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ABSTRACT

As a consequence of certain conflicting evolutignaterests of males and females, the
sexes have taken on different reproductive rolesnany species, where females invest
more in the production of offspring, males comdetethe opportunities to reproduce and
females attempt to choose the highest quality madesire their offspring. Males of
different species signal their quality in a variefyways, including physical cues such as
color signals or exaggerated secondary sexual ciemsa behavioral signals and
acquisition of a dominance status through aggrassiwards other males. In the lekking
black grouse only a few males manage to copulateaative fighting is required for a
male to defend a territory which is a prerequiiitemating. Central territories and various
physical signals have previously been associatéd male mating success and in this
study the connection of these factors to male ifigh&ctivity was studied. Fights between
males were videotaped and examined in detail teroehe the specific components of
their fighting behavior. The number of fights engdgn, the total number of opponents
fought with, fighting intensity and the winning fights (characterized by the male turning
his back to the opponent after a fight) were reedrtfom the tapes. These characteristics
were examined in relation to the male’s mating sascas well as physical measures and
parasite counts obtained by capturing the malesrbethe lekking season. Males that
fought more often, more intensively and with a leighumber of males won their fights
more often. Each of the fighting characteristicsvadl as fight winning predicted mating
success reliably. Physical traits, on the otherdharere connected to male age but were
not found to relate to fighting behaviors nor teretate with mating success in these data.
Territory position had no direct connection to mgtsuccess, but central males spent more
time fighting or engaged in a higher number of figiThe results of this study imply that
active fighting and dominance combined with agesedng physical traits reliably signal
male quality and may be used by females as matet&®i criteria.
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TIVISTELMA

Naaraiden ja koiraiden valisten evolutiivisten irigbjen johdosta sukupuolet ovat
omaksuneet erilaiset lisaantymisroolit. Useissaeidap, joissa naaraat panostavat
poikastuotantoon koiraita enemman, koiraat kilpaite kesken&dén parittelu-
mahdollisuuksista ja naaraat pyrkivat valitsemaarntgelukumppanikseen hyvélaatuisen
koiraan. Eri lajien koirailla on vaihtelevia tapojéestia laadustaan, esimerkiksi fyysiset
ominaisuudet kuten varisignaalit tai nayttavat dipasset sukupuolisignaalit,
kayttaytymispiirteet ja aggressiivisella kayttayigella hankittu dominanssistatus. Teeren
soitimella vain pieni osa Kkoiraista parittelee jairkiden on taisteltava aktiivisesti
yllapitddkseen parittelujen saamisen kannalta ladegelreviiria. Reviirin sijainti soitimen
keskustassa ja useat fyysiset piirteet on aiemiitty koiraiden parittelumenestykseen ja
tdassd  tutkimuksessa  pyrittin selvittdamdaan  naiden uuttmjien  suhdetta
tappelukayttaytymisen piirteisiin. Koiraiden vadisitappeluita videoitiin ja tarkkailtiin
yksityiskohtaisesti koiraiden taistelukayttaytynmskahmottamiseksi. Koiraiden kaymien
tappeluiden maard, vastustajien kokonaisméaara,ehkappintensiteetti seka tappeluiden
voittaminen (toisen koiraan kaantyminen poispairstwstajasta tappelun paatteeksi)
poimittiin videomateriaalista. Naita piirteita vattiin koiraiden tappelumenestykseen seka
fyysisiin ominaisuuksiin ja loismaariin, jotka s#éttiin pyytamalla koiraat ennen soitimen
alkua. Koiraat, jotka tappelivat eniten, intengimmin ja useampien vastustajien kanssa
voittivat tappelunsa useammin. Kaikki tappelukagiténisen piirteet ja tappeluiden
voittaminen ennustivat luotettavasti parittelumeysis. Fyysiset piirteet puolestaan
liittyivat koiraan ikaan, mutta eivat tdssa ainessa korreloineet parittelumenestyksen tai
tappelukayttaytymisen kanssa. Reviirin  sijainnill®i ollut suoraa yhteytta
parittelumenestykseen, mutta keskeiset koiraat tikayt suuremman osan ajastaan
tappelemiseen tai kavivat useampia tappeluita. Tatatkimuksen perusteella aktiivinen
tappeleminen ja dominanssiasema yhdistettyina &@ljagtaviin fyysisiin ominaisuuksiin
viestivat luotettavasti koiraan laadusta ja voivaéwimia parinvalintakriteereind
teerinaaraille.
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1 INTRODUCTION

1.1 Theory on sexual selection: male competition and fieale choice

Males and females confront each other in the stavpass forth their own genes to the
next generation and improve their overall fitna&#ile the choosier sex attempts to select
the best available partner, representatives ofother sex compete for a chance to get
coupled, whether it is by fighting their peers, ipaitating or convincing the opposite sex
of their quality. Usually, where these kinds ofdes are at play, females choose their
mates and males struggle for female attention. lab@y sometimes be able to force
copulations, but in some, especially avian sped@sales are able to regulate who they
mate with.

Females are also commonly the sex that directlgstesmore in the production and
care of offspring both in time and energy and ias$ unusual for the female to care for the
young alone, receiving little or no assistance frtim father. Consequently, the less
paternal care or other benefits to the female Hezaul by the male, the more the female is
expected to invest in choosing a mate that maxurnibze received benefits and minimizes
the costs of mating. It is of utmost significanapecially when the mate provides them
with nothing besides the sperm to fertilize thejge (Hoglund & Alatalo 1995). Female
choosiness regularly leads to direct strategiesiéles to gain access to females.

Indeed, the mating success of males in a rangaiofah species is defined through
some form of male-male —competition. Males may grga direct aggressions over
females, or maintain their status by more consilstéighting or intimidating other males.
Through such encounters, males can gain social rdome, which according to
Qvarnstrom and Forsgren (1998) can be defined esess in contests. Dominant males
may enhance their reproductive prospects by prengrdwer ranked individuals from
accessing mates or resources. Dominance hierarelngesnaintained by differences in
aggressiveness, fighting ability, body size or vewap. Fighting may sometimes be
reduced by status badges or by signals of conditonfighting ability, allowing
subdominant individuals to avoid engaging in a fighhich they are likely to lose. A
specific type of aggressive interaction betweenemas the disruption of matings by
another male, which in many studies has been uséukasole measure of dominance (e.g.
Gratson 1991, Saethet al. 1999). Dominance, along with the appropriate statgnals, is
commonly thought to be linked to male quality. libald thus signal male superiority to
females, making it a reasonable assumption thaalesgrshould primarily choose dominant
males for mates. Many studies have been able tonsnate a clear relation between male
mating and reproductive success and male dominsmade (e.g. Alataloet al. 1991,
Klinkova et al. 2005).

