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Abstract

In group living species, individuals may gain the indirect fithess benefits characterising
kin selection when groups contain close relatives. However, tests of kin selection have
primarily focused on cooperatively breeding and eusocial species, whereas its
importance in other forms of group living remains to be fully understood. Lekking is a
form of grouping where males display on small aggregated territories, which females
then visit to mate. As females prefer larger aggregations, territorial males might gain
indirect fitness benefits if their presence increases the fitness of close relatives. Previous
studies have tested specific predictions of kin selection models by using measures such
as group-level relatedness. However, a full understanding of the contribution of kin
selection in the evolution of group living requires estimating individuals’ indirect fithess
benefits across multiple sites and years. Using behavioural and genetic data from the
black grouse (Tetrao tetrix), we show that the indirect fithess benefits of group
membership were limited because newcomers joined leks containing few close relatives
who had limited mating success. Males’ indirect fitness benefits were higher in yearlings
during increasing population density but overall remained small and only marginally
changed the variation in male fitness. Kin selection acting through increasing group size
has a limited influence on male fitness and is therefore unlikely to contribute

substantially to the evolution and maintenance of lekking in this black grouse population.
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Introduction

Group living is widespread in animals and may take many different forms, with
individuals associating with conspecifics in a range of temporal (short-term to life-long)
and spatial associations (Krause & Ruxton 2002). Irrespective of the degree of spatial
and temporal proximity, group living is often associated with substantial fithess benefits
such as reduced predation risks, enhanced foraging efficiency, alloparental care or
cooperation (Emlen 1995; Krause & Ruxton 2002; Clutton-Brock 2002). But in addition to
these direct fithess benefits, individuals may also gain indirect fitness benefits from living
in groups when closely related individuals live together (Kokko et al. 2001; Clutton-Brock
et al. 2002; Hatchwell 2010) meaning that kin selection might be involved in the
evolution of group living (Hamilton 1964; Griffin & West 2002; Grafen 2006). However,
most studies aiming at determining the role of kin selection in shaping specific
behaviours in species other than eusocial insect have focused on testing predictions of
kin selection models using measures such as group level relatedness (Reeve et al.
1990; McDonald & Potts 1994, Peters et al. 1999) or the modulation of behaviours
according to the relatedness of the interacting individuals (Ligon & Ligon 1978; Emlen &
Wrege 1988; Komdeur 1994; Russell & Hatchwell 2001). Therefore, actual
quantifications of the indirect fitness benefits associated with individuals’ action are still
scarce (e.g. Creel & Waser 1994; Krakauer 2005; Gorrell et al. 2010; Hatchwell et al.
2014), despite them being necessary to compare individual’s direct and indirect fitness
benefits and hence better understand the relative contribution of kin selection to the
evolution of the wide range of forms of group living observed in nature.

Lekking is a taxonomically widespread form of grouping in which males
aggregate on specific locations during the breeding season to acquire and defend a
small territory (Hoglund & Alatalo 1995). Females visit the leks for the sole purpose of
mating and male mating success is highly skewed (Bradbury 1981; Kokko et al. 1999).
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Leks have become a model for the benefits of group living driven by sexual selection
(Hoglund & Alatalo 1995) and four non-mutually exclusive hypotheses have been
proposed to explain their evolution through increased male direct fithess: (i) increased
likelihood of encountering females by displaying where female density is high (Bradbury
et al. 1986); (ii) increased likelihood of encountering females by displaying close to an
attractive male (Beehler & Foster 1988); (iii) increased mating success through female
preference for large aggregations (Bradbury 1981); (iv) reduced predation risk in larger
aggregations (e.g. Boyko et al. 2005). However, males may also gain indirect fithess
benefits of group membership. This is because female preference for larger
aggregations (Isvaran & Ponkshe 2013) means that males joining a lek with close
relatives may increase the fithess of close relatives (Kokko & Lindstrom 1996). Since the
vast majority of males have zero mating success (Kokko et al. 1999a; Hoglund &
Lundberg 1987; Partecke et al. 2002), our understanding of the evolution and
maintenance of lek-display based upon the extreme male mating skew might be biased
if unsuccessful males gain substantial indirect fithess benefits.

Several studies have attempted to determine whether kin selection contributes to
the evolution of leks by measuring relatedness across lekking males (Supporting Table
S1) with the underlying assumption that males’ indirect fithess benefits are low if the
average relatedness across lekking males is null. However, mean relatedness at the lek-
level is a valid proxy of male indirect fitness benefits only in species where individuals
can switch between groups throughout their lives. This is not the case of many lekking
species since the choice of group membership occurs only once as males are faithful to
their group (Kokko & Lindstrom 1996). Hence the relatedness of males territorial for the
first time (newcomers) to the other group members should be considered to avoid mixing
individuals with fundamentally different motivations and fitness pay-offs. Moreover, the
distribution of relatedness across lekking males is often bimodal with many unrelated
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males and a few closely related individuals (e.g. Shorey et al. 2000). Therefore, although
the mean relatedness across lekking males is not significantly different from zero,
newcomers may gain substantial indirect fitness benefits if they are closely related to the
dominant male(s) of the lek. Furthermore, individuals’ indirect fitness benefits are often
context-dependence (Rodrigues & Gardner 2012) as many ecological and individual
factors shape individuals’ dispersal decision (Emlen 1982; Hatchwell & Komdeur 2000)
and hence the likelihood of encountering close relatives (see e.g. Piertney et al. 2008;
Koenig et al. 2011). Therefore, there might be considerable intra- and interspecific
variation in the mean relatedness across lekking males (Supporting Table S1) which
directly influences the magnitude of kin selection. Finally, lekking is a form of grouping
that is primarily driven by sexual selection (Hoglund & Alatalo 1995) and the interaction
of group members may influence their fitness via increased mating success (Kokko &
Linstrom 1996). Therefore, better understanding the role of kin selection in the evolution
of lekking requires quantifying the relative contribution of individuals’ direct and indirect
fithess benefits to the overall variation in mating success which quantifies the magnitude
of sexual selection. Hence, despite considerable previous efforts, previous studies have
only implied that kin selection on leks might occur (Petrie et al. 1999; Hoglund et al.
1999; Shorey et al. 2000) but there is a clear need for studies that quantify the indirect
fithess benefits of male display, identify the factors underpinning the magnitude of
individuals’ indirect fithess benefits, and compare the relative contributions of direct and
indirect components of sexual selection.

