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ABSTRACT

Sexual selection generates competition over mateduping differences in reproductive
success between individuals. The life history tihiepredicts that because of scarce
resources individuals face the problem in allocp@mergy to different functions such as
growth, survival, and reproduction. As a conseqeeratder age, large body size, and
impressive sexual ornaments are the common chasaaftelominant individuals, who are
often superior in competition over mates thus engyhe highest reproductive success.
Nevertheless, young or unfit individuals may haWeraative mating strategies which
assist them to avoid competition with superior vilials and increase their reproductive
success. In this study timing of reproductive dffas a potentially alternative mating
strategy of young lekking black grous@&etfao tetrix) males was investigated. The
behavioural (lek attendance and fighting rate) e of yearling and adult males were
compared, and the effect of morphological (body snasd tail length) traits on the
behaviour were studied. The large long-term dataset gathered in years 2003-2013
from three study sites, and analysed by generalinedr mixed effects models (GLMM).
Yearling males, who were the most present on tkeufena, scheduled their reproductive
effort later in the lekking season compared to tachalles. The yearling males showing this
alternative mating strategy proved to be of a rggiality: compared to other yearlings,
they were diligently present on the lek arena, Fduagtively and had larger body mass.
Probably they were able to invest substantiallyartorthe lekking season than most of the
yearlings, but less than adults, and thereforeitpbfrom the alternative mating strategy.
Later timing of effort in yearling males may alset snore selection pressure for adult
males by delaying the decrease of intensive cotnpetin the end of the lekking season.
Hence, this study supports indirectly the idea #raturance rivalry may operate on black
grouse leks.
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TIIVISTELMA

Seksuaalivalinta aiheuttaa yksildiden valille kilpa parittelukumppaneista, minka
johdosta osa yksildista lisaantyy toisia enemmdmkEertoteorian mukaan yksilot eivat
niukkojen resurssien vuoksi pysty tehokkaasti kol@®maan energiaa samanaikaisesti
useisiin toimintoihin, kuten kasvuun, selviytymisga lisdantymiseen. Ika, suuri koko ja
nayttavat seksuaaliornamentit ovat seksuaalivadismanenestyvan yksilon merkkeja, silla
tallaisilla yksil6illa riittd& energiaa elintdrkesd toimintojen liséksi myos lisaantymiseen.
Tavallisesti ne menestyvatkin parhaiten kilpailugsaittelukumppaneista. Nuoret tai
huonokuntoiset yksilot voivat kuitenkin turvautuailwvtoehtoisiin lisdantymisstrategioihin
valttddkseen suoraa kilpailua dominoivien yksildidekanssa ja parantaakseen
lisaantymismenestystaan. Tassa tutkimuksessa petighdiuorten teerikukkojenTetrao
tetrix) soidinvireyden ajoittamiseen vertaamalla 1-vudea ja aikuisten kukkojen
soidinkayttaytymistd eli lasndoloa ja tappeluakdinmtta, sekda morfologisten
ominaisuuksien eli ruumiinpainon ja pyrston pitundeikutusta soidinkayttaytymiseen.
Mittava pitkdaikaisaineisto kerattiin vuosina 202843 kolmelta keskisuomalaiselta
soitimelta. Aineisto analysoitiin lineaarisia sekadl®ja (GLMM) hyvaksikayttaen. Eniten
soitimella lasna olleiden nuorten kukkojen haviaittjoittavan soidinvireytensa aikuisia
kukkoja myohemmin. Tata vaihtoehtoista lisdantytnigegiaa noudattavat nuoret kukot
olivat paitsi ahkerasti lasna soitimella, myos ialdia tappelijoita ja kooltaan suurempia
kuin muut 1-vuotiaat kukot. Todennékdisesti namarat kukot pystyivat panostamaan
soidinkauteen huomattavasti ikatovereitaan enemmrurita kuitenkin aikuisia kukkoja
vahemman, minkéa johdosta ne ehka hyoétyivat mydhestimgoidinvireyden ajoituksesta
eniten. Nuorten kukkojen vaihtoehtoinen lisdantwmetegia voi asettaa lisaa
valintapaineita myds aikuisille kukoille hidastataakilpailun vahenemistéd soidinkauden
lopulla. Tamé tutkimus osoittaakin epasuorastia etiin sanotulla kestavyyskilpailulla
("endurance rivalry”) voi olla sijansa teeren sedkalivalinnassa.
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1. INTRODUCTION

1.1. Basics of sexual selection

Sexual selection is based on competition over mbgading to situation where some
individuals receive more copulations and produceemaffspring than others (Darwin
1859). Mechanisms operating on competition overesyatay be based on a competition
within a sex (intrasexual selection) or on a mat®iae between sexes (intersexual
selection, Andersson 1994). Intrasexual selecticcus mostly between males, whereas
intersexual selection is typically a female choimfe available males. This pattern is
explained by the factors that generally limits gensd reproductive success: males are
typically limited by access to females, whereasdies are limited by access to resources
(Davies et al. 2012). Males generally have greatproductive potential than females
since they are able to produce more offspring imgieen time than females are.
Consequently, males invest in increasing the nunabeaheir partners, whereas females
invest in quality of offspring and in parental cafiehis makes females generally more
selective ones in choosing a partner since a paofna high quality is able to offer more
resources and/or better genes for a female andftspring than is a male of a low quality.

Sexual selection is one process that has led waseimorphism between genders in
many species (Darwin 1871). Dimorphism can be édich three parts. Primary sexual
traits are differences in copulatory organs of maad females, while ecological sexual
traits refer to ecological differences between segech as distinct foraging manners.
These two parts of dimorphism are beneficial pufebm the survival point of view:
different copulatory organs ensure reproduction maially, and ecological differences
such as different foraging manners decrease congpetoetween genders (Andersson
1994). However, the third part of dimorphism, setamy sexual traits such as large body
size, behaviour, ornaments, or weaponry seem te baveloped just because of sexual
selection (Darwin 1871, Andersson 1994, Savalli5)9®lowadays it is widely accepted
that secondary sexual traits have developed toaactveapons and signals in mate
competition and in mate choice (Andersson 1994).