Recent research suggests, however, that the redhip between male dominance
and female choice is not always straight-forwartthdugh discrimination over mates is
expected to yield benefits by increasing the chaméeairing with a high quality partner,
it may also carry costs in terms of time, energy encreased risk of predation (Reynolds
& Gross 1990). Females may even avoid mating witimidant males if interaction with
them would potentially incur costs to them due talanaggression (Ophir & Galef 2003,
Moore & Moore 1999) or manipulation (Mooet al. 2003). For example, female Japanese
quail (Coturnix japonica favor losers of aggressive male-male fights ideorto avoid
injury by aggressive courtship behaviors by the idamt males (Ophir & Galef 2003). On
the other hand, male dominance does not alwaysshigrsggnal male quality (for a review,
see Qvarnstréom & Forsgren 1998). Dominance has toegl to in some species correlate



with for instance inferior paternal care (collafg§catcher: Qvarnstrom 1997, dark-eyed
junco: Ketterson 1992), sperm depletion due to ipleltcopulations (Harrigt al. 2005,
Pitnick & Markow 1994), worse offspring quality ¢ledaw: Verhulst & Salomons 2004),
male aggression toward the female (northern eldpbeal: Le Boeuf & Mesnick 1990)
and increased disease and parasite transmiss®iimate: Freeland 1981, birds: Sheldon
1993).

Perhaps due to these factors, male dominance staéssnot always predict mating
success, or has no detectable influence on ferhalee For example Saethetral. (1999)
argue that female choice is not affected by malmidance, measured as the amount of
harassment the male was able to ward off. Moreardividuals may have different mate
preferences due to their own age, experience, sizgenotype. There factors may
encourage poor competitors to solicit lower quapgrtners in order to avoid costs of
competition for high-quality mates (Fawcett & Jolome 2003).

1.2 Fighting

When male competition takes the form of fightinige tvalue of the resource (such as
access to mating partners) must be higher thandsis of engaging in agonistic behavior.
Therefore, males are expected to learn to assesgdtential costs of fighting versus
benefits. Rutteet al. (2006) reviewed research done on fighting decssiand fight
winning and losing and came up with several hypggleon the causes of such behaviors.
Males may be able to assess their situation bynasiig their own and/or the opponent’s
strength and fighting skills. Hence they can eiihérate a fight to gain further dominance
or resources or avoid the conflict to minimize moid costs in energy and risk of injury.
For instance, jumpingpider Phidippus clarus males that have won previous fights are
more likely to also win subsequent fights and likvmales that previously lost a fight
continue to lose (Kasumoviget al. 2010). The loser effect was found to last londpemt
winner effect but in both, winners and losers, pfiighting experience improved the
male’s fighting ability.

Fighting requires extensive allocation of energg #me more aggressive the fight,
the more exhausting it is for the fighters. Winnimgles have been shown to suffer less
from the exertion or recover faster than losing @salwhich may indicate their better
quality (studies mainly on invertebrates, revieweriffa & Sneddon 2006). The loser of
a fight may also avoid subsequent confrontatiornisef have suffered costs or an injury in
previous encounters and are therefore in an everepa@ondition to fight (Ruttet al.
2006). For instance, female crayfish have been shown hyiléwj & Gherardi (2010) to
directly select the winners of male-male fights rizates.

The regulation of continued aggression may also ibguenced by some
physiological mechanism that functions during fegghsuch as hormonal activity (e.g.
testosterone levels or stress hormones) which emfdhe winner or loser effect.
Furthermore, environmental and social variables mmélyence the level of aggression
(Rutte et al. 2006). Fight winners may be also determined by cisgespecific
characteristics such as body size, body weighte i weaponry (e.g. antlers or
mandibles), age or physical condition (reviewedinott & Elwood 2009).

1.3 Physical condition and parasites

Genetic and environmental effects determine theeimgdhenotype, behavior and thereby
success. As suggested above, males successfulmpetiog against other males may
possess qualities that females (given the oppaytiaimake the choice) value. Females
are likely to look for reliable indicators of mafigness in their behavior or appearance,
such as courtship intensity or the secondary seshealacteristics displayed. For instance,



food availability has in some cases been showmedigt courtship intensity by males (e.qg.
Jennions & Backwell 1998, Wagner & Hoback 1999) amould therefore honestly
indicate good male condition and foraging skillattltould benefit the female or her
offspring. In fact, Gontard-Danek & Moller (1999opose that on average 9-10% of male
mating success can be explained by variation ibleisecondary sexual characters typical
to the species.

Parasites are known to affect the health and &treésndividuals and may also be
apparent in the expression of male secondary sépaits. For instance, Hamilton and Zuk
(1982) found blood parasites to affect male sorgylaightness in their classical study on
North American passerines. Again, pied flycatchaalas infected with Trypanosoma
tended to have on average a lower reproductiveesscpossibly because the parasite
affected their general condition and thereforertheult, causing a decrease in the size of
males’ tail and wing ornaments (R&gt al. 1993). Lower quality males may also have
been in poor condition for some other reason amdefbre easily infected, while high
guality males were able to defend against an iitflecHigh quality males may therefore
even be more heavily burdened by parasites yetesldés from them than lower quality
males. Females may evaluate such characteristien whoosing a mate, as they may
signal genetic resistance to disease as well dthraaal vigor.

An “immunocompetence-handicap hypothesis” has lpgeposed by Folstadt al.
(1992) upon reviewing studies that demonstratecaedse in male parasite infections due
to castration, and an increase in parasite infestaue to the administration of testosterone
supplements. According to this hypothesis, the slaklsponses to parasite infections are
self-regulatory through an endocrinological procéssnce male testosterone levels would
vary in response to their condition, to either stvi@ the development and maintenance of
secondary sexual characteristics or to boost timmune system by inducing lower
testosterone levels. Individuals would thereforéeswa significant decrease in their fitness
and lifetime reproductive success if their sexighals were improved with the expense of
their immune defense. This hypothesis emphasizesrdliability of the role of sexual
signals as honest signals of viability. Robestsal. (2004), however, point out that in
certain species testosterone is not responsiblthéexpression of sexual traits. Likewise,
the role of testosterone may be more ambiguous shawn by Folstaeét al. (1992), as
various other hormonal and immunological factors/rappear connected to testosterone
levels.

