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Introduction

Senescence (‘ageing’), the process of somatic deterior-

ation that occurs as individuals age, is typically mani-

fested in declining survival, reproduction and

reproductive value (Partridge & Barton, 1996).

Although ageing can have considerable implications

for individual fitness, even in wild populations (Nesse,

1988; Bonduriansky & Brassil, 2002), studies have

typically relied on aggregate statistics from cohorts,

while individual variation in ageing rates (which is the

raw material for selection on ageing) remains poorly

understood (Austad, 1996; Service et al., 1998; Partridge

& Mangel, 1999; Zens & Peart, 2003). Consequently,

despite considerable theoretical interest in the role of

ageing in sexual selection (e.g. Kokko & Lindström,

1996; Kokko, 1998; Brooks & Kemp, 2001), relevant

empirical evidence is scarce. In general, we know

relatively little about the importance of trade-offs

between ageing rate and other life history traits. Given

that environmental factors can have a large influence

on the expression of ageing (Roach, 2001; Marden et al.,

2003), it is particularly useful to address these questions

in wild populations, which can illuminate natural

patterns of selection on ageing. Yet, for practical

reasons, very little is known about patterns of ageing

in the wild.

Life history theory suggests that patterns of survival

and reproduction are shaped to a substantial degree by

trade-offs between fitness components (Roff, 1992). Such

trade-offs may account for the evolution of ageing.

Because selection strength invariably declines with age

(Medawar, 1946), selection will favour traits that

increase reproductive rate in early life while also contri-

buting to somatic deterioration through antagonistic

pleiotropy (Williams, 1957). For example, resource allo-

cation to reproduction may trade-off directly against

resource allocation to somatic maintenance (Kirkwood,

1977; Kirkwood & Holliday, 1979; Kirkwood & Rose,
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Abstract

Little is known about the importance of trade-offs between ageing and other

life history traits, or the effects of ageing on sexual selection, particularly in

wild populations suffering high extrinsic mortality rates. Life history theory

suggests that trade-offs between reproduction and somatic maintenance may

constrain individuals with higher initial reproductive rates to deteriorate more

rapidly, resulting in reduced sexual selection strength. However, this trade-off

may be masked by increased condition dependence of reproductive effort in

older individuals. We tested for this trade-off in males in a wild population of

antler flies (Protopiophila litigata). High mating rate was associated with

reduced longevity, as a result of increased short-term mortality risk or

accelerated ageing in traits affecting viability. In contrast, large body size was

associated with accelerated ageing in traits affecting mating success, resulting

in reduced sexual selection for large body size. Thus, ageing can affect sexual

selection and evolution in wild populations.
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1991). There is compelling evidence of such trade-offs in

many organisms. For example, increased reproductive

effort is associated with accelerated ageing and reduced

lifespan (e.g. Ernsting & Isaaks, 1991; Rose &

Charlesworth, 1981a, b; Tucić et al., 1996; Gasser et al.,

2000), and sexual activity suppresses immune function

(McKean & Nunney, 2001; Rolff & Siva-Jothy, 2002).

Although antagonistic pleiotropy theory assumes that

both reproductive rate and somatic maintenance have a

genetic basis, trade-offs between these traits may also

result from environmental factors (see Discussion).

Ageing could either strengthen or weaken net sexual

selection, depending on the relation between ageing rate

and other fitness-related traits. Life history theory

suggests that trade-offs between reproductive rate and

somatic maintenance may constrain individuals with

high initial reproductive rates to deteriorate more rapidly

(Fig. 1a). In such a case, ageing could play a role in a

life history strategy, involving heavy investment in

reproduction at the cost of rapid deterioration, that only

high-condition individuals could afford. Although high-

condition individuals would still achieve maximum

fitness over their lifetimes, rapid ageing would erode

their advantage, thus diminishing the strength of net

sexual selection. Such a pattern was observed by Hunt

et al. (2004) in field crickets. However, it is unclear to

what extent the results of their laboratory experiment

can be extrapolated to wild populations, which probably

experience much higher costs of reproduction and rates

of mortality.