We used long-term data collected in a population of black grouse (Tetrao tetrix)
in Central Finland to quantify the indirect fithess benefits of group membership. The
black grouse is a classical lekking species in which male-male competition is direct
(Hamalainen et al. 2012) and males are faithful to their lek site (Kokko et al. 1999b).
Previous studies have shown that black grouse males maximize their direct fithess
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benefit by choosing a lek site according to their competitive ability (Alatalo et al. 1992),
and gain future direct benefits (Kokko et al. 1999b). However, the role of kin selection in
the formation of leks in this species is unclear because kin structures have not been
consistently found (Hoglund et al. 1999; Lebigre et al. 2008). Genetic and detailed
behavioural observations over multiple consecutive years enabled us to identify
newcomers and measure their relatedness to the other lekking males. Here, we first
show how newcomers’ indirect fithess benefits can be quantified as the product of (i) the
relatedness of the newcomers to the other lekking males with (ii) the effect of the
newcomers’ presence on the mating success of the other lekking males (i.e. the
difference between the mating success of the other lekking males measured in the
presence and absence of the focal newcomers). We then test the hypothesis that such
indirect fitness benefits are context-dependent by measuring the effect of population
density, newcomers’ age and lek site on the newcomers’ indirect fithess benefits. Finally,
we quantify the contributions of the direct and indirect mating success to the variance in
newcomers’ mating success to determine the contribution of kin selection acting through

increasing group size to the variance in newcomers’ fitness.

Materials and Methods

Study population and field methods

Individual black grouse were captured near Petgjavesi (Central Finland) at five study
sites during 2001-2007 (Kummunsuo, Lehtosuo, Saarisuo, Teerijarvensuo, and
Valkeissuo). Birds were captured using walk-in traps baited with oat seeds. All captured
birds were aged as yearling or older according to plumage characteristics and marked
with an aluminum ring and a unique combination of colour rings. Lek observations were
carried out from hides every morning throughout the mating season (end of April-early
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May). Females mate once with a single male; male mating success was estimated from
observed copulations as the sire of the broods nearly always matched behavioural
observations (Lebigre et al. 2007). Males were defined as territorial when present on
leks for at least 30% of the number of observations of the most attending male (Kervinen
et al. 2012). Newcomers were identified when captured as one year old (yearling) and
subsequently becoming territorial for the first-time on the studied leks. When full-siblings
joined the same leks simultaneously, one male of each pair was retained in the analyses

to avoid pseudoreplication (n = 11).

Estimating newcomers’ indirect fitness benefits

The relationship (B) between the total number of copulations observed on any given lek
(c,, z denotes each lek site) and lek size (I,) can be used to estimate the total number of
copulations expected to occur on each lek had a newcomer not joined a specific lek (¢’=
¢, — B). The mating success of each male on a lek without the newcomer (m’,;, j denotes
the focal male) can then be calculated as the product of ¢’, by the contribution of
individual j to c, (i.e. m’,; = (m,; / ¢;) X C’;). The difference between the mating success of
each males’ with and without the newcomer (m.; - m’,;) measures the increase in each
male’s mating success due to the presence of the newcomer. The indirect fitness

benefits of a newcomer “” on lek “z” (w,;) can therefore be estimated as (Eq. 1):
N-1 ,
Wz,i = ]Z Rz,ij X [mz,j_ ((mz,j / Cz) X Cz)]

where “N” is the size of lek “z”, R, the relatedness between the newcomer “i” and the
other lekking males “j”, and “m,; — ((m,; / ¢;) x ¢’;)" is the increase in the other lekking
males’ mating success due to the presence of the newcomer. This method may be

applied in other contexts to estimate indirect fitness benefits when individuals’ fitness
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increases with group size (Krause & Ruxton 2002), and genetic data are available to
measure the relatedness of group members.

Eqg. 1 estimates male indirect fithess benefits in terms of mating success as the
increasing group size leads to increasing mating success (Kokko & Lindstrom 1996).
However, male mating success might only be weakly related to their reproductive
success (i.e. number of offspring produced) if there is a mismatch between observed
mountings and genetic paternity. In black grouse, broods sired by multiple males are
very rare (Lebigre et al. 2007), parentage analyses nearly always matched lek
observations (Lebigre et al. 2007), and the variation in female clutch size is small (Table
2 in Ludwig et al. 2010). Therefore, mating success is a key fithess component in male
black grouse and its variation likely reflects the variation in male reproductive success.