Mechanisms of intrasexual selection have traditlgrieeen separated broadly in two
forms: pre- and post-copulatory sexual selectiond@sson 1994). Within that, there are
four forms: sperm competition, scramble competitiendurance rivalry, and contests.
Sperm competition is based on males’ ability topldise competitors’ sperm, produce
sperm frequently, and guarding the females fronethales. In scramble competition, it
is crucial that males locate females before otheles) leading e.g. to highly evolved sense
organs of males in many arthropod species. In emder rivalry, males able to maintain
mating behaviour or other sexual traits through whele mating season receive more
opportunities to copulate than less durable cortgrsti The most successful males of
contests have traits such as weapons, large bedyai threat signals which help them to
win, and consequently increase their mating oppdias.

1.2. The function of secondary sexual traits in seal selection

1.2.1. Intersexual selection

Secondary sexual traits have an important roleeinale mate choice by acting as signals
of a male’s quality (Berglund et al. 1996). Two oraheories have explained this pattern.
Firstly, according to Fisher’'s reinforcing theoryales with an extreme feature survive
better than other males (Fisher 1930 quoted by Assd@ 1994). Females favouring the



males with such feature would produce offspringt thave a survival advantage. The

theory assumes that both the males’ better surandlfemales’ interest in such males are
heritable, and as the consequence the amount bfreates and females increases in the
population. The feature of males evolves over iime until it has become so exaggerated
it begins to reduce males’ survival. This begingdstrict the selection process. Another
theory is called indicator mechanism theory (e.dgligths 1966 and Zahavi 1975 quoted

by Andersson 1994). Accordingly, secondary sexuastist may reduce males’ survival and

thus act as cues of males’ genetic quality for flesiaince males able to live with such

feature may pass on their quality to offspring.

Inconsistent with both the major theories, it idaked whether secondary sexual
traits really reduce survival of their bearer sirtbere is limited empirical evidence
(Kotiaho 2001). Furthermore, there is evidence afe® with the most impressive traits
having greater longevity than males with smallet$; and secondary sexual traits thus
signalling males’ prevailing condition (JennionsMgller 2001). However, there is no
doubt that females often prefer partners with impie secondary sexual traits (e.g.
Hoglund & Alatalo 1995, Berglund et al. 1996, Davit al. 2012, but see Qvarnstrém &
Forsgren 1998). There is also some evidence opfig fathered by impressive males
being more viable than offspring fathered by lesprissive males (e.g. Norris 1993, von
Schantz et al. 1993). Furthermore, studies conegrapecies with paternal care such as
house finch Carpodacus mexicanus, Hill 1991) and blue grosbealGyiraca caerulea,
Keyser & Hill 2000) have shown that impressive rsadge the most capable of offering
resources for females and offspring. Thus, secgnsiexual traits may indicate a male’s
quality as a parent and maybe also his genetidtgualut the mechanisms behind these
patterns are a lot more complex than both the oedirig theory and indicator mechanism
theory assume.

1.2.2. Intrasexual selection

Secondary sexual traits are crucial in male cortipetiover females. Weapons such as
antlers and spurs are themselves beneficial ingbtracombats, well-developed sense
organs help to find a mate in scramble competitiarge testicles ensure success in sperm
competition, and high body mass assists enduraxrode¢sson 1994). However, secondary
sexual traits may also act as signals of a male&@ak dominance revealing his good
condition and competitiveness. Consequently, iofeompetitors are able to avoid
contact with superior competitors which saves enesgd time, and decreases the
probability of getting injured.

Often social hierarchies of males determine thepraductive success as females
prefer to copulate with dominant males (e.g. Ansiens1994, Berglund et al. 1996).
Features acting as signals in male contests aripileuthey may be morphological such as
ornaments or weapons, behavioural such as intiloiatelated to a male’s age or body
size, or mixture of these (Berglund et al. 1996)séveral studies signals have been found
to be honest, as well. For example, collared flgloat Ficedula albicollis) males with
relatively large forehead patches win territory tests more likely, and have a female in a
shorter time than males with smaller patches (&#&warnstrom 1997). Furthermore, calls
of baboon Papio cynocephalus ursinus) males change with their dominance rank
dominant males calling more frequently, more loudiyd for longer than inferior ones
(Fischer et al. 2004).

In several species, body size and age are the rMegdures determining males’
success in contest competition, and thus alsoprodeiction (Briffa & Sneddon 2007). For
example, in species such as northern elephant(/galunga angustirostis) and red deer
(Cervus elaphus) reproductive success increases with larger bodgsm(reviewed by



Andersson 1994). Furthermore, the reproductive esgof both elephant seal males and
red deer stags is the highest in prime age. Smalldes avoid direct interactions with
dominant males: in elephant seals the body sizeiraned deer the size of antlers are the
most important signals in estimating the compeditess of a contestant.

Body size is also strongly connected with a maggidurance. Male bullfrogfRéna
catesbeiana) with greater body mass in the beginning of theimgaseason are able to
show dominant behaviour longer than lighter indivits (Judge & Brooks 2001). They
lose their weight slower during the season, bueHast more of their weight by the end of
the season than lighter males. Similar pattern Hmeen detected e.g. in elephant seals
(Mirounga spp., Deutsch et al. 1990 quoted by Andersson 1G8dimberti et al. 2007),
and in red deer in which prime-aged males havimghighest reproductive success lose
more of their body mass than younger or older iidizls (Yoccoz et al. 2002).