However, life history theory also suggests that an

alternative scenario is possible. Because reproductive rate

typically reflects individual condition (see Clutton-Brock,

1988), variation in condition might mask underlying

trade-offs between reproduction and somatic mainten-

ance (see Reznick, 1985; Clutton-Brock, 1988). In par-

ticular, if selection favours greater reproductive effort in

older individuals (Gadgil & Bossert, 1970; Kokko, 1998;

Kemp, 2002; Proulx et al., 2002), reproductive rate may

become increasingly condition dependent with age. This

may enable individuals with high initial reproductive

rates to age less rapidly (Fig. 1b). In this case, ageing

would increase the strength of net sexual selection. The

effect of ageing on sexual selection is thus an empirical

question that needs to be addressed, particularly in wild

populations.

The direction of the effect of ageing on net sexual

selection is relevant to a host of evolutionary questions.

For example, because old age may signal ‘good genes’ for

viability, it has been suggested that females may evolve

preferences for old males (Kokko & Lindström, 1996;

Kokko, 1998; Brooks & Kemp, 2001; Beck et al., 2002;

but see Radwan, 2003). However, if the most successful

males lose their intra-sexual competitive advantage with

age, then ageing may reduce females’ opportunity to

exercise preferences for old males. Conversely, if the

most successful males can maintain or amplify their

competitive advantage with age, then ageing would tend

to increase females’ opportunity to exercise preferences

for old males.

Antler flies (Protopiophila litigata; Diptera: Piophilidae)

are small insects (1.5–3.2 mm body length) whose

extreme site fidelity and long copulation duration make

it possible to obtain longitudinal life history data on

marked individuals in the wild (Bonduriansky & Brassil,

2002). Previous research showed that wild males lose at

least 20% of their potential fitness from age-related

declines in survival and reproduction, although the latter

effect (i.e. ‘reproductive ageing’: age-related deterior-

ation in traits affecting reproductive rate) appeared to

have the greater effect (Bonduriansky & Brassil, 2002). In

addition, body size is an important determinant of male

fitness: large males are more successful at defending

territories and more attractive to females (Bonduriansky

& Brooks, 1998a,1999). The importance of ageing rate

and body size in this system provided an opportunity to
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Fig. 1 Contrasting patterns of ageing predicted by life history

theory: (a) trade-offs may cause individuals with high initial mating

rates (solid line) to age faster than individuals with lower initial

mating rates (dashed line); (b) alternatively, large individual vari-

ation in condition and increasing reproductive effort with age may

enable individuals with high initial mating rates to maintain or

increase their relative advantage with age.
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test for trade-offs between these traits, and to examine

the interaction between ageing and sexual selection in a

wild insect population.

Materials and methods

Nine discarded moose (Alces alces) antlers were set up on

0.8 m high wooden stands in the forest at the Wildlife

Research Station in Algonquin Park, Ontario. Male antler

flies (n ¼ 609) were collected from the antlers, measured

and marked individually using the technique of

Bonduriansky & Brooks (1997), and released near the

antlers. As an index of body size, total body length

(abdomen tip to antenna tip) was measured to 0.01 mm

using a dissecting microscope and micro-calipers. Mating

aggregations on the antlers were surveyed every 2 h

during 72 days in June, July and August and the

presence and mating status (i.e. single vs. coupled) of

each male were recorded. Reproductive ageing analysis

was performed using data for males observed for at least

2 days after release (n ¼ 488) to eliminate individuals

that may have been injured during marking, and exclu-

ding data for each male’s mark-release day (i.e. incom-

plete daily records). Body lengths are not available for

some males (see Results for actual sample sizes).

Males were assumed to be newly emerged (24–48-

hour old) on their mark-release day because, beginning

in early May, numerous final-instar larvae were

observed leaving the antlers to pupate in the surround-

ing soil and, from early June (when the first adults were

observed on antlers) until early August (i.e. late in the

season), teneral adults were frequently observed near

the antlers. Moreover, the rate of migration between

distant antlers was low, as indicated by the fact that

about half of the marked males never moved from the

antler where they were first observed to adjacent antlers

<5 m away, and <1% of males moved to an antler

stationed 100 m away from the cluster of other antlers.

