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Abstract

As a comprehensive fithess parameter, lifetimeagypetive success (LRS) is influenced by
many different environmental and genetic factorspag which longevity is one of the most
important. These factors can be reflected in semgndexual characters, which may
contribute to the life-history of individuals vi@dal relations with conspecifics. Facultative
polygyny in birds is another conspicuous reprodctirait that potentially increase male
reproductive success, but lifetime success dat&lation to polygyny are scarce. Here we
used 17 years of breeding data to quantify the bR®&ale collared flycatcherd={cedula
albicollis) on the basis of lifetime recruitment of offsprinBreeding lifespan showed a
positive relationship with LRS, and it was alsondiigantly associated with mean recruitment
of offspring per breeding year. Body size and s#yuselected forehead patch size did not
predict the number of recruits. Polygyny was puwslti associated with LRS, but probably
only due to the correlation between lifespan anlygymy. Our results demonstrate that the
relationship between longevity and LRS is not eix@d by the larger number of reproductive
attempts when living longer, and question the adaptalue of polygyny in this population.
The lack of association between forehead patch aizerecruitment suggests that forehead

patch is a poor indicator of phenotypic qualityour birds.

Key words: reproductive success, recruitment, longevityygghy, Ficedula albicollis

Introduction
In species with overlapping iteroparity, the mastuaate method to estimate the contribution
of their genes to the subsequent generations fitreess; Clutton-Brock 1988) is the

calculation of lifetime reproductive success (LR8hich is given by the number of lifetime
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recruits, i.e. sexually mature offspring contrilmgtito the breeding population (Brommer et al.
2004). There are two main determinants of the nurobdifetime recruits: lifespan and the
number of recruits per breeding attempt. Sevenadiss have identified longevity or the
number of breeding attempts as an important detemmbiof LRS (birds: Gustafsson 1986;
Merila and Sheldon 2000; Blums and Clark 2004; maitenClutton-Brock 1988; Bérubé et
al. 1999). However, a prolonged lifespan in itsslfnot sufficient to be successful, as a
considerable proportion of individuals do not progluany recruits despite their long
reproductive life (Gustafsson 1989; Blums and Cla@4), and the successful individuals
also vary greatly in productivity (Newton 1989).flst-living species, which live for a short
time but may produce numerous offspring per bregdittempt, the reproductive output in a

single year is more important for LRS than in slioving species (Saether and Bakke 2000).

Annual reproductive success can be affected byidhaial characteristics such as body size
(Grant and Grant 2000) as well as sexually seldrtgis (Gustafsson et al. 1995; Hasselquist
et al. 1996). Individuals with more elaborate séxteits are often of better quality (Mgller
1994; Hasselquist et al. 1996). Hence, a positelationship is also expected between the
elaboration of these characters and the numbezoobiits (Mgller 1994; Petrie 1994, but see
Brooks 2000). Similarly, the number of mates alae &n important role. Polygyny is usually
considered beneficial to immediate male reprodecsirccess, but its effect on LRS is poorly
understood (Gustafsson 1989; Hasselquist 1998).addition, care is needed when
interpreting the relationship between polygyny éittkss, as polygynous males may have a
high LRS because of their high quality and viapjlitrrespective of their mating status

(Hannon and Dobush 1997, also see Lambrechts aoddDh986).
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It is generally quite difficult to measure LRS iataral population, as long-term studies are
required to follow a sufficient number of individeathroughout their lives. In this study,
using a 17-year dataset, we investigated potedg#trminants of male LRS in a small
passerine bird, the collared flycatchErogdula albicollis). We measured LRS as the number
of lifetime recruits, and examined how individuahriation in LRS was explained by
differences in breeding lifespan. We were alsor@dted in the lifetime success consequences
of body size, forehead patch size (a sexually smllecharacter; Hegyi et al. 2002), and
polygyny, which is a regularly encountered reprdohgcstatus of males (Garamszegi et al.

2004).