1.4 Lek as a mating system

Lek is a mating system where male-male competitiod female choice are explicit: the
males assemble into territorial groups during legkseason and matings occur on the lek
(Hoglund & Alatalo 1995). Males compete over thenédes, while the latter observe the
males and choose their mates. No paternal can@véded by the male, and the territories
generally offer females no benefits in the formsbelter, nesting site or food. The only
benefit a female gains, then, would be the malerseg for their offspring (Bradbury 1981)
and mate choice is thus of great importance. Leksioin many taxonomic groups (see
Hoglund & Alatalo 1995 for a review) but avian lekdll be the focus of this study. In
Finnish avian species, lekking is common in capkiesablack grouse, ruff and great snipe
(Rintamékiet al. 1997).

Group leks are thought to have evolved due to reasw predator avoidance,
patchiness of appropriate mating places, settlenoentsites where habitats of many
females meet (Hoglund & Alatalo 1995), better poiisies for females to compare males
(Rintamékiet al. 1997) or due teemporalor spatial spillover(compared in Rintamalat
al. 1995a).



The temporal spilloverhypothesis suggests that females copulate onricisty
successful sites and so lek sites persist oveydhes, and territories remain in place as
long as their resident males survive. ®matial spilloverhypothesis, on the other hand,
implies that as females prefer certain males, f@ghg males also receive a few matings
by theft, female-female —aggression or female rkestanaking it useful for weaker males
to seek proximity of “hotshots” or attractive maleBhis may lead to the centrality
observed in some leks, e.g. those of black grousere central males are usually the most
successful (Rintamaket al. 1995, but see Saethet al. 2005 who find no effect of
centrality on great snipe leks). The most importaguirement for the sustainability of a
lek is, however, female choice. Females must segkleks and deliberately arrive to
observe and mate with males at the lekking siteilemtemporal and spatial spillovers
perhaps amplify the size and stability of the lek.

Kin selection has also been suggested by Hoglingl. (1999) as a possible
contribution to the evolution of leks, as malesbtack grouse leks were found to be more
closely related than expected by chance. Blacksgrauales are philopatric, which may
contribute to this finding. Non-successful malesyrba induced to join leks even when
they have little chance of achieving matings thdwese as they thereby increase the size
of the lek. Larger leks are favored by femalesthé® could improve the success of their
higher quality relatives and thereby advance theapof their genes. In a more extensive
genetic analysis, however, Lebigee al. (2008) found evidence only of male philopatry
but not higher relatedness within leks: males i déinea were more closely related than
females but there was no proof of lekking spedificavith relatives. Kin selection is
therefore unlikely to be the cause of lekking bétia\at least in the black grouse.

Fiskeet al. (1998) found in their meta-analysis that the ngasoccess in males of
lekking species correlates positively with lek attence, display activity, level of
aggression, age and the size of exaggerated saiy@ls. Territory centrality also
predicted better mating success (but see Saetrar2005), while territory size and male
body size showed only a weak positive effect.

1.5 The black grouse mating system

1.5.1 Black grouse leks

The black grouseTgtrao tetriy is a species in which lekking is the sole repuoiise
strategy. Leks take place on bogs, fields, lakdasas or other open grounds, and the
position of a lek is usually quite stable throughgears. Matings occur over a short period
of time at the turn of April and May, most activitgking place in the early hours of
mornings, and before sunset. Females arrive aloimegroups after males and spend about
an hour on a few mornings watching males, poss#blluating them at distance. They
then tour male territories, choose a male, copulatglly only once with their chosen mate
and lay eggs after a few days. Males cannot faro®afes to copulate, making the matings
entirely dependent on female choice (Rintan@ilkil. 1995b).

Males exhibit characteristic behaviors on the teltegorized as follows (Koivisto, I.
1965: Behavior of the black groudeyrurus tetrix(L.), during the spring displayinn.
Game Res.26, 5-60, referred in Hoglundt al. 1997):Rookooingis the most concurrent
behavior by lekking males, where they stand giidkly tilted forward, lyre erect and eye-
combs inflated, and produce a well audible whigtound. Irhissing males stand up tall
and blow air through their air-sacs producing aihig sound. Occasionally, malghgtter,
leaping into the air and beating their winggghting behavior includes different levels of
aggression towards opposing males from sparringigbly aggressive encounters where
physical harm is done. When females are presentgsnmaaycircle females, moving



around them to guide them towards the center af theitory, copulate(mounts a female,
flapping his wings briefly) osolicit (attempt to copulate but female walks away) fesale
When not engaging in the mentioned lekking displagd encounters, males may also
feed, walk or stand without displaying.

Males often display at the lek arenas also in #fleseason. Rintamélet al. (1999)
suggest that this happens for the males to edtathlesr territories already in the fall and
maintain their position through constant activity the spring lek. It may also be of some
mate choice significance since females can usegpertunity to evaluate males early.

1.5.2 Indicators of male quality

Usually up to half of all lekking males manage tate; while only a few of them score the
vast majority of the matings (Rintamadd al. 1997, Alataloet al. 1992, Krujit & de Vos
1988). Successful males attend the lek regularty spend much of their time at the site;
hence they are present more often during femaliés isloglundet al. 1997). Besides
attendance, acquired dominance status and terrpjogition seem to predict mating
success. Dominance is gained over a timescalevefaleyears through consistent effort by
the male and territories are defended in a way thatcentral areas of a lek are most
popular and require consistent fighting to hold yHet al. 1994, Rintamé&ket al. 1995a).
The effort is necessary as holders of centraltteieis have been shown to get more
copulations (Alatalet al. 1991).

Various physical and behavioral components relaie btack grouse males’
dominance ranks, including male size, eye combaiwkredness, blueness of feathers, lek
attendance and fighting activity. Territorial (atlance, centrality and territory size) and
display cues (fighting activity, tail posture anocal activity) were found by Alatalet al.
(manuscript) to be more variable than morphologicits, and out of these centrality, lek
attendance and dominance as a yearling seem toelpktin male dominance. High
testosterone level, on the other hand, predictsoee roentral territory and more matings
(Alataloet al. 1996h).

Dominance also predicts male viability and fightialility is indicated by intact
ornaments, hence signaling good genes to the fenfalataloet al. 1991). Hogluncet al.
(1997) showed that successful males spend moteeofttime fighting, both when females
are present on the lek and when they are not, whiseiccessful males do more displaying
and rookooing. The role of rookooing itself is wal and contradicting results on the
connection of rookooing activity to mating successst (Rintamaket al. 1997, Koivisto
1965). It may for instance announce male preseedeicing fights or attract other
individuals (male and female) to the lek, but itti®ught to have little significance in
female choice.