1.3. Alternative mating strategies

According to the life history theory individualseaexposed to trade-offs as they need to
allocate energy between different functions (Steai®92). Reproduction today may
reduce growth or survival of an individual, weakiés condition, or damage its future
reproduction. Consequently, not only species bab ahdividuals within species have
different reproductive strategies. Generally, malefs larger size and with more
conspicuous morphological traits are more successfmale competition over females
than are smaller and inconspicuous males (Anders964). However, in several species
males of inferior competitive skills have been de&td to resort to alternative mating
strategies to avoid direct competition and to iaseetheir mating success.

Alternative mating strategies may be determinedugh two mechanisms of which
the first one is genetic (Davies et al. 2012).His tcase there exist two or more genetic
morphs of males in a population, all the morphsii@equal average fitness. The classic
example are side-blotched lizartdt4 stansburiana) males which have three morphs
differing in the colour of throats and territorla@haviour (Sinervo & Lively 1996). All the
morphs, and thus all the strategies are under émxyddependent selection fluctuating in a
population.

The second mechanism operates through a male’snturondition (Davies et al.
2012). Males of e.g. smaller size resort to anr@dtiive strategy until they have grown
larger because they are facing the problem in afiog energy between growth and
reproduction (Stearns 1992). As small individu&leyt are forced to "make the best of a
bad job" and often reproduce less than bigger m@aesies et al. 2012). Such behaviour
have been detected e.g. in ungulates (Mysterudl.e2@8, Mason et al. 2012,
Tennenhouse et al. 2012) and in anurans (Anderk3®4). In some species such as dung
beetle Onthophagus taurus) some males are forced to use an alternativeegirahrough
their whole life since environmental conditions idgr developmental stages determine
characteristics of a male (Emlen & Nijhout 1999).

Age is often one of the major factors affecting ypstze and morphological traits of
males (Clutton-Brock 1988). For example, young Agpchamois Rupicapra rupicapra,
Mason et al. 2012) and red deer (Mysterud et a820nales are inferior competitors
compared to older ones. The alternative matingesiyaused by young stacks is scheduling
their reproductive effort later in the rutting seashan adult males do.

1.4. Lek as a mating system

Sexual selection plays especially visible roleekking species because of the lek having
many unusual characteristics compared to otherngasiystems. As a consequence,



lekking species have received a lot attention énrtisearch of sexual selection (Andersson
1994, Hoglund & Alatalo 1995).

The traditional definition of the lek as a matingt®m contains four preconditions
(Bradbury 1981). Firstly, males of lekking spects not offer paternal care for their
offspring. The only thing they provide for the ngeneration are genes. Secondly, the leks
are arenas where most of the matings occur, andewheales aggregate although it offers
no resources such as food or cover for them. Tyhifdk females the lek offers just one
significant resource: males. Lastly, females arke @ choose their partner on the lek
arena. However, the four requirements should nohteepreted too strictly, but preferably
as a continuum (Hoglund & Alatalo 1995). Rare spedill the criteria fully, but many
other are reasonable close to them.

Sexual selection among males is rather strong nigtio the lek, but also in many
other polygynous mating systems (Hoglund & Alatdl®95). Strong selection and
competition cause one of the most peculiar featofethe leks: highly skewed mating
success of males. In lekking species generally A®20f males receive 70-80 % of all
copulations (Mackenzie et al. 1995).

1.5. The goals of the study

Black grouseTetrao tetrix) is a lekking species of order Galliformes. Lek®lack grouse
consist of dense clustered males defending theitares (Hovi et al. 1994). Mating skew
of males is substantial: the top male receives 60-% of all copulations of the certain lek
(Alatalo et al. 1992), and altogether < 10 % of esateceive half of all copulations
(Kervinen 2013). Males are not able to force fematecopulate, so the final decision of
mating is made by a female (Rintamé&ki et al. 198&)wever, males can increase their
mating success through several ways. Successfidsnaak regularly present and active
fighters on the lek arena (Hoglund et al. 1997)tivac fighting is a precondition for
occupying and maintaining the central territorytbe lek arena (Hamalainen et al. 2012),
and central territorial males, again, are more fopamongst females than are peripheral
males (Alatalo et al. 1991, Hovi at al. 1994, Rmn&ki et al. 1995, Hamalainen et al.
2012). Gaining on the dominant status and thusémeral territory on the lek arena often
demands males’ contribution of several years (Kokkal. 1998). A large body mass
correlates positively with the fighting rate of msl and thus indirectly affects males’
mating success and dominance status (Hamalairein 2012). From three morphological
traits, the size of eye combs, the length of a (y&é), and the amount of blue chroma in
breast feathers, only the amount of blue chromade#scted to correlate positively with
males’ mating success (Siitari et al. 2007). In suary, contests between males typically
determine males’ dominance status, the positioa t&trritory, and thus also probabilities
for mating, whereas female choice defines maledingasuccess (Hoglund & Alatalo
1995).

Age has a considerable meaning in mating succedslask grouse males. Eye
combs, lyres, and blue chroma of plumage of adalemare more impressive than those
of young males (Kervinen et al. 2014). These ormdamare together with the dominance
status cues of a male’s higher age revealing timadla has got through viability selection
(e.g. Kokko 1997). Hence, young males are infez@mmpetitors in male-male competition
comparing to adults, and less attractive to femidlas adult males.

Black grouse males seem to have different lifeonysstrategies: males who display
on the lek and are territorial already in theistfiyear are shorter lived than males who start
displaying not until in their second year (Kervinenal. 2014). Because of superiority of
adult males in male competition, yearling malesn@glpart to the lek may have tactics to
avoid competition. As most of the copulations tpkece on the leks (Alatalo et al. 1996,



Lebigre et al. 2007) and females prefer to maté wéntral territorial males (Alatalo et al.
1991, Hovi at al. 1994, Rintaméaki et al. 1995, HEnmé&n et al. 2012), the only way for
yearling males to avoid competition would be schiedutheir reproductive effort
differently from that of adult males. Such pattdias been found in some lekking
ungulates (e.g. Alpine chamois, Mason et al. 2@h8, red deer, Mysterud et al. 2008), but
not in any lekking bird species.