Thus, flies newly-emerged from pupae surrounding the

antlers very likely constituted a large majority of

unmarked adults appearing on the antlers throughout

the season. Likewise, marked males disappearing from

the population were assumed to have died because the

mean daily re-sighting probability for individual males

was high (63%) and probability of immigration was

low.

Our sample comprised multiple cohorts of males that

emerged continually throughout the season. Moreover,

mean lifespan, mating success, and mating rate did not

change over the season (P > 0.2 for all tests). Thus, it is

unlikely that our ageing rate estimates are confounded

by seasonal variation. However, mean body length of

emerging adults declined over the season, perhaps as a

result of declining quality of larval food inside antlers.

Selection on adults did not contribute to this result, since

larger males survived longer on average (see below).

Body lengths were adjusted for seasonality using residu-

als from a regression of log body length on the day of

marking (Fig. 2), with a constant added to make all

residuals positive. We employed residuals instead of

including day of marking in the model to simplify our

presentation of results, and to maximize power to detect

effects of the variables of primary interest (i.e. age,

lifespan and body size). Seasonally adjusted body length

(‘body size’) was used as a continuous variable in all

analyses. However, for the purpose of illustration only,

the sample of males was divided into ‘large’ and ‘small’,

based on the sign of their body length residual.

The effect of various factors on daily mating success

was modelled using maximum likelihood techniques

(Hilborn & Mangel, 1997), with likelihood minimization

conducted in Mathematica 4.0 (Wolfram, 1999). To

determine whether factors affected the rate of ageing,

we examined their interactions with age. We added age,

lifespan, a lifespan · age interaction, body size, and a

body size · age interaction incrementally to the model,

testing at each step for an improvement in model fit over

the previous (simpler) model (Table 1). Note that lifespan

and age are not fully independent variables, since only

long-lived individuals provide data for advanced ages.

Model fit was compared using the Akaike Information

Criterion (AIC), a standard method that takes into

account both how well a model fits the data (i.e. the

log-likelihood) and how simple or parsimonious it is (i.e.

the number of parameters estimated in the model),

penalizing models that are unnecessarily complex

(Sakamoto et al., 1986). Whereas parametric techniques

can only be used to compare nested models, the AIC can

be used to compare any set of models. A smaller AIC

value represents better model fit, with a difference of 1.0

or greater considered significant (Sakamoto et al., 1986).
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Fig. 2 Change in mean body size over the season, showing fitted

regression of log body length on day of marking (Y ¼ )0.0027X +

0.904; n ¼ 526, r2 ¼ 0.16, F ¼ 97.9, P < 0.0001).
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Nested models were also compared using the likelihood

ratio test. For parameters included in the best-fit model,

95% confidence limits were generated by 1500 boot-

straps.

The mean, daily number of mating per fly appeared to

conform closely to the assumptions of a Poisson process

in that the outcome was discrete (zero, one, or two

mating per day), but the underlying rate of attaining

mating was a continuous value dependent on factors

included in the model. The use of a specific parametric

process in the context of maximum likelihood techniques

allowed us to use all the information contained in the

observations of individual flies, as opposed to aggregating

data in order to meet the normality assumptions of

classical statistics. Although a linear model yielded the

best fit for net daily mating rate in our previous analysis

(Bonduriansky & Brassil, 2002), we used exponential

models here because their asymptotic behaviour near

zero prevents these models from predicting negative

mating rates.

Table 1 Models describing the number of daily first (l1) and second (l2) mating for wild antler fly males, showing the sequential addition of

parameters and interactions, with tests for improved model fit.