Although lekking behavior may be more significant securing matings, black
grouse males also signal their fithess with theiresal distinct sexual ornaments. These
include a red eye comb, blue structural color i fbathers and long tail feathers (lyre).
The red comb is further positively affected by #levated testosterone levels observed
during the mating season (Alatagd al. 1996b). All these ornaments are displayed by
males in lekking activities.

As the color ornaments respond readily to strdesy aire a reliable indicator of the
male’s past stress resistance and potentially dé manetic quality (Siitaret al. 2007).
The structural blue chroma of the breast feathérmales has been found to correlate
positively with mating success and the red colahefcomb and wattles may signal fithess
through condition dependence. The red coloratiocai®tenoid-based and nutrition may
affect its brightness and in previous studies, tesm@d-based colors have been associated
with male health and condition as carotenoids ds® aequired for the benefit of
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immunocompetence. The size and color of the recdmemts can therefore function as
reliable signals of male condition (e.g. McGraw &dfa 2003). Siitaret al. (2007) found
that adult black grouse males had larger and ketgtwlored combs than juveniles. They
also showed that the sexual ornamentation is donditependent through administering a
testosterone treatment to young birds, which sicamitly reduced the strength of their
sexual ornamentation in the following year, whereigasl traits such as wing length and
body mass were unaffected by the treatment. Blackisg males are also capable of
altering the size of their combs within seconds digplay large combs during lekking
especially when females are present (Rintaratki. 2000).

Young males have shorter tail feathers (lyre) whizdy be an important indication
of male age for females. Lyre length is also distied by Microfilaria infection
(Rintamakiet al. 1992) and its condition is related to overall madalth (Rintaméket al.
1997). Hence lyre can be thought of as a reliahtecator of male condition and may
reflect in the number of matings a male acquireBe Tondition effect is of more
significance to young males but affects centralawdittle, which implies that it is a
secondary cue mainly used when more reliable guiliticators are lacking (Hoglunet
al. 1994). Furthermore, the tail is kept upright withisole strength when actively lekking,
which also requires energy and possibly communscatale quality. Alatalo (1991) found
that top males manage to keep their tail ornammeaci over the lekking season more often
than unsuccessful males.

1.5.3 Female choice

Accurate choice of a high quality male is of greaportance, and females are expected to
use all available cues to choose well — includimg behavioral and physical traits listed
above. The direct advantages of successful mateeho female can be expected to
include good quality sperm, predator avoidancedisglase or parasite avoidance. These in
turn enhance female survival, may improve offsprouglity or produce more fertile
offspring. It has not been studied in black growbether male dominance correlates with
female or hatchling survival or condition, in reape to disease, parasites or sperm quality.
Clutch size or likelihood of fertilization are liketo be irrelevant for the black grouse, as
sperm seems to be enough for all fertilizationsneaenong the most dominant males
(Alatalo et al1996a). Polyandry and multiple matings are uncomarmhthe entire clutch

is usually fathered by a single male (Lebigtel.2007).

Black grouse females do not seem to seek undigtucbpulations as they prefer
larger leks where disturbance is more common (Adata al. 1992). Although Alataleet
al. (1991) saw as many as 16.7 % of the copulaticstsitied by another male, the female
never mated with the male causing the harassmanget leks in fact have a higher total
number of matings as well as a higher number ofilatipns per male (Alatalet al. 1992,
Rintamakiet al. 1997). Hoviet al. (1995) have suggested that on lake ice leks, fesnal
may even incite fights between males to assessdbsaiinance.

Females may copy other females’ mate choices, &imglithe success rate of the
best males (HOglundt al. 1990). Copying can be especially useful for yotergales who
have recently immigrated into the area and do motkthe males, or have arrived later,
which creates a time constraint for observing maldé® top male and old females have
been shown to mate earlier than other males andgyfemales, which gives newcomers a
chance to observe others’ choices. Choosing thenadp may be difficult and hence costly
for females, making copying an efficient strategy.

Black grouse exhibit no strict couple bond, buth# male a female mated with the
previous year is alive, then the female choosesdnee male again next year (Rintamaki
et al. 1995a, Rintamakit al. 1997). If not, she mates with the top cock or aemal
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occupying the territory previously occupied by pegvious mate (Rintaméakt al. 1995a).
Alatalo et al. (1991) found the most popular cocks to live lonpan unsuccessful ones.

1.6 Research questions for this study

In black grouse, dominance seems to predict matiregess and as dominance essentially
signifies success in fighting other males, thislgtaddresses male-male fighting behavior
in the lek over the mating season. The aim is in better understanding of the criteria
that females use in their mate choice.

Male dominance has previously been assessed indg bl Alataloet al. (1991)
through feeding experiments with yearling males Bypabserving fights over taxidermic
female grouse dummies at the territory border ob twmales. Additionally, territory
centrality (Hoviet al. 1994) and time allocation to fighting (Hoglued al. 1997) have
been associated to dominance. In this study, fighteal lekking situations were observed
and the winner of a fight was thought to be thstfinale to turn away from their opponent.
The male that leaves the fight first is likely te stronger and has demonstrated his
dominance to the opposing male. The victorious medg turn safely with little risk of the
opponent attacking him from behind and pulling dail feathers since it could be
detrimental for a poorer fighter to get into a riggyht with a stronger opponent. If turning
behavior is a valid way of evaluating victoriespizal and successful males are predicted
to be the first turner more often.

Besides fighting success, also fighting frequenuy iatensity are considered: males
that invest a lot to territory defense are expetteldave better control over their area and
therefore succeed in maintaining a central posiiorthe lek. Fighting activity and success
are also compared to physical traits and to matuggess: good fighters are likely to be in
good physical condition to be able to perform veglllek. The study aimed to distinguish
the features of fighting behavior that characte@ea dominant male and b) a male
successful in mating, by answering the followingafic questions:

- Does fighting frequency or fighting intensity pretdiurning behavior or mating
success?
Does the number of opponents predict turning beiaui mating success?
Does the turning behavior predict mating success?
Do certain physical characteristics or parasitedtibn correlate with fighting behavior
or mating success?
Does territory centrality relate to fighting behavor mating success?

