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Abstrakt

Tetfivek obecny (Lyrurus tetrix) patfi mezi druhy lesnich kur(, jejichZ populace je zejména ve
stfedni a vychodni Evropé na Ustupu. Tento dlouhodoby trend je zplsoben mnoha vlivy, které
se lisi v zavislosti na oblasti. PfestoZe globalné neni oznacovan za ohroZzeného, jako vyznamny
druh si zaslouZi pozornost a péci. Cilem tohoto vyzkumu bylo sumarizovat dostupné udaje o
populacni dynamice tetfivka obecného a dlivodech jeho poklesu a analyzovat akustické projevy
jako potencialni podklad pro efektivni monitoring.

Na zakladé rozboru 228 zdroj literatury z let 1955 az 2024 bylo zjisténo, Ze ve stfedni Evropé
jsou hlavnimi dlvody ubytku populace ztrata biotopl, fragmentace lesd a negativni vliv
rekreacnich aktivit. V severskych zemich je za pokles pocetnosti zodpovédnd predevsim nizka
uspésnost reprodukce a rostouci mortalita kuratek. | kdyz jsou tyto faktory regionalné rozdilné,
jejich vyznamna ¢ast ma plvod v lidské ¢innosti, a proto je tfeba zaméfit se na ochranna
opatreni, kterd zahrnuji obnovu stanovist pomoci vhodnych lesnickych postupli, management
predator(l a sparkaté zvére, a efektivni metody monitoringu.

Pravé monitoring tetfivka obecného Ize podpofit pomoci analyzy zvukovych projevl jedinc(.
Akusticka individualita v hlasovych projevech hraje u mnoha druht ptakd klicovou roli v obdobi
pareni. U tetfivka obecného jsou dullezZité dva hlavni typy volani, bublani a sycivé pSoukani,
signdl, ktery neni produkovan syringem. Analyza pSoukani 24 jedinci ve Finsku a Skotsku
prokdzala vysokou miru akustické individuality s presnosti klasifikace az 78 % pomoci
diskriminacéni analyzy. Vysledky ukdzaly, Ze pSoukani nese informace o jedinecné identité
kohoutktl, coZ mlze hrat roli v jejich vzajemném rozpoznavani béhem lekovani.

Geograficka variabilita v akustickém projevu tetfivk( byla zkoumana na 82 jedincich ze ¢tyr zemi
(Ceska republika, Skotsko, Finsko a Rusko). Analyza poukani odhalila rozdily mezi populacemi,
pficemzZ populace ze Skotska a Ruska vykazovaly vétsi vnitini variabilitu ve srovnani s témi z
Ceské republiky a Finska. A¢koli nebyly identifikovany jasné dialekty, zjisténé rozdily poukazuiji
na to, Ze geograficka variabilita v akustickych projevech muze figurovat v evolucnich procesech
a diferenciaci populaci. Tato data maji potencidl obohatit naSe znalosti o dynamice populaci

a pfispét k ochrané tohoto ohroZeného druhu.

Klicova slova: Tetraonidae, popula¢ni dynamika, akusticka individualita, geograficka variabilita



Abstract

The Black grouse (Lyrurus tetrix) is one of the woodland species whose population is on the
decline, especially in Central and Eastern Europe. This long-term trend is due to many influences
that vary by region. Although it is not globally classified as endangered, as an important species
it deserves attention and care. The aim of this research was to summarize the available data on
the population dynamics of the Black grouse and the reasons for its decline, and to analyse the
acoustic performance as a potential basis for effective monitoring.

Based on an analysis of 228 sources of literature from 1955 to 2024, it was found that in Central
Europe the main reasons for the population decline are habitat loss, forest fragmentation and
the negative impact of recreational activities. In the Nordic countries, the decrease in numbers
is mainly due to the low success rate of reproduction and the increasing mortality of chicks.
Although these factors vary regionally, a significant part of them originates from human
activities, and therefore conservation measures that include habitat restoration through
appropriate forestry practices, predator and ungulate management, and effective monitoring
methods must be targeted.

It is precisely the monitoring of the common grouse that can be supported by analysing the
sound performances of individuals. Acoustic individuality in vocalizations plays a key role in the
mating season in many bird species. Two main types of calls are important in the Black grouse,
rookooing and hissing call, a signal that is not produced by a syrinx. Analysis of hissing calls from
24 individuals in Finland and Scotland demonstrated a high degree of acoustic individuality with
classification accuracy of up to 78% using discriminant analysis. The results showed that hissing
calls carries information about the unique identity of the males, which may play a role in their
mutual recognition during lekking.

Geographical variability in the acoustic expression of grouse was investigated on 82 individuals
from four countries (Czech Republic, Scotland, Finland and Russia). Hissing call analysis revealed
differences between populations, with populations from Scotland and Russia showing greater
internal variability compared to those from the Czech Republic and Finland. Although clear
dialects have not been identified, the differences found indicate that geographic variability in
acoustic performance may figure in evolutionary processes and differentiation of populations.
These data have the potential to enrich our knowledge of population dynamics and contribute

to the conservation of this endangered species.

Key words: Tetraonidae, populations dynamics, acoustic individuality, geographic variability
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1. Uvod

Tetfivek obecny (Lyrurus tetrix) je pozoruhodny zastupce celedi tetfevovitych (Tetraonidae) z
radu hrabavi (Galliformes), jehoz aredl rozsiteni saha od Britskych ostrov( pres stfedni a severni
Evropu a Asii aZ po Severni Koreu (BirdLife International, 2022). Osidluje Sirokou skalu prostredi,
od rozsahlych viesovist aZ po horské lesy (Cerveny, 2009; White et al., 2015; Hora et al., 2018),
a je znamy pro svij vyrazny pohlavni dichromatismus. Zatimco kohoutci se vyznacuji kovové
¢ernym zbarvenim v kontrastu s bilymi ocasnimi krovkami, doplnénymi v dobé pareni o vyrazné
Cervené pousky, slepicky oplyvaji jednoduchym krycim zbarvenim v hnédych odstinech
(Cerveny, 2009). Jedineénost tohoto lesniho kura navic podtrhuje akusticky projev kohoutkd,
ktery je soucdsti namlouvaciho ritudlu. Specifické pohyby, roztahovani ocasnich per a zvedani
kridel, které zddrazriuje dominanci kohoutkd, doprovazi zpév slozeny z nékolika rGznych signall
(Cramp, 1983). Ty hraji roli v komunikaci jak mezi jedinci stejného pohlavi, tak opacného
(Tibbetts and Dale, 2007; Bradbury and Vehrencamp, 2011). Charakteristické jsou dva hlavni
hlasy, pSoukani a bublani, které jsou nejcastéji slyset z lesli a viesovist, a to i na velké vzdalenosti.
Diky tomu se na tokanisté sléta vice kohoutkd, ktefi chtéji soupefit o nejlepsi misto leku, i

slepicek, které si vyhlizi toho nejlepsiho partnera k pareni (Hovi et al., 1997).

V poslednich letech vsak prfibyva tokanist, na kterych své souboje a zpév predvadi stale méné
kohoutkd. Zaznamendvame nar(st solitérniho lekovani, kohoutci se drZi vice v krytu vegetace
a je obtizné je vysledovat, néktefi jedinci se pak neozyvaji viibec (Zeitler, 2000; Svobodova et al.,
2011b; Chamberlain et al., 2012). Tento trend je alarmuijici a stoji za nim pokles pocetnosti
populaci a izolace jednotlivych skupinek tetfivk( (Storch, 2000; Caizergues et al., 2001;
Segelbacher et al., 2003; White et al., 2013). K tomu dochazi v dlsledku mnoha faktor(: od ztraty
pfirozeného prostredi, pres predaci vajicek i dospélcl, az po zménu klimatu a disturbanci

lidskymi aktivitami.

Tetfivek obecny vyZaduje pro Zivot klidna oteviend stanovisté s bohatym bylinnym a kefovym
patrem, kterd volné navazuji na hustsi porost slouzici jako Ukryt pred predatory (Rolstad et al.,
2009; White et al., 2015; Cukor et al., 2022). Odklon od tzv. extenzivniho hospodareni vsak
zpUsobil zardstani volnych ploch a odvodnéni mokradl drasticky zménilo sloZeni vegetace
(Doenecke and Niethammer, 1970; Loneux and Ruwet, 1997; MacDonald et al., 2000; Storch,
2007; Northrup et al., 2013). Dasledkem je nejen Ubytek vhodnych tokanist, ale i omezeni

dostupnosti potravy, coz ma dopad na reprodukéni Gspésnost druhu. Clovék si stale vice ukrajuje



z prirody pro své stavby a rekreaéni vyZiti a rusi tetfivky v dlleZitych obdobich jejich Zivota
(Ingold, 2005; Zeiler and Griinschachner-Berger, 2009; Storch, 2013). Ménici se podnebi ma za
nasledek neobvyklé podminky pro vylihnutd kuratka, ale i pro dospélce v zimnim obdobi, kdy
misto klidného odpodinku ve snéhovych zavéjich obtizné shanéji obzZivu. To vSe je Cini
zranitelnéjSimi pro predatory a nachylnéjsi k nemocem (Prellwitz, 2002; Ludwig et al., 2006;

Bocca et al.,, 2014; Canonne et al., 2021).

Ackoli je tetfivek obecny celosvétové zarazen do skupiny druhl oznacené ,,nejmensi obavy”
(BirdLife International, 2022), je nezbytné vénovat pozornost trendiim jednotlivych populaci,
pricindm, které vedou k poklesu jejich poctd, a podpofit snahy o zachovani vhodného prostredi
pro tento druh. Monitoring populace patii mezi klicové strategie péce o ohrozené druhy
(Goldsmith, 2012). Presnost vysledk( scitani je zasadni, zvlasté jedna-li se o roztfisténé
populace, jaké pozorujeme u tetfivka obecného. Akustickd individualita, tedy schopnost
rozeznat jedince na zakladé jejich zvukového projevu, by mohla hrat vyznamnou roli pfi
takovémto monitoringu. PouZiti akustickych senzor(l a analyzy zvukovych zaznamd umoznuje
kontinualni sledovani i v tézko pfistupnych oblastech, ¢imz se zvySuje presnost dat a zlepSuje
ochrana druhu. Takovd metoda neni ohroZzena chybami v disledku vizualniho séitani a muze
poskytnout cenné informace i v tézko pristupnych a neprehlednych lokalitach, kde husty porost

znemoznuje piimé sledovani jedincd.

2. Cile prace

I. Provést rozbor dostupnych zdroji na téma populaéni dynamika tetfivka obecného, divody
poklesu pocetnosti populace tetfivka obecného, mozZnosti ochrannych opatreni v ramci lesnictvi
a myslivosti

Tetfivek obecny je vzacnym druhem Fadu hrabavych a na vétsiné lokalit jeho vyskytu se
projevuje snaha o zachovani a dlouhodobou podporu jeho populace. Ackoli neni celosvétové
zarazen mezi ohrozené druhy, dochazi v mnoha statech Evropy k vyznamnému a znepokojivému
poklesu jeho pocetnosti. Udaje o vyvojovych trendech viak nejsou sjednocené, proto bylo
snahou prvni ¢asti této prace sumarizovat dostupna data tykajici se tetfivka obecného napftic
aredlem jeho vyskytu se zamérenim na hlavni dlivody poklesu pocetnosti. Spolu s doporucenim
konkrétnich vhodnych postupl pro ochranu tetfivka mohou vystupy této prace vyznamné
pomoci pfi vytvoreni ucinného planu pro podporu jeho populace jak na lokalni, tak i mezinarodni
arovni.
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Il. Analyzovat akustické projevy kohoutkl tetfivka obecného se zamérenim na individualitu v
hlase jedinct

a

lIl. Identifikovat individudlné specifické parametry v hlasech kohoutk tetfivka obecného

PSoukani (hissing call) je fazeno mezi tzv. nevokalni akustické signaly, jelikoZ neni vyluzovano
pomoci zpévného Ustroji syringu. | presto vsak prekvapivé muze byt nositelem akustické
variability, ktera je ¢asto kliCova béhem rlznych interakci jedincl. U tetfivka obecného se jedna
konkrétné o setkavani protivnik(l na tokanistich v obdobi pareni a vybér partnerld k pareni
provadény slepi¢kami. Akusticka individualita mdzZe navic slouZit jako efektivni podklad béhem
monitoringu tetfivka obecného. Zejména na nepirehlednych lokalitdch by metoda zalozena na
analyze hlasového projevu tetfivkd mohla vyznamné sniZit riziko potencidlni chybovosti pfi

séitani jedincd.