Effect Model

Maximum

likelihood

estimates

95% confidence

intervals AIC

Likelihood ratio

test P value

Poisson

Age l ¼ k k ¼ 0.318 4721.58

l ¼ k exp(jA) k ¼ 0.392 4699.36 <0.001

j ¼ )0.0296

General Poisson

Age l1 ¼ k1 exp(j1A) k1 ¼ 0.418 4616.84

l2 ¼ k2 exp(j2A) j1 ¼ )0.0285

k2 ¼ 0.262

j2 ¼ )0.116

Lifespan l1 ¼ k1 exp(j1A + /1L) k1 ¼ 0.465 4595.60 <0.001

l2 ¼ k2 exp(j2A + /2L) j1 ¼ )0.0117

/1 ¼ )0.0184

k2 ¼ 0.172

j2 ¼ )0.180

/2 ¼ 0.0661

Lifespan · age l1 ¼ k1 exp(j1A + /1L + g1AL) k1 ¼ 0.495 4598.56 0.405

l2 ¼ k2 exp(j2A + /2L + g2AL) j1 ¼ )0.0270

/1 ¼ )0.0222

g1 ¼ 0.00082

k2 ¼ 0.156

j2 ¼ )0.149

/2 ¼ 0.0725

g2 ¼ )0.00183

Body size l1 ¼ k1 exp(j1A + /1L + b1B) k1 ¼ 0.312 4582.34 <0.001

l2 ¼ k2 exp(j2A + /2L)* j1 ¼ )0.0120

/1 ¼ )0.0192

b1 ¼ 0.662

k2 ¼ 0.171

j2 ¼ )0.179

/2 ¼ 0.0661

Body size · age l1 ¼ k1 exp(/1L + b1B + c1AB)� k1 ¼ 0.286 (0.216, 0.378) 4580.22 <0.05

l2 ¼ k2 exp(j2A + /2L) /1 ¼ )0.017 ()0.034, )0.004)

b1 ¼ 0.80 (0.410, 1.210)

c1 ¼ )0.025 ()0.049, 0.001)

k2 ¼ 0.171 (0.106, 0.260)

j2 ¼ )0.179 ()0.249, )0.123)

/2 ¼ 0.0660 (0.026, 0.103)

*b2 dropped out as not significant.

� With the addition of c1, j1 dropped out as not significant.

P value is based on nested comparison with j1 included.

Bold values indicate a significantly improved fit.

A, age; L, lifespan; B, body size.
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Net daily mating success was first modelled assuming a

random Poisson process with a rate constant l, and then a

generalized Poisson process in which the instantaneous

rates of attaining daily first mating, l1, and second mating,

l2, were specified separately (see Faddy & Bosch, 2001).

The rate of attaining daily third mating was set to zero

because no third mating were observed, and setting this

parameter to zero does not alter the results. Daily first and

second mating were modelled as separate parameters

because the rate of second mating was�40% less than that

of first mating, probably as a result of long mating duration

(2.3 h) and males’ need to re-establish territories after

each mating (Bonduriansky & Brooks, 1998b,1999). Use

of separate parameters is thus justified biologically, and

probably increased our power to detect effects and

interactions because the parametric assumptions better

match the distribution of the data. However, this analysis is

based on the assumption that males gain equal fitness from

each copulation, including daily first and second mating. If

daily second mating has less fitness value than first mating

(e.g. because male fertility declines temporarily after the

first mating), then our analysis may over-estimate the

actual rate of reproductive ageing. Conversely, if male

fertility declines continually with male age, then our

analysis may under-estimate the actual rate of reproduc-

tive ageing.

Results

We compared models encompassing an increasing range

of parameters and interactions to describe the daily

probability of mating (Table 1). The overall best-fit model

(Table 1, bottom) included differential rates of attaining

daily first mating (l1) and second mating (l2), an age

effect for the rate of second mating, a lifespan effect for

rates of first and second mating, a body size effect, and a

body size · age interaction in the rate of attaining first

mating. The rate of decline in the probability of second

mating (j2) exceeded that for first mating (j1) in every

version of the model, and j1 was not a significant

parameter in the overall best-fit model.

