,64.34,P=0.0472, data square root transformed). Ferating number although this was not statistically signifi-
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Fig. 6 Effect of male mating number on female longevity (mean
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Effects on female longevity

Longevity of females generally declined as the mating
number of their male mates increased (Fig. 6). There was
a significant difference in longevity between females
mated to once- and three-times-mated males, but not
between once- and twice-mated, or twice- and three-
times-mated males (repeated-measures ANONAS,
F,17/4.3247, P=0.0345, followed by Tukey’'s test,
P<0.05). Longevity was not significantly affected by any
other characteristics measured such as size, of either the

Fig. 4 Effect of male mating number on copulation duratiomales or females.

(mean +SE)

cant

(repeated-measures

ANOVA, F;,2.375, Discussion

P=0.0931; Fig. 5). The number of eggs laid, as a per-

centage of the total produced (eggs laid plus unlaid eddee unusual mating strategy &f evagorasin which a
dissected from the abdomen after death), was also mdatively small proportion of males obtain most of the
significantly affected by mating numbeF;(,=2.1208, matings, imposes costs in terms of ejaculate size, copula-
P=0.1219, data arcsine transformed).

tion duration, and female longevity.
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Mass of ejaculate transferred at mating mating strategy, in which males mate whenever they can,
rather than waiting until they can transfer the maximum
J. evagorasnales transferred an average of 2.2% of theimount of ejaculate, should be favored when the chance of
eclosion weight to females during their first matingemating is low, despite depletion of accessory gland mate-
1.7% at the second, and 1.4% at the third. This is a relat Our finding thatJ. evagoras despite the relatively
tively small amount compared to many other Lepidoptesamall male investment, nevertheless takes 5-9 days to re-
For example, in a comparison of ejaculate mass amauig to the original ejaculate size, is consistent with several
ten butterfly species, Rutowski et al. (1983) found malether studies on monandrous species (e.g., Svard 1985;
passed an average of 6.3% of their body weight durigard and Wiklund 1989; Bissoondath and Wiklund 1996b;
copulation (range 4.9-8.7%). Svard and Wiklund (198Rarlsson 1996).
compared ejaculate mass for 25 species from three famiApart from mating history, male size was the most im-
lies and found a range from 1.4 to 15.5%. Bissoondagibrtant influence on ejaculate sizelirevagorasA similar
and Wiklund (1996b) found a range of 7.6—10.9%. Indielationship between male size and ejaculate size has been
vidual males have been shown to deliver up to 23%fotind in several other lepidopterans (Boggs 1981; Green-
their body weight (Forsberg and Wiklund 1989). The rdield 1982; Jones et al. 1986; Rutowski and Gilchrist 1986;
atively small ejaculate af. evagoraswhich field obser- Svard and Wiklund 1986, 1989; Forsberg and Wiklund
vations suggest is a monandrous species and therel®&9; Oberhauser 1989; Bissoondath and Wiklund 1995,
not subject to sperm competition, is consistent with th896a; Hiroki and Obara 1997; Svensson et al. 1998;
hypothesis of Svard and Wiklund (1989) and the coMfatanabe et al. 1998; but see Svard 1985; Marshall and
parative work of Karlsson (1995) that ejaculate size NdcNeil 1989). We also found that while the wet weight of
positively correlated with the degree of polyandry. the ejaculate increased proportionally with increasing male
The results of this study also support the related hgjze, the dry weight transferred was relatively larger in
pothesis of Rutowski et al. (1983) that the amount of nawaller males. Our results are therefore in partial agree-
terial transferred during mating, relative to the size of theent with the hypothesis of Rutowski (1984a) that all
male, should be correlated with the degree of mate chaicales, regardless of size, deliver a typical amount of mate-
by both males and females in a particular species; malag with small males therefore passing a greater propor-
of species with small ejaculates should be less selectioa of their body mass to achieve this quantity.
and females less aggressive in courtship and mate locathere was a trend for ejaculate mass to increase with the
tion than species whose males invest more. Field obsege of the male, although age was not as important a predic-
vations of the frenzied mating assemblagd.afvagoras tor as eclosion weight. A positive relationship between