An assumption of Eg. 1 is that the share of the total number of observed
copulations does not change with lek size which contradicts the commonly observed
increase in mating skew with decreasing leks size (Kokko et al. 1999a; Alatalo et al.
1992). Accounting for such effect would require reallocating fractions of some males’
mating success to others. However, three measures of variation (two measures of
skewness and the variance) were not related to lek size (Supporting Table S2).
Therefore, correcting for such effect is virtually impossible as it would require accounting
for changes in some but not all measures of variation with lek size. Besides, multiple
factors underpin the variation in male mating success in black grouse (see e.g.
Rintamaki et al. 2001; Kervinen et al. 2012) and two of these traits are expected to
change when a focal newcomer is taken out of a group: male territory positions (Hovi et
al. 1994) and male-male interactions (Hamalainen et al. 2012). Given the complex
nature of the changes in the variation in male mating success with lek size and the lack

of biological background upon which we could define accurately the males gaining or
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losing mating success, we decided not to reallocate mating success among males with

the disappearance of a specific individual.

Relatedness and kinship estimates

Genomic DNA was extracted from blood samples and all birds were genotyped at 11
highly polymorphic microsatellite loci (Lebigre et al. 2007). The relatedness among
individuals (Rog) was calculated using RELATEDNESS 5.0.8 (Queller & Goodnight
1989) as described in Lebigre et al. (2008). There was no significant difference between
observed and expected Rqg values for full-siblings, half-siblings, and unrelated
individuals and parent-offspring relationships were slightly underestimated (Lebigre et al.
2010). In addition to Rqg, we also used the kinship coefficient (k) from the reconstruction
of a pedigree (Lebigre et al. 2010). The pedigree was reconstructed by first using
maximum the likelihood parentage assignments implemented in CERVUS 3.0
(Kalinowski et al. 2007). This allowed us to identify parent-offspring (k = 0.5) and some
full- and half-siblings relationships when individuals shared both or one parent (k = 0.5
and 0.25 respectively). Additional close kinships (full- and half-siblings) were then
identified using the group likelihood method implemented in COLONY v2.0 (Wang 2004;
Wang & Santure 2009). These additional kinships were accurate for full-siblings and
unrelated individuals (Type | error: 0.08 and 0.20 respectively; Type Il errors: 0.19 and
0.10 respectively; see Lebigre et al. 2010). The error rate was higher for half-siblings
(Type I: 0.12; Type II: 0.55). To limit the risks of wrongly identifying unrelated dyads as
close relatives, the dyads of full- and half-siblings were therefore kept only if Rog > 0.2

(Lebigre et al. 2010).

Statistical analyses:
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We first used lek observations collected during 2001-2011 to quantify the effect of
increasing lek size on the total number of copulations. The linear mixed effect model to
guantify this effect was implemented in the r-package nime (Pinheiro et al. 2013) with lek
site identity included as a random variable to account for the non-independence of
multiple observations of the same lek. The effect of year explained very little additional
variation and was therefore excluded of the final model. The variance structure of the
model was modified to account for heteroscedasticity (Pinheiro & Bates 2002).

We tested whether the magnitude of newcomers’ indirect fitness benefits was
context-dependent by quantifying the effect of population density, the age of the
newcomers (yearling or older), and the lek site on newcomers’ indirect fitness benefits.
These variables were chosen because it has been previously shown that population
density influences male lekking behaviour and lek size (Kervinen et al. 2012) and might
underpin changes in local kin structures due to changes in recruitment rate and adult
survival (see e.g. Piertney et al. 2008). Population density was estimated using wildlife
triangles censuses carried out in the previous autumn (Kervinen et al. 2012). During
2001-2007, the population underwent a phase of low density, a rapid increase, and a
peak of high density (Kervinen et al. 2012). Because of unbalanced sampling of
newcomers’ age, three levels of population density were defined (low: 2001-2005;
increasing: 2006; high: 2007). Newcomers’ age was also included as a covariate
because yearlings may be more likely to display with their father and hence may gain
greater indirect fitness benefits than older newcomers. Finally lek site was set as a
covariate in the analyses since some sites have consistently high or low total number of
observed copulations. Full models containing all independent variables and the
interaction between population density and newcomers’ age were subsequently

simplified using a backward stepwise procedure. Model selection was based on changes
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in the models’ sum of squares (ANOVA), and deviance (logistic regression, generalised
linear model) following the removal of a variable.

ANOVAs were fitted to newcomers’ indirect fithess benefits measured using Rqg
and the heteroscedasticity was tested using Fligner’s test. Since, the distribution of
newcomers’ indirect fithess benefits measured using k was right skewed and zero-
inflated, this variable was modelled in two steps: (i) a logistic regression with the binary
dependent variable describing whether newcomers’ had zero or non-zero indirect fithess
benefits, and (ii) a generalized linear model with a Gamma error distribution (inverse
link) across males having non-zero indirect fitness benefits.

