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Evolution via sexual selection has traditionally been viewed as isolated from life-history constraints. As

additionally reproductive resource allocation in males is underexplored, it is rather unclear how life-history

factors have shaped lifetime investment into male sexually selected traits. Against this background, we here

investigate male butterfly mating success in relation to age, nutritional status, assay condition and wing

damage. As predicted, based on a low residual reproductive value, older males had a considerably higher

mating success than younger males. Comparisons between virgin and once-mated males suggest that this

pattern is related to age per se rather than differential ratings of the resource receptive female. We found no

evidence for male body size or condition being important, supporting the notion that in weaponless

animals intrinsic motivation is more important for mating success than the differences in physical

properties (such as body size or condition). Flight cage experiments suggest that such differences in

motivation may be masked under more natural conditions, where flight performance, having a clear

impact on mating success (as evidenced by wing manipulation experiments), is likely to be crucial. We

conclude that the life-history perspective is a fruitful one for gaining a better understanding of the evolution

of sexually selected characters and the predictions derived from contest theory do also apply to male

mating success.

Keywords: Lepidoptera; life-history theory; male reproduction; resource-holding potential;

sexual selection; wars of attrition
1. INTRODUCTION
It is a fundamental assumption of conventional evolution-

ary theory that animal life histories are shaped by trade-

offs among fitness-related traits (Stearns 1992; Roff

2002). Nevertheless, trait evolution via sexual selection

has traditionally been viewed as isolated from life-history

constraints (Höglund & Sheldon 1998; Kokko 1998;

Candolin 2000; Kemp 2002a; Kokko et al. 2002). Recent

theory, however, predicts that sexually selected characters

should be subject to the same allocation trade-offs that

apply to more traditional life-history traits (Enquist &

Leimar 1990; Kemp 2002a, 2006). Consequently, there

has been a concerted effort towards viewing the processes

and outcomes of sexual selection from a life-history

perspective in recent years (Höglund & Sheldon 1998;

Kokko 1998; Kemp 2002a, 2006; Kokko et al. 2002).

The life-history point of view basically acknowledges

that individuals have restricted lifespans and expendable

resources, and that an investment allocated to a particular

function cannot be used for future investment (Kemp

2006). The idea of such trade-offs between present and

future reproduction (or, more generally speaking, invest-

ment) is not new, but has been rarely addressed explicitly

in behavioural ecology (Kemp 2006), except in the field of

female mate choice (e.g. Kokko 1997, 1998; Kokko et al.

2002; Proulx et al. 2002). Moreover, most empirical

efforts to identify the trade-offs involved in shaping

reproductive traits have focused on the costs of females,
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by concentrating on traits that are easy to measure (e.g.

Chapman et al. 1998; Poizat et al. 1999; Reznick et al.

2000; Barnes & Partridge 2003; Fischer 2007). Patterns in

male reproductive and especially behavioural traits, by

contrast, remained largely unexplored, (but see Kemp

2002a,b, 2006). It is therefore rather unclear how life-

history factors affect lifetime investment in male sexually

selected traits (Höglund & Sheldon 1998; Kemp 2002a,

2006; Kotiaho & Simmons 2003; Ferkau & Fischer 2006).

Against this background and inspired by the papers of

Kemp (2002a,b, 2003, 2006) and others (e.g. Hunt et al.

2004), this study explores life-history effects, namely age,

on male mating strategies in the tropical butterfly Bicyclus

anynana (Butler 1879). Male mating behaviour is

evidently under strong sexual selection and is moreover

likely to induce non-trivial costs (Enquist & Leimar 1990;

Kemp & Wiklund 2001; Kemp 2002a, 2006). Through-

out the animal kingdom, male mating success and

settlement of intrasexual contests often depend on body

size, strength, energy reserves or weaponry, i.e. on the

individual’s resource-holding potential (RHP; Parker

1974; e.g. Marden & Waage 1990; Kemp & Wiklund

2001; Lappin et al. 2006). In groups lacking any obvious

physical means usually associated with animal aggression

such as butterflies, however, simple asymmetries in RHP

are unlikely to determine male mating success (Kemp &

Wiklund 2001, 2004; Kemp et al. 2006; Bergman et al.