IV. Analyzovat akustické projevy kohoutkl tetfivka obecného se zamérenim na geografickou
variabilitu na Grovni populaci v Ceské republice a zahranici

Tetfivek obecny ma pomérné rozsahly aredl vyskytu, proto je pravdépodobné, ze se u
jednotlivych subpopulaci mohou projevovat geografické odliSnosti v jeho akustickém projevu.
V soucasné dobé, kdy jsou jednim z hlavnich ohroZujicich faktor(i populace jeji fragmentace
a nasledné izolovani jednotlivych skupinek, mlze byt dikladna znalost plvodu jedincd klicova
pro zajisténi dlouhodobé stability a opétovného rlstu pocetnosti tetfivkl. V ramci planované
reintrodukce by pak mohlo byt G¢inné pfedchdzeno nebo naopak cilené podporeno vysazovani
jedinc z rliznych oblasti, jelikoZ akusticky projev je vyznamnou soucasti reprodukéniho procesu

tetfivka obecného.
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3. Literarni reserse

3.1 Populace tetfivka obecného

Evropska populace tetfivka obecného je odhadovana na 2.45 — 4.08 milion( dospélych jedincl
(BirdLife International, 2022; IUCN, 2023). Tyto pocty zahrnuji populace nachazejici se od
Fenoskandie po Alpy a od Velké Britanie po Severni Koreu (Perrins, 1978; BirdLife International,

2022), a konkrétni Gdaje jednotlivych oblasti se lisi stat od statu.

3.1.1 Tet¥ivek obecny v Ceské republice — historie a sou¢asnost

Tetfivek jako druh obyvajici Uzemi Ceské republiky je v literatufe zmifiovan v roce 1884 (Cerny,
1884) a podle statistickych tdajd zde byla jeho populace na vrcholu pravdépodobné kolem roku
1910 (Sekera, 1938). V letech 1933 — 1935 bylo odloveno v priiméru 6182 kusa a jesté v roce
1950 se tetiivek nachazel téméf na celé rozloze Ceské republiky (Kostrofi, 1953; Hudec et al.,
1966). V nasledujicich desetiletich zaznamenala ¢eska populace dynamicky vyvoj, kdy klesajici
trend kratkodobé nékolikrat prevazil lokalni narlst pocetnosti napf. v souvislosti se vznikem
velkych ploch bezlesi po mniskové kalamité v 50. letech 20. stoleti a imisemi vzniklymi holinami
v letech sedmdesatych (Komarek, 1945; Hanus et al., 1979; Stastny et al., 1987, 1997; Flousek
and Gramsz, 1999). Celkovy pokles populace vsak jiz zvracen nebyl a tetfivek obecny byl
v éeském Cerveném seznamu zarazen do kategorie ohroZené druhy s kritériem C1 (Chobot and
Némec, 2017). Druh, jenz se v minulosti pocital na tisice, se na za¢atku nového tisicileti propadl|

na pocty kolem 710 kus( (Hora et al., 2018).

V soucasnosti se vétsSina zbytkovych populaci nachazi na lokalitach pohranicnich pohofi (Jizerské
hory, Krkonoe, Novodomské raselinisté — Kovarska, Sumava, Vychodni Kruiné hory) a v fadech
jednotek je tettfivek obecny monitorovan v nizsich polohach na uzemich vojenskych Ujezdl
Boletice a Doupovské hory), které si diky vojenskym aktivitdm udrzely raz své krajiny, jenz
tetfivkovi vyhovuje (Hora et al., 2018). Jesté v roce 2019 byl tettivek zaznamenan také na Libavé,
odkud vsak poté vymizel. Klesajici trend pocetnosti, ktery konkrétné v letech 2000 - 2011
zaznamenal snizeni hodnot o tietinu, pokracuje i v sou¢asnosti. Zaznamy, které vede Ustav pro
hospodaiskou upravu lesa pro Uzemi Ceské republiky mimo narodni parky a vojenskych
prostor(l, udavaji pocet 388 jedincll tetfivka obecného v roce 2022, Cesky statisticky urad pak

pro sezénu 2023 — 2024 uvadi celkem 436 tetiivki (Cesky statisticky Grad, 2024).
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3.1.2 Tetfivek obecny ve svété

Areal vyskytu tetfivka obecného je pomérné rozsahly. Tetfivky Ize nalézt od Albédnie pres zemé
severni a stfedni Evropy, Ruskou federaci, az po Spojené Kralovstvi Velké Britdnie na zdpadé
a Severni Koreu na vychodé. Tetfivek byl také introdukovan v Kanadé a Spojenych Statech
Americkych. Celkové pocetni odhady tohoto druhu se pohybuji v rozmezi 8 — 14 miliond
dospélych jedinc(, pricemz pro Evropskou populaci je uvadéno 2,45 — 4,08 miliona dospélct
(BirdLife International, 2022) a z toho 0,79 — 1,03 milionG lekujicich kohoutk( (European
Environment Agency, 2023). Populaéni trend vykazuje klesani, avSak vyvoj neni ve vSech zemich
stejny. Zatimco v oblasti Fenoskandie je jeho populace vice méné stabilni, ve statech zapadni,
stfedni a vychodni Evropy je tetfivek povazovan za ohrozeny druh a v nékterych zemich je jiz
povaZovan za vyhynuly (Danko et al., 2002; Sim et al., 2008; Elts et al., 2013; Kerus et al., 2021;
Statistisk Sentralbyra, 2022; European Environment Agency, 2023; Statistics Austria. Federal
Institution under Public Law, 2023; Statistics Finland, 2023; Svenska Jagareférbundet, 2023; The

Forest Management Institute Brandys nad Labem, 2024).

3.2 Dlvody poklesu populace tetrivka obecného napfic¢ arealem rozsireni

3.2.1 Ztrata habitatu a zména vegetacni struktury

Faktory, které negativné ovliviuji vyvoj pocetnosti, se liSi napfi¢ vyskytem tetfivka obecného
a plsobi jak na Urovni populaci, tak lokalné na izolované skupinky jedinct. Jednim z nejcastéjsich
dlvodu poklesu pocetnosti je ztrata habitatu (Doenecke and Niethammer, 1970; Loneux and
Ruwet, 1997; Ludwig et al., 2009a; Gimmi et al., 2011; Straul’ et al., 2018). Tetfivkim vyhovuiji
stanovisté, na kterych prevladaji oteviené plochy s bohatym bylinnym patrem, které volné
navazuji na kfoviny a lesiky poskytujici ukryt pfed predatory (e.g. Scherzinger, 1976; Koch, 1978;
Mdller, 1979; Porkert, 1982; Klaus, 1991; Baines, 1994; Calladine et al., 2002; Baines et al., 2007;
Wegge and Kastdalen, 2008; Ludwig et al., 2008; Patthey et al., 2012; Immitzer et al., 2014; Nelli
et al.,, 2016; Tost et al., 2022). Takovy biotop byl v minulosti udrZovan prostfednictvim
extenzivniho hospodareni, kdy diky paseni dobytka nedochazelo k zarGstani luk a pastvin
(Doenecke and Niethammer, 1970; Loneux and Ruwet, 1997; MacDonald et al., 2000; Storch,
2007; Ludwig et al., 2009b; Northrup et al., 2013; LeSo et al., 2023). Sukcesni stadia porostd,
jejichZ sloZeni je obvykle hospodarsky sméfovano k monokulturam, tetfivkim nevyhovuje,
jelikoZ neposkytuji dostatecné pestrou potravu (Storch, 2007; Kurhinen et al., 2009; White et al.,

2013; Roos et al., 2016; Tost et al., 2022). Tetfivci v minulosti obyvaly také zemédélskou krajinu
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v okoli lidskych obydli, pfechod k velkoploSnému hospodareni s intenzivnim zapojenim
prostiedk(l na ochranu rostlin viak vedl k jejich odsunuti do horskych oblasti (Angelstam et al.,
2000; Kurki et al., 2000). Zalesfiovani cilené na monokulturni porosty, intenzifikace zemédélstvi
a umélé vysouseni mokradl jsou nejcastéjsi procesy vedouci ke zménam vegetacni struktury,
s niz souvisi i sloZeni ZivociSnych druh(, konkrétné hmyzu, ktery je zejména pro prvni tydny
Yivota tetiivk(l nepostradatelny (Helminen and Viramo, 1962; Hudec and Stastny, 2005; Cerveny,

2009).

3.2.2 Hnizdni Uspésnost a mortalita jedinct

Zdarna reprodukce tetfivka je ohroZena snizenou Uspésnosti hnizdéni a narlstajici mortalitou
jak kurat, tak dospélych jedincl (Spidsg et al., 1997; Storch, 2000, 2007; Merta et al., 2009;
Pekkola et al., 2014; Viterbi et al., 2015; Jahren et al., 2016; Cukor et al., 2021), a nasledna
struktura populace zpétné ovliviiuje reprodukéni procesy, kdy mlze dojit k vymizeni lekovani
a nelspéchlm v pareni (Hoglund and Stohr, 1997; Geary et al., 2012; Nelli et al., 2016). Pokles
poctu Uspésné vyvedenych hnizd byl pozorovan ve Fenoskandii a stfedni Evropé (Jahren et al.,
2016) a studie byla provedena také ve Svycarsku, kde byl zjistén dlouhodoby primér 2 kuiatka
na slepi¢ku (Zbinden et al., 2022). Toto cislo neni vysoké vzhledem k tomu, Ze sniska tetfivka
obecného obvykle &ini alespori 6 vajicek (Cerveny, 2009). Nasledné vyvedeni mladat je ovlivnéno
potravni nabidkou, jelikoz pro kufatka je v prvnich tydnech Zivota klicova zivocisna slozka a jeji
nedostatek muze zvysit mortalitu jedinct (Ludwig et al., 2010; Wegge et al., 2022). Kondice
mladych jedincl a jejich preZiti zavisi také na pfiznivosti povétrnostnich podminek; nahlé zmény
teplot nebo destové ¢i snéhové srazky maji negativni dopad zejména v obdobi po vylihnuti

(Viterbi et al., 2015; Rotelli et al., 2021).

Od sneseni vajicek po dospély Zivot ohroZuje tetfivky predace. Slepi¢ky hnizdi na zemi, sntsky
jsou tedy ohroZeny mnoha predatory, a to jiz v prvnich dnech po zalozeni hnizda (Merta et al.,
2009). Mezi hlavni druhy predator( patfi kuny, lisky a krkavcoviti, ale také prase divoké, ackoli
pro vétsinu z nich jsou vajicka pouze alternativni kofisti v ptipadé, Ze nemaji k dispozici dostatek
jiné potravy (Salek et al., 2004; Svobodova et al., 2004; Cukor et al., 2021). Velmi ¢astym
predatorem ve Walesu a ve Finsku je jestfab lesni (Charnov et al., 1976; Widen et al., 1987;
Korpimaki et al., 1996; Tornberg et al., 2013), ve Skotsku pak nejvice tetfivklim Skodi vrany
a lisky (Summers et al., 2004). Predace je hlavnim dlvodem mortality mladych tetfivk( zejména
v jejich prvnim roce Zivota (Hannon and Martin, 2006; Park et al., 2008) s nejkritictéjsim prvnim

mésicem po vylihnuti (Johnstone and Lindley, 2003), ohroZuje vSak i dospélé jedince (Tornberg
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et al., 2006; Pekkola et al., 2014), jejichz mortalita nasledné ovliviiuje reprodukéni proces

(Summers et al., 2004).