To quantify the degree to which the indirect fithess benefits associated with male
display influenced the variation in male mating success, we first carried out a variance
decomposition. As mating success has both direct and indirect (i.e. kin selected)
components, and as the variance in any two random X and Y variable can be
decomposed as Var(X+Y) = Var(X) + Var(Y) + 2Cov(X,Y), then the variance in male
mating success can be decomposed as the sum of the variance in its direct component
and the variance in its indirect component and twice the covariance between these two
components. These variances were standardised by the squared mean in mating
success meaning that these variances were expressed in terms of opportunity for sexual
selection (lss, Shuster & Wade 2003). All analyses were carried out in R version 2.15.0

(R Core Team 2012).

Results

Lek size and the total number of copulations
The total number of copulations observed on leks was strongly positively related to lek
size in black grouse (linear mixed effects model: = 1.75 £ 0.25 (SE), t-value = 6.95, P

11
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< 0.001, Fig. 1). Therefore, if a specific newcomer would not have joined a lek, the
expected total number of copulations observed on any given lek would have decreased

on average by 1.75 copulations.

Kinship and mating success of the newcomers and the other males

The size of the studied leks varied substantially during 2001-2007, ranging from 3
to 37 territorial males (Supporting Table S2). During this period, a total of 104
newcomers were identified (range: 0-11), and all of them were either 1 or 2 years old
(hereafter “yearling” and “older”, Nyearing = 61, Noiger = 43). Only 16% of the newcomers
displayed with their father and 27% with at least one full-sibling meaning that newcomers
joined leks comprising mainly unrelated males (84% of the Rqg newcomers-lekking
males were below 0.2; mean Rqs = SD = 0.009 + 0.186, N = 1798 pairwise Rqs across
104 newcomers, Fig. 2A). The close relatives of the newcomers had moderate mating
success (across the 173 males closely related to at least one newcomer: median mating
success = 1, IQR = 0-2, Proportion of males with zero mating success: 0.63, Fig. 2B). In
particular the mating success of the full- and half-siblings of the newcomers was very
low (full-siblings: median mating success = 0, IQR = 0-2, proportion with zero mating
success = 0.54, n = 37; Half-siblings: median mating success = 1, IQR = 0-2, proportion
with zero mating success = 0.51, n = 135), while the fathers of the newcomers had a
moderate-high mating success (median mating success = 6, IQR = 1-11.5, proportion
with zero mating success = 0.13, n = 15, Fig. 3B). The top males of each lek had low
relatedness to the newcomers (mean Rqc + SD = 0.002 + 0.204, N = 98; five newcomers
joined a lek with an unringed top males and one newcomer became the top male of a

lek) and only 5 newcomers were sons of the top males of the leks.

12
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Indirect fitness benefits: context-dependence and contribution to the variance in male
mating success

When Eq. 1 was parameterized using Rqg or K, the indirect fitness benefits of
group membership across newcomers was very low, equivalent to ca. 4% of an own
copulation (Table 1a, Fig. 3A and B). Newcomers’ indirect fitness benefits were
influenced by the interaction between newcomers’ age and population density when
estimated using Rqg (Table 2a). This effect was due to the greater indirect fitness
benefits of yearling than two year old newcomers during the increasing phase of the
population density (Supporting Fig. S1). When indirect fithess benefits were estimated
using k, all considered factors (population density, study site, and the interaction
between newcomers’ age and population density) influenced to some extent the
likelihood of gaining or not gaining indirect fithess benefits as; none of them could be
removed without significantly reducing the model fit (Table 2b). Across all newcomers,
mating success was low (Table 1a) with yearling newcomers having a significantly lower
direct mating success than older newcomers (Table 1b and 1c, Wilcoxon rank-test, W =
879.5, P < 0.001, n = 104, Fig. 3C). Nevertheless, newcomers direct fithness benefits
were substantially greater than their indirect fitness benefits which contributed to ca. 1%

of the standardized variance in male direct and indirect mating success (Table 3).

Discussion

Fully understanding the fithess consequences of group living requires direct measures of
individuals fitness and estimates of the effect of each individual’s action on the fitness of
their close relatives (leading to indirect fitness benefits). In lekking species, newly
established territorial males (newcomers) are usually unsuccessful (Hoglund & Alatalo
1995), but they may gain indirect fithess benefits by increasing the mating success of
close relatives displaying on the same lek (Kokko & Lindstrom 1996). Here, we show
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that male indirect fitness benefits are very small in the black grouse because newcomers
joined leks holding few close relatives and because close relatives to the newcomers
generally had low mating success.

The lack of strong kin structures in black grouse and several other lekking bird
species (Supporting Table S1) may seem surprising given these species’ extreme
mating skew (Kokko et al. 1999a), which combined with male philopatry in birds
(Greenwood 1980) should facilitate the formation of kin structures in males (Hamilton
1964). However, key differences in morphology and life histories (Paradis et al. 1998) or
landscape structures (e.g. Bélisle et al. 2001) may lead to substantial inter- and
intraspecific variation in natal dispersal which may dampen the formation of large kin
groups. Male natal philopatry has been confirmed in black grouse by radio tracking
(Caizergues & Ellison 2002; Warren & Baines 2002) and genetic studies (Hoglund et al.
1999; Lebigre et al. 2008). But, the low genetic differentiation found among males in the
same study population (Lebigre et al. 2008) suggests that among lek gene flow is
substantial and that male may also disperse among leks. The likelihood of kin group
formation in lekking species might also be overestimated if there is a mismatch between
the observed large variation in male mating success and reproductive success. This
might be the case in systems where females mate with multiple males on multiple leks or
outside leks (Petrie et al. 1992; Lank et al. 2002), but it is unlikely in black grouse since
polyandry is rare and observations provide reliable estimates of male reproductive
success (Alatalo et al. 1996; Lebigre et al. 2007). Therefore, male dispersal and a low
recruitment rate (Ludwig et al. 2010) are the most parsimonious explanations for the lack
of strong kin structures in this black grouse population.