2007). Male butterfly contests, for example, usually

consist of non-contact aerial disputes, closely resembling

‘wars of attrition’ (Maynard Smith 1982; Kemp &

Wiklund 2001; Kemp 2002a). Here, the settlement

seems to depend purely on a male’s willingness to persist
This journal is q 2008 The Royal Society
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(e.g. Kemp & Wiklund 2001, 2004; Kemp 2000a, 2002a;

Kemp et al. 2006). Likewise, butterfly mating success

seems to depend on the male persistence during courtship

(Fischer 2006; Geister & Fischer 2007). Yet, what

determines a male’s ‘motivation’ to persist is hitherto

poorly understood.

Life-history theory predicts that risky behaviour such as

injurious fighting should generally increase with age. This

is because the residual reproductive value (RRV, Williams

1966), i.e. the opportunity for future reproduction,

decreases with age; younger males generally pay greater

costs than older ones when being killed or injured (Parker

1974; Enquist & Leimar 1990; Kemp 2002a, 2006).

However, a clear empirical examination of this pheno-

menon has often been hindered by age-based changes in

physical attributes or experience, factors that may well

impact on male mating success (Marden & Waage 1990;

Olsson & Shine 1996; Whitehouse 1997; but Kemp

2002a,b, 2006).

Taking such complications into account and elabora-

ting on recent theoretical and empirical results on male

contest behaviour (Kemp 2002a,b, 2003, 2006), we here

investigate male mating success in relation to age using

male competition experiments. Thus, we here focus on a

parameter even more closely related to fitness than

territorial success, which is not necessarily indicative of

the mating success (Deinert et al. 1994). Further, we

extend the previous results by directly manipulating

nutritional status and wing deterioration (and thus

RHP), the males’ experience and assay conditions.

Based on the above arguments, we generally predict

older males to be more persistent/aggressive while

courting females or defeating competitors, thereby gaining

a higher mating success than younger males. At the same

time our design enables us to explore to what extent

asymmetries in RHP and a priori experience may

modulate male mating success. Note, for instance, that

exclusively using naive animals while investigating age

effects might cause asymmetries in the rating of the

resource ‘receptive female’ (as older males experienced

longer periods without having access to females than

younger ones). Finally, by testing male mating per-

formance under artificial and semi-natural settings, we

try to disentangle the effects of the males’ willingness

(eagerness/motivation) from those of their ability, the

latter potentially being impaired in older males. While

older males are expected to outperform younger ones in an

artificial setting (small cage) based on their higher

motivation, this may not necessarily hold true under

more natural conditions (i.e. in a larger flight cage). Here,

factors such as the males’ responsiveness, mano-

euvrability and flight performance (i.e. ‘ability’), poten-

tially diminishing with age, should become more

important (cf. Joron & Brakefield 2003).
2. MATERIAL AND METHODS
(a) Study organism and experimental population

Bicyclus anynana is a tropical, fruit-feeding butterfly

distributed from southern Africa to Ethiopia (Larsen 1991).

This species exhibits striking phenotypic plasticity with

two seasonal morphs, which functions as an adaptation

to alternate wet–dry seasonal environments and the

associated changes in resting background and predation
Proc. R. Soc. B (2008)
(Brakefield 1997; Lyytinen et al. 2004). Reproduction is

essentially confined to the warmer wet season when

oviposition plants are abundantly available, during which

two to three generations occur. During the colder dry season,

reproduction ceases and butterflies do not mate before the

first rains at the beginning of the next wet season (Windig

1994; Brakefield 1997). For mate location, male B. anynana

butterflies pursue a perch-and-chase strategy. Perching

males can be found in high densities, and they are frequently

involved in circuit and chasing flights (Brakefield &

Reitsma 1991; Joron & Brakefield 2003). Females may

mate repeatedly and are able to reject courting males

(Brakefield & Reitsma 1991; Brakefield et al. 2001). Thus,

male persistence seems to have a large impact on male mating

success (Fischer 2006; Geister & Fischer 2007).