Vliv na dynamiku tetfiv¢i populace mohou mit také onemocnéni véetné parazitickych (Isomursu
et al., 2017), ktera zpUsobuji zvysené hladiny stresovych hormon( a snizZuji odolnost organismu
vUci dalsim ciniteldm (Berto and Lopes, 2020). Konkrétni skupiny parazitl u tetfivka obecného
jsou kokcidie (genus Eimera), hlistice (Trichostrongylus tenuis, Capillaria caudinflata, Syngamus
trachea), tasemnice (Hymenolepis spp.), roztoCi (Pterolichus obtusus) a plosténci (e.g. Jankovska

et al., 2012; Tizzani et al., 2021; Sokdl and Pluta, 2022; StrauR et al., 2022).

3.2.3 Zména klimatu

Meénici se klimatické podminky, které sebou stale castéji nesou nepredvidatelné a ndhle zmény
pocasi, se nevyhybaji ani populaci tetfivka obecného. Zvysovani teplot mlzZe zplsobit posun
obdobi pareni, a ne vzdy je vysledek pozitivni, jako v jiznim Norsku, kde se diky nému Uspésnost
reprodukce celkové zvysila (Wegge and Rolstad, 2017). Pravé na datum snusky, Gspésnost
pareni, preziti kuratek, ale i na velikost tettiv¢i populace mohou mit neobvyklé povétrnosti
podminky skodlivy dopad (Prellwitz, 2002; Ludwig et al., 2006; Bocca et al., 2014; European
Commission et al., 2020; Canonne et al., 2021).

Pro tetfivka, jenz preziva kruté zimy diky vyhloubenym dutindm v silné snéhové pokryvce, je
nedostatek snéhu nebo vytvareni ledové krusty, znemoziujici odpocinek a ukryt, faktorem
vedoucim k jeho ubytkim (Marjakangas, 1992; Bocca et al., 2014; Canonne et al., 2021). Ty
souviseji také s vétsi pocetnosti predator( v dlsledku kratSich a mirnéjsich zimnich obdobi
(Bartonn and Zalewski, 2007). Silné desté, navrat zimniho pocasi nebo rychlé teplotni zmény
v obdobi hnizdéni a vyvadéni kuratek se také podileji na sniZovani pocetnosti tettivka (Ludwig
etal., 2006, 2010; Viterbi et al., 2015). Nepfizen podnebi mohou jedinci zaZivat také béhem |éta,
kdy vysoké teploty sniZuji ostrazitost ptaku, jelikoz vénuji vice energie na ochlazeni organismu,

a zejména kuratka mohou trpét dehydrataci (Prellwitz, 2002).

3.2.4 Lidské aktivity

Narusovani Zivota tetfevovitych lidskymi rekreacnimi, turistickymi, ale také prlmyslovymi
aktivitami se stava velkou prekazkou ve snaze chranit jejich populace (Storch, 2013). Disturbance
mohou mit kratkodobé nasledky, které ovliviuji chovani jedinci v daném obdobi, ale také

zpUsobuji dlouhodobé zmény ve vyufZiti Zivotniho prostredi, pokles Uspésnosti reprodukéniho

15



procesu a snizovani pocetnosti populaci (Ingold, 2005). Této problematice je pfisuzovan vyznam
pomérné kratkou dobu. Vyzkum se soustfedi na vyhodnoceni rozdild ve vyuZiti prostredi
tetfevovitymi v oblastech s rlznou intenzitou lidské pfitomnosti a experimentalni studie
modelujici interakce s lidmi s ndslednou analyzou fyziologickych a behaviordlnich reakci zvére.
Vyznamnymi tématy studii jsou predavani védomosti, anti-predaéni chovani, adaptace na
udalosti podstatné zasahujici do Zivota lesnich kur(, jakymi je napt. lov, ¢i hladina stresovych
hormon( v organismech tetfevovitych (Thiel et al., 2008, 2011; Formenti et al., 2012; Storch,

2013).

Casto sklofiovanou problematikou v souvislosti s tetfivéimi lokalitami je vystavba vétrnych
elektraren. Dva roky po konstrukci téchto staveb v Rakouskych Alpach byl zaznamenan pokles
lekujicich kohoutk tetfivka obecného z 12 jedincd na nulu (Zeiler and Grinschachner-Berger,
2009), podobna situace nastala také ve Skotsku, kde po stejné dlouhé dobé monitorovali pouze
Ctyfi slepicky a zadného lekujiciho kohoutka (Percival et al., 2018). V jiné Skotské oblasti doslo
k posunuti tokanist dale od vétrnych farem (Zwart et al., 2015). Vliv téchto staveb na distribuci
a pocetnost tetfivkd je nepopiratelny, zjistény byly i pfipady Umrti jedinc pravdépodobné po
narazu do véZi elektraren (Woss and Zeiler, 2003; Zeiler and Griinschachner-Berger, 2009;

Coppes et al., 2020).

Podoba a slozeni krajin je ¢asto formovano lidskou ¢innosti. Odklon od extenzivniho hospodareni
vedl k zalesnovani lokalit, vysouseni mokfadd zcela zménilo vegetacni strukturu danych
stanovist, intenzifikace zemédélstvi drasticky sniZuje biodiverzitu poli, luk a jejich okoli. Mezi
dalsi vyznamné zmény v pfirodé patii zakladani lyzarskych aredll, které poskozuji horska
prostfedi a rusi zvér (Patthey et al., 2012; Storch, 2013). Outdoorové aktivity, mezi néz patfi
lyZovani, cyklistika, pési turistika, ale také fotografovadni nebo sbér plodd mohou vést ke
zvySenym energetickym vydajim a hladindm stresovych hormon( a tim k oslabeni kondice
tetrivk( vedouci i k jejich amrti (Storch, 2000, 2013; Baltic¢ et al., 2004; Ingold, 2005; Arlettaz et
al., 2007, 2013; Immitzer et al., 2014; Formenti et al., 2015; Rutkowski et al., 2018; Tost et al.,
2020; Adamowicz et al., 2023). Vyruseni jedinci opoustéji sva stanovisté, kohoutci mohou
prechdzet k solitérnimu toku, v horsich pfipadech pfestanou lekovat tGplIné, po vyplaseni mohou
tetfivci narazit do lesnickych oplocenek i dalSich prekazek (Zeitler, 2000; Baines and Andrew,
2003). V dobé, kdy stoupa obliba rekreace ve volné pfirodé, je potieba chranit populace tetfivki

pred vyrusovanim a pfedchazet tak negativnim dopadlm vedoucim k poklesu pocetnosti.

16



3.3 Potrava a biotop tetfivka obecného

Tetfivek obecny vyZaduje pro svUj Zivot a Uspésny vyvoj populace specifické podminky prostredi
a je velmi citlivy na jejich zmény (Rolstad et al., 2009). Idedlni lokalita ma podobu mozaiky ploch,
na kterych se stfida nizky bylinny porost s kfovinami a lesiky, poskytujici pestrou skalu potravnich
zdrojh. Rostlinnd strava, ktera zacina u tetfivk( prevladat pfiblizné po tretim tydnu Zivota,
zahrnuje jehlici, pupeny, vyhonky, listy ¢i nevyvinuté Sisky drevin (smrk, modfin, borovice, btiza,
jefdb, olse, vrba), dale kocicky a jehnédy bfizy, olSe, topolu i vrby, vegetativni a generativni ¢asti
bylin a kefl (travy, stovik a dalsi), bobule, plody, semena, bukvice a zaludy, pficemz sloZeni se
méni dle sezény (Hudec and Cerny, 1977; Stubbe, 1987). Z Zivoci$né slozky, ktera je zasadni
predevsim pro kufatka v prvnich tydnech Zivota, vyhledavaji tetfivci na jafe zejména brouky
a mravence, na podzim se v jejich potravé objevuji v malé mire mékkysi, pavouci a dalsi hmyz
(Helminen and Viramo, 1962; Ivanter, 1963; Cerveny, 2009). SloZeni potravy se moze
jednotlivych stanovistich rdzné lisit (Baines et al., 1996), pficemz Patthey et al. (2012) uvadi, Ze

vhodnou lokalitu Ize indikovat na zakladé pritomnosti kobylek a mravenca.

V idedInim pripadé je centrem tetfiv¢iho stanovisté oteviend plocha, kterd slouzi kohoutkiim
v dobé reprodukce jako tokanisté. Na tuto plochu volné navazuje pasmo kefll a solitérnich
stromd, slouZicich k hfadovani, které nasledné prechazi do stéle vice zapojeného lesniho porostu
s bohatym podrostem kfovinného a bylinného patra. Tato struktura poskytuje tetfivkim klid na
tokanistich a zaroven dostatek zdroji potravy a Ukrytu pfed predatory (Cukor et al., 2022). Volné
plochy vyuZzivaji také slepicky, které si zde vybiraji partnery a nasledné hnizdi zpravidla v okruhu
0,5 km od tokanist (Warren and Baines, 2002), kde je dostateéné husty porost chranici vylihla
kuratka pred predatory (Cukor et al., 2022). Jednotliva stanovisté, ktera jsou vhodné propojend
biokoridory, pak vytvareji biotop, ktery poskytuje tetfivkim podminky zajistujici prosperujici

Zivot (Ludwig et al., 2009b; Rolstad et al., 2009; White et al., 2015; Cukor et al., 2022).

V Ceské republice se tetfivek nejéastéji vyskytuje na lokalitach, kde se stfidaji listnaté a smisené
lesy s pasekami, loukami a mlazinami, raselinisti a viesovisti. Zde hledd potravu v podobé
bobulovitych a ofiskovych plodi, obilek a seminek, pupend, mladych listl a letorostl. Z Zivocisné
slozky, dullezité predevsim pro kuratka v prvnich tydnech Zivota, vybiraji tetfivci zejména
vyvojova stadia broukd, plze, Zizaly a dalsi bezobratlé (Cerveny, 2009). Populace Velké Britanie
dava prednost viresovistim s navazujicimi lesy, pficemz dle studie kohoutci preferu;ji lesy listnaté,

zatimco slepicky obyvaji okrajové casti plvodnich borovych, pfipadné hospodarskych
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jehlicnatych lest (White et al., 2015). Charakter prostifedi se velmi dobfe odrazi ve velikosti
domovskych okrskl; v Ceské republice se jejich vyméra pohybuje mezi 71,0 — 276,5 ha
v zavislosti na roénim obdobi (Svobodova et al., 2011a), ve Svycarsku v oblasti subalpinského
lesa stanovili rozmezi 4,0 — 80,0 ha s odliSnostmi mezi pohlavimi tetfivkd a mezi slepickami dle

Uspésnosti vyvedeni kuratek (Patthey et al., 2012).

3.4 Reprodukéni proces tetfivka obecného

Vhodné podminky prostiedi podporuji UspésSnou reprodukci, na niz stoji stabilita populace.
Vysledek reprodukéniho procesu viak vyznamné ovliviiuje samotny pribéh pareni (Jahren et al.,
2016). Tettivek obecny je polygamnim druhem a pareni u néj probiha prostrednictvim lekovani.
Tato aktivita zahrnuje setkani dvou a vice kohoutk(l na tokanisti, kde od dubna do kvétna
predvadi namlouvaci tanec. Ten je doprovazen akustickym projevem a spolu se vzajemnymi
souboji tak kohoutci bojuji 0 moznost spafit se se slepickami (Cerveny, 2009), pficemz v jejich
pritomnosti omezuji repertoar chovani na vzajemné souboje a namlouvaci tanec doprovazeny
akustickym projevem zvanym bublani (Hoglund et al., 1997). Bublani (rookooing) pfipomina
vrkani hrdlicky a béhem toku ma velky vyznam, jelikoz je slySet na velké vzdalenosti a diky tomu
se na tokanisté sléta vice kohoutkll a nasledné i slepi¢ek (Hovi et al., 1997). Za tokanisté slouZi
holé plochy na viesovistich a raselinistich, pfipadné pole ¢i zamrzla jezera (Koivisto, 1965; Alatalo

et al., 1991; Cerveny, 2009; Rolstad et al., 2009).