To study the question, firstly changes in attendaaued fighting rate of males over
the whole season were quantified as these twoharentjor factors determining a male’s
mating success (Hoglund et al. 1997, Hamalaineal. 2012). Secondly, the repeatability
of behaviour of males of different ages was caledaThirdly, males’ response in terms
of attendance and amount of fighting in presencdeafales and the total number of
copulations were investigated. Lastly, changesttendance and fighting rate of males in
relation to body mass and length of lyre were gtiadtas it is known that body mass
correlates positively with a male’s fighting ratégfmalainen et al. 2012), and that the role
of a lyre is still uncertain in sexual selectiorg(eRintamaki et al. 2001, Siitari et al. 2007,
Hamalainen et al. 2012).

2. MATERIALS AND METHODS

2.1. Study population

Field data was gathered in 2003—-2013 from 3 lekkites located in Central Finland (ca.
62°15N; 25°00E). Two of the sites were peat harvesting areascmedwas a protected
bog in a natural state. The lek sizes in the stiidyg varied between 6-56 territorial males.
Local hunting clubs refrained from hunting in thegb and nearby areas so the age
structure of black grouse populations of the redeareas was considered to be natural.

2.2. Winter captures, morphological measurements @hbehavioural data

Birds were captured from January to March usingkvialtraps baited with oats. All the
traps were sprung at the same time and aftertiratediately covered with dark clothes to
calm down birds. Every bird was individually remdvigom the traps to fabric bags and
taken to a hide hut for handling. After handlingdsiwere set free.

Each bird was leg banded with an aluminium ID ramgl 3 plastic colour rings to
make it possible to identify them on the lek fromtance. Birds were weighed in fabric
bags (to the nearest 10 g), and the left and rayltermost lyre (tail) feathers were
measured from base to tip (to the nearest 1.0 Birgs were aged as yearlings or older
(hereafter adults) by plumage differences. Yeaslihgve more brownish colouration in
their plumage and their first primaries are shatpan those of adults (Helminen 1963).

Behavioural data was gathered in the turn of Aantl May, when the majority of
copulations occur. Leks were observed from hideéwden 3 and 9 a.m. Attendance and
fights of males were recorded in activity maps. idry activity maps focused on
moments, when no females were present on the &aalf a male was observed on the
lek arena at least once during the observation mgyit was recorded to be present. The
total number of copulations and the highest nunabdemales observed at the same time
on the lek arena were recorded, as well. Basetl@adtivity maps, daily lek attendance of
each male (hereafter attendance) was calculatedrakative percentage value of the so
called top male’s attendance, who was the male m@stent (100 %) on each morning.
Daily fighting rates (hereafter fighting rate) weralculated as a relative percentage values
of time which each male fought of its own attendaan certain mornings.
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2.3. Statistical analyses

Males, who were presert50 % of lekking days and thus had permanent oeiets, were
selected for the analyses. Both age classes werdedi further into two groups by
attendance: highly attending males had been presetite lek arena 80 % of the top
male’s attendance on each day, and lowly attendiades < 80 % of the top male’s
attendance on each day. The threshold value of 8@%bselected as males with < 80 %
lek attendance over the lekking season typicallyeheery low if any mating success,
whereas after the threshold mating success ingeapélly (Kervinen 2013).

Lekking days were scaled so that on the day®D % of all observed copulations
had occurred. Thus the day 0 represents the copuia¢ak.

To investigate the repeatability or better known the intraclass correlation
coefficient (ICC) of males’ attendance, the follagiformula was used:

cc= 4
SE+ 5%
Here 52 is the between group variance asifl the within group variance (Wolak et al.
2012). The variance of the whole data includingaalllt and yearling males was used as
the between group variance. ICC-values were catediff'or 10 groups: all adult males and
all yearling males, highly and lowly attending aduhnd yearlings, copulated adults and
yearlings, and not copulated adults and yearlidgpéndix 1).

All modelling was done using generalised linearexieffects models (GLMM). The
identity of each male was nested with the year liictv a male had been observed on the
lek to separate observations of a same male beainthe lek in consecutive years. The
identity was used as a random effect in all modehe lekking site was not used as a
variable in models as behaviour of males does agt between sites.

All the statistical analyses were done by using.®23(R Core Team 2013). The
effect of lekking days (hereafter day) on atten@aacd fighting rate was modelled for the
whole data (Appendix 1, function Imer from the Rclgage ImerTest, Kuznetsova et al.
2014). The interaction between day and age of @ wals included in the models. The
effect of the number of females and total copuretion attendance and fighting rates of
males were modelled separately for highly and loattending adults, and for highly and
lowly attending yearlings (Appendix 1) using 80 Btetshold value as a binary variable (0
= males attending < 80% of the top male’s attendand 1 = males attendirg80 % of
the top male’s attendance, function glmer fromRhgackage Ime4, Bates et al. 2014). The
effect of morphological traits (body mass and langt Iyre) on attendance and fighting
rates were modelled separately for all adults amdafl yearlings (Appendix 1, function
Imer from the R package ImerTest, Kuznetsova et2@l4). The interaction between
morphological traits and day was modelled, butvarg case AIC values were lower for
models without the interaction term.