A laboratory stock population of B. anynana was

established in 2003 from several hundred eggs derived from

a well-established stock population at the University of

Leiden, The Netherlands. The Leiden population was

founded in 1988 from over 80 gravid females collected at

Nkhata Bay, Malawi. In each generation, several hundred

individuals are reared, maintaining high levels of hetero-

zygosity at neutral loci (Van’t Hof et al. 2005). For this study,

butterflies from the Bayreuth stock population were used.

(b) Butterfly rearing

Prior to each of the following mating experiments, two

cohorts of approximately 1000 eggs each were collected from

several hundred stock females, with the second cohort being

collected approximately 10 days after the first one. To

minimize the confounding effects of female age, eggs for the

first cohort were collected before all butterflies had eclosed

(thus among the females producing the second cohort there

were still fresh ones), and all females were kept at a cool

temperature of 208C without oviposition substrate for the

time in between. Larvae were reared in population cages on

young maize plants at high relative humidity (70%) and

12 L : 12 D cycle throughout. Depending on the experiment

(see below), rearing took place either partly at 208C and

partly at 278C, or completely at 278C (for logistic reasons),

though the two cohorts belonging to one experiment were

always treated identically. The temperatures chosen are

similar to the daily highs during the wet and dry season,

respectively, in the field (Brakefield & Reitsma 1991). All

resulting butterflies had wet season phenotypes.

The resulting pupae were removed daily from the rearing

cages and were sexed. Male pupae were weighed to the

nearest 0.01 mg on the day after pupation (as proxy for adult

body size; except for experiment 4, see below), and afterwards

kept individually until adult eclosion, while female pupae

were transferred group-wise to hanging cages. Following

adult eclosion, all males were individually marked and kept

separated by eclosion day. Unless otherwise stated, male and

female butterflies were kept apart until the experiments

started. The two cohorts were used to produce two age classes

of male butterflies, old (first cohort) and young (second; for

details see below) ones.

(c) Mating experiments

To explore the effects of male age, feeding treatment, assay

condition and/or wing damage on male mating success, four

different experiments were carried out as detailed below.

In experiment 1 four groups of males were used, the factors

being male age (‘old’ 10(–14) (mean 10.3) days versus
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‘young’ 2 days) and feeding treatment (‘control’: males were

provided moist banana ad libitum versus ‘food restriction’:

males had access to banana for 2 hours per 48 hours, but

otherwise to water only; note that young food-restricted

males were not fed prior to the mating trials on day 2). The

mating trials involved the competition among four randomly

chosen virgin males (one from each group) for a single, 2- to

5-day-old virgin female in a cylindrical net cage (diameter

38 cm and height 10 cm) at 278C. Such assay conditions have

been successfully used before in B. anynana (Breuker &

Brakefield 2002; Joron & Brakefield 2003; Robertson &

Monteiro 2005; Fischer 2006; Geister & Fischer 2007).

The four males were introduced into the cages in random

order and the female approximately 10 min later to start the

trial. The cages were checked for matings at least every

15 min for the following 8 hours (mating in B. anynana lasts

approximately 30 min; Joron & Brakefield 2003). The first

male to mate was scored as ‘winner’. The trial was terminated

thereafter, and all males were frozen for later analyses (i.e.

there was no reuse of any butterflies). In 88 trials, 79 matings

were recorded. In addition to the pupal mass (see above),

body dry mass and relative fat content were measured for all

males. The latter was determined as mass difference between

adult dry mass (after 48 hours at 708C) and the remaining dry

mass after two fat extractions. In each extraction, fat was

extracted for 48 hours using 2 ml of dichloromethane

(CH2Cl2)/methanol (CH3OH) (2 : 1) solution for each

butterfly (cf. Fischer et al. 2003). Prior to extractions, legs,

wings and antennae were removed. Both traits (dry mass and

relative fat content) are known to decrease with age in

butterflies, presumably as a consequence of resource

depletion, and are thus conveniently measurable proxies of

male condition (e.g. Karlsson 1994; Stjernholm et al. 2005;

Stjernholm & Karlsson 2006).

Experiment 2 used the same set-up as above with only a few

modifications. Here, males were 3 (young class) and 13 (old)

days old. Further, males from all four groups were mated

once to virgin females prior to the mating trial (on days 1 and

11, respectively, i.e. 2 days before the trial). The reasoning

behind that was to account for potential differences in the

rating of the resource receptive female (see above). As this

rating may differ across males not having had access to a

female for 3 days when compared with 13 days, we kept the

time since the last mating constant across age classes. In 86

trials, 80 matings were recorded.