Materials and methods

Sudy species and field methods

The collared flycatcher is a small, long-distancegratory, hole-nesting, insectivorous
passerine that breeds in deciduous woodlands ofr&eBurope.Our data were collected
between 1987 and 2003 in the Pilis Mountains, Hoyyga an oak-dominated forest, where
more than 750 nestboxes were placed. The nuptimhguje of collared flycatcher males is
black and white with a prominent white collar, foead patch and wing patches. This species
is ideal for long-term studies of reproductive 8t It shows a preference for nestboxes, can
easily be captured, and has high breeding sitditfid@art and Gustafsson 1989; Kdnczey et
al. 1992; Hegyi et al. 2002) and considerable loeafuitment rates (Part 1990; T6rok et al.
2004). Nestboxes were checked multiple times a wbebughout the nesting period, so
breeding attempts were followed from nest buildindledging. Most parents were captured

and ringed when feeding young, but some females w&ught during incubation.
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The forehead patch of males is an important sexalected trait which, however, shows
complicated links to individual life history. Stedi in a population on Gotland, Sweden,
showed among others that the size of this trait iekeed to age and body condition during
the previous breeding season (Gustafsson et ab;1Q9arnstrom 1999). In addition, a
positive relationship was found between a male’saimkfetime patch size and his mean
recruitment of offspring per breeding attempt (Gisgon et al. 1995; for more information
about forehead patch see Gustafsson and Qvarng0086éfor a review). In our population, in
contrast, forehead patch size did not reflect theylbcondition of males, its dependence on
age and yearly environmental conditions was weak taere was no relationship between
forehead patch size and breeding lifespan eithegyHet al. 2002, 2006a). However, the trait
is still a sexually selected character as an ingmbrtdeterminant of social mating success:
males with a larger forehead patch find a mate mmapédly relative to their arrival date
(Hegyi et al. 2010). The yearly means of foreheaithp sizes strongly varied among years in
our population showing a linear temporal declinedi et al. 2006a), so patches of the same
size could be relatively small in earlier years agldtively large in later years. The forehead
patch size of males was estimated as a productazimum height and maximum width.
Forehead patch dimensions and tarsus length (imast body size) were measured with a
calliper to the nearest 0.1 mm. The within-seaspeatability of measurements between the
major measurers was r = 0.76 for tarsus and r 8 fa6forehead patch. (We calculated r —
the intra-class correlation coefficient — from @te components as described in Lessells and
Boag (1987), n = 32.) We did not mention here tthieiomain secondary sexual character of
male flycatchers, the white wing patch, becausth@fmore limited dataset available for that

trait.
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The collared flycatcher is predominantly monogamdusg a fraction of males successfully
attract two females and become polygynous. Dutiegstudy period 83 out of 1558 breeding
males were polygynous in our population. Severaliss have found that males that had two
mates divided their parental investment betweenwioenests with most effort devoted to the
primary brood (Kral et al. 1996), which may increasRS compared to monogamy. In
contrast, both primary and secondary nests expmrisimilarly reduced reproductive success
in our population (Garamszegi et al. 2004), sopbstive effect of polygyny on LRS should

be weaker.

Satistical analyses

We used a 17-year dataset, which contained dama &3 male flycatchers after excluding
individuals that were the subject of experimentst ttould have influenced their breeding
success. However, missing data for different véembyesulted in different sample sizes
among tests. In our population, returning maleacelll flycatchers occupy a nestbox within a
mean of 129 metres from the box that they usetienpreceding year (Kénczey et al. 1992)
and movement between plots is very rare, so ibssiple to follow individuals throughout
their entire breeding lifespan. Only males with pdete recapture records (that is, those that
were recaptured in each year between their first last captures) were included in the

analyses (95.9% of non-manipulated males).

