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Abstract

1.

Increased exposure to males edfiect females negatively, recing female lifespan and fitness.
These costs could derive from increased matingaiadiealso harassment by males. Additionally,
early investment in reproduction can increaseotieet or rate of senescence in reproductive traits.
Hence, there is a tight link between reproduction and aging.

Here, we assess how mating and encounter rate with males impacts declines in female functional
traits that are not directly involved in reproductionDitvsophila melanogaster fruit flies, exposure

to males and mating reduces female lifespan thrdiagassment and receipt of seminal proteins,
including sex peptide. We manipulated the initynsf female exposure to males and regularly
assessed female stress responses and regrgsidlogical traits over her lifetime.

Both mating itself and increased exposure toemakcelerates declines in female climbing ability
and starvation resistance. However, this is notedlt changes in female body mass or fat storage.
Moreover, these declines are not drivsnthe receipt of sex peptide.

Our results suggest some synchrony in senescenugsdcaits in response to female exposure to
males, however this is not universal, as we didindtthis for physiological traits. Synchrony in
senescence has been theorised but little supported literature. It is clear that aging is a
multifaceted trait; to understand environmentalacts on aging rates we must measure more than

lifespan, and indeed measure serese in multiple traits. Specifically, our work shows that we

must identify which female traits are sensitive to elevated mating activity to understand the impact of

antagonistic interactions betweer tfexes on female aging patterns.
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1 Introduction

Under the evolutionary theories of aging, a weakeonigatural selection forces later in life results in the

less effective purging of late-acting mutations. Here genes either accumulate mutations with age or these
genes have pleiotropic effects, i.e. were selectedddhey increase reproduction at younger ages even if
they have deleterious effects at older agesli@mhs 1957; Kirkwood & Rose 1991; Kirkwood 2005;

Gaillard & Lemaitre 2017). Apart from late acting genes diheterious effects, classic theory suggests that
aging results from a trade-off between resource allmeati reproduction rather than somatic maintenance.
In this latter scenario, the resources invested irgmodiction are not available for somatic maintenance (see
Maklakov & Immler 2016). These early ideas have been refined and widely discussed. For example, it is
predicted that there would be géneorrelations between early and late life fithess but these might not
always be negative (e.g. Maklakena!. 2015) and the unappreciated costs of germline maintenance
challenge the fecundity-lifespan trade-off (Maklakov & Immler 2016). Elevated rates of reproduction have
been shown to decrease lifespan in a range ofesp@diaynard Smith 1958; Partridge & Farquhar 1981;
Tataret al. 1993; Chapmaer al. 1995; Helle & Lummaa 2013). Furthermore, the hypothesised trade-off
between early and late life reproduction has been supported by various studies of wild vertebrates:(Nussey
al. 2006; Reedt al. 2008; Bouwhuig? al. 2010), likewise the influence of early reproductive effort on late-
life survival and late-life body condition (Beiraeal. 2015; Lemaitrer «l. 2015). Hence, elevated early
reproductive effort not only shortens lifespan, but can ahpact age-specific changes in reproductive traits
(Nusseyet al. 2006; Lemaitre & Gaillard 2017). In females tlisrariously measured through traits such as
egg production, inter-birth interval and offspring weight and survival (Nussgy2006; Ree@r al. 2008;
Haywardet al. 2013). However, what is rarely measured is the impact that mating has on senescence of
functional traits not directly associated with reproduction.

Mating can affect female lifespas part of the costs of mating inflicted by sexually antagonistic
interactions (Chapmaet al. 1995; Arngvist & Nilsson 2000). In some species females are already affected
after a single mating, as seen in the seed baetl@hoscelides obtectus (Maklakovet al. 2005) with males
altering female aging rates to benefit thmivn genetic interests. In the fruit yrosophila melanogaster, a
model in studies of aging, effects of mating on lisaspre well known, particularly in females (Flatt 2011).