In experiment 3, again 3-day (young) and 13-day (old) old

males were used, which were once again mated 2 days before

the mating trials (see above). The factor ‘feeding treatment’

was dropped here (resulting in only two treatment groups, all

fed with moist banana ad libitum) in order to reduce work load

and because the prior results did not indicate any interactive

effects. The principal difference between experiment 3 and the

earlier ones is that here experiments were not conducted in

small hanging cages, but in a large flight cage (195!115!

90 cm), allowing for a more complete expression of courtship

behaviour (cf. Joron & Brakefield 2003). Several plants were

placed into the cage to imitate natural vegetation structures

and to provide perch sites.

In this experiment, equal numbers (20–44, depending on

the trial) of young and old males were introduced into the

flight cage in random order. After 10 min, young virgin

females (60% of the total number of males) were released into

the cage to start the trial. Following the release of the last

female (time 0), a stop clock was started to measure the time
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to mating for the successful males. Mating couples were

removed from the flight cage to avoid second matings. Pooled

over 4 consecutive days, 123 successful matings were

observed (number of females used, 159). At the end of each

experimental day, all males used were frozen for a later

analysis of wing wear. The classification of wing wear

followed the studies of Karlsson (1994) and Kemp (2000b,

2002a): (i) fresh, no signs of scale loss, wings undamaged;

(ii) rather fresh, some wing scales lost, only minor wing

damage (if any); (iii) wings moderately worn, wing scales

partly lost, wings damaged at margins; (iv) wings worn and

substantially damaged, substantial loss of scales; and (v)

wings extremely worn, wing scales largely lost, parts of wings

missing. Scoring was done by one person (T.G.) only.

The last experiment (experiment 4) explored the effect of

wing damage on the mating success in hanging cages as well as

in the above-mentioned flight cage. Males were randomly

divided among two groups, an untreated control group and a

treated one, in which the distal parts of both fore- and

hindwings were cut off on day 1 after eclosion. Wings were cut

off along an imaginary straight line from the hindwings’

posterior eyespot to the forewings’ anterior eyespot, thus

removing approximately one-third of the wings. These

experiments exclusively used 3-day-old virgin males. In the

hanging cages, two males (a control and treated one)

competed for a single virgin female (for details, cf. experiments

1 and 2), while in the flight cage 62 males per treatment and

74 females were introduced at a time. In the former case,

65 matings were recorded in 89 trials and in the latter,

57 matings (for 74 females). All butterflies were fed ad libitum.

(d) Data analysis

The frequencies of successful matings per treatment group

was tested against even distributions (null hypothesis) using

c2-tests. Additionally, to test simultaneously for the effects of

age, feeding treatment and various covariates (pupal mass,

body dry mass and wing wear) on the mating success of

B. anynana males, we calculated generalized nonlinear

models (GNLM) with a binomial error distribution and a

logit link function (binary data, successful or unsuccessful).

This approach is problematic because the assumption of non-

independency of data is violated: if one male wins, the

other(s) lose and thus their scores are not independent.

Nevertheless we decided to present these models here for

illustrative purposes, as they allow for the inclusion of

covariates and thus give a much more complete picture.

Additionally, all such results are fully supported by the

above c2-tests.

Group differences in continuous traits (pupal mass, adult dry

mass, relative fat content, wing wear and time to mating) were

tested by using either two-way analyses of variance (ANOVAs)

or Mann–WhitneyU tests. To meet ANOVA requirements, data

were transformed prior to testing as appropriate. All statistical

tests were performed using STATISTICA v. 6.1. Throughout the

paper, only significant interaction terms are presented. All

means are given G1 s.e.
3. RESULTS
(a) Experiment 1. Male mating success in relation

to age and feeding treatment

While male pupal mass did not differ across age classes

(F1,312!0.1, pZ0.994) and (adult) feeding treatments

(F1,312Z2.7, pZ0.101) confirming random sampling,
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Figure 1. (a,c) Male adult dry mass and (b,d ) relative fat content in relation to age and feeding treatment in the butterfly
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both factors significantly affected male adult dry mass and

relative fat content (figure 1a,b). Older males showed, on

average, a lighter dry mass (8.64G0.11 versus 9.20G
0.11 mg; F1,312Z13.2, pZ0.0003) accompanied by a

lower relative fat content (15.7G0.06 versus 19.5G
0.06%; F1,312Z2469.1, p!0.0001) than younger males.