The LRS of males was characterized by the numbdifesime recruits. As a significant

proportion of recruits return only at the age obtar three years, males that bred after the
year 2000 were excluded from the analyses, asnbeinits may have returned after 2003, the
end of the study period. Birds that were first cagd in 1987 or 1988 as an adult (i.e. at least

2 years old, as indicated by the absence of subplluhage) were also omitted, because very
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few males had been trapped before 1987, so it waknown if these birds had bred prior to
the study period. In the morphological database;headividual had at most one
measurement. Males with records from multiple yeaese represented by the measurement
from their earliest year in the dataset. If thereravmore than one measurement from an
individual in a given year, we randomly selectece asf them. As the yearly means of
forehead patch size in the population varied stgoagiong years, showing a linear temporal
decline, and because body size also declined dtmagtudy period (Hegyi et al. 2006a), we
used year-standardized forehead patch size andstéeagth in the analyses (mean of O,
standard deviation of 1). A male was considereggaious if it was caught in two nestboxes
while feeding nestlings. It was possible that we @bt detect polygyny in some cases, so the
observed rate of polygyny (4.9 %) is an undereggnflut it is similar to that found in the
Swedish population with a similar approach (4.3 @yarnstrom et al. 2003). Given the high
capture effort, polygynous males caught at only est probably allocated nearly all of their
care to this nest (included here as a monogamasty while neglecting the other nest (not
used here due to the lack of the male). A secondesgd without the male caring for the
offspring presumably produces little reproductivétpmut, so the misclassification of these
birds as monogamous is likely to bias polygynousSuipwards. In this study, males were
included in the analyses as polygynous if they werkygynous during at least one year of
their entire lifespan. We adopted this binary categtion because only three males were
polygynous in more than one year. Breeding datenwagonsidered in our analyses because
it was not repeatable within males (results nowst)p so the timing of individual breeding
attempts would not directionally bias the estimaie€4+RS. Indeed, models controlling for

mean breeding date yielded the same conclusiotimas reported here.
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The breeding lifespan of a bird was defined astimaber of consecutive years (see above) in
which it was caught as a potential breeder (irrethpe of the actual breeding success).
Because of the high site fidelity of breeding mal€éénczey et al. 1992; Hegyi et al. 2002)

and the high capture effort in our population, bitdat bred in one of our study plots in a
given year but were not recaptured in subsequesrsywere considered dead. We tested if
including cohorts (year of birth) in the analysbamged the results. Year of birth was obvious
in birds that ringed as a nestling or as one-yéhiwwhich wear subadult plumage). In newly

ringed adult males, the youngest possible age rasgigt (2-year-old) was used because
males that had been ringed as a nestling and bsté$ an adult were mostly 2 years old (our

unpublished data).

We found a significant relationship between bregdifespan and mating status (polygynous
males had a longer lifespan; also see the Resetsos), so using both as independent
variables in the same model would have led to dquesble results (Graham 2003). We
resolved the situation in two steps. First, we o models that contained only one of these
two variables. This informed us about the relatmmsof one variable with LRS without

correction for the other. Second, to see whetherdffiect of mating status is due to its
correlation with lifespan, we assessed the effeabating status on LRS among males of the
same breeding lifespan. We used the most commesphins of 1 and 2 only, as for the other

values there were very few polygynous data.

Individuals with a long lifespan can produce moeeruits than those with a short lifespan
simply because they have more breeding attemptsorinection with this, they have time to
gain experience, and have more chance to becomgymaus etc. In this case, when

comparing individuals with the same breeding lilaspwe would not expect a difference
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among them in terms of reproductive success. Homdweag-lived individuals can also
produce more recruits independently of their litspfor example, due to their more viable
offspring. In this case, they may realize highgroeuctive success even on a yearly basis.
To clarify this issue, we computed the mean regreitt of offspring per breeding year by

dividing the number of lifetime recruits by the nioen of breeding years.