In D. melanogaster females, mating and increased egg prdacan increase susceptibility to oxidative
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stress (Salmoer al. 2001; Rustet al. 2007), a much invoked driver of aging (Kregel & Zhang 2007). The
sources of the effects of mating on female lifespae een identified both as male harassment (Partridge
& Fowler 1990) and the repeated receipt of seminal fluid transferred from males during mating (Fowler &
Partridge 1989; Chapmanal. 1995), though even just the perception of male pheromones reduces female
lifespan (Gendrowz al. 2014). Constant exposure to males eadsmales to have a shorter total and
reproductive lifespan (Edwakd /. 2011) indicating that male exposure alters female life-history traits.
Alterations of female physiologynd behaviour are driven by components of the male seminal fluid. The
best studied of these seminal proteins, sex peptk {#luences various female traits (Ram & Wolfner
2007). Some of these are directly related to ramtide effort, such as increasing egg production and
reducing willingness to remate (Chapmarl. 2003), but SP also manipulates female nutritional decisions
(Ribeiro & Dickson 2010), increases immune responses (Bemig2005), increases activity and reduces
sleep (Isaaet al. 2010). Female susceptibility to male-induced costs of mating is influenced by protein
(likely crucial for egg production) available to them in their diet (Chapman & Partridge 1996; &ricke
2010). Given this plethora of phenotypes, it is perhayssirprising that SP reduces female lifespan and so
overall fitness, and is a much-cited examplsafual conflict (Wigby & Chapman 2005; Frickeazl. 2009;
Smithet al. 2017).

Understanding functional senescence, the declipaysical functioning with age, can elucidate
how different traits contribute toghgross aging phenotype and is @gly of great concern when assessing
“health span”. The move towards understanding hesgiéim requires knowledge of whether traits differ in
the onset and rate of senescence and their régpoass to factors that are known to alter senescence
patterns (Promislow: al. 2006; Martinet al. 2007). Theory predicts that natural selection should act most

strongly on those functions that impact the riskl@th most strongly (reviewed by Gaillard & Lemaitre

2017). Natural selection should then promote a stronger synchronicity in senescence patterns among traits

(Williams 1957; Maynard Smith 196Hlowever, this is largely not borne out by empirical studies, which
show asynchrony between traits in senescenbanmns, laboratory and wild animals (Grotewtetl.

2005; Walker & Herndon 2010; Nussenyul. 2013; Bansadt al. 2015; Haywara: al. 2015). There is
therefore a need to uncover the environmental andigdaetors which contribute to this variation in

senescence among traits (Nuseeyl. 2013).
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Functional senescencelin melanogaster has been measured in a variety of traits including
resistance to various stressors, climbing ability, immamgmemory function, though the age of the onset of
senescence in different traits ranges from ~10 to 100 days (reviewed by Gretewi2D05). Social
environment can affect functional senescence as same-sex social contact versus isolation reduces the speed
of decline in climbing ability in females (but not males) (Leect. 2017). Here we aimed to assess
whether intensified mating interactions accelerate fanatiaging in females by measuring not just lifespan
but also climbing ability and starvation resistance, phigntial underpinning physiological traits, i.e. fat
content and body mass. If matipg- se causes more rapid functional declines then we would expect virgins
to decline more slowly, but females intermittently onstantly exposed to males to show similar patterns.
However, if number of matings and/ or harassnhgniales plays a role in functional senescence, then
females intermittently exposed to males will decline nstwevly than those constiy held with males. If
the receipt of SP is part of the underlying med$rarof reproduction-inducefdinctional senescence, then

females mated to males that do not produce SP skbald slower declines than females receiving SP.

2 Material and Methods

2.1 Fly culturing

For these sets of assays Dahomey wild-type individuals were used. This strain was collected in the 1960s in
Dahomey (now Benin) and has ever since been cudtivat 25°C and 60% RH on a 12:12 light: dark cycle

in the laboratory in large, cage cultures in oygrlag generations. All expienents were conducted under

these standard conditions using vials containing 7 ml Sugar —Yeast (SY) mediurer (8a23807)) with

excess live yeast granules unless stated otherwiselloMed the parental generation to lay eggs on agar-

grape juice plates (50g agar, 600ml red grape juice, 42.5 ml Nipagin (10% w/v solution), 1.1 L water)
supplemented with yeast paste. The following day first instar larvae were collected at 100 larvae per vial and
ten days later virgin females and males were collected on ice. Adults were stored in same sex-groups of 20

per vial until used in the experiment when they were 4 days post-eclosion.
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2.2 Sex-peptide knock out mutants

Mutant stocks were maintained as bottle cultures{lf6f SY food in 1L bottles). We crossed virgin
A130/TM3,Sb,ry females withSP’/ TM3,Sb,ry males4130/SP’ male offspring (S® from this cross do not
produce sex peptide (Liu & Kubli 2003). Asgenotype matched control we crosgeésio/TM3,Sb,ry

females withSP’, SP*/TM3,Sb,ry males and the resultinty 30/SP’,SP* sons (SP produce and transfer sex
peptide at mating. The/30/TM3,Sb,ry stock was backcrossed for three generations into the Dahomey wild

type genetic background and chrasumes 1, 2 and 4 of the other two stocks for four generations.