2 METHODS

2.1 Recording of behavioral data on leks

The research was conducted as observation of figgitween males at four lek sites in
central Finland during the spring lek of 2006 i tlast weeks of April through to the
beginning of May. Prior to the lekking season, videaterial from the leks in years 2001-
2004 was used to formulate hypotheses as to whictponents of fighting ability are most
likely to be significant and to plan the videotapand procedure for spring 2006.

The research was implemented as part of the rdsgaocp’s yearly lek watch. An
observer was present in a hide usually betweerhthes 2am — 9am, ideally arriving
before the males arrived and leaving after the snhked departed. The observers drew
location and activity maps of the lek every 5 masuthroughout each morning’s lekking
session, marking the location and current actieftgach of the attending birds. Observing
the individual behavior of the grouse was enabkdhast of the males and many females
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are individually marked with distinctive series adlored leg bands, in addition to which
some females carry radio transmitters. Time, ptaakpartner in mating were recorded for
each mating event. Mating is conspicuous and edsilgcted though of short duration, as
the male mounts a female and flaps his wings lyriefl

Additionally, observers videotaped fights betweeales and identified the fighting
males, aiming to get versatile coverage of therautons. The best coverage in video
material is usually from 3-4 am forward as thedelight levels made filming easier.

The location and activity data were later tabulatud the males’ territory
coordinates, attendance and centrality informaticere obtained from this data. Lek
attendance was calculated for each male from theitgomaps: the number of sightings
for each male were compared to the male for whirgtet were most observations, and
males were given an attendance rating as propoofitime attendance of the male that was
most often present. The centrality of each male wealsulated as the distance of his
territory center to the lek center. The centerafremale’s territory was determined as the
median of the coordinates of all observations fattmale and the lek center was the
median of coordinates of all male sightings overdbservation period.

2.2 Data collection from tapes

After the lekking season, the video material ofirgpr2006 was searched for individual

fights between two males, the fights observed itaijeand the features of the fights

recorded. The identities of each of the fighterghting intensity, and the ending of the

fight were studied. Specific attention was paidh® “turning behavior” that finished most

fights. Turning behavior was interpreted as folloas the fight draws to an end, one of the
opposing males will usually turn its tail to its pgment. This male was thought to be
dominant, as there is less danger of the other matiéeking him across the territory

border. If, however, the more subordinate male ioeturn around first, the dominant

may attack and tear feathers off the opponentls Aadamaged tail has been recorded to
lower the mating success of males (Hoglwtdal. 1994). The winner was therefore

considered to be the one who turned away fromitjine first.

The confrontations were categorized as followshiee levels depending on the
fighting intensity:

Level 1= Threatening: males stand facing each ahdrthere is some stepping back
and forth. The fight can last a fairly long timdglits often take place on the outskirts of
lek, among non-mating males, or in the very earylabe hours of the day's lekking
activities. Turning is often obscure or happensutiameously.

Level 2= Males may jump against each other but gdiyethere is no physical harm
done. The fight often recedes to a “stand-arouedémbling fight level 1. Fight may be
prolonged and often one male begins to turn butem®nt of the other male stops it from
doing so, and confrontation continues. Turning ssially clearly first by a certain male
when confrontation ends.

Level 3= A level 3 fight entails a very aggressiattack where males jump up
against each other and attempt to peck the othértiveir beak and pull feathers out. The
confrontation is generally of short duration, ahd first turner is usually clear.

Every fight was recorded according to the fighttipgrants and intensity level. The
first turner (winner of the fight) was assignedrecd and loser score 0, or if the result was
considered to be a tie with both males turnindhatsame time, both were given score 0.5.
From the fight table, the number of fights per mafel the relative winning score were
counted. A cross tabulation was then made to coenpach pair of males: their common
fights and the relative victories and losses aliogie Fighting intensities, numbers of
opponents per day and in total for each male wise eounted. Further analyses were
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done in SPSS: correlations between fighting suceess number of fights as well as
position on lek and mating success.

2.3 Collection of physical data

In the winter months before the lekking seasonegmalere captured with walk-in traps for
ringing and physiological measures at the lek sidsere winter feeding had also been
organized. For a detailed description, see Leli20€8). All captured birds were weighed
and their wing, tarsus and lyre lengths measured Gitariet al. 2007 for more details)
and blood samples obtained in the field. Any blgadasites (mainlyirypanosomaand
microfilaria) were counted from the blood samplese(Lebigre 2008 for more details).

2.4 Statistical analysis

Two of the lekking sites, Teerisuo and Saarisusbegre included in the analysis. These
two sites had the most video material available thedilming was most consistent among
the trapping bogs. Video data was gained for 26.8.2006 for Teerisuo and 28.4.-

7.5.2006 for Saarisuo. Only tapes from the date4.2B5. (9 days) were thereby included
in the analyses for each of the bogs. Mating siscoesr the entire lekking period was still

considered in the analysis, i.e. also copulati@enn 7.5.2006 in Saarisuo.

Independent samples t-test was used for physicatacteristics and Spearman’s
correlation coefficient § and Mann-Whitney U-test for fighting parameterada
Microfilaria-counts. The Bonferroni adjustment (mpilying all p-values with the number
of tested outcomes in the correlation table) wasdu® correct significance levels in
multiple correlations. The data was split for madee and site when appropriate.

3 RESULTS

3.1 Lekking sites

The selected sites, Teerisuo and Saarisuo, bothreturally occurring leks on open bogs.
Teerisuo is an undisturbed bog while Saarisuo hesbnfluenced by peat harvesting.
Some features of the two sites are listed in Table

Table 1: Characteristics of the leks at TeeriswbSaarisuo bogs.

Teerisuo Saarisuo Total

No. of males associated with the lek 30 33 63
No. of fighting males (from taped fights) 17 10 27
No. of successful males (one or more matings) 7 4 11
No. of copulations recorded 23 38 61
Proportion of all matings by top male 0.35 0.87

Proportion of level 3-fights recorded (from tapéeghts) 0.18 0.09

Total no. of fights taped 842 632 1474

The sites differ somewhat in the number of maless@nt and their activity.
However, the differences between the males lekkindifferent bogs were generally not
statistically significant. For the examined behaaidtraits (mating success, number of
fights, time allocation to fighting, fight intengjt fight winning, number of opponents,
distance to lek center), physical characteristoxgly mass, tarsus length, lyre length, total
size of red eye combs, wing length) and parasieéeldo(only Microfilaria prevalence
considered due to sample size restrictions), adalées did not differ significantly between
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sites (all P-values 0.086). Therefore the males from both sites wemakined in all
analyses for adult males.