Data on LRS were analysed in two generalized lineadels with Poisson error and log link,
containing the number of lifetime recruits as tlepehdent variable, forehead patch size and
tarsus length as continuous predictors, and eliregding lifespan as a continuous variable,
or mating status as a factor. Polygynous and manoga males with the same breeding
lifespan (1 or 2, see above) were compared witpedsto LRS by using the number of
lifetime recruits as the dependent variable, masitajus as a factor and forehead patch size
and tarsus length as continuous predictors. We bgsoimial error and logit link when
comparing individuals producing versus not prodgcia recruit during their breeding
lifespan. In this analysis binary recruit produntimas the dependent variable and breeding
lifespan was a continuous variable. The disperpam@ameters of the models were less than
1.34 and we corrected for them in the analysesallirmodels we employed a backward
stepwise model selection procedure. Statisticsepted for non-significant terms reflect their
reintroduction to the final model one by one. Sitice mean recruitment of offspring per
breeding year could not be transformed to confoomany standard distribution, it was
analysed using non-parametric statistics (Speamsnearik correlation, Mann—Whitney U-
test). All statistical tests were calculated intiSteca 5.5. Means are represented with their
standard errors. We report effect sizes estimasdéearson’s correlation coefficients and the

associated 95% confidence intervals as sugges¢ésibpsly (Nakagawa and Cuthill 2007).
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Results

Individual males produced up to five recruits dgriheir breeding lifespan of 1 to 6 years,
but 67.8% of males did not recruit any offspringatvMg status was significantly related to
breeding lifespan (polygynous males had a londespan; Waldcz(l): 13.44, P < 0.001,
N =467, tono= 444, Roy = 23; effect size r = 0.170 (0.080 / 0.256), Hiy. so we did not
enter the two parameters into the same model (stkdds). Breeding lifespan had a positive
effect on the number of lifetime recruits (TableFlg. 2a). The probability of producing a
recruit also increased with lifespan (binary d&tald Xz(l) =54.28, P <0.001, n = 683; effect
size r =0.282 (0.211 / 0.350), Fig. 2b), thougtréhwere several long-lived birds that did not
produce any breeding offspring. Forehead patch &k tarsus length were not correlated
with the number of recruits (Table 1). Polygynouales had two clutches in at least one
season of their life, and so we could expect thehmave more nestlings that fledged and more
offspring that returned to the breeding populatibomdeed, polygyny, when assessed in
isolation from lifespan, had a positive effect dre tLRS of male collared flycatchers
(Table 1). However, when we compared polygynous mndogamous males with the same
breeding lifespan, the success of polygynous mates no different from that of
monogamous males (breeding lifespan of 1: Wahgi: 0.48, P = 0.49,no= 291, Roy = 9;
effect size r=0.040 (-0.074 / 0.153); breedirfgsipan of 2: Wald;z(l): 1.97, P = 0.16,
Nmono = 119, Ray = 8; effect size r = 0.125 (-0.051 / 0.292)). Tamve results suggest that
polygyny is positively related to LRS, but thisatbnship is explained by the correlation
between lifespan and polygyny. Including cohortsafyof birth) in the model did not affect

the outcome of the analysis.

10



241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

The mean recruitment of offspring per breeding yaidrnot differ between polygynous and
strictly monogamous males (Mann—-Whitney U-test:usidid Z = -1.181, P = 0.24,
Nmono = 444, Ry = 23; effect size r = -0.055 (-0.145 / 0.036))t ibwvas positively related to
breeding lifespan (Spearman’s rank correlationOtH2, P = 0.002, n = 467; effect size r =
0.142 (0.052 / 0.230)). This finding means thatlifespan effect on LRS is not simply due to
the larger number of breeding attempts by longerdimales. Forehead patch size and tarsus

length did not have any effects in this model eithe

Discussion

Here we found that the LRS of male collared flybats was mainly associated with their
breeding lifespan and that this was in a positivection. Moreover, longevity was also
positively related to the mean number of recrués lpreeding year. The morphological traits
we considered (forehead patch size and tarsushlemgtre not related to the number of
lifetime recruits. There was a positive relatiopshetween mating status and LRS, but this
association could not be detected when comparihggpoous and monogamous males with
the same breeding lifespan. Polygyny did not ireeethhe mean yearly reproductive success
of males either. These findings show a more compleiure on the relation of breeding
lifespan and LRS than generally expected, and ke interesting implications for the

evolution of visual signals and alternative reprmidie tactics in our population.