3. RESULTS

3.1. Temporal variation in male behaviour

There was the negative quadratic effect of day thendance (Table 1) meaning that
attendance was lower at the end of the lekkingaseésigure 1A). Yearling males were
less present than adult males. A significant linederaction between day and age
indicated that yearling males increased their ddene during the season, but showed a
similar amount of decline as adult males.
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There was the negative linear effect of day ontiighrate (Table 1) meaning that
fighting rate decreased towards the end of theihgkkeason (Figure 1B). Yearling males
fought less than adult males. The significant linegderaction between day and age
indicated that yearling males increased their fightate, whereas the fighting rate of adult
males decreased towards the end of the lekkingpseas

Table 1. Temporal variation in attendance and fightate of males. Parameter day is scaled so
that on the day @ 50 % of all copulations have occurred. Valuesstineates and SE have
been multiplied by 1000 to help the interpretation.

Attendanc Fighting rat:
Parameter Estimate SE t p Estimate SE t p

Intercept  859.04 8.96 95.87 <0.001 222.03 6.97 31.86 <0.001
Day 059 1.33 044 0658 -578 1.20 -4.83 <0.001
Day? -1.10 0.23 -4.87 <0.001 -027 020 -1.31 0.189
Agejuv -231.28 24.82 -9.32 <0.001 -103.38 19.35 -5.34 <0.001
Day:age  10.95 3.87 283 0.005 7.72 347 222 0.026
Day:age -1.13 070 -1.61 0.107 0.17 0.63 027 0.786
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Figure 1. Attendance (A, mean = SE) and fightirtgsgB, mean + SE) of males. Circles represent
adult males and squares yearling males. Days hese $caled so that on the day 80 %

of all copulations have occurred.
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3.2. Repeatability of attendance

Attendance of adult males was more repeatable thanof yearling males (Table 2).
Attendance of adult males that received copulatioras more repeatable than that of adult
males which did not get any copulation. Furthermbighly attending adult males were
present in a more repeatable way than lowly attepdidult males. Amongst yearling
males the patterns were similar, but the repedtalif attendance was in general lower
than that of adult males. Especially yearlings tidtnot receive any copulation and that
were lowly attending had low values of the repeititab

Table 2. Repeatabilities (ICC) of attendance ofltadnd yearling males. Highly attending males
were present on the lek aren®0 % of the top male’s time and lowly attendingesa< 80
% of the top male’s time. A male was recorded aseth# it had received at least one

copulation.

Adults ICC
All 0.43
Highly attended 0.58
Lowly attended 0.43
Copulated 0.54
Not copulated 0.36

Yearlings
All 0.30
Highly attended 0.50
Lowly attended 0.26
Copulated 0.43
Not copulated 0.28

3.3. The effect of female presence on male behawiou

Both the highly attending adult males and lowleatting adult males were less present on
the lek arena when the number of females incre@Balle 3, Figure 2A). Similar pattern
was found in yearling highly attending males alfiounot quite statistical significantly,
but not in lowly attending yearling males (Tablé=8ure 2B).

Highly attending yearling males fought more whea ttumber of females on the lek
arena increased (Table 3, Figure 3). The numbéroéles did not have effect on fighting
rate of adults and lowly attending yearlings (Tad)le
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Table 3. The effect of the number of females anputagions on attendance and fighting rate of
males. Values of estimates and SE have been niedtipy 1000 to help the interpretation.

High attendance Low attendance
Attendanc
Adults Estimate SE z p Estimate SE VA p
Intercept 2667.31 154.75 17.24 <0.001 -123.84 169.23 -0.73 <0.001
No. of fem. —-64.46 1043 -6.18 <0.001 -36.34 13.18 -2.76 0.006
Intercept 2446.65 101.84 24.02 <0.001 —277.48 11449 -—2.42 0.015
No.ofcops  -50.93 1356 -3.76 <0.001  -23.68 17.23 -1.38 0.169
Yearlings
Intercept 1412.70 530.63 2.66 0.008 -1218.40 329.32 -3.70 <0.001
No. of fem. —-79.14 46.11 -1.72 0.086 9.34 23.28 0.40 0.688
Intercept 1273.84 324.81 3.92 <0.001 -1507.28 215.17 -7.01 <0.001
No. of cops -46.58 50.75 -0.92 0.359 60.20 28.98 2.08 0.038
Fighting rat
Adults
Intercept -1168.12 59.08 -19.77 <0.001 -1574.78 123.11 -12.79 <0.001
No. of fem. -1.66 394 -042 0.674 3.43 9.02 0.38 0.704
Intercept —-952.84 4595 -20.74 <0.001 -1456.43 102.37 -14.23 <0.001
No. of cops —27.55 5.18 -5.32 <0.001 -27.94 13.63 -2.05 0.040
Yearlings
Intercept -1712.04 269.47 -6.35 <0.001 -2000.45 250.05 -8.00 <0.001
No. of fem. 57.48 25.26 228 0.023 460 16.07 0.29 0.775
Intercept -1638.27 268.10 -6.11 <0.001 -2064.74 205.05 -10.07 <0.001

No. of cops 69.47  28.37 245 0.014 -27.18 2343 -1.16 0.246
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Figure 3. The effect of the number of females ahtfng rate (mean + SE) of yearling males.
Circles represent highly attending yearlings anthses lowly attending yearlings.

3.4. The effect of the total number of copulationsn male behaviour

Highly attending adult males were less presenthenlék arena in days, when the total
number of copulations was high (Table 3, Figure.4A}tead, lowly attending yearling
males were more actively present on days, whemothh& number of copulations was high
(Table 3, Figure 4B). The number of copulations dwmt affect attendance in lowly
attending adults or in highly attending yearlings.