Key life-history traits such as clutch size or adult longevity are widely expected to
shape the evolution of sociality (Hatchwell & Komdeur 2000, Hatchwell 2009) because
they underpin the formation of kin groups. In black grouse, the most dominant black
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grouse males rarely retain their dominant position and generally have one clear peak of
mating success at age 2-4 (Kokko et al. 1999b) meaning that sons may join their fathers’
lek after their age of peak mating success. A full and half-siblings have often the same
age (i.e. the vast majority of them will be hatched the year of their father’'s peak mating
success), they will often have an equally low likelihood of mating due to their limited lek
experience. Therefore, even if groups do comprise close relatives, individuals’ indirect
fitness benefits might be limited if their kin have low reproductive prospects or if their

parents have short tenures of dominant positions.

Context-dependence of newcomers’ indirect fitness benefits

Male indirect fitness benefits were primarily influenced by population density and
newcomers’ age. Specifically, the interaction between age and population density was
significant when indirect fithess was estimated using Rqs and when the likelihood of
gaining indirect fitness benefits using k was considered. These effects were due to the
high indirect fithess benefits of yearling newcomers during the increasing phase of the
population density. Therefore, the high recruitment rates and survival probabilities of this
cohort during increasing density led to increased likelihood of displaying with a close
relative and hence increasing indirect fitness benefits as reported in other systems
(Piertney et al. 2008, Nussey et al. 2005). Previous studies have shown that ecological
conditions can lead to changes in individual behaviour (reviewed in Hatchwell 2009;
Lehmann & Rousset 2010), and our study shows that demographic changes can in turn
influence the magnitude of individuals’ indirect fitness benefits. Therefore, the indirect
fitness benefits of group membership are context-dependent but in spite of this variation

their overall magnitude remains small.

Conclusions
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Fully understanding the role of kin selection in the evolution of any trait requires
guantifying all indirect effects associated with this trait. In this study, we quantified one of
these indirect effects and found that in black grouse there was a small positive indirect
fithess benefit gained through increasing lek size. These should be discounted by the
indirect fitness benefits which would have been gained had the newcomer joined another
lek and the indirect costs due to kin competition (Maynard Smith 1964; Griffin & West
2003) which are difficult to quantify with our current data. Marked males are very rarely
resighted far from the study sites. Therefore, they were unable to join the other leks used
in this study (distant of 9-36km) and a detailed observations of the territorial males
displaying on leks located in the vicinity of the studied sites is needed to estimate the
indirect fitness benefits a specific newcomer would have gained had he joined another
lek. Quantifying the magnitude of kin competition requires detailed information of the
fithess costs of lekking with close relatives. While the lek display is energetically costly to
all males in black grouse (Lebigre et al. 2013) and results in substantial fitness costs to
yearling newcomers (Siitari et al. 2007), these data cannot be used to estimate the
fithess costs of lekking with close relatives as unmanipulated black grouse choose
where and when they join leks according to their current body condition (Alatalo et al.
1992; Hovi et al. 1994; Kervinen et al. 2012) and may modulate their behaviour
according to their kinship to minimise these fitness costs (see e.g. Reynolds et al. 2012).
Therefore, additional analyses are needed to fully quantify the magnitude of the indirect
effects associated with group display in lekking species.

Sexual selection is clearly the main factor driving the evolution and maintenance
of group displays such as the leks (H6glund & Alatalo 1995), but the influence of kin
selection on the relationship between group size and mating success has never been
previously quantified. This study is the first to unequivocally show that the direct mating
success of males joining leks far outweighs the indirect fithess benefits gained through
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increasing group size. Therefore, male indirect fithess benefits are solely context-
dependent by-products of male group display and kin selection is very unlikely to
contribute substantially to the maintenance of male aggregations in this black grouse

population.
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Supporting Figure S1. Influence of population density and male age on the newcomers’
indirect fitness benefits. Newcomers’ indirect fithess benefits were estimated here using
Queller and Goodnight’s estimator (Rqg). The effect of population density on
newcomers’ indirect fitness benefits are showed for yearling (black dots, solid lines) and

older newcomers (open dots, dashed lines).

18



435

436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484

References

Alatalo RV, Burke T, Dann J et al. (1996) Paternity, copulation disturbance and female
choice in lekking black grouse. Animal Behaviour 52, 861-873.

Alatalo RV, Hoglund J, Lundberg A et al. (1992) Evolution of black grouse leks: female
preferences benefit males in larger leks. Behavioral Ecology 3, 53-59.

Beehler BM, Foster MS (1988) Hotshots, hotspots, and female preference in the
organization of lek mating systems. American Naturalist 131, 203-219.

Bélisle M, Desbochers A, Fortin M-J (2001) Influence of forest cover on the movements
of forest birds: a homing experiment. Ecology 82, 1893-1904.