The rate of daily first mating declined with lifespan

(/1 < 0), whereas the rate of daily second mating

increased with lifespan (/2 > 0). Overall, this resulted

in higher mean mating rates for short-lived flies, sug-

gesting a trade-off between longevity and mating rate.

Nonetheless, lifespan did not covary with reproductive

ageing (i.e. there was no lifespan · age interaction).

Standardized lifespan (Y) was an increasing function of

body size (X) among males observed one or more days

after release (Y ¼ 0.085X )0.003; n ¼ 524, r2 ¼ 0.007,

F1,522 ¼ 3.77, P ¼ 0.0527; Fig. 3). A similar result was

obtained if only males observed two or more days after

release were included (Y ¼ 0.085X + 0.079; n ¼ 487,

r2 ¼ 0.007, F1,485 ¼ 3.52, P ¼ 0.0613).

Body size was also a significant parameter in the rate of

attaining first mating, indicating an advantage for large

males (b1 > 0). For example, in the best-fit model, a

1-day-old male in the third body size quartile had a 28%

greater probability of mating than a similar male in the

first body size quartile. The rate of daily first mating also

exhibited a body size · age interaction. Both the AIC and

the likelihood ratio test (with c1 removed from the

model) suggested that c1 is significantly less than zero,
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Fig. 4 Reproductive ageing curves: solid and dashed curves show

rates of attaining daily first and second mating, respectively, plotted

separately for males larger (thick lines) and smaller (thin lines) than

the seasonally adjusted average in order to illustrate the body size by

age interaction (note that body size was treated as a continuous

variable in the analysis). Vertical lines indicate median lifespans for

large (solid) and small (dashed) males. The model represented

consists of an age effect only.
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although the upper confidence limit for c1 slightly

exceeded zero. Thus, reproductive ageing rate increased

with body size, causing the daily mating rate advantage

of large males to decline with age (Fig. 4).

To determine how ageing affects sexual selection on

body size in this population, we estimated the effect of

the body size · age interaction on the sexual selection

differential (i.e. the regression slope of standardized

lifetime mating success on body size). We first calculated

lifetime mating success for each individual as the sum of

discrete-time (daily) mating success estimates based on

the best-fit model (Table 1), and used these (standard-

ized) estimates to calculate the regression of lifetime

mating success (Y) on body size (X): Y ¼ 0.233X + 0.044

(n ¼ 488, r2 ¼ 0.054, F1,486 ¼ 27.8, P < 0.0001). We

then removed the body size · age interaction from the

model (i.e. set c1 to zero), and recalculated each individ-

ual’s lifetime mating success. This altered the regression

to Y ¼ 0.244X + 0.044 (n ¼ 488, r2 ¼ 0.059, F1,486 ¼
30.7, P < 0.0001). Thus, the relation between body size

and ageing rate reduces the strength of sexual selection

favouring large body size by 0.233/0.244 ¼ 0.95, or 5%

(P < 0.05, based on the significance of c1 in the best-fit

model, Table 1).

Discussion

We found that large males mated more frequently in

early life but also suffered more rapid reproductive

ageing, manifested primarily as a decline in the occur-

rence of mating twice in 1 day. The association of large

body size with rapid ageing was reflected in weakened

net sexual selection for large body size. We also found

that males that mated more frequently tended to die

sooner. These findings suggest that trade-offs between

somatic maintenance and reproduction can affect sexual

selection and evolution in wild populations suffering

high background mortality rates (�13% per day).

Ageing and sexual selection

Covariation between body size and ageing rate suggests

that ageing may affect the mating system and the

evolution of body size. Although the advantages of

large body size are well documented, the opposing

selection vectors that apparently produce net stabilizing

selection on this trait are less well understood

(Blanckenhorn, 2000). Our results suggest that vari-

ation in ageing rate may contribute to stabilizing

selection on body size by reducing the strength of net

sexual selection. Moreover, our findings support Clut-

ton-Brock’s (1988) assertion that cross-sectional mating

success assays that ignore the effects of age may yield

biased estimates of sexual selection. Because of trade-

offs between reproduction and somatic maintenance,

laboratory studies that assay the performance of young

individuals may tend to overestimate sexual selection

strength, whereas use of old individuals may tend to

underestimate it.

