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Classical models predict that male fitness is based on resources monopolized and
invested in reproduction, and/or on individual quality providing offspring with sexu-
ally attractive traits or viable genes. However, these factors are frequently correlated,
making their relative influence on male fitness difficult to describe and quantify. We
analysed the relative influence of the main features of the sedge warbler’s Acrocephalus
schoenobaenus breeding system, i.e. age, arrival date, territory quality, male sexual activ-
ity (song and polyterritorial behaviour), on males’ mating success, fledging success
and local recruitment. Results show that this species’ breeding system involves three
main paths: 1) earlier-arriving males have higher mating success, regardless of territory
quality, 2) the quality of territories pre-empted by carlier males directly influences
recruitment and 3) mating success is influenced by male sexual activity (polyterritorial
behaviour), but an additional territory also affects recruitment directly. As arrival date
plays a significant role in all the paths, the whole system seems to depend on male qual-
ity; although the benefits accruing to male fitness are obtained not only through sexual
selection but also through resource monopolization.

Keywords: arrival date, polyterritoriality, sexual selection, song repertoire, territory
quality

Introduction

According to the classical theory of mating systems, resource-rich sites attract females.
Hence, males monopolize such sites to secure sufficient resources for successful repro-
duction, and increase the likelihood of mating with one or more females (Emlen and
Oring 1977). In migratory species, males settle in a suitable habitat every year, each
time reopening the contest for territories. Early arriving males can outcompete rivals
turning up later and benefit from occupying the best available territories (the ‘pre-
emption principle’; Pulliam and Danielson 1991). In this way, the order of settlement
should determine their reproductive success (Sergio et al. 2007), promoting those
males that will every year attempt to come earlier than their competitors.
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Individual variation in arrival time can be explained in
a proximate way by condition-dependent features (Moller
1994, Ninni et al. 2004). However, if arrival time honestly
reflects male quality, the marginal costs of early arrival must be
greater for low-quality than high-quality individuals (Kokko
1999). This may lead to directional selection on early male
arrival, which was shown to be more pronounced in strongly
sexually selected species (Spottiswoode et al. 2006). Indeed,
early males mate more successfully (Aebischer et al. 1996,
Lozano et al. 1996, Smith and Moore 2005, Zajac et al. 20006,
Sergio et al. 2007), benefit from polygynous (Alatalo et al.
1984, Hasselquist 1998, Canal etal. 2021) and extrapair mat-
ings (Langefors et al. 1998, Moller et al. 2003, Cooper et al.
2011) or both (Reudink et al. 2009a, Canal et al. 2012). The
time of male arrival is often related to the attractiveness of
sexual signals, such as song (Arvidsson and Neergaard 1991,
Lampe and Espmark 1994, Kipper et al. 2006) and plumage
traits (Slagsvold and Lifjeld 1988, Moller 1994, Ninni et al.
2004, Jones et al. 2014).

A particular case of a behavioural trait influencing male
reproductive success is polyterritorial behaviour: once pater-
nity has been guaranteed on the original territory, early-arriv-
ing males have enough time during the season to seck an extra
mate by displaying on an additional, mostly ‘ritual” territory
(Alatalo and Lundberg 1984, Zajac et al. 2008a). Hence, the
opportunity for adopting this strategy, aimed at polygyny, is
constrained by the time of the male’s arrival and of the initia-
tion of the first brood (Zajac et al. 2008a, Canal et al. 2020).
Polyterritoriality, most thoroughly described in the pied fly-
catcher Ficedula hypoleuca (von Haartman 1969, Alatalo et al.
1981, Alatalo and Lundberg 1984), has been observed in a
number of passerines, mainly long-distance migrants, with
confirmed regular polygyny (Meller 1986, Ford 1996).