Both the highly attending and lowly attending adukiles fought less in days when
most of the copulations occurred (Table 3, Figukg. Bnstead, highly attending yearling
males fought more in days when most of the coparatioccurred (Table 3, Figure 5B).
Fighting rate of lowly attending yearlings was lewd unchanging despite the number of

total copulations.
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3.5. The effect of morphological traits on male bedviour

Attendance and fighting rate of heavier males wagher than those of lighter males
through the whole lekking season (Figure 6). Amagg classes, heavier adult males were
more present on the lek arena than lighter onelsl€Tg Figure 7A), but in yearling males
the pattern was not quite statistically significam¢avier adult males also fought more than
lighter ones (Table 4, Figure 7B), but body mask riit have effect on fighting rate of
yearling males. Length of lyre did not have effentattendance or fighting rate of either
adult or yearling males (Table 4).

Table 4. The effect of body mass and length of lyneattendance and fighting rate of males.
Parameter day has been scaled so that on the @& @6 of all copulations have occurred.
Values of estimates and SE have been multiplietd®p to help the interpretation.

Attendance Fighting rate
Adults Paramete Estimate SE t p Estimatt SE t p

Intercept 362.59 204.04 1.77 0.077 -24251 17500 -1.39 0.167

Day 2.07 145 143 0.153 -5.92 1.37 -4.32 <0.001
Daf -1.12 0.25 -4.53 <0.001 -0.45 0.23 -191 0.056
Mass 0.40 0.16 248 0.014 0.37 0.14 2.68 0.008
Intercept  780.47 175.89 4.44 <0.001 103.84 151.98 0.68 0.495
Day 2.18 1.46 149 0.136 -5.85 1.39 -4.23 <0.001
Daf -1.06 0.25 -4.24 <0.001 -0.41 0.24 -1.72 0.086
Lyre 0.38 0.79 048 0.629 0.55 0.68 0.80 0.424
Yearlings
Intercept -612.75 646.46 -0.95 0.347 -421.66 349.60 -1.21 0.233
Day 11.97 461 2.60 0.01 1.81 275 066 0511
Day’ -2.27 0.84 -2.71 0.007 -0.17 0.50 -0.34 0.736
Mass 1.06 0.55 192 0.060 0.46 0.30 1.55 0.127
Intercept 1533.62 616.25 2.49 0.016 510.08 333.16 153 0.131
Day 11.86 462 257 0.011 1.72 275 0.63 0.532
Day’ -2.25 0.84 -2.69 0.007 -0.16 0.50 -0.31 0.756

Lyre -4.78 3.24 -148 0.145 -2.06 1.75 -1.18 0.245
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4. DISCUSSION

4.1. Timing of reproductive effort

According to the life history theory individualseafiorced to allocate their energy between
different functions because of scarce resource=a(B8¢ 1992). Hence, individuals are not
able to maintain e.g. maximal growth and reprodurctisimultaneously. In male
competition over females, males of the most impvessexual ornaments, large body size,
and high dominance status are often the winnerstwiiémales generally prefer to
copulate with (e.g. Andersson 1994, Hoglund & A@ta995, Berglund et al. 1996, but
see Qvarnstrom 1998). In many species age is otfeeahost common factors connected
to above-mentioned features, and thus improves la’snaproductive success (Clutton-
Brock 1988). Full-grown males in a good conditioa able to allocate energy to non-vital
functions such as secondary sexual traits (SteE®82). Often young males are inferior
competitors in relation to adults (e.g. unguladgsterud et al. 2008, Mason et al. 2012,
Tennenhouse 2012, pinnipeds, Deutsch et al. 196@dwby Andersson 1994, and birds,
Alonso et al. 2010), but alternative mating straegffer them a way to avoid direct
interaction with superior males, and thus incréhse mating success (Andersson 1994).

All yearling black grouse males do not take parttba lek in their first year
(Kervinen et al. 2012), but for those who do thegems to be a different mating strategy
from that of adult males. In this study it was fduthat adult males invested more than
yearlings during most of the season. Attendandeotth adult and yearling males seemed
first to increase toward the copulation peak, wherigghting rate started to decrease after
the first few days of the lekking season (Figurelth)the very beginning of the season
males compete with each other and solve bordetsrofories which explain the increase
in fighting rate in the first few days. A reductiam fighting rate towards the copulation
peak occurs probably because males concentrate omreookooing and attracting
females, who circle on the lek arena already daferb the copulation peak. However,
after the peak and especially on the few last ddythe season the effort of adults and
yearlings seemed to turn to more similar due toosjip trends in both attendance and
fighting rate. Adults seemed to be less presentlesal active fighters, whereas yearlings
seemed to retain or even increase their attendamgdighting activity. The reduction in
activity of adult males after the copulation peakprobably a sign of exhaustion and a
response to the decreasing number of females asdbkeactive phase of the season passes
by. Yearlings, instead, are usually unable to cdmpgainst adult males, and they seldom
mate (Kervinen et al. 2012). Males lekking alreadytheir first year live on average a
shorter life than males starting lekking in theecsend year (Kervinen et al. 2014).
Additionally, over half of all males do not receiagy copulation in their whole life
(Kervinen 2013), so every opportunity for matingaa high importance for yearling
males. Competition decreases towards the end ofe¢hson along with adults being less
present and reducing fighting, so it is cost-effecfor yearlings to increase their activity.
Although the majority of females are receptive jaser the few days of the copulation
peak, some single females may mate in later days tteese rare mating opportunities in
the end of the season may be the only chance totilyg males to pass their genes to the
next generation. Yearling black grouse males seerfoltow “the best of a bad job”
strategy as they are not able to bear the costsooé successful mating strategy (Isvaran
2005), which would be defending central territoreesthe lek arena (Alatalo et al. 1991,
Hovi at al. 1994, Rintamé&ki et al. 1995, Hamaldirgnal. 2012). Similar delayed
reproductive effort of lekking young males is foualdo e.g. in red deer (Mysterud et al.
2008) and in Alpine chamois (Mason et al. 2012).
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However, it needs to be taken into account thagmifecant quadratic effecper se
does not tell about significant increases or de@edn attendance. The beginning and the
end of the season should be tested separatelpdoofit whether the trends in Figure 1A
are significant (Keller et al. 2008). Furthermatee retention and even the slight increase
in attendance and fighting rate of yearlings onlést few days of the season may be due
to the small sample size: just four yearlings,ohkerved in 2008, displayed and fought in
the last three days of the season. Neverthelessarttount of yearling territorial males
correlates positively with the population densitizieh was high in 2008 (Kervinen et al.
2012). Thus, the alternative mating strategy usgdydung black grouse males may
possibly appear just when the density is high anmdpetition between males as its most
extreme. Further investigations are needed to sbisequestion.