Lekovani ovsem neprobihd na vSech tokanistich. Stale Castéji se objevuji populace, v nichz
tetfivci nevytvareji spolecné leky a kohoutci se vystavuji samostatné. Takové pripady byly
sledovany napfiklad ve Svédsku, Italii, Némecku a Cesku (Héglund and Stohr, 1997; Zeitler, 2000;
Angelstam, 2004; Svobodova et al., 2011b; Chamberlain et al., 2012; Rutkowski et al., 2018).
PFi¢inou tohoto chovani je disturbance béhem obdobi reprodukce, pokles efektivni velikosti
populace, ¢i v ojedinélych pripadech nardst podetnosti dominantnich kohoutkl na tokanisti,
vedouci k oddéleni slabsich jedincd, ktefi nasledné tokaji solitérné (Zeitler, 2000; Svobodova et
al., 2011b; Chamberlain et al., 2012). Populace s nelekujicimi kohoutky nasledné trpi snizenou

genetickou variabilitou, kterd vede k dalSimu poklesu poéetnosti (Svobodova et al., 2011b).

Vybér partner(l provadéji slepicky na zédkladé morfologickych, behaviordlnich a prostorovych

charakteristik (Alatalo et al., 1992; Hoglund et al., 1997; Kokko et al., 1998; Rintamaki et al.,
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2001). Vitalita samotnych slepicek pfitom muze vybér ovlivnit; ty, které maji dobrou fyzickou
kondici, navstévuji vice tokanist a pafi se s témi nejlepsimi samecky (Rintamaki et al., 1998).
Pokud maji moznost, navstévuji slepicky vétsi tokanisté, na kterych se nachazi vice kohoutk,
z nichz preferuji ty dominantni, obhajujici vétsi teritoria bliZe stfedu, a nejvice bojovné (Kervinen
et al., 2012; Lebigre et al., 2013). Tim je zajisténo, Ze pouze nékolik samcll ma mozZnost se pafit
(Hoglund and Alatalo, 1955; Rintama&ki et al., 1995; Lebigre et al., 2007). Ve vybéru partnera pak
hraje roli atraktivita souvisejici s jejich fyzickou kondici a schopnosti kratkodobé béhem doby
pareni, ale také dlouhodobé v nasledujicich letech si udrZet pozici na tokanisti (Alatalo et al.,
1991; Rintamaki et al., 1995; Kokko et al., 1998; Kervinen et al., 2012), pricemz starsi slepicky
maji tendenci pafit se stejnym jedincem jako v minulych letech, i kdyz samec jiz neni nejvitalné;si
(Rintamaki et al., 1995). Pfi soubojich mimo dalsi zranéni dochazi také k vytrhavani pefi z
podtatrci, které vypovida o Sikovnosti kohoutkl a podili se na jejich pfitaZlivosti (Alatalo et al.,
1991) podobné jako velikost pousek (Rintamaki et al., 2000) ¢i skvrny na bilém pefi podtatrci
(Soulsbury et al., 2016).

Nasledny vybér stanovisté pro hnizdéni hraje vyznamnou roli a souvisi jednak s fidelitou samicek,
jednak s povahou prostfedi (Ludwig et al., 2010; Warren et al., 2012). Napfiklad na severu Anglie
preferuji slepicky lokality s vyssi a hustsi vegetaci (Warren et al., 2012), zatimco v nejsevernéjsich
oblastech Skotska uprednostriuji stanovisté v porostech viesu (PARR and WATSON, 1988) a ve
Svédsku pak lesni houstiny (Brittas and Willebrand, 1991). Mladsi slepicky snaseji méné vajec,
zahajuji inkubaci pozdéji a maji nizsi Uspésnost pfi vychovavani potomkd, coZ je mimo jiné
zpUsobeno jejich vyssi mortalitou (Caizergues and Ellison, 2000). V pfipadé ztraty prvni snlsky
vyhledaji slepicky sekundarni stanovisté ve vétsi vzdalenosti od ptvodniho (Marjakangas et al.,
1997). V mélkém hnizdé ukrytém ve vegetaci snasi slepicky 6 — 12 vajicek, z nichz se kuratka
lihnou po 24 — 27 dnech (Cerveny, 2009). Jiz druhy den jsou schopnd hledat si potravu
a b&hem dvou tydn( se nauéi létat na vétsi vzdalenosti (Cerveny, 2009). Socialni chovani se vyviji
od hravych forem interakci po stupnujici se agresivni jednani, kdy si jedinci pomoci souboijli
utvareji hierarchii v ramci svych skupin pro obhajobu popelist a pastevnich mist (Gwinnerhanke,
1991). Pohlavni dospélosti dosahuiji tetfivci ve dvou letech. Kromé obdobi pafeni se jedinci

shlukuji do smiSenych skupin (Cerveny, 2009; Ciach et al., 2010).

3.5 Zpévné Ustroji a akustické signaly tetfivkl

Vokalni signdly zprostfedkovava zpévné ustroji syrinx, jehoz morfologii se zabyva nékolik studii

(Greenewalt, 1968; Stein, 1968; King and McLelland, 1984), v ramci fadu Galliformes se vsak
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jeho vyzkum soustfeduje na vzorovy druh, jimz je kur domaci (Gallus gallus) (Gaunt et al., 1976;
Gaunt and Gaunt, 1977; Araya-Salas et al., 2019). Vyzkum byl proveden také u koroptve polni
(Perdix perdix) a tettivka pelynkového (Centrocercus urophasianus), u néjz byl odhalen tzv. dvou-
hvizd, odliSnosti v morfologii syringu mezi pohlavimi a také odchylky oproti kuru domdacimu
(Beani et al., 1995; Krakauer et al., 2009). Zpévné Ustroji tetfivka obecného nebylo doposud

z hlediska morfologie zkoumdno.

Prvni zvukové signaly, které se objevuji u kuratek, jsou déleny do dvou typ(, a to Cisté tény, kam
patti hlasy stoupajici, klesajici, trylek, hlas bédovani a narikani, a bohatsi pfechodné tony.
S postupem c¢asu a pribyvanim vahy klesa frekvencni rozsah téchto signdlt z rozmezi 3,5 — 4 kHz
az k hodnotam tésné nad 2 kHz, pficemz pravé diky zménam prechodnych ténl hlasu v ramci
fyzického vyvoje se u kufatek projevuje intra i inter-individualita v ramci jedinc (Meinert and
Bergmann, 1983). Mladi jedinci dale projevuji zvuky pfi hledani matky, kdyz se ztrati, kdyz jsou
spokojeni a béhem spanku, dospélé slepicky se ozyvaji kokrhavym zvoldnim, zvuky
doprovazejicimi let a dalsi signaly slouzici k interakci s kuratky, dalSimi jedinci nebo jako varovani

(Cramp, 1983).

Akusticky projev, jenz je soucasti reprodukéniho chovani dospélych kohoutkd, se sklada ze ¢ty
zakladnich druh( signal( (Cramp, 1983). Patfi mezi né rezonancni bublani, zvuky agrese, varovna
zvolani a sycivé signaly (hissing call), které se dale déli na kvilivé syéeni (pSoukani), pomérné
dlouhé sycivé volani, sykot doprovazejici let a nerytmicky sykot vyluzovany béhem soubojl
(Cramp, 1983). Tyto sycivé zvuky patfi mezi tzv. nevokalni signaly, jelikoZz nejsou vyluzovany
prostfednictvim syringu, nybrz zdZenimi, kterymi prochazi vzduch z plic do zobaku (Fitch and
Hauser, 2001). Spolu s bublanim patfi pSoukani k nejvyraznéjsim akustickym projevim tetfivkd,
jelikoz jsou slySet na velké vzdalenosti a prekonaji i husty porost zapojenych lest ¢i kiovin.
Bublani Ize popsat jako opakujici se signal o nizkych frekvencich s hodnotami v rozmezi 200 —
1000 kHz, ktery se pravé diky tomuto rozsahu casto prekryva s hlukem v pozadi. Oproti tomu
pSoukani dosahuje frekvenci 350 — 4500 kHz, coZz umoznuje odfiltrovani rusivého hluku

a snadnéjsi méreni pomoci akustickych softwart (Hambalkova et al., 2021).

3.6 Akusticka individualita v hlase kohoutkd

Akusticky projev je prvkem slouZicim mimo jiné pti rozpoznavani interagujicich jedinc( a jako
takovy je nositelem individualni identity (Tibbetts and Dale, 2007; Bradbury and Vehrencamp,

2011; Linhart et al., 2019). Tato individualita je kédovana v konkrétnich parametrech méficich
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frekvencni a casové udaje signalu a jeho intenzitu. Jedinecnost akustického projevu byla
prokdzana napf. u severoafrického dropa obojkového (Chlamydotis undulata undulata) zejména
v rozmezi frekvencnich hodnot, které vsak v ramci jedincl nezlstavaly béhem jedné sezony
konstantni (Cornec et al., 2014). Casové parametry se jako potencidlni nositel akustické
individuality projevily u kiepelky japonské (Coturnix coturnix japonica) (Sezer and Tekelioglu,
2010). Podle studie ze Svycarska se jefdbek lesni (Bonasa bonasia) projevuje béhem toku 6 a?
11 elementy vokalizace vyznacujici se individualitou, ktera zlstava stabilni déle nez jedno
obdobi/sezénu (Mulhauser and Zimmermann, 2003). U krfepelky polni byla odhalena
individualita v projevech pouzivanych béhem utvareni partnerskych pard. U kohoutka se jedna
konkrétné o specifity vréivého vibrata, druhou slabiku signalu a nejvyssiho energetického
komponentu zakladniho projevu, u slepicek pak individualitu projevuji parametry svolavaciho
frekvence a interval mezi prvni a druhou slabikou (Guyomarc’h et al., 1998). Pravdépodobna
individualita se projevuje také v poplachovém zvolani samcl orebice rudé (Alectoris rufa), ktefi
v pfitomnosti svych partnerek snizuji frekvenci signalu za ucelem snizeni rizika predace (Morton,
1975; Zaccaroni et al., 2013). Potencial individuality maji také nevokalni zvuky vydavané napfr.
pohyby téla béhem projevi na tokanisti, jak bylo zjisténo u tetfivka pelyrikového (Centrocercus
urophasianus), u néjz se projevili odlisSnosti mezi jedinci v susténi vydavané tlukotem kridel (Koch

et al., 2015).

3.7 Geograficka variabilita v akustickém projevu kohoutk(

Variabilita akustického projevu ptakd na urovni populaci vznika z riznych davodd. Jednim z nich
je raznorodost konkrétnich habitat(l, ve kterém se jednotlivé skupiny ptakd nachazeji, a které
utvareji podobu produkovanych signal(l (Luttrell and Lohr, 2018; Salinas-Melgoza and Renton,
2021). Dalsim cinitelem mUze byt segregace skupin na velké vzddlenosti, liSici se morfologické
znaky ci celkovy vliv Zivotniho prostiedi a pfispét miZe také pohlavi nebo socialni vybér (Yandell
et al., 2018; Kirschel et al., 2019). K variabilité mZe dochazet i procesem vytésnovani znakl
akustickych projevl prostfednictvim hybridizace nebo konkurence, pfipadné naopak jejich
sjednocovanim podporujicim klidné soufZiti jedincl (Kirschel et al., 2019). Mohou vsak nastat
také pfipady, kdy se geograficka variabilita neprojevuje (Wright, 1996; Baker, 2000; Bradbury et
al., 2001; Guerra et al., 2008). Aredl rozsifeni tetfivka obecného je pomérné rozsahly
a v disledku mnoha faktor(i v ném vznikaji fragmentované a izolované populace (Storch, 2000;
Caizergues et al., 2001; Segelbacher et al., 2003; White et al., 2013) coZ vytvafri situaci, jeZz by

mohla vést ke vzniku odliSnosti mimo jiné v akustickém projevu jedincd.
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Tématu geografické variability v akustickém projevu ptakd se vénuji studie jak u druhd, u nichz
je zpév vysledkem uceni (Langin et al., 2017; Luttrell and Lohr, 2018; Sementili-Cardoso et al.,
2018; Yandell et al., 2018; Araya-Salas et al., 2019; Kirschel et al., 2019), tak u druh( s vrozenou
vokalizaci, mezi néz patfi rady Gruiformes, Psittaciformes a Sphenisciformes (Budka and Osiejuk,
2017; Lynch and Lynch, 2017; Wright and Dahlin, 2018; Salinas-Melgoza and Renton, 2021).
Ackoli byly u hrabavych zaznamendny pfipady naznacujici, Ze vyvoj akustického projevu u této
skupiny druhd muizZe byt ovlivnén i interakcemi jedincl (Sparling, 1979), prevlada nazor, Ze
tetfivek obecny nepatfi do skupiny ptaka, ktefi se vokalni signaly uci. Sycivé pSoukani tetfivcich
kohoutkd navic nelze charakterizovat jako zpév, jelikoz se nejednd o zvuky produkované
syringem, avsak vzduchem prochazejicim konstrikcemi v dychacich cestach ptak(. O to vice je

prekvapivé, Ze i nevokalni signadly mohou nést prvky individuality jedincd.