Likewise, food-stressed males were lighter (8.75G0.10

versus 9.09G0.12 mg; F1,312Z4.7, pZ0.0305) and had a

lower relative fat content (17.28G0.16 versus 17.93G
0.17%; F1,312Z71.0, p!0.0001) compared with control

males, although the effects were considerably smaller than

those induced by age differences. A significant age!
feeding treatment interaction for relative fat content

(F1,312Z7.1, pZ0.0082) indicates that, as would be

expected, the effects of food stress were more pronounced

in older males (figure 1b).

Despite their evidently poorer condition in terms of body

mass and storage reserves, older males were successful in 62

out of 79 mating trials (c1
2Z25.6, p!0.0001), while mating

success was rather similar across feeding treatments (food-

stressed males: 36; control males: 43; c1
2Z0.6, pZ0.43;

figure 2a). These results are fully supported by the GNLM

models given in table 1a for illustrative purposes, showing

thatmating success is only affected by age, but not by feeding

treatment or pupal mass.

(b) Experiment 2. Male mating success in

relation to age and feeding treatment after

a pre-copulation

As above, pupal mass was not significantly different

between age classes (F1,316Z1.8, pZ0.182) or feeding

treatments (F1,316!0.1, pZ0.891), while older males had

significantly lighter dry mass (8.18G0.08 versus 8.58G
0.09 mg; F1,316Z10.7, pZ0.0012) and lower relative
Proc. R. Soc. B (2008)
fat content (15.2G0.07 versus 18.9G0.07%; F1,316Z
2126.1, p!0.0001) than younger males (figure 1c,d ).

Food stress, by contrast, affected only relative fat content

(food stressed: 16.6G0.16% versus control: 17.5G0.16%;

F1,316Z139.0, p!0.0001), but not dry mass (F1,316Z0.8,

pZ0.387).

In this experiment, where all males had already mated

2 days prior to the mating trials, mating success was

significantly affected by both age class and feeding

treatment. Older males were more successful than younger

ones (54 versus 26 matings; c1
2Z9.8, pZ0.0175) and

control males more successful than food-stressed ones

(54 versus 26; c1
2Z9.8, pZ0.0175; figure 2b). Again,

GNLM models gave qualitatively identical results, con-

firming the significant effects of age and feeding treatment,

but no effect of body size on mating success (table 1b).

(c) Experiment 3. Male mating success in relation

to age: flight cage experiments

In the large flight cage, mating success did not differ

significantly between old and young males (69 versus 54;

c1
2Z1.8, pZ0.176; figure 2c). Again, pupal mass did not

differ across age classes (old: 143.1G1.5 versus young:

147.0G1.3 mg; ZZK1.6, pZ0.105). Older males (85G
13 min) mated significantly sooner than younger ones

(127G17 min; ZZ8.9, p!0.0001), though wing wear was

significantly worse in old (3.2G0.1) compared with young

males (2.0G0.1; ZZ8.9, p!0.0001). Accounting for the

latter in a GNLM model shows that mating success

depended on both male wing wear and age (table 1c). This

indicates that, although the older males’ numerical

advantage is limited, they still perform better if variation

in wing wear is accounted for, with poorer wing wear

generally reducing mating success.
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Figure 2. Male B. anynana mating success in relation to (a) age and feeding treatment in virgin males, (b) age and feeding
treatment in males having mated 2 days prior to the mating trials already, (c) age in a larger flight cage allowing for a more
complete expression of courtship behaviour (note that the factor feeding treatment was dropped here) and (d ) artificial wing
damage and cage size (small versus large). (a,b) Filled bars, control; open bars, starved, (c) filled bars, control and (d ) filled bars,
control; open bars, damaged. For details on experimental treatments see text.