2.3 Experimental set-up
2.3.1 Male exposure treatment

Wild type females were assigned at random toadrieree male exposure treatments. Females either
encountered no males during their lifetime and remained virgin, were continuously held with males or
experienced an intermittent exposure regime. In ttegritittent exposure treatment females were held for
three consecutive days with males and were held #t@nemainder of the week. Once a week the batch of
males used was discarded in both male exposure @sgind exchanged with a fresh batch of 4-5 day old
males to account for age-related declines in maletship and mating behaviowll flies were moved to

new vials with fresh media twice a week.

Against the backdrop of these three male exposure treatments we then performed three independent
assays to test different functional aspects throudieoudle lifespan to measure a female’s ability to

maintain functional integrity while paying the cost of mating.

2.3.2 Negative geotaxis assay

Negative geotaxis or startle-induced climbing is adaath assay of locomotorrsescence in flies (Jones &
Grotewiel 2011). When tapped to the bottom of a cylinder, flies “escape” by climbing upwards, a response
which becomes progressively slower with age (Arking & Wells 1990). In this assay, females were tested for

6
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their ability to climb up 8 cm in an empty vial. Oreeveek females from the three exposure treatments were
transferred individually into empty vials, allowed to adjust for 5 min and then the females were banged down
to the bottom of the vial. Imnmediately afterwards feamavere observed and we recorded whether they a)
tried to climb in the first place and b) the time it took them to cross the 8 cm line, up to a maximum of 180
seconds.

We started with 180 females and first tested them at 4 days post-eclosion and afterwards assigned
them randomly to a male exposure treatment (n peB@reatment). Thus for the first measurement all
females were virgins. For this assay females were ditiidrin pairs with one male (continuous treatment
and intermittent treatment during the male exposure ttmajdividually (virgin treatment and intermittent
females during the no male time). We then testetd &amale once a week for hability to perform this
negative geotaxis task. We daily chedKor female survival and recad the day of death. When fewer
than 20 females within one of the male exposwgatinents remained alive we stopped assaying the females

of that particular treatment but continued with the others.

2.3.3 Starvation resistance assay

We started with a total of 300 females per male exgosaatment and held females either in groups of ten
(virgin treatment and intermittent exposure during thenate time) or in groups of 5 females and 5 males

(continuous exposure andénmittent exposure when with males) per vial. During this time females were
maintained on standard SY medium with live yeast grains adfigbirum. Once a week when females were
transferred to new vials we made sure to reshufffeafes groups to avoid common vial effects. We did not

record female survival ithe male exposure treatments.

For the starvation assay once a week a subgroup of 30 random females from each of the three male
exposure treatments were put on agar-only food withouyeast added. Females were kept individually in
these vials. We performed daily survival checksaghly 24 hour intervals and recorded how long females
survived to assay their starvati@sistance. This sequence was repeatskly until fewer than 30 females
remained per treatment to perform this assay. Agarperformed the assay for the first time when females
were 4 days post-eclosion and beforegasag them to a male exposure treatment.

7
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2.3.4 Triglyceride assay

Starvation resistance is directly linked to lipid reserves (Lee & Jang 2014), and triacylglyceride is the major
energy storage molecule in the fat body (Ar@s®oulages 2010). Hence, we here directly measured
triacyglyceride (TAG) content in females. For this we repeated the design of the starvation resistance assay
with one exception; instead of weekly starvingnétes we snap froze 30 females in liquid nitrogen and
subsequently estimated the amount of triglycerides stored. We followed the protocol for the coupled
colorimetric assay for triglycerides agtlined by Tennessen et al. (20MJjith this assay we compared the

stored triglycerides across ages &neditments. The triglycerides are macromolecules bound to proteins and
together form lipoproteins. We always pooled fivem&des per sample and measured their wet weight (on a
Satorius MC 410S model at a resolution of 0.1mggfoestimate of body mass before they were treated
according to protocol. We followed the protocol watfiew minor exceptions, e.g. after the homogenisation

step (Step 3 in protocol by Tennessen et al. 2014) samples were centrifuged at 13 000 rpm at 4°C for 5 min.
After preparing the samples and adding the glyceasidstrd and for half of them the triglyceride reagent
(Sigma: T2449) we incubated tubes for 45 mins at 37°C (step 7 in protocol by Tennessen et al. 2014) before
measuring the colorimetric intensity of the sangil®40 nm in a Tecan Reader. Tennessen recommends
normalisation to an internal parameter to accuratdlgateTAG levels across different conditions (here age)

and we here normalise to body mass ashtgsbeen done before (e.g. Hildebrandt. 2011) and allows

for comparisons across studies.