4. Metodika

4.1 Vyhledavani zdrojl

Sumarizace dostupnych Gdaji o populacnim vyvoiji tetfivka obecného se zamérenim na faktory
ovliviiujici jeho pocetnost probihala pomoci vyhleddvani zdrojd na online webovych
vyhleddvacich Web of Science, Scopus, Google Scholar a ResearchGate, statistické Udaje o
pocetnosti, respektive o vysi lovu tetfivka obecného byly vyhledany na oficidlnich strankach
myslivecké spravy danych zemi. Mezi zdroje byly zatazeny ¢lanky, knihy, sborniky z konferenci,
dale internetové zdroje, statistiky a dalsi, datované v rozmezi let 1955 - 2024. Z pramen( byly
vyfazeny nerecenzované prispévky. Zdroje byly rozdéleny do kategorii podle toho, zda je mozné
uvedeny negativni dopad na populaci tetfivka obecného snizit ¢i eliminovat prostfednictvim

lidského managementu.

4.2 Studijni oblast a sbér dat

Akusticka individualita (11.) a geograficka variabilita (lll.) byla zkoumana na nahravkach psoukani,
tedy nevokalnich signalech kohoutk( tetfivka obecného. Pokud neni uvedeno jinak, probihaly
postupy stejné pro analyzu akustické individuality a geografické variability. Nahravani probihalo
vidy v obdobi pafeni, tedy v mésicich dubnu a kvétnu. V letech 2012 - 2014 bylo uskute¢néno

nahravani ve Finsku (11, 11l.), Rusku a Ceské republice (Ill.) a v roce 2019 ve Skotsku (Il., 1I1.),
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celkem na Sesti lokalitach. Vsichni jedinci byli nahrdvani ve volné ptirodé. Pfijezd na tokanisté
byl na¢asovan vidy alespon dvé hodiny pred vychodem slunce, respektive pred sletem kohoutk(
a zahajenim toku, a nahravani probihalo z prfenosné zastény nebo pfirozeného ukrytu, aby
nedochazelo k vyrusovani tetfivkl. Nahravaci relace trvaly pfiblizné hodinu a prlimérna
vzdalenost od kohoutkd byla 10 m. Na kazdé lokalité bylo navstiveno vice stanovist s tokanisti,
pro ucely nahravani vidy pouze jednou. Relace na daném stanovisti byly vidy zaméreny na
jednoho, maximadlné na dva tokajici kohoutky, které slo od sebe jednoznacné vizualné i akusticky
odlisit, aby bylo zabranéno riziku opakovaného nahrdni stejného jedince. Vzhledem k silné
fidelité kohoutkt vici svému tokanisti (Borecha et al., 2017) je riziko zaznamu stejného jedince
na vice stanovistich velmi nizké. Akustické zaznamy byly potizeny pomoci audiorekordéru
Olympus LP-100 v kombinaci se smérovym mikrofonem Sennheiser ME 66 (fr. odezva 20 Hz—20
kHz + 2,5 dB), ktery byl doplnén o napajeci modul K6. Nahravky byly ulozeny ve formatu .wav

(vzorkovaci frekvence 48 kHz, velikost vzorku 16 bitd).

4.3 Akustické analyzy

Pro akustické analyzy byly z nahrdvek vybrany pouze kvalitni zaznamy, na kterych se jednotlivé
hlasy neprekryvaly a nebyly ruseny Sumem a dalSimi zvuky v pozadi. Analyzy byly provedeny
v softwaru Raven Pro 1.5. Analyzované signaly byly ru¢né ohranic¢eny ramcem definovanym
automaticky méreny frekvencni a ¢asové parametry signalQ, které byly nasledné zpracovany
statistickymi analyzami. Spektrogramy signal(l byly generovany v softwaru Avisoft-SASLab Pro

s délkou FFT, velikosti vzorku 1024, Hammingovym oknem, a prekryvem 87.5 %.

4.4 Statistické analyzy

4.4.1 Akusticka individualita

Do statistického zpracovani vstoupilo celkem 426 kvalitnich hlast od 31 jedinct, pricemz kazdy
jedinec byl zastoupen alespori 10 hlasy. Celkem bylo hodnoceno 29 parametr(l. Pro otestovani
individualni variability byla v programu IBM SPSS Statistics 24.0 provedena diskriminac¢ni analyza
(DFA) s validaci vysledk(l. Potencial parametr( pro individudlni variabilitu (Potential of Individual
Coding) byl testovan porovnanim koeficientem variace v ramci jedincli a mezi nimi pomoci

vypocteni poméru (Robisson, 1992).
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4.4.2 Geograficka variabilita

Celkem 853 hlasl od 82 kohoutkl ze ¢tyf zemi vstoupilo do statistické analyzy. Kazdy jedinec byl
zastoupen minimalné péti hlasy, v priméru pak jedenacti. Po vylouceni parametrd s nulovou
nebo velmi nizkou varianci bylo testovdano 30 proménnych. Opét byl testovan potencidl
parametrd pro individudlni variabilitu, ktery odhalil, Ze vSechny proménné mohou byt
podrobeny dal$im analyzam. Dale byla provedena diskriminacni analyza (DFA) a analyza

hlavnich komponent (PCA).
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5. Vysledky

Vysledky se skladaji ze tfi védeckych ¢lanka, které byly napsany jako prvoautorské, a které byly
publikovany v odbornych periodikach. Prvni kapitola vysledkl pojednava o etologii a aktualnim
stavu populace tetfivka obecného od zdpadni a stfedni Evropy po Fenoskandii, se zamérenim na
faktory, které negativné ovlivriuji pocetnost tohoto lesniho kura, a s doporuc¢enim pro podptrna
opatreni v lesnickém a mysliveckém managementu. Druha ¢ast prace je cilena na poznatky o
akustické individualité v hlase kohoutk( tetfivka obecného, konkrétné v signdlech zvanych
psoukani. Monitoring tetfivka obecného je duleZitou soucasti jeho ochrany a akusticka
individualita v hlase jedinct ma potencial podpofrit efektivitu metod scitani. Informace ziskdvané
na lokalni Urovni je dale potfeba doplfiovat o Udaje na urovni globalni. Proto se treti cast
disertaéni prace zabyva tématem geografické variability opét v akustickych signalech kohoutkl

tetrivka obecného.
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5.1 Stav populace tetfivka obecného (Lyrurus tetrix), dGvody Ubytku a potencialni
ochranna opatfeni od zdpadni a stfedni Evropy po Fenoskandii: pfehled literatury

Prvni kapitola vysledk( dle zadanych cili prace (l.) obsahla dana témata, ktera jsou zasadni pro
ochranu tetfivka obecného. Na zakladé rozboru dostupnych dat byly informace o populaéni
dynamice a divodech poklesu pocetnosti tetfivka obecného sestaveny tak, aby byly prehledné
a mohly slouzit jako podklad pro tvorbu strategickych opatfeni na podporu a stabilizaci tetrivci
populace. Vysledky této kapitoly obsahuji idaje o vyskytu a souc¢asnych populacnich trendech
tetrivka obecného v zapadni, stfedni a severni Evropé, dale popisuji reprodukéni proces tetfivka,
detailné se zabyvaji pticinami poklesu jeho pocetnosti a navrhuji opatfeni, ktera mohou podpofit

snahy o zachovani a stabilizaci fragmentovanych a izolovanych tetfivéich populaci.

Znalosti Zivotnich aktivit tetfivka obecného a vnéjsich procesd, které do nich zasahuiji, jsou
klicové pro tvorbu ochrannych pland. Ty mohou na strané jedné cilit na mitigaci zmiriovanych
negativnich faktor(, at se jiz jednd o zpomaleni ztraty zivotniho prostfedi, omezeni lidskych
aktivit rusicich tetfivky v pribéhu roku, ¢i o sniZzeni predace, na strané druhé prosazovat kroky
vedouci ke zlepSeni Zivotnich podminek tetrivk(, od zakladani vhodnych lokalit s idealnim
sloZzenim vegetace, pres potlaceni vlivu klimatickych zmén pomoci stabilizace ekosystému, po

pfipadné reintrodukce jedinc(.
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The long-term decline of the black grouse population throughout Europe is
influenced by many factors that affect populations differently depending on the
distribution range, from Central Europe to the Scandinavian countries. Therefore,
we analyzed available literature sources to describe the main reasons for the
population decline of this species and to suggest conservation measures. In total,
228 pieces of literature from 1955 to 2024 were analyzed for this study. Based on
the literature analysis, it is clear that the drivers of population decline differ across
the distributional range. In Central Europe, where the population is declining
rapidly, habitat loss and forest fragmentation are crucial factors, as is the negative
impact of tourism. In Scandinavia, where the population is gradually declining,
decreasing breeding success and increasing chick mortality rates are generally
considered the main negative factors. However, these factors also affect black
grouse populations in Central Europe. It is crucial to acknowledge that a
significant proportion of the contributing factors, such as predation and habitat
loss, can be attributed to human activities. Therefore, it is necessary to emphasize
that environmental protection should work hand in hand with wildlife managers
to improve the situation.

KEYWORDS

Tetraonidae, predation, nest success, climate change, habitat loss, biodiversity
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Hambalkova et al.

1 Introduction

The black grouse (Lyrurus tetrix) is one of the forest grouses
classified as a “least-concern species.” The European population is
estimated at 2.45-4.08 million adult individuals (BirdLife
International, 2022; TUCN, 2023). The native range extends from
Great Britain through Russia to North Korea and from
Fennoscandia to the Alps, with scattered populations in Central
Europe (Cramp and Simmons, 1977; BirdLife International, 2022).
Black grouse were also introduced to Canada and the United States
of America, with the global population of adult individuals between
8-14 million (BirdLife International, 2022). However, the
abundance varies considerably across the extension range
worldwide. The black grouse is facing a population decline,
especially in the countries of Western, Central and Eastern
Europe, which have experienced a significant decrease in numbers
over recent decades (Tomialojc, 1990; Murin et al., 1994; Ludwig
et al., 2009b; Merta et al., 2009; Chobot and Némec, 2017). In some
countries, individuals are barely surviving (Hoglund et al., 2007;
Larsson et al., 2008; Watson and Moss, 2008; Segelbacher et al.,
2014; Rutkowski et al.,, 2018). In Fennoscandia, the center of the
European distribution range, the black grouse remains a hunted
species despite a moderate long-term population decline (Spidso
et al, 1997; Storch, 2000, 2007; Jahren et al.,, 2016; Zhang
et al., 2024).