Our results also support the findings of an important

laboratory experiment. Hunt et al. (2004) found that

high-condition males invest more heavily in calling but

also appear to age more rapidly and tend to die sooner

than low-condition males. However, because captive

crickets probably experience much lower costs of repro-

duction and have much longer lifespan than wild ones, it

is not clear whether a similar pattern would be apparent

in the wild. Our results suggest that the findings of Hunt

et al. (2004) are indeed relevant to some wild popula-

tions.

It has been suggested that females may evolve prefer-

ences for old males, because such males are likely to

possess ‘good genes’ for viability (Kokko & Lindström,

1996; Kokko, 1998; Brooks & Kemp, 2001; Beck et al.,

2002; Osada et al., 2003). However, sexual selection

mechanisms tend to operate in sequence, with male–

male interactions often preceding male-female interac-

tions (see Berglund et al., 1996; Bonduriansky, 2003;

Bonduriansky & Rowe, 2003). Antler fly females appear

to be choosy (Bonduriansky & Brooks, 1998a), although

it is not clear whether they can assess male age.

Nonetheless, if large males lose their intra-sexual

competitive ability with age, then male–male interactions

may limit females’ opportunity to choose old males (see

Bonduriansky & Rowe, 2003). Likewise, if males are able

to assess the age of rivals, individual variation in ageing

rate may affect the evolution of male–male agonistic

interactions (see Kemp, 2002; Hu & Morse, 2004). Thus,

individual variation in ageing rate may affect sexual

selection, and key aspects of the mating system such as

the assessment or potential mates or rivals.

Ageing and body size

Our study provides direct evidence of positive covaria-

tion between body size and reproductive ageing rate in a

wild population. Body size is associated with competi-

tive ability in many organisms (Blanckenhorn, 2000),

including male antler flies (Bonduriansky & Brooks,

1999). However, our findings suggest that large body

size (or a correlated trait), which confers high mating

rate in early life, trade-offs against the ability to sustain

a high mating rate at older ages by avoiding or repairing

somatic damage, possibly rendering large body size

disadvantageous at older ages (Fig. 4). In contrast, large

males tended to survive slightly longer (Fig. 3),

although this probably reflects a lower extrinsic mor-

tality rate (e.g. lesser vulnerability to predators) rather

than slower ageing in traits affecting viability (i.e.

survival).

Inter-specific comparisons suggest that larger organ-

isms tend to age more slowly (Comfort, 1979), perhaps

because lower extrinsic mortality rates select for exten-

ded reproductive schedules (Kirkwood, 1992). Curiously,
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a growing body of evidence points to the opposite pattern

within species, consistent with our findings. For example,

Hillesheim & Stearns (1992) found that Drosophila

melanogaster selected for higher body weight exhibited

shorter lifespans and more rapid declines in offspring

viability. Likewise, mutations that produce dwarf phe-

notypes in Drosophila and mice also tend to prolong life

(Coschigano et al., 2000; Bartke et al., 2001; Clancy et al.,

2001), and studies on a wide range of organisms show

that lifespan can be extended by diet restriction (Meda-

war, 1946; Bartke et al., 2001; Clancy et al., 2001,2002;

Magwere et al., 2004; Wang et al., 2004). These findings

are also consistent with evidence that domestic dogs of

larger breeds age more rapidly than dogs of smaller

breeds (Patronek et al., 1997).