2.3.5 Sex-peptide treatment

To test potential mechanistic underpinnings of fienfianctional aging responses to male exposure we
performed a further set of experiments to specifically test whether receipt of SP mediates responses in
females experiencing high costs of mating. Thnesyepeated the two s8s response assays (negative
geotaxis and starvation resistance) exactly as desatimma (2.3.2 and 2.3.3) in terms of sample sizes,

starting age and sampling points. The only changeeimg@hted was that females were continuously exposed



201 to either males lacking SP (Sfeatment) or sex peptide transferring control male$ {®Rtment) instead

202 of wild type males.
203
204 2.4 Data analysis

205  Data were analysed using R v 3.3.1. For the male exposure experiment, we had two hierarchical questions,
206 firstly what was the overall effect of male exposure (including mating), and then for those females that
207 mated, what was the effect of different amounts of ex@o® males. As such oapproach was to analyse

208 all three treatments first, and where an effect of tneat was found to then analyse the data without the

209  virgin treatment. Survival data from females usethe negative geotaxis-climbing assay was analysed

210 using Kaplan Meier log rank tests. Functional senmesedata were analysed using GLMMs or GLMs as

211 appropriate, using the package Ime4 (using maximuriiided rather than REML). Terms were subtracted
212  from the maximal model by Analysis of Deviance (AOD) and by assessing the change in AIC (see Tables
213  S1-4in Supporting Information). Senescence in climglbility was analysed as time to reach 8cm, with

214  those individuals that tried but failed in the tiadowed given a value of 180seconds. On only four

215  occasions across the two experiments did the fly not telirtdo (each in different treatments), and of those
216  that tried only ~ 6% failed to reach 8cm within the titingt (53/913 trials in the male exposure experiment,
217  21/284 trials in the SP experiment). Climbing time wsasd as the response variable in a GLMM with male
218  exposure treatment as a factor, age and life@paaccount for selective disappearance e.g. (Hayeard

219  2015)) as covariates, and the random effect of fly ijetat account for repeated measures. Age was fitted
220  both as linear and quadratic functions in the modetlifference in senescence rate between our treatments
221 will be indicated by a significant age x treatment iattion term. Response variables that required flies to
222 be sacrificed (starvation resistance, body mass and@ek@g) did not yield repeated measures or lifespan
223 data, hence we used GLMs with age as a covariatenaledexposure treatment as fixed factors. We initially
224  assessed whether a linear or quadratic effect of female age within treatments was most appropriate, and
225  where this was the case for at least one treatmentthisegiadratic term in the full model (see Tables S1

226  and S3). For parameter estimates from @& bupported model see Tables S2 and S4.

227
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3 Results
3.1 Effect of exposure to males on lifespan and climbing ability

The amount of exposure to males significantly aéfiddemale survival (Kaplan Meier log rank tgst=
121.639 P < 0.001) with virgin females surviving the laggg (Fig 1A). Comparing only females that mated
showed that females intermittengixposed to males survived londlean those continuously exposed &
18.141,P < 0.001; Fig 1A). We assessed the effect on climbing ability using time to reacfit@m

maximal model contained the intetian between male exposure treatméenale age and lifespan (with fly
identity included as a random factor). Removal of the 3-way interaction compared to a model with all pair-
wise interactions, increased the AIC (see Table S1), and an Analysis of Deviance showed that a model
without the three way interaction was significantly worge £ 7.304,P = 0.007). This significant

interaction remained when comparing only females that mated 8.490,P = 0.004). This suggests that

the way climbing ability is affected by female age dgfbetween treatments, with females in the constant
male exposure treatment becoming worse at the climbing task more quickly with the exception of the final
assay (Fig 1B). Furthermore, this interaction is affected by female lifespan. To illustrate this we plotted
lifespan and change in climbing time (day 32 — day 4 3ssating that there is a negative relationship only

in the constantly exposed treatment (Fig S1)s Thuld indicate selective disappearance within the
constantly exposed treatment, as those females tedtltimger showed less of a decline in climbing ability
with age. In sum, both matingr se and the amount of exposure tolewaffects female lifespan and

locomotor senescence.