Among the various factors influencing male fitness in
migratory species, arrival date seems to play a crucial role
(Reudink et al. 2009a, Cooper et al. 2011). Also, earlier
breeding, often closely related to early arrival, can positively
influence reproductive success as it is often associated with a
larger clutch (Verhulst et al. 1995, Smith and Moore 2005),
the number of broods raised in a season (Moller et al. 2010),
re-nesting opportunities after failure (Halupka et al. 2008,
Cooper et al. 2011, Morrison et al. 2019), fledging success
and survival (Naef-Daenzer et al. 2001) and ultimately with
improved offspring recruitment (Hochachka 1990, Verboven
and Visser 1998, Smith and Moore 2005). Mating success
notwithstanding, early arrival and breeding might thus be
advantageous per se, e.g. by giving juveniles sufficient time
to mature. Furthermore, there are advantages accruing from
territory/resource holding potential or other competitive
asymmetries (Parker 1974, Kokko et al. 2006, Kelly 2008),
which might be necessary for additional mating in polyterri-
torial males (Alatalo and Lundberg 1984, Zajac et al. 2008a,
Reudink et al. 2009b). Gauging the importance of each direct
and indirect factor is difficult when analysed in isolation, in
short-term studies.

The aim of this study is to determine male fitness con-
sequences (in terms of mated females and the number of
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fledglings and recruited young) in relation to age, arrival date,
territory quality and sexual characters (song and polyterri-
torial behaviour) in sedge warblers Acrocephalus schoenobae-
nus. Males compete intensively for territories in this species
(Catchpole 1972, Zajac et al. 2006, 2015), pre-empting them
on the basis of vegetation cover, which influences recruitment
success (Zajac et al. 2006, 2008b). The same sites are pre-
ferred and repeatedly occupied over the years by the same
or different males, and site occupancy rate is correlated with
recruitment success (Zajac et al. 2008b). Moreover, older
males occupy higher quality territories (Zajac et al. 2011),
while additional territories are needed for polygynous mating
(Zajac et al. 2008a, 2015).

The sedge warbler is well known for the intensive sexual
selection based on elaborate song displays, which influ-
ence male mating success (Catchpole 1980, Bell et al. 1997,
Buchanan and Catchpole 1997). Populations differ in the level
of polygyny (Zajac and Solarz 2004). However, published
data suggest that, apart from the effect of sheer territory size
on the pairing date (Buchanan and Catchpole 1997), sexual
selection operates in this species without reference to territory
quality. Instead, it is founded on male sexual attractiveness
(song complexity), indicative of male individual genetic diver-
sity (Marshall et al. 2003), paternal effort (Buchanan and
Catchpole 2000) and a parasite load (Buchanan et al. 1999),
which affects the demography of the species (Bielariski et al.
2017). Since song repertoire (Zajac et al. 2015) and terri-
tory quality (Zajac et al. 2006, 2008b) correlate with arrival
date, male attractiveness and territory quality may also be
correlated. Thus, assessing the role of these collinear traits in
shaping male fitness requires a quantitative evaluation within
a model integrating all the variables of the system. Here, we
propose to use path models to disentangle the relative influ-
ences of age, arrival date, territory quality, male sexual activity
(song and polyterritorial behaviour) on the mating, fledging
and local recruitment success of males.

Material and methods

Study area and field procedures

Data were collected in 2002-2012 (excluding 2010, the
year of catastrophic floods in the study area) in wetlands in
the River Nida valley, southern Poland (50°33’-50°35'N,
20°28'-20°32'E). The study plot (36.5 ha) contained patches
of common reed Phragmites australis, catail Typha latifolia
and sweetgrass Glyceria maxima, surrounded by extensive
beds of sedge (Carex spp.) and meadows (Zajac et al. 2008b,
2015). Before the start of each breeding season, the land
cover of the study area was precisely mapped with GPS (sub-
meter accuracy) and classified according to the main vegeta-
tion types. These mapped patches were then imported into
ArcGIS ver. 10.1 software to create a fine-scale map, used for
the fieldwork throughout the season. Male sedge warblers,
usually turning up in late April to early May, were mist-netted
and colour-ringed as soon as they were sighted in the study
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plot. Detailed surveys were carried out three times a week,
during which the positions and behaviour of colour-ringed
individuals were mapped. The frequency of our visits to the
study plot ensured that the discrepancy between arrival and
date of capture did not exceed two days. Just before capture,
10-15 min of continuous, spontancous territorial song was
recorded for each male between 06:00 and 09:00 h, using
Denon FN-F20R and Marantz PMDG660 digital recorders
equipped with a Sennheiser ME 67 microphone. Recording
was paused when a male’s singing was interrupted by forag-
ing, conflicts or other disturbances.