Among young males (born previous summer) the slifsred somewhat in respect
to the proportion of fights won (only 3 young malasTeerisuo won any fights, none in
Saarisuo, Mann-Whitney U: Z= -2.216, N= 33, P= (@)02proportion of time spent
fighting (Z= -2.263, N= 9, P= 0.024) and Microfilarcount (Z= -2.281, N= 33, P= 0.023),
but other characteristics did not significantlyfelifbetween sites (P-values0.059). For
young males the sites were analysed separatelyibtiey differed with respect to the
characteristic under analysis.

For analyzing the significance of the various Valea to male mating success
(mating success: 0= no matings, 1= one or morengsiti binary logistic regression was
used to show that site has no interaction with dbeve listed fighting parameters or
centrality when considering mating success (bihagistic regression, all interactions with
site: P> 0.447). Therefore, the sites were combined alsthimanalysis of mating success.

3.2 Fighting behavior

Fights were usually most intense and frequenteriburs 3-5 am, when also most females
visited. The vast majority of the recorded fightsrevbetween adult males, with only a few
young males involved in fights (mean number of fggbver the lekking period: adults=
49.4, young= 1.8). Only two young males manageddte in Teerisuo and no young male
mated in Saarisuo. The successful yearlings ini3@erwere also very active fighters
compared to other young males, which created afisignt skew among young males.

The recorded number of fights, number of opponefighting intensity (as
proportion of the highest intensity, level 3 fighast of all the male’s fights), fighting
success (victories as indicated by turning behawod lek attendance all correlated with
each other strongly (shown separately for youngaahdt males in Table 2).
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Table 2: Correlations (Spearman’s rhg), metween the various fighting parameters (totahber
of recorded fights, total number of opponents, ffigitensity and fight winning) and lek
attendance in the different age groups of blackigganales in spring lek 2006. For young
males, * indicates that values refer to data froeerisuo only, since none of the young
males in Saarisuo won fights. All P-values are Rormhi-adjusted.

Adult males Young males

(N=30) (N=33)

Total fights recorded vs. total victories (fights rs 0.913 0.741*
where male turned away first) P <0.001 <0.001

Total fights vs. total opponents rs 0.846 0.999
P <0.001 <0.001

Total fights vs. intensity (proportion of level 3 rs 0.793 0.838
fights) P <0.001 <0.001
Total victories vs. total opponents rs 0.901 0.734*
P <0.001 <0.001

Total victories vs. intensity rs 0.791 0.820*
P <0.001 <0.001

Total opponents vs. intensity rs 0.869 0.838
P <0.001 <0.001

Attendance vs. total fights rs 0.865 0.649
P <0.001 <0.001

Attendance vs. total victories rs 0.832 0.566*
P <0.001 <0.001

Attendance vs. total opponents rs 0.706 0.651
P <0.001 <0.001

Attendance vs. intensity rs 0.800 0.671
P <0.001 <0.001

Due to the strong intercorrelations of the behaliparameters and the significant
skew in mating success among males, the conneatfoeach of the variables to mating
success were determined separately using the Mdntn®y U-test. The skew is
especially strong among young males: only two yomwades mated during the season and
the values for mating success for young maleseadlatthe characteristics of those two
individuals.

Males that managed to mate fought more frequeatlyl(s: Z= -2.467, N= 30, P=
0.014, Figure 2A, young: Z= -3.478, N= 33, P= 0)0ahd with a significantly higher
number of opponents than unsuccessful males (adi#ts2.620, N= 30, P= 0.009, Figure
2B, young: Z= -3.478, N= 33, P= 0.001). Successiales also engaged in more high
intensity fights (proportion of level 3-fights: dth1 Z= -2.697, N= 33, P= 0.007, Figure
2C, young: Z= -3.859, N= 33, P< 0.001).

Finally, a higher proportion of fights won by thealm (determined by turning
behavior) predicts its mating success (adults: Z651, N= 30, P= 0.008, Figure 2D,
young (only Teerisuo): Z=-2.937, N= 13, P= 0.003).
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Figure 2: The influence of adult males’ fightinghlawior characteristics (Figure A: Total number
of fights for each male, Figure B: Total number agponents for each male, C: Fight
intensity as proportion of level 3 fights, D: me#n of fights won by the male) on their
mating success (0= no matings, 1= male has matkghsit once). The numbers beside the
circles indicate the number of males with the saesealt; when there is no number, there is
only one male with such result. The figures areaftult males only.

The distance to lek center was calculated for 2Esn@ eerisuo: adults= 13, young=
3, Saarisuo: adults= 6, young= 3) that held tewg Centrality did not correlate
consistently with any of the fighting parametersnwoth mating success. However, when
analyzing the sites separately, centrality was dotm predict a higher total number of
fights among adults at Saarisuo lek (distance kocknter vs. total number of recorded
fights: = -0.928, N= 6, P= 0.008) while this trend did eatst in Teerisuo & -0.212,
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N= 13, P= 0.487). On the other hand in Teerisue, gtoportion of time spent fighting
(observations when male was seen fighting, caledlatom the activity maps) was found
to correlate negatively with distance to lek cerfter -0.661, N= 10, P= 0.038) but in
Saarisuo there was no statistically significantreation (g= -0.800, N= 5, P= 0.104).

3.3 Physical characteristics and parasite loads

23 males were captured for measurements in Tee(lBigyoung, 10 adults) and 33 in
Saarisuo (20 young, 13 adults) before the lekkiegsen. Significant differences in
physical traits and parasite infections were folmetween adult and young males, but
when age was controlled for, physiological condisidnad little effect on male fighting or
mating success, except in the young age classansio.

Young males differed from adults (Independent sasptest, P value for each of
the following < 0.001) in weight (t= -5.267, N= 53)ye comb size (sum of left and right
comb size: t=-6.936, N= 54), wing length (t = -B/9N= 54) and mean lyre feather length
(t = -10.602, N= 38). Adult males also had highecndfilaria counts than young males
(Mann Whitney U: Z= -4.939, N= 56, P< 0.001). N&felience was found between the age
groups in tarsus length or infection by other piteas

Among young males in Teerisuo bog (3 actively lekkyoung males), body mass
seemed to correlate positively with attendanceal taamber of opponents, total number of
recorded fights, fighting intensity and proportioh fights won but after applying the
Bonferroni correction, none of these correlatioresavsignificant (adjusted P-values all
0.100). In adult males and young males in Saassab trends were missing.

Microfilaria, Leucocytozoowr Trypanosomanfections did not correlate with mating
success, centrality, total number of fights, numbkeopponents, proportion of level 3
fights, nor with each other in this data set (Mfeafof age groups and sites, all Bonferroni-
corrected P-values 0.612).