4.2. Differences in behaviour of adult and yearlingnales

Variation in lekking behaviour between age grougs been found e.g. from ungulates and
birds. For example, old big hor@yis canadensis) rams defend females from other rams
and court them, whereas young rams block femates the tending area or try to pass the
old dominant rams to get an access to femalesr(@oltet al. 2001). Old lekking great
bustard Qtis tarda) males, contrary to young ones, are able to dysplare alone which
probably increases their mating success (Alonsa.2010). Instead, black grouse males
receiving copulations need to be actively presenthe lek as females mate preferably
with males who have territories in the centre & bk, and keeping the central territory
demands defending it from intruders (Haméalaineale2012). Attendance behaviour of
adult males proved to be more repeatable thanahgearlings supporting the idea of
adults being more regularly present, and thus aelsirpartners for females. Furthermore,
inside the both age groups patterns were simikttabiour of males being highly attended
and receiving copulations was more repeatable.

Results concerning proportion of attendance of snadleen more females arrived and
more copulations occurred, were surprising. Intelti, attendance of males should
increase during the copulation peak, but the behavof adults did not follow this
assumption. Instead, attendance of all adults deetewhen number of females increased
(Figure 2A). Highly attending adult males were lpsssent also when lots of copulations
occurred (Figure 4A). One explanation is that egdgchighly attending adults have been
invested a lot already in the very beginning of ligkking season, and when the strain of
the lek is at its highest, some of these males af@ady be slightly exhausted. Not just
occupying the central territory by active preseand fighting, but also keeping it through
the season are the tests of a black grouse malalgyq(Senior Lecturer Carl Soulsbury,
University of Lincoln, personal communication), atite latter also a sign of a male’s
endurance.

Attendance behaviour of highly attending yearlirsgemed to follow the pattern
detected in all adults (Figures 2B and 4B), butistteal significance was not found (Table
3). This supports the results of highly attendiranjings showing the different mating
strategy from that of adults. However, lowly attewdyearlings were clear exceptions
among all other males: they were more present guhie copulation peak (Figure 4B).
These yearlings may invest their slender efforicdyaon the moments when the lek is in
its most active phase. Their opportunities for n@tare really scarce, but trying is still
better than nothing. Additionally, young males arere attracted to loud and large leks
(Alatalo et al. 1992), so continuous rookooing tfes males in the most active phase of
the lekking season may just tempt all the ter@dowly attending yearlings being present
simultaneously.
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However, there is also the possibility that theadadncerning attendance is slightly
biased: in mornings when the lek has been in itstractive phase, drawing activity maps
has focused on the end of the morning, when cdpukatare rare, and when some of the
males may have already left the lek arena. Thisdcowaybe change attendances of males
to seem lower than they really are. On the otherdhdhe number of yearling lowly
attending males may be overrepresented: they nagytiitlater morning on the lek arena
than adult males, who may have experience of fesnalgpulating almost without
exceptions in early hours.

Fighting behaviour differed among adult and yearlimales. Highly attending
yearlings fought more when the number of female$ @pulations increased (Figures 3
and 5B), whereas all adult males fought less whentyp of copulations occurred (Figure
5A). Highly attending yearlings have not probabgeh as much present on the lek in the
beginning of the season as adult males, so theyotidhave as high quality territories in
spatial sense as adult males have. To enhancenthéimg opportunities, highly attending
yearlings may try to weaken adult males by actighting: adults being a bit tired during
the copulation peak are easier to overtake frometréories. Similarly adult males having
peripheral territories may try to replace the canterritorial males; sometimes the top
male receiving the most of the copulations has gbdnin the middle of the season
(Kervinen 2013).

Decreasing fighting rate of adult males during tlopulation peak may be due to
concentrating on courting females (Hoglund et &97). Territorial adults may have
established their position on the lek so they do meed to fight as actively as in the
beginning of the season. Instead, low fighting cdteowly attending yearlings is explained
by their territories located on sides of the lelevehcompetition between males is minor.

In summary, constant attendance behaviour and dasuerg fighting rate of highly
attending yearling males during the copulation psakports the results of yearlings
showing the alternative mating strategy. In somecigs with long lifespan such as Alpine
chamois the alternative strategy appears cleatdy eértain age (Mason et al. 2012). Black
grouse being relatively short lived species (Keewiret al. 2014), the alternative mating
strategy can be seen only amongst the yearlindsgbf attendance as they have better
ability to allocate resources to the lekking seas@mn lowly attending males have. This
explains the opposite trends in behaviour of higirig lowly attending yearlings.