3.2 Effect of exposure to males on senescensgaofation resistance, body mass and body fat

We found that male exposure significantly affectedeseance in female starvation resistance, (femafe age
x male exposure treatmept; = 11.995,P = 0.002, Table S1), likely caused by the virgin treatment showing
an initial increase in starvation resistarbefore declining (Fig 1C). Wheine virgin treatment was removed
an interaction between the linear effect of age apodsxe treatment remainéemale age x male exposure
treatmenty’; = 7.038,P = 0.008), with females held intermitiigy with males surviving longer under

starvation until day 32. This suggests that matigigse and the amount of contact with males affected age-
10
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related decreases in starvation resistance. In twadesess whether this was due to differences in fat
reserves between treatments we assayed female badyama triacylglyceride content (TAGs). Whilst for
body mass there was a significant interaction betwfemale age and male exposure treatniént €

5.670,P = 0.019), this pattern does not mirror that & #tarvation assay as females held constantly with
males were initially slightly heavier (Fig 1D) yet Haever starvation resistance (Fig 1C). Furthermore,
accounting for body mass, there was no effect of feamgdeor male exposure treatment on amount of TAGs,
either as an interactio'( s, = 0.405,P = 0.526) or as main effects (treatmentss = 0.419,P = 0.519; age:

F1 55 = 0.824,P = 0.367; Fig 1E).

3.3 Effect of receipt of sex peptidn lifespan and functional senescence

We then tested whether the results we had observed lbewlttributed to the receipt of sex peptide (SP).
Female exposure to males that did or did not tear8P had no effect on lifespan (Kaplan Meier log rank
test:y’; = 0.496,P = 0.481; Fig 2A). Likewise, we found reffect on senescence in climbing ability.

model using all data (with faifsxed to 180s, the maximum observation period) showed no significant
interactions (AOD model comparisons all P> 0.05, see Table S3), and no main effect of tredtment (
0.018,P = 0.894) but a decline with age (= 72.976,P < 0.0001) (Fig 2B). For starvation resistance, the
interaction between female age and SP treatment was non-signifigan® 044,P = 0.088), and when this
term was removed there was a significant effect of(egmparing models with age to that with age plus the
quadratic term of female agé = 16.951,P < 0.0001) but not of treatment (= 2.40,P = 0.123; Fig 2C).
These results suggest that the effects of mating atelerposure on female fungtial aging are not driven

by the receipt of SP.

4 Discussion

Whilst previous studies have reported that exposuneales affects female survival and reproductive
senescence, our main findings show that this efflsctapplies to functional senescence in climbing ability

and starvation resistance. Our data suggest thatddifiegpan and rates of functional senescence are altered

11
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in response to both matipgr se and amount of contact with males. However, these effects did not appear to
be driven by differences in body mass or stored fakewise, the patterns in functional senescence were not
attributed to the receipt of sex peptide, as thdsndit cause any differencetime decline seen in either

climbing ability or starvation resistance, or indeed in survival.

Largely there is consensus in the phenoomethat mating reduces lifespan in female
melanogaster (reviewed by Flatt 2011), and this is confirmed in our data. Exposure to males seems to have
an additive effect, in that femalesntinuously exposed to males wenere severely affected than those
intermittently exposed, as in previousnkg¢Chapman & Partridge 1996; Edwand:/. 2011). Edward et al.
(2011) used a similar experimental set-up to wkraaasured female offspg production. Continuous
exposure lead to reduced reproductive lifespan avigstrong correlation with lifetime reproductive success
and females having a high reproductive output early in life (Edeard 2011). What we now show is that
this pattern is reiterated in the senescence of tvloeofion-reproductive traits we measured. Indeed, for both
traits, the constantly exposed females start to shavere obvious decline at the second assay at 11 days
post eclosion, suggesting that theredase synchrony in senescence in thesits in response to exposure to
males. It has been suggested that lifespan aalthhspan are mechanistically connected (Rhodeaizér
2008) because longer-lived flies tend to havigebelimbing ability across ages (e.g. Gargan@. 2005),
though this is not always the case (Cook-Wiensr&tewiel 2002). In additim, we found no corresponding
senescence in female body mass or body fat here, tjhigghting that not all aspects of female physiology
were equally affected by male exposure. Whilsai been predicted that senescence should be observed as
generalized deterioration rather than failure of @rmyistems (Williams 1957) this is largely not borne out
by empirical work (recently reviewed by Gaillardl&maitre 2017). In general these opposing examples are
either studies of wild populations that are subjetbenhultiple environmental drivers of aging (Masaoi!.
2011; Hayward:t al. 2015; Kervineret al. 2015) or laboratory studies that do not impose any particular
pressures (Hernda al. 2002). By applying a specific environmerdaver of aging in a controlled manner
this may allow us to dissect which traits are preidamtly affected and assess whether asynchronicity is a
general aspect or instead explained by different seitisisi to multiple environmental drivers. It would be
fruitful to establish whether this is generally obser when other known determinants of aging are