Table 1. Effects of age, feeding treatment or wing wear
(covariate), and pupal mass (covariate) on male mating
success in B. anynana, tested by generalized nonlinear models
(binomial error distribution, logit link function). (Note that
results are presented for illustrative purposes only. Parts a, b
and c refer to experiments 1, 2 and 3, respectively. d.f.Z1
throughout. For a and b, results do not differ qualitatively
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(d) Experiment 4. Male mating success in relation

to wing damage

In the small hanging cages, control males tended to

outperform wing-damaged ones (40 versus 25 matings;

c1
2Z3.5, pZ0.0628), the difference being more pro-

nounced in the large flight cage (39 versus 18 matings;

c1
2Z7.7, pZ0.0054; figure 2d ).
when replacing pupal by adult dry mass; models including
pupal mass as covariate are presented here as dry mass was
not measured in experiment 3.)

factor Wald c2 p

a
age 30.31 !0.0001
feeding treatment 0.60 0.4407
age!feeding treatment 0.10 0.7549
pupal mass 0.16 0.6867

b
age 11.36 0.0007
feeding treatment 11.28 0.0008
age!feeding treatment 0.50 0.4806
pupal mass 0.08 0.7732

c
age 8.37 0.0038
wing wear 5.87 0.0154
pupal mass 0.48 0.4903
4. DISCUSSION
In line with our a priori predictions, this study

demonstrates that 8-10 days older male B. anynana had

a generally higher mating success than younger ones (but

also see below). This difference in lifespan is considered

ecologically highly relevant. Although B. anynana may

reach considerably longer lifespans under laboratory

conditions (e.g. Pijpe et al. 2006), field life expectancies

in butterflies typically range between 10 and 14 days (e.g.

Brakefield & Reitsma 1991; Fischer & Fiedler 2001; but

Molleman et al. 2007). At the same time, older males

showed substantial reductions in two traits likely to be

an indicative of condition (cf. Marden & Waage 1990;

Kemp & Wiklund 2001; Lappin et al. 2006), body dry

mass (K6%) and relative fat content (K20%). As

consequently older males were more successful despite

a clearly diminished condition, these findings suggest

that, as expected, asymmetries in RHP are unlikely

to have a larger impact on male mating success in

B. anynana and other butterflies or weaponless animals

(but see below; Kemp & Wiklund 2001, 2004; Kemp

et al. 2006; Bergman et al. 2007). Also note in this
Proc. R. Soc. B (2008)
context that, throughout all experiments, male body size

(measured as pupal mass) did not affect mating success.

Rather, the better performance of older males lends

strong support for the notion of intrinsic differences in
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aggressiveness and persistence, which are thought to have

caused the patterns found. Such intrinsic differences in

turn can be explained by few future reproduction

opportunities for older compared with younger males

(i.e. a low RRV). Consequently, males should be more

willing to invest in potentially costly behaviour as they age,

as older males stand to lose substantially less than younger

ones (Parker 1974; Enquist & Leimar 1990; Kemp 2002a,

2006). Indeed, the behavioural differences between old

and young males were very obvious to the observers, with

older males being much more aggressive and persistent

than younger ones when courting females (although this

was not quantified, a detailed behavioural analysis is

subject to work in progress). The potential costs

associated with such enhanced aggressiveness during

courtship (or male–male contests) include opportunity

costs due to loss of time as well as energetic costs, injury

(due to unintended physical contact), and predation costs

(Enquist & Leimar 1990; Kemp & Wiklund 2001; Kemp

2002a, 2006).

The results on the effect of feeding treatment on male

mating success are somewhat ambiguous. While feeding

treatment did not affect mating success in experiment 1,

food-stressed males gained less matings than control

males in experiment 2. Both experiments were similar in

design, the principal difference being that all males were

mated once prior to the mating trials in experiment 2, while

experiment 1 involved competition among virgin males. It is

thus tempting to conclude that the difference is causally

related to mating number. The resource expenditures

associated with mating such as those for courtship and

spermatophore formation are likely to be more easily

bearable by control than by food-restricted males. For

instance, although spermatophores in B. anynana are

comparably small, later spermatophores have a decreased

dry mass and a higher water content than earlier ones

suggesting that spermatophore production is indeed

physiologically costly (Ferkau & Fischer 2006). Never-

theless, manipulation of adult feeding regime has at best a

minor impact on earlier spermatophores that are essen-

tially larval in origin (Ferkau & Fischer 2006).