It is not clear why large individuals tend to exhibit

more rapid reproductive ageing. One possibility is a

physiological trade-off between the demands of growing

rapidly or maintaining a large body, and the demands of

avoiding or repairing somatic damage (Metcalfe &

Monaghan, 2003). Such a trade-off could be mediated

by hormones or insulin-like factors (Coschigano et al.,

2000; Nijhout, 2003). For example, juvenile hormone

regulates the development of primary and secondary

sexual traits in insects, but also suppresses immune

function (Wedekind & Folstad, 1994; Rolff & Siva-Jothy,

2002; Rantala et al., 2003). In addition, interactions

between physiological condition and extrinsic hazards

or stresses (see Abrams, 1993; Williams & Day, 2003)

may select for relatively greater investment in somatic

repair by small males, if a given degree of somatic

deterioration results in greater fitness loss for small

individuals.

Alternatively, the relation between body size and

ageing rate may be an emergent consequence of body

size-related behavioural variation. Because large antler

fly males tend to defend territories in the densest parts of

aggregations (Bonduriansky & Brooks, 1999), they may

engage in more frequent or more intense combat, and

suffer a greater rate of somatic damage. Such a pattern

has been reported in male burrowing bees, where large

(‘major’) males that fight suffer more rapid deterioration

than small (‘minor’) males that employ a searching tactic

(Alcock, 1996). Thus, rapid ageing may represent a cost

of pursuing a behavioural strategy that yields high

lifetime mating success, but is unavailable to small males

that fare poorly in agonistic interactions.

If both body size and somatic maintenance have a

genetic basis in P. litigata, then negative covariation

between these traits may reflect antagonistic pleiotropy

(Williams, 1957). Body size exhibits additive genetic

variance in Diptera (Simmons & Ward, 1991; Bondu-

riansky & Rowe, 2005). Evolutionary models assume that

ageing rate also has a genetic basis, and can be optimized

by altering investment in somatic repair (Kirkwood &

Rose, 1991). Note, however, that insects cannot repair

exoskeletal damage regardless of investment in repair

mechanisms (Wigglesworth, 1972; Chapman, 1998),

even though such damage may increase with age (see

Otronen, 1996) and reduce fitness (Cartar, 1992; Alcock,

1996).

Longevity and mating rate

Reproduction may entail a combination of immediate

and latent (i.e. senescent) costs (see Mair et al., 2003).

Male antler flies that achieved a greater lifespan tended

to exhibit a lower mean mating rate, suggesting a trade-

off between survivals and mating. This result contrasts

with our previous finding that mating rate in the first

5 days of life did not trade-off against lifespan

(Bonduriansky & Brassil, 2002), a difference that may

reflect the more complex, nonlinear model fitted in the

present study. This result suggests that copulation either

increased immediate mortality risk, perhaps by increas-

ing vulnerability to predators (see Rowe, 1994), or

accelerated the rate of ageing in traits affecting viability.

In D. melanogaster, copulation appears to reduce male

immunocompetence (McKean & Nunney, 2001), possi-

bly accelerating somatic deterioration.

Ageing in wild populations

There is growing evidence of ageing in wild mammals

and birds, although reproductive ageing has thus far

received much less attention than age-related declines in

survival rate (e.g. Nesse, 1988; Promislow, 1991; Clinton

& Le Boeuf, 1993; Loison et al., 1999; Møller & De Lope,

1999; McElligott et al., 2002; Mysterud et al., 2002; Saino

et al., 2002). In contrast, very little is known about ageing

in wild insects, and our results may be compared with

only a few tentative patterns: Fincke’s (1988) study on

wild male damselflies provides little evidence of age-

related decline in survival rate, but does suggest repro-

ductive ageing. This is consistent with our finding that

declines in reproductive rate were more easily detected

and more costly than declines in survival rate

(Bonduriansky & Brassil, 2002). In another damselfly,

the data of Banks & Thompson (1985) suggest age-

related declines in both survival and mating. However,

reproductive competence initially increased with age in

their population (see their Figs 2 and 7), in contrast with

the monotonic decline observed in male antler flies

(Bonduriansky & Brassil, 2002). Elgar & Pierce (1988)

found that male lycaenid butterflies exhibit reduced

survival rate at advanced ages (see their Fig. 5.3), but no

evidence of reproductive ageing. Clearly, much more

research is needed on ageing in wild populations.
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