males suggest that they do not discriminate between megéeulate size and age has been found in several other lepid-
and female and that females, who are mated immediatgbyeran species (Sims 1979; Jones et al. 1986; Oberhauser
upon eclosion, do not exert any mate choice at all. 1988; Delisle and Bouchard 1995; Hiroki and Obara 1997,
Watanabe et al. 1997; Wedell and Cook 1999; but see Svérd
1985; Royer and McNeil 1993). Increasing spermatophore
Effects on ejaculate size size with male age may be due to the daily periodic release
of sperm from the testis and its accumulation in the duplex
Despite the evidence that evagoradransfers a relatively (e.g., Giebultowicz et al. 1988). Older males have also had
small ejaculate, mating is still a significant cost, as indic&tnger to feed and so build up resources that can be used in
ed by the findings that the ejaculate decreased by neamnufacturing accessory gland secretions.
30% at the second mating and that, regardless of size oin general, ejaculate mass Jdnevagorasvas not af-
age, males needed a period of 5-9 days for the ejaculatedted by characteristics of the female, except that, rather
return to approximately the same weight as at the first matriously, the wet weight of the ejaculate increased sig-
ing. A decline in ejaculate weight with multiple mating hasificantly with female eclosion weight at the second mat-
been found in virtually all lepidopteran species where it hag. Boggs (1981) found a positive effect of female wing
been tested (George and Howard 1968; Boggs and Gillemgth on spermatophore sizeDmnyas juliaand suggest-
1979; Rutowski 1979, 1982, 1984b; Sims 1979; Rutowsld a possible reason is that larger females have a larger
and Gilchrist 1986; Svard and Wiklund 1986; Rutowski btirsa that can receive larger spermatophores. Males of
al. 1987; Oberhauser 1988; Royer and McNeil 1993; Oiee moth Plodia interpunctellaalso produce a larger
lisle and Bouchard 1995; Bissoondath and Wiklund 199@&gaculate when mating with larger females (Gage 1998).
1996b; Cook and Wedell 1996; Svensson et al. 1998; Wata-most species, however, female characteristics have
nabe et al. 1998; Wedell and Cook 1999). Our results bezn found to have no discernible effect on the amount
also consistent with the general pattern in butterflies tluditejaculate transferred (Rutowski 1984b).
males may remate before the spermatophore has ‘recov-
ered’ (Sims 1979; Boggs 1981; Svard 1985; Rutowski and
Gilchrist 1986; Svard and Wiklund 1986, 1989; Obe€opulation duration
hauser 1988, 1992; Kaitala and Wiklund 1995;
Bissoondath and Wiklund 1996a). Thornhill and Alcockopulation duration in the Lepidoptera has been re-
(1983) have suggested that this ‘leave no stone unturngdived by Scott (1972), who showed that times vary
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from about 10 min to several days, with one to seveeald with the model proposed by Boggs (1990), predict-
hours being the most commah. evagorass typical of ing that for species in which most eggs are already
this pattern, with the average copulation of virgirev- yolked when females eclose, and when the male sper-
agorasmales being 2.4 h. Copulation times measurednmatophore is relatively small, and adults are fed on di-
the field for J. evagorasare somewhat longer (mean#ute honey-water containing diverse nutrients, there will
4.32+1.8 hn=41; Elgar and Pierce 1988), although thed® a lack of detectable effect on female fecundity of vari-
times were an average of all matings observed, at lestsin in male-donated nutrients. One explanation is that
some of which were presumably not first matings. Copdespite differences in absolute size of the ejaculate at
lation duration increased to approximately 3 h at the seifferent matings, the nutrient content remains approxi-
ond mating and to over 4 h at the third and fourth. Imately constant in terms of hydrocarbons (Marshall and
creasing time spent in copula with increasing matimdgcNeil 1989), nitrogen (Oberhauser 1992), and protein
number has been found in several other butterfly spediBssoondath and Wiklund 1996b). Furthermore, sperm
(Rutowski and Gilchrist 1986; Svard and Wiklund 1986@lensity has actually been found to increase with succes-
Rutowski et al. 1987; Bissoondath and Wiklund 1996sive matings in some species, despite declines in ejacu-
Watanabe et al. 1998; Wiklund et al. 1998). late mass (Cook and Wedell 1996; Watanabe et al. 1998).
Lengthy copulation times have generally been inter-
preted as a mechanism to increase male fitness by reduc-
ing the probability of further mating by the female (Parké&ffects on longevity
1970). However, in a species suchJagvagorasvhere