The reasons for population declines vary throughout the
distribution range, often differing on the local scale, due to the
influence of many factors. The black grouse is a species with specific
environmental requirements and is highly sensitive to its changes
(Rolstad et al., 2009). Habitat loss, among other things, is
considered one of the most important reasons for population
decline, primarily in Central Europe (Doenecke and Niethammer,
1970; Loneux and Ruwet, 1997; Ludwig et al., 2009b; Gimmi et al.,
2011; Straufd et al., 2018). Changes in population density lead to an
alternative way of reproduction, where solitary lekking occurs, and
mating success decreases (Hoglund and Stohr, 1997; Geary et al,
2012; Nelli et al., 2016). Furthermore, there is a confirmed decrease
in nesting success and an increase in the mortality of both chicks
and adults (Spidse et al., 1997; Storch, 2000, 2007; Merta et al., 2009;
Pekkola et al., 2014; Viterbi et al., 2015; Jahren et al., 2016; Cukor
et al,, 2021). In general, habitat changes, predation, and changes in
climatic conditions appear to be the main negative factors affecting
black grouse. A considerable threat is also caused by tourism,
recreation pressure, and other human activities, including forest
management practices, which negatively affect both the
reproduction period and the survival of individuals during the
winter due to increased energy expenditures and much higher
visibility to predators during the disturbances (Storch, 2000;
Baltic et al., 2004; Arlettaz et al., 2007, 2013; Ludwig et al., 2008;
Zeiler and Griinschachner-Berger, 2009; Immitzer et al., 2014;
Formenti et al., 2015; Coppes et al., 2020; Tost et al., 2020). This
review summarizes existing studies on the status of black grouse
populations from Western and Central Europe to Fennoscandia. It
identifies the current primary causes of the population decline. The
partial aims of this study are (i) to summarize the available
published studies dealing with the decline of the black grouse

Frontiers in Ecology and Evolution

10.3389/fevo.2024.1452317

population, (ii) to point out the main reasons for the decline
based on the literature, and (iii) to suggest options for the
fundamental principles of population support.

2 Methods

This article focuses on the literature review of previously
published sources on black grouse population dynamics and
reasons for population decline. Online web search engines,
including Web of Science, Scopus, Google Scholar, and
ResearchGate, were used to gather information on the subject
under study. Non-peer-reviewed sources (popular articles, media
reports, unverified sources, etc.) were excluded from the study. The
literature related to black grouse topic was searched based on a
combination of the following keywords: black grouse, population
dynamics, climate change, decline, land use change, mortality,
survival rate, chick mortality, nest success, and predation.
Document types were restricted to articles, books, conference
proceedings, internet sources, statistics and other sources
(including dissertations, technical reports, research reports, etc.),
and the time period included years 1955-2024.

Based on the main issues addressed in the literature, we further
divided the evaluated literature into three categories according to
whether the negative impact on the black grouse population
referenced in the articles can be reduced or eliminated by human
management intervention. The literature in the first category
indicates that an improvement can be observed in a relatively
short period of time, potentially within a few years after the
implementation of the measures (“short-term influence possible”).
We have included topics related to human disturbance, tourism and
habitat change in the first category because human disturbance and
tourism can be reduced to a minimum in a relatively short period of
time and habitat change is also feasible (of course, depending on the
scale). The second category includes publications which consider
reduction or elimination of the negative effects by management
intervention within a short time-scale of a few years impossible
(“short-term influence not possible”). In the second category, we
have included topics related to population dynamics, reproduction,
predation, parasites and climate change, because we believe they are
impossible to solve and eliminate in the short time frame of a few
years. The third category consists of publications, which do not
directly address the negative impacts to black grouse populations.
The third category includes behavioral topics, methodology, general
information websites, genetics and acoustics studies and habitat
catalogues (Figure 1). Our search returned 228 references included
in this review, of which 176 were scientific articles from the Web of
Science or Scopus databases, 22 were chapters from scientific books,
eight were conference proceedings, four were internet sources, 11
were other sources (dissertations, technical reports, research
reports, etc.) and seven sources were statistics on population
dynamics. All sources found are listed in the references. The
number of publications per year (Figure 2A) and the overview of
the different types of sources are shown in Figure 2B.

For European countries where black grouse is still a hunted
species, hunting bag counts have been collected. The hunting bags

frontiersin.org


https://doi.org/10.3389/fevo.2024.1452317
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Hambalkova et al.

10.3389/fevo.2024.1452317

Analyzed publications (228)

|

Short-term influence
not possible (116)

Short-term influence
possible (81)

l

Not relevant (31)

+ Human influence (44)
« Habitat change (32)

« Tourism (5)

« Population dynamic (34)
« Reproduction (33)
« Predation (24)

« Parasites (13)

« Climate change (12)

FIGURE 1

« Basic behavior data (13)

+ Methodology (5)

+ Website with general info (5)
« Genetics study (4)

« Acoustic (3)

+ Habitat catalog (1)

Division of article topics into three categories according to the possibility of human influence.

data are considered as the most reliable data source from hunting
statistics compared to the number of counted individuals (Kahlert
et al., 2015). Hunting trends for black grouse in Sweden, Finland,
Norway, Austria, and the Czechia alongside with particular linear
regression results are shown in Figure 3. Each subplot contains p-
value for hypothesis of slope equal to zero and R* value.
Computations were performed in R software (R Core Team,
2023), plot was created using its package ggplot2 (Wickham, 2016).

3 Occurrence and population trends

In Europe, the breeding population of the black grouse is
estimated to range between 792,000 and 1,030,000 calling/lekking
males. However, there is a long-term population decline (European
Environment Agency, 2016). European countries, where the black
grouse is still present, can be roughly divided into three separate
areas according to the population density. In the countries of
Western, Central and Eastern Europe, the black grouse
population is considered to be threatened. These countries
include Austria, Italy, Czechia, Germany, Estonia, France,
Belgium, Lithuania, Latvia, Poland, Belarus, Slovenia, Slovakia,

and Great Britain (Ruwet et al, 1997; Danko et al, 2002; Sim
et al,, 2008; European Environment Agency, 2016; Dos Santos et al.,
2021; Kerus et al., 2021; Statistik Austria-Federal Institution under
Public Law, 2023; The Forest Management Institute Brandys nad
Labem, 2022; Delcourt et al., 2023; Tomasek et al., 2023). Countries
with few individuals or even zero population are Denmark, the
Netherlands, and Romania (European Environment Agency, 2016;
Elts et al., 2013).

On the other hand, stable populations with only moderate
declines are reported from Finland, Sweden, and Norway (Statistics
Finland, 2023; Svenska Jagareférbundet, 2023; Statistisk Sentralbyra,
2023). Although black grouse are still hunted there and population
densities are sufficiently high, declines have been reported also in
these Fennoscandian countries, mainly due to nest predation and an
increase in mortality of chicks and subadults (Spidse et al., 1997;
Storch, 2000, 2007; Jahren et al., 2016).

There are also countries with only scattered information about
their black grouse population, e.g., the history of records from
Lithuania contains considerable data from 1948-2017, when the
initial population size was more than 10 thousand black grouse,
while the last record indicates only 1750 individuals (BirdLife
International, 2023); available records in Ukraine cover the period
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FIGURE 2

Temporal distribution of 228 literature sources from 1955 to 2024 on the black grouse population dynamics and reasons for population decline (A),
and the proportion of references by source [scientific articles, professional books, conference proceedings, and other sources; (B)].
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between 1999 and 2007 when around 13,000 individuals were
hunted (Ukrainian Nature Conservation Group, 2009). In
Hungary, black grouse were hunted until the 19th century but
also became extinct. The last record comes from 1966 (Pluhar et al.,
2010). The same fate also befell the black grouse in Bulgaria, where,
like in many other countries, it is registered on the Red List (Boev,
1997; Michev et al., 2011). Positive long-term growth of the black
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grouse population is taking place only in Latvia and Slovenia
(except Fennoscandia). In other countries, the grouse is either
stable or declining over the long term (European Environment
Agency, 2016). Whether lesser or greater attention is paid to the
black grouse in the countries mentioned above, the return,
stabilization, or even an increase in its population is not easy, as
it is a species that requires specific conditions to flourish.

Finland
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Declining trends in the number of black grouse hunted in Sweden, Finland, Norway, Austria, and Czechia (Statistik Austria-Federal Institution under
Public Law, 2023; Statistics Finland, 2023; Svenska Jagareférbundet, 2023; Statistisk Sentralbyra, 2023; The Forest Management Institute Brandys nad

Labem, 2022).
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4 Reproduction process

The stability of the black grouse population is directly
dependent upon the reproduction process, which is influenced by
the course of the mating performance itself (Jahren et al.,, 2016). At
the beginning of the breeding season (March), but sometimes also
in the autumn, promiscuous or polygamous males maintain typical
leks (Baines, 1996; Rintamaki et al., 1999). Leks are usually found in
open swamps, clearings, fields, or frozen lakes but never far from
the forest (Koivisto, 1965; Alatalo et al., 1991; Rolstad et al., 2009).
However, habitat selection is related to population density (Nelli
et al., 2016). On the leks, females select males based on
morphological, behavioral, or spatial characteristics (Alatalo et al.,
1992; Hoglund et al., 1997; Kokko et al., 1998; Rintamaki
et al., 2001).

Female grouse choose the largest leks, and on them, the most
dominant and vital males who fight the most (Alatalo et al,, 1991,
1992, 1996; Hovi et al,, 1994). As a result, only a few dominant
males from the entire lek have the opportunity to mate, while most
do not mate at all (Hoglund and Alatalo, 1955; Lebigre et al., 2007).
An interesting finding is that older females tend to mate with the
same male as in previous years, even though the male is no longer
the most vital (Rintamiki et al., 1995). Apparently, attractiveness
also seems to play a role, related to the plucking of feathers from
undertows during fights. Fewer plucked feathers indicate greater
dexterity in the male, increasing its chances of success (Alatalo et al.,
1991). On the other hand, ornaments of males, e.g., the length of
their lyre-shaped tail and color of plumage, probably have only a
complementary effect on the female’s choice (Hoglund et al., 1992,
1994; Rintamaiki et al., 1997, 2002; Siitari et al., 2007; Himildinen
et al., 2012; Kervinen et al., 2016).

An essential part of the mating performance is the male acoustic
manifestation. For male grouse, four types of vocalizations are
typical (Cramp, 1983). These are resonant “rookooing,” similar to
the cooing of a dove, a “hissing call,” further subdivided into four
types (a wailing hiss, a hiss accompanying flight, a relatively long
hissing call, and an arrhythmic hiss during fights), as well as tones of
aggression and warning calls. Females emit cooing calls, tones
during flight, and other sounds, which are divided into five types
according to the situation (they relate to social contacts between
individuals, with chicks, and, last but not least, warning calls).
Rookooing is probably the most important during the mating
performance, as females prefer leks with more than one male, and
weaker male individuals may sometimes benefit from the presence
of other rookooing males according to hotshot hypothesis (Hovi
et al., 1997).

The lekking behavior is typical for well-established populations
with high densities of birds. Males that move closer to the center of
the lek become more successful (Kervinen et al., 2012). The
selection of a place during the mating performance then depends
on two factors: the position of the male on the imaginary social
hierarchy and their patient waiting for a place to become available.
High-ranking males maintain their territories for several years, but
random shifts of weaker individuals are not excluded, as the
stronger ones do not need to change their position to be closer to
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the center of the lek (Kokko et al., 1998). On the contrary, less
preferred males take advantage of the eventual release of territorial
positions, caused by mortality between seasons, to move closer to
the center of the lek (Rintamiki et al., 1995). In Sweden, they noted
a 15% probability of movement of males between leks, more so in
younger individuals. It can be said, therefore, that grouse males
show habitat fidelity during the mating season, but also across
seasons. Thus, annual home ranges represent enlarged territories
used during the mating season (Borecha et al., 2017). Leks are
distributed irregularly at shorter distances of 1-2 km, according to
habitat characteristics and the black grouse population density
(Rolstad et al., 2009). The size of the lek can then affect its
lifespan and resistance (Geary et al., 2012).