An alternative explanation would be that old males

were 10 days old in experiment 1 compared with 13 days in

experiment 2, potentially exaggerating any potential effects

of adult food limitation. By contrast, a direct impact of fat

content or body mass is unlikely. Although adult food

restriction reduced or tended to reduce both proxies of

male condition, the resulting variation was considerably

less pronounced compared with age-related differences,

where it obviously did not impede the older males’ better

performance. Most importantly, however, male age was

still a significant predictor of male mating success, even if

potential differences in the evaluation of the resource

receptive female are accounted for. Thus, the enhanced

aggressiveness and persistence of older males does not

seem to be related to differences in the rating of the

resource in question, but rather to differences in age per se.

The evidence collated thus far clearly suggests a higher

mating success of older male B. anynana, based on a

higher intrinsic motivation. However, these results were

(deliberately) obtained in a rather artificial setting, i.e. in

small hanging cages (to specifically test for differences in

motivation). An important question to answer next is

whether a higher motivation translates into a higher
Proc. R. Soc. B (2008)
mating success under more natural conditions. In a larger

flight cage mimicking those conditions, the older male

advantage was considerably less pronounced, not attaining

significance anymore (though the general trend of older

males performing better remains; 69 versus 54 matings).

This outcome was expected, as mating performance does

not only depend on motivation but also on physiological

items, such as energy reserves, responsiveness, flight

endurance, manoeuvrability (e.g. Joron & Brakefield

2003), all of which are likely to diminish with age

(Karlsson 1994; Stjernholm et al. 2005; Stjernholm &

Karlsson 2006). Still, a higher motivation is empirically

supported as older males took on average significantly less

time to initiate mating than younger males. Thus, if older

males manage to spot and approach females timely, they

have a very good chance to gain a mating.

Nevertheless, the older males’ higher motivation to

mate seems to be at least partly impaired by physical

deficiencies under more natural conditions. This finding

has important implications for experimental tests of

hypotheses associated with differences in the RRV, as

intrinsic differences in the willingness to adopt more risky

strategies may prove difficult to detect under certain

experimental conditions. An important factor impairing

mating success of older males seems to be flight

performance, as suggested by two lines of evidence.

First, if differences in male wing wear (used as a proxy of

flight performance), being significantly poorer in older

males, are statistically controlled for, male age is again a

significant factor affecting male mating success, even

under more natural conditions. Thus, poorer wing wear is

generally disadvantageous in terms of mating success, but

older males tend to be more successful despite much

poorer wing wear, again supporting the notion of a higher

intrinsic motivation. Overall, wing wear and consequently

locomotor performance seem to be much more important

for male B. anynana mating success than the body mass or

the amount of storage reserve. Second, experimental

manipulation of wings yielded evidence for a causal link

between flight performance and mating success. Manipu-

lated males with damaged wings were less successful than

control males of the same age, with differences being more

exaggerated under less restricted experimental conditions,

thus echoing the above results.

In conclusion, we here provide compelling evidence for

a mating advantage of older males, caused by a higher

intrinsic motivation resulting in higher levels of aggres-

siveness and persistence during courtship (and possibly

male–male contests). These findings are consistent with

the predictions resulting from RRV theory. Importantly,

older males are more successful despite diminished

resources and wing wear, at least under restrictive

experimental conditions focusing on intrinsic motivation.

This clearly supports the notion that in weaponless

animals such as butterflies, intrinsic motivation (persist-

ence) is much more important for conflict resolution and

mating success than differences in physical properties

(e.g. body size, condition). Such differences in motivation,

however, may be masked under more natural conditions,

where physical attributes are likely to be more important.

There is no way to decide in general which experimental

design is most appropriate, as this will depend on the

question addressed. Our findings demonstrate that the

arguments for male contest competition (Kemp 2002a,
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2003, 2006) can be extrapolated to other costly aspects of

male behaviour, opening up a window of opportunity for

future research. As has been argued before (Kemp 2002a,

2006), an explicit consideration of life-history theory in

behavioural studies provides a fruitful perspective for

investigating the evolution of sexually selected behaviours

for some time to come.
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