Boyko AR, Gibson RM, Lucas JR (2004) How predation risk affects the temporal
dynamics of avian leks: greater sage grouse versus golden eagles. American
Naturalist 163, 154—-165.

Bradbury JW (1981) The evolution of leks. In Natural Selection and Social Behaviour
(eds. Alexander, R. D. & Tinkle, D. W.), Chiron Press, New York. (eds.), Pp: 138-
169.

Bradbury JW, Gibson RM, Tai IM (1986) Hotspots and the dispersion of leks. Animal
Behaviour 34, 1694—-1709.

Caizergues A, Ellison LN (2002) Natal dispersal and its consequences in black grouse
Tetrao tetrix. Ibis 144, 478—-487.

Clutton-Brock TH (2002) Breeding together: kin selection and mutualism in cooperative
vertebrates. Science 296, 69—72.

Clutton-Brock TH, Russell AF, Sharpe LL et al. (2002) Evolution and development of sex
differences in cooperative behavior in meerkats. Science 297, 253-256.

Creel SR, Waser PM (1994) Inclusive fitness and reproductive strategies in dwarf
mongooses. Behavioral Ecology 5, 339—-348.

Emlen ST (1982) The evolution of helping. I. An ecological constraints model. American
Naturalist 119, 29-39.

Emlen ST (1995) An evolutionary theory of the family. Proceeding of the National
Academy of Science USA 92, 8092-8099.

Emlen ST, Wrege PH (1988) The role of kinship in helping decisions among white-
fronted bee-eaters. Behavioral Ecology Sociobiology, 23, 305-316.

Gorrell JC, McAdam AG, Coltman DW et al. (2010) Adopting kin enhances inclusive
fitness in asocial red squirrels. Nature Communications 1, 22.

Grafen A (2006) Optimization of inclusive fitness. Journal of Theoreterical Biology 238,
541-563.

Greenwood PJ (1980) Mating systems, philopatry and dispersal in birds and mammals.
Animal Behaviour 28, 1140-1162.

Griffin AS, West SA (2002) Kin selection: fact and fiction. Trends in Ecology and
Evolution 17, 15-21.

Griffin AS, West SA (2003) Kin discrimination and the benefit of helping in cooperatively
breeding vertebrates. Science 302, 634—636.

Hamalainen A, Alatalo RV, Lebigre C et al. (2012) Fighting performance as a predictor of
mating success in male black grouse Tetrao tetrix. Behavioral Ecology and
Sociobiology 66, 1577-1586.

Hamilton WD (1964) The genetical evolution of social behaviour | & II. Journal of
Theoretical Biology 7, 1-52.

Hatchwell BJ (2009) The evolution of cooperative breeding in birds: Kinship, dispersal
and life history. Philosophical Transactions of the Royal Society B 364, 3217-3227.

Hatchwell BJ (2010) Cryptic kin selection: kin structure in vertebrate populations and
opportunities for kin-directed cooperation. Ethology 116, 203-216.

19



485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535

Hatchwell BJ, Komdeur J (2000) Ecological constraints, life history and the evolution of
cooperative breeding. Animal Behaviour 59, 1079-1086.

Hoglund J, Alatalo RV (1995) Leks. Princeton University Press, Princeton.

Hoglund J, Alatalo RV, Lundberg A et al. (1999) Microsatellite markers reveal the
potential for kin selection on black grouse leks. Proceedings of the Royal Society of
London B 266, 813-816.

Hoglund J, Lundberg A (1987) Sexual selection in a monomorphic lek-breeding bird:
correlates of male mating success in the great snipe Gallinago media. Behavioural
Ecology 21, 211-216.

Hoéglund J, Stéhr S (1997) A non-lekking population of black grouse Tetrao tetrix.

Journal of Avian Biology 28, 184-187.

Hovi M, Alatalo RV, Hoglund J et al. (1994) Lek centre attracts black grouse females.
Proceedings of the Royal Society of London B 258, 303—-305.

Isvaran K, Ponkshe A (2013) How general is a female mating preference for clusterd
males in lekking species? A meta-analysis. Animal Behaviour 86, 417-425.

Kalinowski ST, Taper ML, Marshall TC (2007) Revising how the computer program
CERVUS accommodates genotyping error increases success in paternity
assignment. Molecular Ecology 16, 1099-1106.

Kervinen M, Alatalo RV, Lebigre C et al. (2012) Determinants of yearling male
performance in the lekking black grouse (Tetrao tetrix). Behavioral Ecology 23,
1209-1217.

Koenig WD, Walters EL, Haydock J (2011) Variable helper effects, ecological conditions,
and the evolution of cooperative breeding in the acorn woodpecker. The American
Naturalist 178, 145-158.

Kokko H, Johnstone RA, Clutton-Brock TH (2001) The evolution of cooperative breeding
through group augmentation. Proceedings of the Royal Society of London B 268,
187-196.

Kokko H, Lindstrom J (1996) Kin selection and the evolution of leks: whose success do
young males maximize? Proceedings of the Royal Society of London B 263, 919—-
923.

Kokko H, Mackenzie A, Reynolds JD et al. (1999a) Measures of inequality are not equal.
The American Naturalist 154, 358—382.

Kokko H, Rintamaki PT, Alatalo RV et al. (1999) Female choice selects for lifetime
lekking performance in black grouse males. Proceedings of the Royal Society of
London B 266, 2109-2115.