4 DISCUSSION

4.1 Fighting activity

In this study, behavioral characteristics were tbao be consistently more relevant for
dominance and mating success than physical traifgamsites. Active fighters showed
most persistent aggression, maintained good coower their territory and received most
of the copulations. Correlations between fightiregtiency, fight intensity, the number of
opponents and fight winning seem to indicate tlmemiciant males have to allocate copious
amounts of time and energy to territory defenseysielal characteristics and parasite
infection were found to have little effect on amghting parameters or on mating success
in this study. Territory centrality was connectedathigher number of fights or more time
spent fighting but, unlike in previous studies, teality did not directly predict mating
success. The results do, however, support thenfysdof earlier research that dominant
males are more popular among females and havehartigproductive success.

Measures of fight winning (determined by the segeeof fight participants turning
away from the fight) and evaluation of fighting ensity were approximations done by
naked eye but as all were done by the same petisey,should be consistent. In cases
where two males fought each other frequently, ghmhimply that they were more equal in
dominance — where confrontations were rare, thekereandividual may have suffered
from the attack and recognized its subordinancesiog it to avoid further fights with the
dominant male. The winner of a fight was not alwdélyge same unless the opponents
represented very different levels of the dominarterarchy. Therefore, multiple
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observations of the fights between males are napeder the dominance status to be
deduced from the fighting behavior.

Winner effects may increase the winner’'s willingnes fight and aid in winning
fights, while loser effects are likely to reinforadosing male’s withdrawal from fights or
poor success in them (e.g. Rugteal. 2006). Winner and loser effects are possible afso
black grouse leks but this is difficult to ascertam means similar to previous studies,
where fight success has mainly been tested withenfdghters in laboratory conditions.
The observed skew in mating success may, howeeeenforced by winner-loser effects
since dominant males fight more and win more figing females seem to select active,
dominant fighters as mates. The study by Hoglahal. (1990) implies that the mating
success of certain males may also be further eeldativough the copying behavior of
females.

Successful males have been found by Hoglahdl. (1997) to spend more time
fighting, both when females are present on thealet when they are not. In the present
study, active fighters were also successful in ngatind males near the center fought
generally more. Some factors about the data caleahay have enhanced this effect:
there may have been a skew towards recording flghtentral males as they were closer
to the observer, more easily visible and foughatre¢ly more than peripheral males.
Males further away or not visible due to naturafieas (e.g. forest in Teerisuo) may have
caused observers to overlook some fights amongplpenal males. Nevertheless, the
fighting was clearly more intense towards the @drareas of the lek and therefore such
error is likely to be irrelevant for this study,pesially since the males further away from
the lek center very rarely get any matings. Theiati@an between leks and between
individuals due to any differences in lek chardstas or taping caused by different video
tapers was considered in the analyses and theatfiffes were not statistically significant.

The fight numbers used in the analyses are notlilessince not all fights over the
whole lekking season (males lek from February te &nd of May) were recorded.
However, the lek observation was conducted dutiegaictive mating season, which is the
most significant period for the lekking males. Thales are most active during this time,
and it is crucial for the top males to successfdiyend their territories during this period,
since territory holders may change even duringnia¢ing season if top males are not in
proper condition to maintain sufficient control ovieir territories.

Turning behavior (which was thought to represemtnivig of fights) was a relevant
indicator of the male’s overall control of his feary and mating success. Keeping the tail
ornament intact (and upright with muscle strengghof significance as it has been shown
by Alatalo et al. (1991) to predict mating success, and attractiaesimanage to keep
their tails undamaged with none or very few feaghern off their tale ornament in fights.
In their study, the male preferred by females ochdak spent more time fighting than
other males, and the males successful in mating @afele to keep other males further away
in the presence of females than those that werecuaassful. Furthermore, successful
males were twice more likely to survive the nexinénths, which implies their greater
viability. Such indications of viability connected a better lyre condition make the lyre
possibly relevant for female choice for good gehgse length is also a good indication of
male age (Siitarét al. 2007, this study). Due to the importance of thadhlyre as a signal
of viability, turning behavior is likely to servesa reliable indication of dominance status
between the males.

Since the number of actively lekking young malest tield territories and engaged in
fighting was low, some analyses could not be perém on young males. Juveniles were
on average quite passive with only a few exceptinrigerisuo. These active young males
even managed to mate, which influenced the ovesalllts. However, the yearling males
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that mated in Teerisuo were not seen lekking tHeviing year and probably died between
the mating seasons. Differences in motivation betweales may cause their various
behaviors and differences in energy allocation #ok998), so that poorer quality males
that have a weakened chance of survival until teet mpportunity to reproduce may
benefit from investing all their strength into tkesent mating season.

Bog topography on each site may also have influgmd@ch males were visible and
most often recorded on tape, hence affecting thebeu of fights observed. Differences
between the bogs in fine scale topography could atzount for some of the observed
differential distribution of matings. As the lekseanaturally occurring, there were some
differences between the sites. Teerisuo is an turbisd bog while Saarisuo has a number
of ditches due to peat harvesting that may havesoatke influence on male interactions.
Males were capable of jumping over the ditches,flgits may have been less frequent
between males from different strips. The great propn of copulations to one male in
Saarisuo may indicate that others have difficuligrupting or courting the attending
females when approaching is more difficult. On thier hand, the difficulty of
approaching could have provided an opportunityaaistribution of the matings among
several males. The high number of matings for oadertherefore could indicate strong
female preference.

The principles of a lekking system are not foolfrdocal circumstances may also
have influence on the outcome. For instance, timecef the Teerisuo lek appears to be
shifting slightly from year to year, possibly dwethe growth of new trees and the varying
guantities of standing water on the site. Lek aemtay move and mix the male dynamics
as old males stay in the same territories in cansex years if successful. In Saarisuo,
feeders used in the winter feeding and equippedh wi#eds were within top male
territories, which may increase the mating skewhieir favor if feeders attract females.
Furthermore, a seemingly lower quality male in Tser got many matings although it
held a territory at the edge of the lek (but remgvihis male from the analyses had no
effect on the results). Feeders were located irtdristory and females frequently spent
time there to feed. Natural leks are not genergipd foraging sites at all, hence the
significance of food resources in the study arestknown. Males, however, do not seem
to prefer lekking at established feeding sifes se Feeders are placed on naturally
occurring lekking sites to improve the accumulatiointhe winter flock to a certain
location for winter capturing.