In many bird species extra-pair paternity plays iarportant role in influencing the
reproductive success of males. Unfortunately, walccoot assess this component, because
we did not have blood samples from individualsrfarst years of the study period. Given that

paternity in the own nest is apparently not relatednale ornaments or body size in our
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population (Rosivall et al. 2009), a directiondieef of extra-pair paternity on our results is
unlikely in this respect. However, the relationshgtween paternity and polygyny could be
negative (Pilastro et al. 2002), very weak (Pearsbml. 2006) or positive (Soukup and
Thompson 1998), so, our data on polygyny mustdegted with caution. Studies conducted in
different populations of the sibling species pigadtcher Ficedula hypoleuca) consistently

showed that polygynous males had extra-pair youmntheir broods more frequently than
monogamous males (Brun et al. 1996; Lubjuhn e2@Q0; Drevon and Slagsvold 2005).
These findings suggest that considering extra-paternity would further reduce the

advantage of polygynous over monogamous maleshfiestrengthening our conclusions.

In species that breed more than once, breedingphie is often one of the most important
correlates of LRS (Newton 1989) and this holds tnueur case as well: breeding lifespan has
a strong positive effect on the number of lifetineeruits. Such a relationship is expected
because the presence or absence of a reprodutitwepa often makes a numerically greater
difference to LRS than lower or higher reproductuecess in a given season. However, we
also found that breeding lifespan positively pregticnot only the number of lifetime recruits
but also the mean recruitment of offspring per tieg year, which means that individuals
with a long lifespan attained a higher LRS thaneeted from the number of their breeding
bouts. The higher yearly reproductive performandelamg-lived individuals may be
explained by accumulating experience, that is, owimg ability to raise offspring with
ageing, which experience could not be reached byt4iled individuals. This may either be
due to a better knowledge of the resource disiobuand quality (i.e. foraging ability) or a
better ability to occupy a cavity in a favourableea (whereby e.g. reducing the risk of
predation). Alternatively, only birds with givenmggic or phenotypic properties can survive

to a certain age (Forslund and Part 1995). Thedwidluals may also better cope with the
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costs of reproduction and may attain higher sucoedspendently of their lifespan. This
explanation may be more consistent with our reghié improving experience as a large
number of individuals produce no returning youngpie breeding several times during their
life (also see Gustafsson 1989; Blums and ClarkiR0Bemales of many species apparently
prefer older males (Enstrom 1993; Richardson ankd3d999), or traits that indicate the
expected lifespan of males (Jennions et al. 20iBxeby often enhancing the quality of
young they produce (Saetre et al. 1995; Hegyi .eR@D6b). In addition, females may also
invest preferentially in such offspring (Burley B&le Lope and Mgller 1993), which may
further increase their mate’s reproductive succCes implies that, in some cases, individual

attributes may influence both breeding lifespan, amdirectly, other aspects of fitness.

The forehead patch is a well-studied secondaryaecharacter of male collared flycatchers.
It is sexually selected, but it seems that its rimfation content differs between populations.
Our results show that male forehead patch sizendigpredict lifetime offspring recruitment
and this result is consistent with those of earbardies performed in this population,
suggesting that the forehead patch is a poor italiocaf phenotypic quality in our birds
(Hegyi et al. 2002, 2006a, but see Hegyi et al.020ih contrast to the Swedish population
(Gustafsson et al. 1995; also see Gustafsson aadn§wbm 2006). It is possible that the
advantage of large forehead patch can be detectiydiro extra-pair paternity, but within-
brood paternity at least was not robustly relatedorehead patch size in this population
(Rosivall et al. 2009, but see Michl et al. 2002kernatively, large-patched males may be
successful in some years, but variation in yeatityuaay swamp the overall effect (T6rok et
al. 2004). Long-term data on within- and extra-lorgmaternity would be helpful to further