4.3. The morphological traits

A breeding season is known to be very energeticalstly for males of many species such
as elephant seals (Deutsch et al. 1990 quoted bigrason 1994, Galimberti et al. 2007),
bullfrog (Judge & Brooks 2001), red deer (Yoccoakt2002), and black grouse, as well
(Lebigre et al. 2013). Unsurprisingly, heavier Blgrouse males were able to attend more
on the lek and fight more actively than males atlver body mass (Figure 6). The same
pattern recurred also in attendance of the bothgageps (Figure 7A) and in fighting rate
of adult males (Figure 7B). The highly attendingaiiegs were also the heaviest ones
(Figure 7A) as can be expected according to réstripossibilities of energy allocation
(Stearns 1992), and due to previous studies (Kervet al. 2012). Nevertheless, fighting
rate of yearlings did not increase along with boadgss (Figure 7B). The dispersion in
fighting rate amongst yearlings was greater that tf adults especially among high
weight classes. The reason may be related to @ifters in experience and motivation of
adult and yearling males; yearlings are not as mempeed fighters, and may thus avoid
direct interaction more than adults. Again, yeadirof the highest weight class fought
almost as much as adult males of the same classhvitither tells about their ability to
invest more in the lekking season and bear thesaafsit. The heaviest young males are
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also probably the most successful in terms of @yrton as it has been found that high
body mass correlates positively with yearling ntakeitoriality (Kervinen et al. 2012).

Black grouse males with high mating success loseerb their body mass during
the lekking season than males with lower matingass (Lebigre et al. 2013). Body mass
measures used in this study are measured in wier therefore reveal the initial body
condition of males before the lekking season. Heagjes regardless of their age are in a
good condition which enables them to allocate newergy to costly behaviour (Stearns
1992): spending a lot of time on the lek arenamaathtaining their territories by fighting.

Length of lyre did not have effect on either atmck or fighting rate of males. The
role of the lyre in black grouse leks is uncleafeasales seem to prefer males with longer
(Rintaméki et al. 2001) and undamaged lyres (Ata&dlal. 1991), but on the other hand
length of lyre does not correlate with male fightinehaviour (Hamal&ainen et al. 2012)
which determines strongly the territory centralignd thus a male’s mating success
(Alatalo et al. 1991, Hovi at al. 1994, Rintamékiak 1995, Hamaldinen et al. 2012).
However, the lyre is one of the sexual ornamentghwvkize is determined by a male’s
condition during moult soon after the lekking seadoekking being energetically costly
for males (Lebigre et al. 2013), they may be inoarpcondition during moulting, but get
better by the next lekking season. Thus, malesarable to affect length of lyre during
the season, but are able to modify their behavamaording to their current condition
(Hamalainen et al. 2012). As a consequence, matbssivorter lyres may be as regularly
present and as active fighters than males withdohges.

It is known that the size of eye combs and the arhotiblue chroma have roles in
sexual selection of black grouse (Siitari et aD20 In this study they were not taken into
account. Blue chroma reflectance begins to decrafe latest after a male’s third living
year, while the size of eye combs grows till fow#ar (Kervinen et al. 2014). It demands
further research to find out, how those traits @ffgtendance and fighting rate of males,
and whether there are differences between aduly@ading males.

The positive effect of higher body mass of adulieseon both to attendance and
fighting rate, and increased fighting rate of hjghttending yearlings during the
copulation peak are indirect supports of enduraivedry operating on black grouse leks.
Durable adult males are probably heavier ones adegpredicted on the grounds of the
life history theory and energy allocation (Steat892). Thus, they are probably the ones
best tolerating attacks of other males and keepiagyr territories through the whole
lekking season preventing other males from matarg] being themselves successful in
reproduction. Furthermore, there are evidencesheftop male having changed in the
middle of the lekking season as the previous toferhas worn out (Kervinen 2013). It is
possible that the male of extreme endurance mayirdaenthe whole season and maybe
also afterwards, when the very last females atow@pulate.

4.4. Conclusions

This study shows that based on attendance andniighbthaviour, yearling black grouse
males of high lek attendance seem to have thenalige mating strategy, which is to

schedule their reproductive effort later in thekielg season than adult males do. Male
competition decreases along with adults showirghskigns of exhaustion already during
the copulation peak, and this may offer the rar@ anique opportunities of mating for

yearling males (see e.g. Alatalo 1991, Kervineralet2012). In addition to high lek

attendance, active fighting and great body masgreecharacteristics of yearling black
grouse males showing the alternative strategy.akshbe interpreted on the grounds of the
life-history theory (Stearns 1992), these yearlimge probably able to allocate more
resources to the lekking season than lowly attengiearlings, but still less than adults.
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Possibly another mechanism such as the structurenaks’ dominance hierarchy
demanding the rise of several years (Kokko et 888) prevents yearlings being equal
competitors with adults. As a consequence, therdtve strategy is limited to this
particular group of males which probably profite thost of it.

Female choice and male contests are known to @préiack grouse leks (Hoglund
& Alatalo 1995), but this study suggests of endaeamivalry having a role, as well.
Yearling males scheduling their effort later in thkking season prevents the decrease of
total competition and extends the period of whidlatop males should stay dominants.
As a consequence, not just the most dominant, titbhessame time the most durable males
will have the highest reproductive success. Howees study supports endurance rivalry
on black grouse leks only indirectly. More reseaismeeded to find out, how strong
mechanism the alternative mating strategy of ye@mnales is, and how it possibly affects
individual reproduction and sexual selection opegabn black grouse leks.
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APPENDIX

Appendix 1. Sample sizes of the analyses. The kdéyketters representing the analyses are
following: A. ICC; B. the effect of day on attendznand fighting rate; C. the effect of the
number of females and total copulations on attecelaand fighting rate; D. the effect of
morphological traits on attendance and fighting.rat

Analysis Age Group nindividuals n observations
A Adults All 443 3623
Highly attended 321 2660
Lowly attended 122 963
Copulated 210 1727
Not copulated 238 1944
Yearlings All 68 511
Highly attended 16 126
Lowly attended 52 385
Copulated 13 98
Not copulated 56 421
B Adults and yearling All 514 4190
C Adults Highly attende 189 1478
Lowly attended 76 539
Yearlings Highly attended 8 56
Lowly attended 31 212
D Adults All 349 2857

Yearlings All 67 503