If the feeding opportunities did, however, somehattract females to certain
territories, the males lekking near feeders mayehavnating advantage. Alatagd al.
(1991) have showed that when females are withimthke’s territory, the territory holder
is in a strong position regardless of his dominaste¢us. When a female grouse dummy
was placed at a territory boundary of two maleght8 over the dummy were usually won
by the male more attractive to females also in liggl but when the dummy was inside a
territory, a territory holder of any status manageddefend the dummy. Previous site
knowledge or time of ownership may also increase \hlue of a resource (such as
territory) to an individual, increasing their detenation to defend the resource
(Qvarnstrom & Forsgren 1998). Therefore, males att@cted females originally with the
feeders in their territory may then have been &bleourt and guard the females and win
fights when females were present in their territory

4.2 Territory centrality

In many previous studies, territory centrality Heesen linked to higher dominance status
and better mating success (e.g. Hewil. 1994), but in the data examined here, territory
location could not be directly linked to either.idtack of connection could result from
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insufficient data, movement of lek centers or randactors and outliers. Alternatively,
the effects of centrality may result from some otlf@ctor which has not yet been
identified.

Implications of the theoretical significance of trafity are provided through a
model by Kokkoet al. (1998) which concludes that the distribution ofiteries among
males is non-random. The model shows that a caeiréory is generally possessed by an
older than average male, which has a history dif fighting rates. Since successful males
do not usually try to move their territories closerthe center of the lek, a certain amount
of “queue-jumping” also occurs, giving less sucti@ssiales access towards the center.
Territories near the lek center are generally ®ndhan those at the edges, but when the
location is controlled for, the successful maleadtedo have larger territories than
unsuccessful ones even near the center (eifioal. 1994, Hogluncet al. 1997). The lek on
Teerisuo bog has been drifting in space noticealr the years, while males that were
successful in previous years have apparently coadirdisplaying on the same territory in
consequent years. This may contribute to the latgmpmales in the current lek center.

Various explanations have been put forward to exglee higher mating success of
central males recorded in earlier studies. Thestude the following: best males are
surrounded by worse individuals in hopes of chasaqaulations; central position requires
good fighting ability, and only the best males ¢tentd this position; females favor tight
groups of males, searching for the best males fwhappen to be in the middle) or the
central males (which happen to be the best) (Riakaet al. 1997, Alataloet al. 1991,
Hovi et al. 1994). Ultimately, males occupying territorieslék centre have more males
around their territories and end up with a highember of proximate fighting partners.
Males closer to lek center in this study were fotmeéngage in more fights or spend more
time fighting than peripheral males but central esalvere not themselves preferred by
females. This suggests that the connection of al#gtto male fighting activity may be the
reason for the higher mating success of centrakesnaken in other studies. Further
research would be required to get conclusive ewdef this connection.

4.3 Physical traits and parasites

When secondary sexual characteristics function ases$t indicators of the male’s
condition and inheritable quality, female choice emhance the quality of their offspring.
Mgller & Alatalo (1999) found that male secondasxsal characteristics do indeed
explain on average 1.5 % of the variation in ofisgprquality among species, the effect
being often stronger in birds. Although the peragetis small, it may influence female
choice and population fitness in the evolutionargls. In addition, the decreased variance
may be caused by female choice for the desiretbtrie lek paradox expects continual
directional selection to deplete genetic variati@aucing diversity between males (Taylor
& Williams 1982).

Although the comb size was not found to be sigaificin this study, it has been
found to predict success in earlier research. Riaaet al. (2000) show that the bright
red comb and wattle ornaments of the black grouslesrshow variability in their size and
brightness between males and found the comb sizecdptured males) to correlate
significantly with testosterone levels. Among thales that received copulations, the
comb size also correlated with mating successebifices in comb size were not detected
during fights between successful and unsuccessdlgésnsuggesting that the comb is less
significant in male-male interactions.

Parasite infections (measured before the lek) wetefound to correlate with fight
frequency, number of opponents, the intensitygtits, mating success nor with each other
in this data set. However, in a more extensive ystod black grouse male physical
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condition and parasites (Lebigre 2008), male weigas found to decrease and parasite
counts increase over the lekking season (measwfseband after the lek). The most

successful males were found to lose more weight thlaers, which indicates a higher cost
of lekking and loss of muscle to top males andaggtheir fitness.

Parasite infection levels were not found to coteelaith fighting or mating success
among these study populations. Likewise, Hoglendal. (1992) found no connection
between parasitic infection and mating successale survival but top males in their data
seemed to be less often infected with the prototeaicocytozoon lovathan other males.
Black grouse body weight also correlated negativetia the parasite load in their study.

4.4 The significance of fighting for black grouse males

When choosing mates, black grouse females seemkanainly old, dominant males that
invest a great deal of energy to lekking and shomsistent good control of their territory.
Such males must maintain a high physical conditioorder to survive the strain of the lek
and still survive to the next mating season. Byingawith these top males, the female’s
offspring might also be of higher quality and hdmgher fithess.

Although the central position of a male on the h&s been thought to be highly
significant, the results of this study suggest figiiting activity and dominance are more
important for male success than centrapgr se Such were also the implications of a
study by Hoviet al. (1995) on ice leks, where territories are notdixe space. There
females seem to directly assess the males’ fighgugress: they may even incite fights
between males and mate with the winner. Males sstgkin fighting off competing males
were more often successful in securing matings.

High quality males can avoid overinvesting in refuction in a way that it would
reduce their survival given they have the suffitigumality and resources (Grether 1997). In
a variety of species the male characteristics phadlict mating success also relate to the
longevity of adult males, the effect being the sg®st in lekking species (reviewed by
Jennionset al. 2001). Successful black grouse males have beewnsho live longer
(Alatalo et al. 1991), thereby supporting this view. In order taximize one’s lifetime
reproductive success, a male is therefore expéatalibcate energy to reproductive efforts
only in proportion to its condition. Some excepticare found in young males that lek
actively in their first year but die soon after.

To conclude, although physiological characteristitenales seem to have less direct
significance on black grouse male mating succeas ttontinuous lekking performance,
the male must be in good condition in order to gémminance. It appears that fighting
behavior in combination with age-revealing and cbol-related physical characteristics
such as lyre length signal male quality well. linfes are able to read these signs, they
should be able to pick out the highest quality matafter all, large leks — where
behavioral aspects of males are important andaaotiens between males can be observed
by females — have been favored over males disgalione in the evolution of the species.
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