clarify the selection pressures on forehead paneh s
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Many studies have shown that polygyny increasesosed reproductive success of male birds
due to the increased number of offspring from rplétibroods (Davies and Houston 1986;
Soukup and Thomson 1998). However, the increasenoBke very large in cases when the
reduced male help impairs the success of secoratappth females (Slagsvold and Lifjeld
1994; Garamszegi et al. 2004). Our results impht folygynous males realized a higher
LRS only because of their longer lifespan. Thisnpoout that, if polygyny is connected with
lifespan, a positive relationship between the aemwe of polygyny and LRS may have
nothing to do with the causal effect of polygyny reproductive success. To our knowledge,
the only study to date that has examined the affeictnating status on LRS while correcting
for lifespan was conducted in a Swedish populatiboollared flycatchers. That study found
that polygyny increased lifetime success irrespectf lifespan (Gustafsson 1989). In our
collared flycatcher population, which lives in maariable environmental conditions (Torok

et al. 2004), the situation is different (also &sgamszegi et al. 2004).

Our findings raise the fundamental question of Wwaetit is adaptive for males to build
polygynous partnerships. It is possible that pohygis not adaptive at present and the net
selection pressure operating on polygyny is veny.ldndeed, as in collared flycatcher
polygynous males spend most of their life monogasho@also see Gustafsson 1989) the
potential benefits to polygynous males in termgedrly reproductive success are expected to
become smaller when viewed across the whole brgddespan. Alternatively, polygyny
may be advantageous only in years of good foodlguppt males may still try to become
polygynous every year because they cannot preaecfdod supply at the beginning of the
season (Lubjuhn et al. 2000). This explanation ewsily apply in our population, where the
unpredictable among-year fluctuations of food alality even prevent the individual

optimization of clutch size (T6rok et al. 2004)né&lly, fithess benefits to polygynous males
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may also appear in the attractiveness of theipafig (Gwinner and Schwabl 2005; Huk and
Winkel 2006), which will increase the number of mtaffspring, a variable we did not assess
here. Even data from the Swedish population didsnggest a reproductive advantage for the
offspring of polygynous males (Gustafsson and Qstadm 2006), which makes such an
advantage unlikely in our population. Further irtigegions are currently underway to clarify
the determinants of polygyny in our population #@sdconsequences for LRS in more detalil.
Note that the potential detection failure of polggymay lead to overestimated polygynous
LRS (see Methods). However, this supports rathan tlveakens our results, i.e. this likely

overestimated LRS is not higher than that of monogas males.

To summarize, our results show that the reprodedigvantage of longer-living individuals
does not always simply originate from their moredaling opportunities, and suggest that
these individuals may also have other superiorataristics. The lack of effect of forehead
patch size and polygyny on LRS indicates that #raductive consequences of traits and
strategies used in male mate acquisition are fan fstraightforward. Finally, our findings
with polygyny and LRS highlight the need to consitlee interrelations of various factors

when assessing their importance in influencing LRS.
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534 Fig. 1 The probability of becoming polygynous in relatitm breeding lifespan in male
535 collared flycatchers. Sample sizes are shown

536 Fig. 2 a) The number of lifetime recruits (mean + SE) ahdhe probability of producing a
537 recruit in relation to breeding lifespan. In Fig the values of breeding lifespan are shown
538 only up to 4 years for better visibility as onlydle males lived longer than this. Sample sizes
539 are shown

540
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Table 1 Correlates of lifetime reproductive sucagfsmale collared flycatchers.

Generalized linear models with backward stepwisdahselection. The number of degrees of
freedom was 1 in all cases. n = 467 (monogamous pilggynous 23); Cl, 95% confidence
interval

Breeding lifespan model Mating status model
Wwald X2 = Effect Cl Cl Wald X2 p Effect Cl Cl
size (r) lower upper size (r) lower upper

Breeding 9,54 <0.001 0449 0374 0519
lifespan
Mating 670 001 0120 0.029 0.208
status
Forehead o7 35 o4 0045 0.136 124 027 0052 -0.039 0.142
patch size
Tarsus 0.007 093 0.004 -0.087 0.095 007 079 0012 -0.078 0.103

length