In the past, the leks were visited by large groups of males, but
nowadays, the number is lower, and solitary males also appear
(Hoglund and Stohr, 1997). In recent years, there have been studies
describing non-lekking populations in which males attract females with
solitary displays (Hoglund and Stohr, 1997). Non-lekking populations
can be found, for example, in Sweden, Italy, Germany, and the Czechia
(Hoglund and Stohr, 1997; Zeitler, 2000; Angelstam, 2004; Svobodova
et al., 2011b; Chamberlain et al., 2012; Rutkowski et al., 2018).
Populations with solitary leks have lower genetic diversity than sites
where birds aggregate at leks and may experience a reduction in
effective population size and an overall decline in abundance
(Svobodova et al., 2011b). Thus, the fragmented black grouse
population in Central Europe seems to have lost genetic variation
compared to those incomparably larger populations in Fennoscandia
(Caizergues et al., 2003; Hoglund et al., 2007; Svobodova et al., 2011b).
Therefore, it seems that the low population density with non-lekking
behavior represents an alarming risk for the black grouse population,
not only from the point of lower and ineffective reproduction rate but
also the risk for population sustainability from the perspective of
genetic variability and black grouse conservation.

5 Factors affecting black
grouse populations

5.1 Habitat loss

One of the crucial factors affecting black grouse populations is
undisputably the loss of suitable habitat (Pearce-Higgins et al., 2007;
Geary et al., 2015; Strauf§ et al., 2018; Tomasek et al., 2023). The authors
agree that black grouse, like many other protected wildlife species, must
deal with anthropogenic changes in habitats (Storch, 2000; Tost et al.,
2020). For example, the abandonment of traditional extensive
management (e.g. mowing or cattle grazing) of mountain meadows
and pastures leads to the loss of suitable habitats through succession
(MacDonald et al, 2000; Leso et al, 2024). Habitat selection is a
fundamental aspect of animal ecology, the understanding of which is
essential for wildlife management and conservation (Northrup et al,
2013). Loss of suitable habitats can be a leading factor in time-delayed
extinctions, as the current occurrence of species may instead reflect
historical wetland cover and habitat configuration (Gimmi et al,, 2011;
Pearce-Higgins et al, 2016). In the past, grouse populations were
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dependent on extensive farming. As a result, most native
subpopulations became extinct due to habitat loss caused by the
large-scale conversion of heathland and peatland to forest, farmland,
and pasture (Ludwig et al., 2009b). These phenomena began to occur
most intensively around the 1950s and are considered the foremost
causes of the loss of numerous grouse habitats from the Central
European cultural landscape (Doenecke and Niethammer, 1970;
Loneux and Ruwet, 1997). Until then, extensive land use with
heathland and sheep farming provided optimal habitat conditions
(Storch, 2007). Studies in Finland have shown that black grouse
breeding success deteriorates as the proportion of agricultural land
increases (Kurki et al.,, 2000) and the conditions for predators improve
(Angelstam et al., 2000). Consequently, the renaturation of wet habitats
not only within existing grouse habitats but also within dispersal
distance is probably one of the most important measures to
strengthen and increase black grouse metapopulations (Roos et al,
2016; Tost et al,, 2022). Regarding forest habitat, when a new stand is
established, it is possible to create new grouse sites, but, as the stand
eventually closes, grouse leave it (Kurhinen et al., 2009). Therefore, it is
recommended to produce smaller and more permanent forests, to
focus on the protection of peatlands, and to carry out small-plot
harvesting (White et al., 2013).

5.2 Changes in vegetation composition
and structure

The demands on the structure and diversity of black grouse
habitats are the subject of a long-term and multifaceted study (e.g.,
Miiller, 1974, 1979; Scherzinger, 1976; Eiberle, 1976; Koch, 1978;
Glianzer, 1980; Porkert, 1982; Klaus, 1991; Andren, 1994; Baines,
1994; Glutz von Blotzheim et al., 1994; Calladine et al., 2002;
Angelstam, 2004; Baines et al., 2007; Ludwig et al., 2008, 2009a,
2009b; Wegge and Kastdalen, 2008; Signorell et al., 2010; Patthey
et al., 2012; Schweiger et al.,, 2012; Immitzer et al., 2014; White et al.,
2015; Nelli et al., 2016; Straufd et al., 2018; Tost et al., 2020, 2022).
These works show that a structural mosaic of both tree, shrub, and
herb layers, as well as the relief of the soil, is crucial for the black
grouse stability or even population increase. This structure allows
grouse to use different properties of stands and soil in terms of
microclimate, food opportunities, and shelter supply (Porkert, 1973;
Salek et al., 2004; Svobodova et al., 2004; Patthey et al., 2012). In the
herb layer, the ratio of different age structures of Vacciniaceae
(especially Vaccinium myrtillus, Vaccinium vitis-idaea, Vaccinium
uliginosum) or Ericales (Calluna vulgaris, Erica tetralix, E. carnea) is
of great importance (Porkert, 1982; Ludwig et al., 2010).
Furthermore, interspersed areas covered with bryophytes and ferns,
including some Cyperales and Juncales, or only with sedge, are crucial
in the biotope structure (Porkert, 1973, 1976, 1980). From the point
of forest stand management, small-scale management methods with
natural renewal are preferred, which create a mosaic structure of
stands (Poleno et al., 2009) and offer an optimal food and shelter in a
suitable microclimate (Porkert, 1982, 1991).
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The mosaic forest stands with a high proportion of open areas
without tree vegetation are critically important, especially in the
intensively managed forests of Central Europe (Klaus, 1991; Ludwig
et al., 2009b; Wegge and Rolstad, 2011). Open places in forest
ecosystems were related to peat bogs, moorlands, or other stands
with high groundwater levels. Unfortunately, most of them were
drained off in the 20th century (Paavilainen and Pdivinen, 1995;
Sjoberg and Ericson, 1997; Skaggs et al., 2016). Therefore, many
habitats were destroyed by spontaneous succession after drying up
and became unsuitable for black grouse, especially in the lekking
season (Ludwig et al., 2010). Contrarily, another large-scale habitat
change, which was positive from the black grouse point of view, was
caused by the immission calamity in Central Europe between 1970
and 1995. There was a temporary creation of favorable habitats for
the growth of grouse populations because of Norway spruce
diebacks in mountain areas and the opening of forest stands
(Porkert, 1982; Flousek, 1989; Vacek et al., 2007). As a result of
the involvement of these stands in their artificial restoration, this
effect waned at the beginning of the 21st century (Svobodova et al.,
2011a). Moreover, open habitats with solitary trees or stands with a
loose canopy (pine, spruce, larch, birch, and rowan) are suitable for
grouse to use as lookouts during mating season, as a source of food
in winter and spring (Porkert, 1982; Patthey et al., 2012; Strauf8
etal, 2018; Tost et al., 2022). Loose conifer forests also support the
occurrence of anthills as a staple food for grouse chicks (Signorell
et al., 2010; Schweiger et al., 2012).

Maintaining or restoring high-quality habitats in semi-natural
and anthropogenic landscapes is a fundamental issue in
conservation biology, as habitat quality is one of the main
determinants of reproductive performance and survival (Pirt,
2001; Vickery et al,, 2001; Hirzel and Le Lay, 2008; Patthey et al.,
2012; Schweiger et al., 2012; Northrup et al., 2013; Immitzer et al.,
2014; White et al., 2015; Tost et al., 2022; TUCN, 2023). Suitable
habitats within Europe are relatively diverse for the given dwelling
and vegetation conditions (Patthey et al., 2012). This is mainly a
mosaic of shrubby stands, peat bogs, wetlands, meadows, extensive
pastures, and loose forest stands, which closely follow each other in
such a way as to ensure the availability of all essential environmental
parameters for the grouse (Ludwig et al., 2009a; Rolstad et al., 2009;
White et al., 2015; Tost et al., 2022). Considering the landscape
characteristics, type of forest management, and acreage of protected
areas, it is evident that Scandinavia offers an incomparably larger
array of suitable habitats than Central Europe (Cukor et al,, 2022).
From a phytocoenological point of view, in Europe, these are mainly
fens and transition bogs, highlands, alpine and subalpine scrub
vegetation, peat cranberry forests, dry heaths of lowlands and
uplands, dry heather forests of continental bogs and peat, and
waterlogged spruces (Chytry et al, 2010). Therefore, the basic
prerequisite for the conservation of the black grouse as an
endangered species is the effectual care of its listed habitats per
the European Union Directive No. 92/43/EEC on the conservation
of natural habitats, wild fauna and flora, and Directive No. 2009/
147/EC on the conservation of wild birds.
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5.3 Climate change

In recent decades, we have observed phenomena associated
with climate change that have had adverse effects on black grouse
populations. The evidence of climate change is clear and
unmistakable worldwide. In the Czechia, for example, the mean
annual air temperature has increased by 2°C between 1961 and 2021
as a result of climate change Cesky hydrometeorologicky tstav
(2022) and the temperatures in Southern and Central Europe are
predicted to increase by a further 2°C by 2047 (Gefiler et al., 2007).
The changing quality, duration, and height of snow cover,
temperature fluctuations, and uneven distribution of precipitation
are particularly important factors for the black grouse (Prellwitz,
20025 Ludwig et al., 2006; Canonne et al., 2021). All the factors
mentioned show fluctuations in environmental conditions, which
have detrimental effects on the laying date, breeding success, chick
survival, and the size of black grouse populations (Ludwig et al.,
2006; Bocca et al., 2014; Barredo et al., 2020; Canonne et al., 2021).

Black grouses are well adapted to long and harsh winters by
their feeding habits and their ability to dig snow burrows
(Marjakangas, 1992). The primary causes of black grouse decline
in the Alps are thought to be a long-term reduction in snow cover,
changes in snow quality and increasing average winter temperatures
(Canonne et al,, 2021). Frequent temperature changes and recurring
rainfall in winter combined with the snow melting and freezing
again, create layers of frozen snow, or sometimes, ice, which the
grouse cannot burrow through (Bocca et al., 2014). In this case, the
grouse is forced to overwinter outside the snow burrows, where it is
more likely to be seen by predators (Flousek, 2019). The length of
the winter also affects the number of natural predators of grouse in
the mountains, particularly martens and foxes (Barton and
Zalewski, 2007). It is highly advisable to monitor the long-term
trends in snow conditions at sites where black grouse are present
and to carefully monitor the effects of these changes on
their populations.

An earlier onset of spring can lead to earlier mating, earlier
laying of eggs, and a temporary mismatch with the optimum time
for the offspring to hatch (Ludwig et al., 2006; Wegge and Rolstad,
2017). The first clutches are often destroyed by adverse weather,
such as the return of winter and frequent weather changes (Ludwig
et al,, 2006, 2010). For example, in a Scottish study (Moss et al.,
2001), the decline in capercaillie breeding success between 1975 and
1999 was associated with the mid-April cooling period. Conversely,
some studies do not support the general idea that a warmer climate
will negatively affect the reproduction of birds and animals in
northern latitudes (Virkkala et al., 2008; Wegge and Rolstad,
2017). Instead, Wegge and Rolstad (2017) found that the
reproductive output of capercaillie and black grouse increased
with warmer and earlier springs. However, the authors admit that
a warmer climate may have negative effects, for example, on the
survival of adult birds, which can moderate the positive effects on
the reproductive process.

In recent years, climate change could have caused a mismatch
between the timing of breeding and the amount of food available to
chicks after they hatch (Visser et al., 2004). A warmer spring can
lead to earlier nesting, but this timing may no longer coincide with
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the optimal amount of insects available, which could lead to poorer
chick survival (Ludwig et al., 2006; Wegge et al., 2010). Another
scenario can also take place. High spring temperatures can
accelerate the development of invertebrate larvae, which presents
a threat to chicks by transforming their primary food source into an
imago (adult) before the chicks have had time to hatch. This leaves
them with insufficient basic food.

Another challenge for black grouse can be recurring high
summer temperatures. Prellwitz (2002) found that greater sage-
grouse (Centrocercus urophasianus) are less vigilant at high
temperatures (above 30°C) because they spend more time
and energy cooling down, which reduces their vigilance
against predators. There is also a risk of dehydration at high
temperatures, especially in chicks (Prellwitz, 2002). Similar
problems may be expected with black grouse. Black grouse
populations can respond to changes in climate both locally
and regionally, with these changes being more pronounced in
coastal areas than inland areas (Kvasnes et al., 2010; Viterbi
et al., 2015).