During each spring, we trapped an average of 40 males
(range: 19-74), 26 of which (66%; range: 12-48) became
mated. A male was considered mated when seen guarding
a female, subsequently confirmed by observations of nests
or of young being fed in his territory. Nests were found by
observing the behaviour of the parents (mainly females car-
rying material for nest construction). The position of each
nest was marked on the map, and the nests were monitored
to record clutch size and hatching date. On the eighth day
after hatching, nestlings were ringed, enabling identification
of local next-season recruits. If there were no clear indications
of subsequent failure, the nest was regarded as successful.

Data processing

Arrival date

Arrival date (i.e. first observation of each male in the study
area) was made comparable between seasons by standardizing
to the arrival date of the earliest male of the season (day 0).
We excluded males that arrived later than 45 days after the
earliest arriving male in a given year, owing to the possible
influx of males that had lost their first broods in neighbour-
ing areas earlier in the season.

Territory quality

Territory quality was measured as the percentage of the total
cover of cattails and common reeds in circular spatial buf-
fers 30 m in radius, delimited on a digital vegetation map in
ArcGIS ver. 10.1 around all the songposts of males on the first
day after their arrival (Zajac et al. 2006). These tall wetland
plants are preferred by males during settlement, and their pro-
portion in the territory is correlated with recruitment success
in the studied population (Zajac et al. 2006, 2008b).

Song repertoire

We analysed the song recordings using Avisoft-SASLab Pro
ver. 4.4. Visual inspection of the spectrogram made for the
whole recording of each male enabled a ca 3 min. section
with the most complex and variable songs to be selected.
This was done by one person (WB) for the whole sample of
males. Complete, uninterrupted songs in this section were
then extracted (treating intervals longer than 1 s as separat-
ing individual songs) to give up to 60 s of songs (excluding
the breaks between songs). We defined the male’s repertoire
as the number of distinct types of syllable extracted in this
part of the spectrogram (see Catchpole and Slater 2008 for

definitions of ‘syllable’ and ‘repertoire’). To control for the
effect of differences in song analyses between researchers ana-
lysing different seasons, we scored a male’s repertoire as the
percentage of the number of unique syllables of the male with
the greatest repertoire for a given season.

Polyterritoriality

There were on average 4.1 polyterritorial males during the
breeding season (range: 2—7) and polyterritorial males con-
stituted 19% of breeding males. According to Zajac et al.
(2008a), polyterritorial behaviour is a prerequisite for polyg-
yny in the sedge warbler, which is also confirmed by the
current data (¥*=16.96, df=1, p < 0.0001). We therefore
included male polyterritoriality as a behavioural binary trait
(1 — polyterritorial, 0 — not polyterritorial) in the analysis.
Males were considered polyterritorial if they resumed singing
and flight displays on a new, clearly separate territory while
their mates were incubating on the primary one. Moreover,
when displaying on the second territory, males were not
active on the first one (Zajac et al. 2008a). The quality of the
second territory was not taken into consideration because 1)
it was positively correlated with but always inferior to the first
one of the same male, and 2) the qualities of secondary terri-
tories and the territories of non-breeding males did not differ
significantly (Zajac et al. 2008a). This suggests that the qual-
ity of the second territory reflected the quality of the first and
was of little relevance to the success of polygynous matings.

Male age

Precise determination of age is not possible in adult sedge
warblers (Svensson 1992, Jenni and Winkler 1994).
However, since 82% of the 114 local recruits, recorded in
our population between 1996 and 2012, were detected in
their second year of life, we assumed on the basis of a previ-
ous paper (Bielaniski et al. 2017) that new settlers were domi-
nated by second-year individuals. Thus, all first-time trapped,
unringed birds and second-year local recruits (i.e. in their
first breeding season) were pooled into the same artificial age
class two (i.e. ‘naive birds’). Birds retrapped in subsequent
years were then classified according to consecutive age classes:
three, four and so on. The oldest birds recorded so far in our
population were seven years old, but the maximum age of
males in the database used here was five years.