Komdeur J (1994) The effect of kinship on helping in the cooperative breeding
Seychelles warbler (Acrocephalus sechellensis). Proceedings of the Royal Society
of London B 256, 47-52.

Krakauer, A.H. 2005 Kin selection and cooperative courtship in wild turkeys. Nature 434,
69-72.

Krause DJ, Ruxton GD (2002) Living In Groups. Oxford University Press, Oxford.

Lanctot RB, Scribner KT, Kempenaers B, Weatherhead P (1997) Lekking without a
paradox in the Buff-breasted sandpiper. American Naturalist 149, 1051-1070.

Lank DB, Smith CM, Hanotte O, Ohtonen A, Bailey S, Burke T (2002) High frequency of
polyandry in a lek mating system. Behavioral Ecology 13, 209-215.

Lebigre C, Alatalo RV, Forss HE et al. (2008) Low levels of relatedness on black grouse
leks despite male philopatry. Molecular Ecology 17, 4512—-4521.

Lebigre C, Alatalo RV, Siitari H (2010) Female-biased dispersal alone can reduce the
occurrence of inbreeding in black grouse. Molecular Ecology 19, 1929-1939.

Lebigre C, Alatalo RV, Siitari H (2013) Physiological costs enforce the honesty of lek
display in the black grouse (Tetrao tetrix). Oecologia 172, 983-993.

20



536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
S77
578
579
580
581
582
583
584
585
586

Lebigre C, Alatalo RV, Siitari H et al. (2007) Restrictive mating by females on black
grouse leks. Molecular Ecology 16, 4380-4389.

Lehmann L, Rousset F (2010) How life history and demography promote or inhibit the
evolution of helping behaviours. Philosophical Transactions of the Royal Society B
362, 2599-2617.

Ligon JD, Ligon SH (1978) Communal breeding in green woodhoopoes as a case for
reciprocity. Nature 276, 496-498.

Ludwig GX, Alatalo RV, Helle P et al. (2010) Individual and environmental determinants
of early brood survival in black grouse Wildlife Biology 16, 367—378.

McDonald DB, Potts WK (1994) Cooperative display and relatedness among males in a
lek-mating bird. Science 266, 1030-1032.

Nussey DH, Coltman DW, Coulson T et al. (2005) Rapidly declining fine-scale spatial
genetic structure in female red deer. Molecular Ecology 14, 3395-3405.

Paradis E, Balillie SR, Sutherland WJ et al. (1998) Patterns of natal and breeding
dispersal in birds. Journal of Animal Ecology 67, 518-536.

Partecke J, von Haeseler A, Wikelski M (2002) Territory establishment in lekking marine
iguanas, Amblyrhynchus cristatus: support for the hotshot mechanism. Behavioral
Ecology and Sociobiology 51, 579-587.

Peters JM, Queller DC, Imperatriz-Fonseca VL et al. (1999) Mate number, kin selection
and social conflicts in stingless bees and honeybees. Proceedings of the Royal
Society of London B 266, 379-384.

Petrie M, Hall M, Halliday T, Budgey H, Pierpoint C (1992) Multiple mating in a lekking
bird: why do peahens mate with more than one male and with the same male more
than once? Behavioral Ecology and Sociobiology 31, 349—-358.

Petrie M, Krupa A, Burke T (1999) Peacocks lek with relatives even in the absence of
social and environmental cues. Nature 401, 155-157.

Piertney SB, Lambin X, MacColl ADC et al. (2008) Temporal changes in kin structure
through a population cycle in a territorial bird, the red grouse Lagopus lagopus
scoticus. Molecular Ecology 17, 2544—-2551.

Pinheiro J, Bates D, DebRoy S et al. (2013) nime: Linear and Nonlinear Mixed Effects
Models. R package version 3.1-108.

Pinheiro JC, Bates DM (2002) Mixed-effects models in S and S-PLUS. Springer-Verlag,
Berlin. pp 206—-225.

Queller DC, Goodnight KF (1989) Estimating relatedness using genetic markers.
Evolution 43, 258-275.

R Core Team (2012) R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, URL
http://mwww.R-project.org/.

Reeve HK, Westneat DF, Noon WA et al. (1990) DNA ‘fingerprinting' reveals high levels
of inbreeding in colonies of the eusocial naked mole-rat. Proceeding of the National
Academy of Science USA 87, 2496-2500.

Rintamaki, PT, Hoglund J, Alatalo RV, Lundberg A (2001) Correlates of male mating
success on black grouse (Tetrao tetrix L.) leks. Annales Zoologici Fennici 38, 99—
109.

Rodrigues AMM, Gardner A (2012) Evolution of helping and harming in heterogeneous
populations. Evolution 66, 2065-2079.

Russell AF, Hatchwell BJ (2001) Experimental evidence for kin-biased helping in a
cooperatively breeding vertebrate. Proceedings of the Royal Society of London B
268, 2169-2174.

Shorey L, Piertney SB, Stone J et al. (2000) Fine-scale genetic structuring on Manacus
manacus leks. Nature 408, 352—-353.

21



587
588
589
590
591
592
593
594
595
596
597
598
599
600

601
602
603
604
605
606
607
608
609

Shuster SM, Wade MJ (2003) Mating systems and strategies. Princeton Univ. Press,
Princeton, NJ.