the female mates only once, and where sperm displadée found that the lifespan of female evagoraswas
ment is presumably not an issue, the adaptive naturesighificantly reduced as the number of previous matings
prolonged copulation is not clear, especially as it impas-her male partner increased. This reduction in longevi-
es costs on both sexes by exposing the copulating paitytvas not correlated with any other factors such as cop-
increased risk of predation, and by taking time that cowlthtion duration. A similar relationship between female
otherwise be spent mating again (for the male), or fongevity and male mating history has been found by
feeding and ovipositing (for the female). This may be &utowski et al. (1987), but not in several other studies
especially serious cost to females, which live only aboubere it has been tested (Svard and Wiklund 1991; Royer
3 days in the field (Elgar and Pierce 1988). It therefoa@d McNeil 1993; Ward and Landolt 1995; Svensson et
seems likely that the increasing copulation timesl.in al. 1998). The mechanism by which female lifespan is
evagorasare simply due to the physical constraints @fffected by male mating history is unclear but could be
passing ejaculate (Rutowski and Gilchrist 1986). related to the receipt of male-derived nutrients. Increased
longevity of females in male-donating species has been
documented in several butterflies (e.g., Rutowski and
Effects on fecundity Gilchrist 1986; Wiklund et al. 1993, 1998; Tamhankar
1995; Wedell 1996; Rogers and Marti 1997; Karlsson
Male age at first mating was positively associated witl®98). If such nutrients are advantageous to females,
fecundity but accounted for only about 14% of variatiothen their possible depletion in the ejaculate of multiply
We did not find a significant effect of mating history omated males may have a negative effect.
realized fecundity in). evagoras The effect on female  The correlation between female longevity and mating
fecundity of the depletion in ejaculate with successivéstory in the laboratory may not, however, be translated
matings is controversial. Radiotracer studies in sevet@lnon-laboratory populations, as field observations indi-
lepidopterans have shown that accessory gland secede that females rarely live more than 3 days.
tions passed into the female’s reproductive tract during
mating are absorbed by the female and used in egg pro-
duction (Boggs and Gilbert 1979; Boggs 1981; Bog@onclusions
and Watt 1981; Greenfield 1982; Wiklund et al. 1993;
Wedell 1996). Some studies have demonstrated increades close association df evagorasith ants in the lar-
in fecundity with increasing ejaculate size (Rutowski gal and pupal stage, leading to highly localized aggrega-
al. 1987; Royer and McNeil 1993; Foster and Ayré®mns of fertilizable females, may have been a selective
1996; Karlsson 1998; Wiklund et al. 1998), while othemsfluence favoring an explosive mating system, charac-
have not (Greenfield 1982; Jones et al. 1986; Svard aadzed by a lack of active mate choice, lack of discrimi-
Wiklund 1988, 1991; Fitzpatrick and McNeil 1989; Lenation among mates, female monogamy, and multiple
derhouse et al. 1989; Delisle and Bouchard 1995; Wandting by males. Compared to other butterfly species,
and Landolt 1995; Hiroki and Obara 1997). Oberhauseale J. evagorastransfer a relatively small amount of
(1997) noted that most species in which spermatophejaculate as a proportion of their body mass, supporting
depletion has been shown to affect fecundity are polydine hypothesis that small ejaculates are favored in spe-
drous, whereas the effect has rarely been found for momes where mate choice is lacking and female mongamy
androus species. Our results forevagorasa monand- likely. However, despite the small male investment in
rous species, are consistent both with this observatgaculate, the costs of multiple mating in this species
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may nonetheless be significant, as indicated by the @eenfield MD (1982) The question of paternal investment in

ion in ei i i i Lepidoptera: male-contributed proteinsRiodia interpunctel-
duction in ejaculate mass, an increase in copulation dura la Int J Invert Reprod 5:323.330

tlon! and reduction n female Ilfespan with INCreasing, i M, Obara Y (1997) Delayed mating and its cost to female
mating number. Mating history did not, hOWB}/er, haV_e a reproduction in the butterfly,Eurema hecabe J Ethol
significant effect on female fecundity, consistent with 15:79-85 ' . .
findings for other monandrous species. Jones KN, Odendaal FJ, Ehrlich PR (1986) Evidence against the
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