Mating, fledging and recruitment success

The number of females mating with a male during the sea-
son was a measure of his mating success (0 — unmated, 1
— monogamous, 2 — polygynous). If the male was not polyga-
mous and re-mated with another female after the first brood
had been lost, he was still assigned the same mating success
value as a monogamous male (i.e. one female). The total
number of fledglings reared successfully in all nests of a male
within a season was used as a measure of his fledging success
(scores 0-11). The number of offspring raised by a male in
a given season, recruited locally in subsequent seasons, was
assigned to each male and used as a measure of recruitment
success (scores 0—4).
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Statistical analysis

The full dataset for path analyses contained 180 records of
160 males (19 males appear multiple times in the database:
18 males in two seasons, 1 male in three seasons). In order to
disentangle the significance of individual male quality from
the effects of territory quality on male fitness we applied two
models: A) one analysing the influence of male quality fea-
tures (age, arrival date and song repertoire) on three measures
of fitness, i.e. number of mated females, fledglings and local
recruits (Fig. 1A), and B) the full path model, which analyses

(A) Male quality

i 3.7
Age Mating
sSuccess (<0.001)
s
/s
Arrival Song
date repertoire

(B) Male and territory quality

Territory quality

Mating 3.7

Age
success (<0.001)

VA
AS
S

O.q

P P>

Arrival Song
date repertoire

I -0.08

the effects of the same male quality features, polyterritorial
behaviour and the quality of the main territory on the same
measures of male fitness (Fig. 1B).

We performed path analysis using Mplus ver. 8.6 (Muthén
and Muthén 2017). Path analysis is a powerful statistical
technique to evaluate ecological and evolutionary hypotheses
from observed associations among variables. Hypothesized
relationships between variables are represented by a direc-
tional path diagram and evaluated statistically. Thus, one can
include mediating variables (i.e. variables linking indepen-
dent and dependent variables) and simultaneously examine

Fledging 0.3 Recruitment
success (0.001) success
7.7
(0.024)
Fledging 0.3 Recruitment
success (<0.001) Success

Polyterritorial
behaviour

]

(0.021)

Figure 1. Path analysis of male sedge warblers’ age, arrival date, territory quality, polyterritoriality and song repertoire size in relation to their
mating, fledging and recruitment success, southern Poland, 2002-2012. (A) The model analysing the influence of male age, arrival date and

song repertoire on the measures of their reproductive success: number of mated females, fledglings and local recruits; (B) the full model,

which analyses the effects of both individual male features (age, arrival date, song repertoire) and factors related to his territorial activity (the
quality of the main territory and the binary variable indicating his polyterritorial behaviour) on the same measures of male fitness. The

sample size for both models is 180 records of 160 males (longitudinal data). Generated with Mplus ver. 8.6; a non-standardized path coef-
ficient and statistical significance (in parentheses) are given for significant relationships; black arrows — significant relationships (p < 0.05);

grey arrows — nonsignificant relationships.
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both the direct and indirect effects of the model’s variables
(Shipley 2000). This is the main advantage of path analy-
sis over other ‘classical’ multivariate approaches (e.g. GLM).
We carried out longitudinal path analyses with a multilevel
approach (two-level random). The nesting structure (clus-
tering) was specified using the males’ IDs. The count or
binomial nature of the following variables, i.e. age (count),
polyterritorial behaviour (binomial), mating success (count),
fledging success (count) and recruitment success (count), was
handled with the COUNT option. In addition, recruitment
success was marked as a zero-inflated Poisson variable. Arrival
date, territory quality and song repertoire were included in
the analysis as continuous variables. All variables were set as
user-observed (i.e. directly measured), within-subject (time-
dependent) variables. In each model, the expectation maxi-
mization (EM) optimization algorithm was used, and the
parameters were estimated using the maximum likelihood
robust estimator (MLR), which is robust to non-normality
and non-independence of observations. In Mplus, stan-
dardized path coeflicients are not available for models with
categorical, nominal, count or continuous-time survival
mediating or predictor variables (Muthén and Muthén 2017),
so our models present unstandardized coeflicients (Pc). Since
unstandardized coefficients cannot be directly compared, the
dependence structure between the variables in the model is
only shown by presenting and discussing significant paths (p
< 0.05). Descriptive statistics and interrelationships between
all the variables, as well as the full results of the path models
are provided in the Supporting information.