manipulated.
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Our finding that mating/ contact with males re€ld starvation resistance is at odds with previous
work. Multiple studies have found that mating inaesfemale food intake and the size of the midgut,
resulting in greater lipid storage and increasing starvation resistanceefRus2007; Jang & Lee 2015;

Reiff et al. 2015). Both our measures of functional seneseealy on energy reserves, but we found no
evidence that lipid contémvas increased by multiple mating. However, these previous studies were not
designed to assess senescence patterns, hence usyatheaslre resistance once, relatively early in life.
Additionally, females were exposed to males in a very limited way, perhaps a single mating or interactions
were allowed for just a few days. Here instead ol & long-term approach wefiemales mated repeatedly
and were subject to male harassment, indicating that mating activity in the long-term results in the opposite
pattern. Whilst receipt of seminal proteins migiduce higher feeding rates in young females (also seen in
our constantly exposed females who were heavier ibegbaning before decliningee Fig. 1D), this might

be countered by the harassment of females by nthlE®fore reducing feeding time and in the long-term
energy stores. Also prior to beinglimidualised for the starvation assaydividuals were held in groups of

ten until they were chosen at the appropriateagst potentially leading to competition over food

particularly as also larvae were present in thertrieats with mated females. Combined this might limit
female access to resources and explain the discrepahagen studies. Additionally, it may be that there is
selective disappearance of the lighter females (Nussgy2008), but we cannot test for this directly in

these destructive sampling assays (e.g. by adddigidual lifespan into the model).

While in general body condition indices are used as a proxy for lipid content in animals, whether the
two are tightly correlated is debdtand further, whether either of these two measures influences fitness
positively is not always clear cut (Wilderal. 2016). At least itD. melanogaster dietary composition has a
strong impact on fat deposition and fecundity as well as lifespan (Skarup2008; Lee & Jang 2014).

TAG levels are strongly dependent on the amount of carbohydrates in the diet ($kafup@08). On a
balanced diet the cellular composition of the fenfialdoody is stable with age (Johnson & Butterworth

1985) or can show a slight decrease in TAG levels (Skamupa2008). Here we directly measured TAG
levels in females as overall higher lipid reserve confers higher starvasistant (Lee and Jang 2014) and
there is a strong link between lipid storage and egg-production, as oocytes contain large amounts of lipids

and are provisioned from the fat body (Arrese & &gak 2010). Curiously, we found females continuously
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337 exposed to males were least starvation resistantteeegh they had similar levels of triacylglycerides

338  (TAG). This suggests male exposure (including matatg) might alter femalat-metabolism. Mating

339  status in redback spidetBafrodectus hasselti) altered responses to food shortage, with mated females

340 lowering their resting energetic rate in response tdani shortage, preserving energy, while virgin females
341 maintained higher rates and had shorter lifespans ($taltz2010). If similar metabolic mechanisms are at
342 work in Drosophila, then we would expect male-exposed females to be more starvation resistant, but we
343  found the opposite. Under starvation conditions femataophila first use up the non-lipid fraction of their
344  bodies before switching to lipids (Lee and Jang 2014), but if anything continuously exposed females were
345  slightly heavier. As we quantified the total amount of triglycerides, this did not allow us to distinguish
346  whether it was dedicated to use in the ovarieshemte potentially not available for maintenance under

347  starvation. This basic trade-offhere females under high male exposure invest more resources into egg
348  production, might explain why these females were lesistant to starvation despite similar lipid energy

349 reserves and this would be in line with the dgadile soma theory (e.g. see Lemaitre et al. 2015). The

350 physiological dynamics that underpin life-history trade-offs deserve further scrutiny.