Siitari H, Alatalo RV, Halme P et al. (2007) Color signals in the black grouse (Tetrao
tetrix): signal properties and their condition dependency. American Naturalist 169,
S81-S92.

Wang J (2004) Sibship reconstruction from genetic data with typing errors. Genetics
166, 1963-1979.

Wang J, Santure W (2009) Parentage and sibship inference from multilocus genotype
data under polygamy. Genetics 181, 1579-1594.

Warren PK, Baines D (2002) Dispersal, survival and causes of mortality in black grouse
Tetrao tetrix in northern England. Wildlife Biology 8, 91-97.

Data accessibility

All pairwise relatedness between newcomers and the other lekking males and the
mating success of each male are described in the dryad repository
doi:10.5061/dryad.5d81k.

Input file for the relationship between lek size and the total number of copulation can be

retrieved in the dryad repository doi:10.5061/dryad.5d81k

Author contributions: CL and RVA derived eq.1, RVA CL and HS collected the data,

CL and CDS analysed the data, CL wrote the manuscript and all co-authors contributed

substantially to revisions. Authors sequence determines their contribution.

22



610
611
612
613
614
615
616
617
618
619
620
621
622
623
624

625

Figure legends:
Figure 1. Relationship between lek size and the total number of copulations observed in

any given lek. The line represents the predicted values of the linear mixed effect model.

Figure 2. Distribution of the relatedness between newcomers and the other lekking
males (panel A) and the distribution of the mating success the lekking males closely
related to at least one newcomer (panel B). Relatedness was estimated using Queller
and Goodnights’ estimator (Rqg). The insert shows the distribution of the mating success

of the newcomers’ fathers.

Figure 3. Distributions of the newcomers’ indirect (panels A and B) and direct mating
success (panel C). The indirect fithess benefits were estimating by multiplying the
coefficient of kinship (k, panel A) or relatedness (Rqg, panel B) to the expected mating
success of the other lekking males, had the newcomer not been present. White and
black bars in panel C represent the direct mating success of yearling and older

newcomers respectively.
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Table 1. Summary statistics of the indirect and direct mating success of the newcomers to a lek. Statistics are presented across a)

all males, b) yearling newcomers (1 year old), and c) older newcomers (> 1yr old). Two measures of relatedness were used: the

kinship between individuals and Queller and Goodnight’s estimator of relatedness (Rqg). Non explicit table entries are: proportion of

males with zero mating success (prop. zeroes), median (med.) interquartile range (IQR) and standard deviation (SD).

Indirect mating success Direct mating success
Kinship Rac
Prop. Zeroes Med. IQR Mean SD IQR Prop. Zeroes Med. IQR
a) Overall (N = 104) 0.36 0.04 0.00-0.11 |[0.02 0.20 -0.12-0.15|0.68 0 0-1
b) Yearling males (n =61) | 0.30 0.04 0.00-0.15 |[0.04 0.21 -0.09-0.16 |0.82 0 0-0
c) Older males (n = 43) 0.44 0.03 0.00-0.08 |-0.01 0.18 -0.12-0.11 ]0.49 1 0-2
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Table 2. Most parsimonious models explaining the variation in newcomers’ indirect fitness benefits estimated using two measures of

633 relatedness; kinship coefficient (k) and Queller and Goodnight’s estimator of relatedness (Rqg). Non explicit table entries: sample
634  size (N), degrees of freedom (df), F values for ANOVAs and Residual Deviance for logistic regressions (F / Res. Dev.), P-value (P),
635 difference in the degrees of freedom during model selection (df2-df1), F value of the changes in sum of squares (ANOVA) or
636 deviance (Logistic regression, generalised linear model), P-value of the stepwise backward selection method.
637
Indirect mating success Model type N Independent variables  Omittedterms df F / Res. P df2-dfi.  F Poack
Dev. (SS/Deviance)
a) Relatedness (Rqg) ANOVA 104  Density 2 087 0.42
Age 1 1.66 0.20
Age:Density 2 5.07 <0.01
Site - - -4 0.80 (-0.12) 0.53
b)  Kinship (k, binary) Logistic regression 104  Density 2 129.01 0.04
Age 1 125.88 0.08
Site 4 117.66 0.08
Density:Age 2 110.09 0.02
c) Kinship (k, only if >0) Generalised linear model 66 Density -2 1.98 (-3.82) 0.14
Age -1 1.69 (-1.50) 0.19
Site -4 1.60 (-4.97) 0.19
Density:Age -2 0.40 (-0.63) 0.67
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Table 3. Relative contributions of direct (D) and indirect (I) components to the variance

in mating success across newcomers. Both the kinship between individuals (k) and

Queller and Goodnight’s estimator of relatedness (Rqc) were used as measures of

relatedness. Abbreviations are standardised variance in male mating success (I the

sum of newcomers’ direct and indirect mating success), standardised variances in male

direct mating success (Ip), standardised variances in male indirect mating success (1)),

covariance between newcomers’ direct and indirect mating success (covlp,). Values in

parenthesis indicate the ratio of the standardised (co)variance of each component to ly.

K Roc
a) Iy 3.40 3.93

b) Ip 3.45(1.01)  3.95(1.01)
b) | 0.02 (0.01)  0.05 (0.01)
c) 2*covlp, -0.06 (-0.02) -0.08 (-0.02)
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