Results

The first model (Fig. 1A), which analyses the influence of
male quality features on male fitness, reveals a straightfor-
ward relationship, in which only arrival date governs mat-
ing success (Pc=-0.02), and which further influences the
number of fledglings (Pc=3.7) and local recruits (Pc=0.3).
In contrast, neither age nor song repertoire are significantly
associated with the other male fitness components.

The second model, which combines factors related to male
quality, behaviour and territory quality, shows a more com-
plicated picture (Fig. 1B). Arrival date has a direct and very
significant influence on the main territory quality (the ear-
lier the male, the better the territory; Pc=—-0.01), mating
success (Pc=-0.02) and also on polyterritoriality (the ear-
lier the male, the more frequently he has a second territory;
Pc=—-0.08). The ‘fitness’ path (mating — fledging — recruit-
ment) remains very significant: mating success determines
the number of fledglings (Pc=3.7), which in turn signifi-
cantly influences the number of recruits (Pc=0.3). Mating
success is significantly influenced by polyterritorial behaviour
(Pc=0.4), whereas territory quality does not directly influ-
ence mating success or fledging success. Recruitment is influ-
enced by polyterritorial behaviour (Pc=1.3) and territory
quality (Pc=1.7). Age is the least influential factor in the
model as no significant relations were found.

Discussion

Using path analysis, we comprehensively analysed the direct
and indirect associations among a set of variables, including
male quality, behaviour and territory quality on a number
of fitness components. The analysis revealed latent and com-
plex relationships (Fig. 1B). The relationship between male
displays, mating success and male fitness in sedge warblers
was commonly understood to result from female preference
for more complex sexual signals (Catchpole 1980, Bell et al.
1997, Buchanan and Catchpole 1997, Beynon et al. 2004).
Our path analysis revealed that ultimate fitness could also
stem directly from a sexually selected form of territorial
behaviour, which seems to explain recruitment better than
song complexity. Polyterritorial behaviour also indirectly
affected recruitment through mediating variables like mating
success and fledging success. Another non-obvious relation
found in our study was that territory quality is not related to
female preference as expected by classical models (Emlen and
Oring 1977), but contributes directly to the post-fledging
survival of the young.

Our path model, comprising both male features, territo-
rial behaviour and habitat quality (Fig. 1B), clearly highlights
three factors that significantly affect the ‘fitness’ path (mating
— fledging — recruitment) of male sedge warblers: 1) arrival
date, 2) territory quality and 3) polyterritorial behaviour.

Arrival date

The timing of male arrival impacts on crucial aspects of the
sedge warbler’s breeding system: pre-emption of territories,
mating success and behaviour leading to polygyny. It is strik-
ing that no relationship between territory quality and mating
success has been demonstrated, so in contrast to the classical
polygyny threshold model (Verner and Wilson 1966, Orians
1969), it seems that females pay little attention to the qual-
ity of the main territory when taking mating decisions. The
influence of arrival date on polyterritorial behaviour, and
along this path on mating success, may explain how males
acquire additional, polygynous matings, which gives them
the opportunity to increase their reproductive success (cf.
Canal et al. 2020, 2021). Last but not least, arrival date sig-
nificantly governs territory pre-emption (based on territory
quality), with its positive consequences for recruitment. This
leads to the non-obvious conclusion that, in contrast to clas-
sical models, male’s success is governed by resources (space
and vegetation cover), whereas female decisions are driven by
sexual selection.