351 That we could not attribute any of the senescerfeetsfto the receipt of SP is curious, given the

352  multitude of effects on female phenotypes tate previously been found (Chapnean!. 2003; Pengz al.

353 2005; Ram & Wolfner 2007; Isaacal. 2010; Ribeiro & Dickson 2010) and the importance of SP in

354  inducing female costs of mating (Wigby and Chapman 2005). For example, receipt of SP increases female
355 activity (Isaacet al. 2010), but we did not see evidence of this in our climbing assay at any time point. It is
356  possible that we did not measure these at oldgimages, though these measueats were within the

357 timeframe for females constantly exposed to malebhdw s difference to virgins. At least for the induction

358 of egg-laying by SP, females were only receptivemviiery young and this rapidly declined with age

359  (Frickeer al. 2013), hence SP-induced female post-matingareses are female age-dependent and tend to
360 diminish with age. It seems therefore that factors other than SP are more important in determining female
361 aging phenotypes, either the other Sfps or the direct harassment by males (Partridge & Fowler 1990). While
362  SPis one component implicated in the costs of matings, other Sfps are toxie{kUr&P02; Muelleret al.

363  2007) and it is the entirety of the Sfps in the ejaculee mediates the negative effects of multiple mating

364  (Chapmaret al. 1995). Mating (Zhowut al. 2014) and receipt of SP (Gietial. 2012) dramatically alter
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female gene expression, including those impdidan lifespan such as the TOR pathway (Gioti/. 2012).

Simply hearing courtship soradters female expression Bérandot genes, a family of stress-response genes
(Immonen & Ritchie 2012). Furthermore, ecdysone receptor as well as genes involved in germline
maintenance and gustation/ odorant reception aredzstedifor female responses to continuous male
exposure (Gerrarer al. 2013). These candidates represent potemiahonal and metabolic pathways that
might influence resource allocation to the germ lingudtild be interesting to test whether these pathways
alter allocation to the germ line versus somatic maartee and could potentiagkplain the heterogeneity

in physiological versus functional senescence found here. For a general pattern to emerge though, a wider
array of functional traits, representing a broadeptbtological functions should be screened. This

approach can be extended to include males, téalesex-differences in functional aging to further our
understanding how investment in nmatiactivities alters senescence patterns. This could also reveal whether,
in addition to being implicated imterlocus sexual conflict over matingeathese traits might be targets for
intralocus sexual conflict over aging profiles (Arches/. 2018). Hence, there remains much work to be

done on the molecular mechanisms underpinning hovethisonmental variable (@ling activity) can alter
senescence in multiple traits and how the differentrepnoductive traits are integrated to contribute to

observed aging phenotypes.

Conclusions

Overall we here showed that female costs of matuggto intensified male exposure leads to accelerated
functional aging in female motor ability and resistattstarvation stress. This decline though was not
underpinned by a matching decline in relevantsatiogical traits. Hence, while we found some

synchronicity in aging phenotypes in response tongactivity across traits this was not universal.
Understanding which traits contribute to the observed mating costs, are particularly affected by high mating
effort and display high rates of functional aging should give valuable insights into aging patterns and

integration of different #its to the aging phenotype.
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Figurelegends

Figure 1 Adult lifespan and senescence of different phygiicdl traits in females with varying exposure to

males. A) Lifespan of females kept singly as virgiridsline), exposed to one male for 3 days per week
(dashed line), or constantly expogedne male (dotted line). B)limbing ability of these females was

assessed weekly and measured as the time taken to reach 8cm. C-E) In a further experiment, females were
kept in groups of ten and maintained as virgindddie), were exposed to males for 3 days per week

(dashed line), or constantly exposed to males (dbittefl C) For starvation resistance, on each test date 30
females were removed from each treatment and placddlfncontaining only agar and checked daily for

death. For D) body mass and E) TAGs measurements a further 30 females were removed per assay per time

point and five pooled per sample.

Figure 2 The effect of receipt of sex peptide on feritdspan and physiological senescence. A) To measure
lifespan, females were kept in pairs with one maledhher did (solid line) or did not (dashed line) produce
sex peptide. B) Climbing ability (the time taken éach 8cm) of these femalessvassessed three times per
fly. C) In a further experiment, senescence of stasmatesistance of females was measured. On each test
date 30 females were removed from each treatmernglandd in vials containing only agar, and they were

checked daily for death.
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