Arrival date is assumed to reliably reflect a male’s individ-
ual quality, as individuals endure rapid, long-distance spring
migration and unpredictable, often harsh, early spring con-
ditions upon arrival at the breeding grounds (Meller 1994,
Meoller et al. 2004, Ninni et al. 2004). Thus, the influence
of arrival date on all three crucial factors explaining ultimate
male fitness (territory quality, mating, second territory) should
not be surprising. Early arrival gives a competitive advan-
tage in territory pre-emption and mating opportunities, but
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many other factors not included in our models may provide
additional, positive synergic effects (Reudink et al. 2009a, b,
Cooper et al. 2011). Early arrival often determines an early
breeding onset (Moller 1994, Ninni et al. 2004, Smith and
Moore 2005, Cooper et al. 2011). In sedge warblers, ear-
lier male arrival correlates not only with more matings (this
study), but also with an earlier mating date (Zajac et al.
2015). Arrival date has a strong influence on fledging and
ultimately on recruitment success, which declines during
the season in a number of temperate species (Verhulst and
Nilsson 2008). The decline is attributed mainly to such prox-
imate environmental factors as increasing predation pressure
(Naef-Daenzer et al. 2001) and diminishing food availability
later in the season (Verboven and Visser 1998, Griiebler and
Naef-Daenzer 2008). Moreover, catlier fledging leaves more
time for the young to mature, improve their condition and
foraging experience (Tarof et al. 2011, Tomotani et al. 2016),
moult (Helm and Gwinner 2001, Pulido and Coppack 2004)
and prepare for a successful migration (Mitchell et al. 2012,
Raja-aho et al. 2017). A longer post-fledging period can also
benefit local recruitment in that suitable breeding habitats
and nest sites can be prospected for prior to autumn migra-
tion (Reed et al. 1999, Davis and Stamp 2004, Mitchell et al.
2010). Arrival date may be subject to even stronger natural
selection because of the time-constrained opportunity for
raising second and replacement broods (Meller et al. 2010,
Cooper et al. 2011, Zajac et al. 2015, Morrison et al. 2019),
which can significantly increase the production of recruits.

Territory quality

Sites with tall wetland vegetation are preferred and pre-
empted by male sedge warblers. The earlier the males arrive,
the greater the proportion of such vegetation within their
territories, and the final path model suggests that territory
quality directly influences the number of recruits. A larger
area of tall wetland vegetation may secure food for the
young (Bibby et al. 1976, Chernetsov 1998, Chernetsov and
Manukyan 2000), but it can also ensure their survival as the
dense cover of tall stems offers protection against predators
(Ille and Hoi 1995, Aebischer et al. 1996, Graveland 1999).
Our preliminary telemetry data of sedge warbler males
showed that they roost overnight in dense reedbeds during
the settlement period. It is well known that other birds, like
wagtails, swallows and starlings, use reedbeds for communal
roosting (Bibby and Lunn 1982, Kiviat 2019), demonstrating
that this habitat is important in providing shelter and safety.
In support of this statement, research by Nowak (2007) at
the same study site showed that flightless sedge warbler fledg-
lings remained at distances of up to 70 m from the nest for
about two weeks. At this age, their wing feathers are almost
fully grown and they then start to disperse significantly fur-
ther afield. Fledglings mostly prefer patches of reed but also
cactail and sweetgrass, actively moving to areas with larger
proportions of such tall wetland vegetation even from remote
territories, whereas the meadow and sedge communities that
prevail in the study area appear to be avoided. Moreover, the
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share of distinct vegetation types in the male’s territory is
similar and highly correlated with their proportion in a 30
m buffer zone around the nest (Nowak 2007). Hence, males
may acquire high-quality territories to secure future juvenile
survival, which explains why the amount of tall wetland veg-
etation directly influences offspring recruitment rather than
mating or fledging success.

Aphids are important for the condition of sedge warblers
during migration (Bibby et al. 1976, Bibby and Green 1981),
and appear in reedbeds later in the season, after the develop-
ment of fresh stems. Their availability, related to the area of
reeds within the territory, is expected to have only a slight
influence on female fecundity and nestling feeding efficiency,
but a significant influence on the condition of juveniles, their
pre-migratory fuelling and subsequent survival (Chernetsov
1998, Chernetsov and Manukyan 2000). Hence, this could
further explain why territory quality directly influences
recruitment.

Polyterritorial behaviour

Our analysis confirms that polyterritorial behaviour signifi-
cantly affects male reproductive success. Figure 1B shows
that mating success depends on a binary factor determining
whether a male does or does not hold an additional terri-
tory on which he displays. It has been demonstrated that this
behaviour is a necessary prerequisite for polygyny, not only
in the sedge warbler (Zajac et al. 2008a) but also in other
species (Alatalo and Lundberg 1984, Secunda and Sherry
1991), and allows a male to enhance his mating success.
Polyterritorial behaviour also influences recruitment directly,
a possible result of the superior quality of early males: the
male’s ability to defend another territory indicates that he can
prolong the display period with long display flights and has
sufficient competitive abilities to control both territories (cf.
Reudink et al. 2009b).

Our path model revealed no significant effect of song rep-
ertoire on either mating success or sexual behaviour, although
we had reported its relation to arrival date in a previous study
(Zajac et al. 2015). Thus, the outcomes of this path analy-
sis do not conform directly to Catchpole’s results regarding
female preference for song complexity (Catchpole 1980,
Catchpole et al. 1984), although this could have resulted
from too small a sample size (or the insuflicient character-
ization of repertoire sizes). In our spatially fluctuating and
dispersed population (Zajac et al. 2008b), the ‘display arena’
function of males’ second territories could greatly facilitate
matings in terms of ‘passive attraction’ (Parker 1982, 1983).

An intriguing property of the breeding systems of many
migratory birds is that the males’ mating success is related
to their arrival date (review in the Introduction). Although
sedge warbler females arrive on average 1-2 weeks after the
males (Borowiec 1999, Zajac et al. 2015), the distributions of
male and female arrival dates in the studied population largely
overlap (Fig. 1 in Zajac et al. 2015). Assuming that male
arrival date is a condition-dependent trait, honestly reflect-
ing male quality (Moller 1994, Kokko 1999), females can
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apply certain cues reflecting the time since the establishment
of the male in his territory (Saino et al. 2010, Spottiswoode
and Saino 2010). However, the issue of male quality is very
relevant to females that mate late with males displaying on
secondary territories, when unmated males are still available.
These late females cannot usually directly perceive the exact
arrival of the earliest males. In fact, polygynous females in the
studied population mated later than others (monogamous and
double-brooded) but with earlier-arriving males (Zajac et al.
2015). Thus, females must have perceived a male’s quality
indirectly, probably from his courtship behaviour, reinforced
by his singing and flight displays on a separate polyterritory
(cf. Lifjeld and Slagsvold 1988).

The results of our models are consistent with the ‘good
genes hypothesis regarding female choice of male quality,
reflected by arrival date and resource holding potential as
regards polyterritoriality. However, they stand in contrast to
classical models (the ‘age indicator’ mechanism; Trivers 1972,
Kokko 1998, Jennions et al. 2001), because the age of male
sedge warblers did not influence mating success, nesting suc-
cess or recruitment. This might stem from methodological
limitations, as it was not possible to precisely specify the age
of sedge warblers. Previous suggestions that age influences
both territory (Zajac et al. 2011) and individual quality
(Bielanski et al. 2017) were not confirmed by our model.

Concluding remarks

Mating systems should not be analysed solely in simple
predictor-response designs, because interactions found in
the wild are usually impossible to account for using simple
comparisons. Our path model suggests that a male’s repro-
ductive success depends above all on his individual quality as
reflected in arrival date, the feature that mediates almost all
components of the system. The mating success of a male was
based on territorial activity, which was linked to sexual selec-
tion rather than to securing food for the young. The model
implies that males, when pre-empting territories, influence
the local recruitment of their offspring most likely by ensur-
ing safety for the fledged young. Research priorities for future
studies should take into account our results’ suggestion that
the factors crucial to reproductive success in sedge warbler
males occur before and after the nesting period.
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