5.4 Adult mortality

In general, adult mortality has been adequately studied in the
past decades (e.g., Warren and Baines, 2002; Svobodova et al.,
2011a; Pekkola et al., 2014), and it is evident that adult mortality
plays a critical role in the black grouse population dynamics and the
current population decline. The black grouse survival probability
was predominately studied by radiotelemetry of tagged individuals
(Spidse et al., 1997; Warren and Baines, 2002; Bowker et al., 2007;
Svobodova et al,, 2011a; Pekkola et al., 2014), which also offers
acceptable solutions for evaluation of mortality causes.

Previously published studies have shown that the annual
survival rate varies from year to year, ranging from 0.53 to 0.72
(Warren and Baines, 2002; Pekkola et al., 2014), but some studies
have reported higher mortality rates, e.g., in Norway, 72% of radio-
tagged birds died during a 12-month monitoring period (Spidse
et al., 1997). Differences in mortality rates are caused by several
factors, including the age of birds, climatic conditions, the density of
the black grouse population, and the abundance of predators with
fluctuations between years. For example, Warren and Baines (2002)
estimated an annual survival rate for adult individuals of 0.72 (for
both sexes), but the survival rate of yearlings was significantly lower
(0.46) in the same conditions. The lower survival of young birds was
also confirmed by Pekkola et al. (2014) for the black grouse females
in Finland. Moreover, the survival probability between adults and
yearlings differs throughout the year. In winter (September-
February), the survival rate can be 0.54 for yearlings and 0.73 for
older individuals. In contrast, during the summer period (March-
August), it can be 0.95 for yearlings and 0.84 for older birds
(Warren and Baines, 2002). From the wider perspective, the
mortality of adult females is most challenging for the black
grouse population because this represents a high risk for the
reproduction process. Black grouse females mature at one year of
age and can have a potential lifespan of five to six years in the wild.
Unfortunately, female predation most often occurs during the
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spring mating and subsequent egg laying and incubation
(Willebrand, 1988; Pekkola et al, 2014), and again, there is a
clear difference between the survival of young and older females
(Pekkola et al., 2014).

Regarding the causes of black grouse mortality, predation is a
principal proximate mortality reason for adult black grouse
individuals (Tornberg et al., 2006; Pekkola et al., 2014; Sein and
Vili, 2024). According to previously published research, it is evident
that the proportion of avian and mammalian predators varies along
the black grouse distribution range according to predator species
composition and natural conditions. In a large study from Finland,
where 253 females were radio-tagged, predation was confirmed as
the primary cause of all-natural mortality. From the total
proportion, the avian predators were responsible for 51.8% of
caused mortality, and 26.7% was classified to mammals (Pelkola
et al,, 2014). This confirms the general assumption that raptors are
the main predators of adult grouse (Spidso et al., 1997; Warren and
Baines, 2002; Tornberg et al., 2012; Pekkola et al., 2014). However,
the exact determination of predator species involved can be
problematic in relation to the decomposition of the found carcass
of the monitored individual (Caro and Girling, 2006).

Nevertheless, more specific species composition of black grouse
predators has been published in several studies. In the study from
North Wales, raptors again played a crucial role in black grouse
predation when the goshawk (Accipiter gentilis) and peregrine
falcon (Falco peregrinus) were responsible for 64% of the
predation caused, followed by the red fox (Vulpes vulpes), which
was found to be a predator in the remaining 36% (Bowker et al,
2007). The goshawk was also identified as a primary predator in
Norway, where almost half (46%) of the radio-tagged birds were
killed by this predator, followed by pine marten (Martes martes;
23%), and the rest (31%) were killed by unknown predators (Spidso
et al,, 1997). Those findings are supported by the fact that forest
grouse generally represents the favorite prey species of the northern
goshawk (Valkama et al., 2005; Tornberg et al., 2006, 2012). For
example, in certain winters, female grouse are the optimal prey for
male goshawks (Tornberg, 2000; Tornberg and Colpaert, 2001). The
description of the main predators of black grouse is well-known in
the Scandinavian countries where it is possible to tag a sufficient
number of black grouse individuals, as was done in the studies
mentioned above (Spidse et al., 1997; Tornberg, 2000; Bowker et al.,
2007; Pekkola et al., 2014).

On the other hand, the data from radiotelemetry monitoring of
black grouse in Central Europe indicate that mammalian predators
are the primary cause of adult mortality (Svobodova et al., 2011a).
Data on causes of mortality are available, e.g., from the Czechia
(Svobodova et al., 2011a). The results confirmed an extremely low
survival rate of tagged male grouse. Only 21% of the male grouse
survived one year. Eight of the 12 tagged males were killed by
predators within one year (67%). Seven of these were killed by a
mammalian predator (88%) that could not be accurately identified.
These results suggest that the goshawk is not a significant threat to
adult grouse in the Ore Mountains (Krusne hory) study area in the
Czechia. On the contrary, the main predators were martens and
foxes, which can be controlled by hunting (Svobodova et al., 2011a).
Survival rates of 93 radio-tagged black grouse in two populations in
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the southern French Alps were higher for females than males and
tended to be higher for adults than juveniles. Most adult deaths
occurred in spring (females and males) or early summer (males).
The causes of mortality were as follows: raptors 51%, mammals
27%, unidentified predators 11%, and hunting 11% (Caizergues and
Ellison, 1997).

Black grouse populations have declined throughout most of
Europe (Caizergues and Ellison, 1997; TenDen and Niewold, 2001;
Jahren et al., 2016), making it difficult to capture and tag birds on
their breeding grounds. For example, in the Czechia, between 2000-
2003 when grouse telemetry was executed, the population in the
study area was relatively stable, with an abundance of 1.2-3 grouse/
100 ha (Svobodova et al., 2011a). However, due to a decline in the
local populations, it will no longer be possible to conduct further
adult telemetry studies in Central Europe. The populations are
already so weak that any threats, including adult trapping, can
significantly impact the local subpopulation, and therefore, cannot
be risked.

5.5 Breeding success and chick mortality

Large-scale population declines have been the result of low
levels of reproductive success (Ludwig et al., 2006; Jahren et al,
2016; Zbinden et al., 2022). A comprehensive study by Jahren et al.
(2016) showed a dramatic decline in grouse breeding success
between 1934 and 2014 in Fennoscandia and Central Europe.
Jahren et al. (2016) found that breeding success in Fennoscandia
declined from 0.9 to 0.55 for black grouse and from 0.89 to 0.35 for
capercaillie between 1934 and the present. In Central Europe, the
number of broods per female decreased for both species.
Conversely, in the British Isles, there were no significant changes
in black grouse brood frequencies between 1934 and 2002. These
results suggest that black grouse populations in Britain have been
more productive than elsewhere for some time (Jahren et al., 2016).
The breeding success of black grouse populations studied in
Switzerland was monitored from 1981 to 2020 (Zbinden et al,
2022). The results showed that the long-term average reproductive
rate was 2.0 chicks/hen in northern Ticino and did not show any
decline. However, reproductive rates in central/southern Ticino
declined in the early years of the study period and then stabilized at
the level of northern Ticino. Reproductive rates were highly variable
from year to year and were influenced by a combination of weather
and habitat parameters (Zbinden et al., 2022).

Successful reproduction is significantly affected by predation of
nests, which occurs in the first days after their establishment (Merta
et al., 2009). Martens, foxes and corvids, but also wild boars (Sus
scrofa), are the most common predators of nests (Svobodova et al.,
2004; Cukor et al,, 2021). Studies focused on grouse predation show
its high variability related to factors such as the number of
predators, the nature of habitats, the population density or
hunting management (Svobodova et al., 2004, 2011a; Merta et al.,
2009; Cukor et al., 2021). However, grouse eggs are not a principal
food source for predators but are only an alternative seasonal prey
item. The main prey of mammalian grouse predators in the boreal
zone are rodents, whose abundance fluctuates strongly between
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years (Hansson and Henttonen, 1989; Wegge and Storaas, 1990).
Thus, breeding success may vary depending on the abundance of
small mammals in a given area. If there are insufficient small
mammals, grouse nests and chicks become alternative prey for
mammalian predators (éélek et al., 2004). The reproductive success
of grouse is positively correlated with the abundance of the main
prey (rodents) and is well documented by data from Scandinavia
(Hansson and Henttonen, 1989; Kurki et al., 1997; Tornberg et al.,
2012), whereas clear evidence from Central Europe is lacking
(Jezkova et al., 2014; Matysek et al., 2020).

Many studies agree that post-hatch mortality of grouse is high,
especially during the first year of life, and that predation is the
primary cause of this mortality (Hannon and Martin, 2006; Park
et al., 2008). Predation explained 68% of total chick mortality
during the first month after hatching, with up to 90% of
predation by avian predators in Wales (Johnstone and Lindley,
2003). Also, in Finland, avian predators pose a threat to grouse
chicks, especially in years when rodents are scarce (Reif et al., 2001,
2004). During the breeding season, hawks predated about 6% of
grouse chicks there, while buzzards predated about 4% (Tornberg
et al,, 2012). Approximately 36% of females lost their chicks within
the first ten days after hatching, based on telemetric monitoring of
chicks from 81 successfully hatched nests in Finland (Ludwig et al.,
2010). However, the probability of chick survival, in this case, did
not depend on the local abundance of martens and foxes during the
previous winter, so the authors conclude that the chief cause of
chick mortality here was not predation risk. In this study, the
authors identify that the most salient predictor of chick survival is
the bilberry cover, which provides food for the chicks as well as safe
shelter from predators (Ludwig et al., 2010), and that food
availability for chicks is particularly important during the post-
hatching period (Wegge et al., 2022). Other limiting factors for
black grouse chicks are unfavorable weather conditions, especially
sudden temperature changes, low temperatures or snowfall during
the critical post-hatching period, which have a major impact on
their survival rate and therefore impact to whole reproduction
process (Rotelli et al., 2021).

5.6 Parasites and diseases

Parasites are another reason for the decline in the number of
black grouse. Although they do not cause pronounced and sudden
population declines, they have shown to affect population dynamics
and the survivability of grouse (Isomursu et al., 2017). A higher
parasitic incidence is observed in artificially reared individuals
(Sokol and Pluta, 2022) compared to individuals in the wild
(Straufd et al., 2022), while the decreasing population density and
distribution of the grouse is characterized by a decrease in parasitic
diseases (Coates et al., 2017). For an individual, parasites can
increase the stress hormone level, as it affects the organism’s
resistance (Berto and Lopes, 2020). The most common group of
grouse parasites are coccidia, specifically protozoa from the genus
Eimera (Jankovska et al., 2012; Sokol and Galecki, 2018; Sokol and
Koziatek-Sadlowska, 2020; Tizzani et al., 2021; Sokol and Pluta,
2022; Strauf’ et al., 2022) and the coccidia Cryptosporidium baileyi,
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first recorded in England in 2010 (Coldwell et al.,, 2012). There are
also nematodes in grouse, e.g., the species Capillaria caudinflata
(Formenti et al., 2013; Fanelli et al., 2020; Tizzani et al., 2021; Sokol
and Pluta, 2022), Trichostrongylus tenuis, Heterakis spp., and
Syngamus trachea (Jankovska et al., 2012; Straufl et al., 2022) and,
last but not least, flatworms and borers (Jankovska et al., 2012;
Tizzani et al., 2021).

5.7 Recreation pressure and
human disturbances

Disturbance caused by human outdoor recreation and tourism
activities is increasingly viewed as threatening to wildlife (Storch,
2013). An inescapable factor negatively affecting the distribution
and abundance of black grouse individuals is human activity,
associated, for example, with the construction of wind farms in
areas that may largely overlap with locations suitable for black
grouse (Zeiler and Griinschachner-Berger, 2009; Coppes et al.,
2020). These construction projects mainly cause a change in the
distribution and use of grouse leks in the given location. For
example, the construction of a wind power plant itself did not
affect the behavior of male black grouse in the lek sites in the
Austrian Alps, however, the number of lekking males in the
monitored lek site decreased from 12 recorded individuals before
the construction to zero two years after construction (Zeiler and
Griinschachner-Berger, 2009). A similar reduction of lekking males
was recorded in Scotland, when before and during the construction
of the wind farm, they recorded nine and eight males, respectively,
yet throughout the two years after the construction, during the
monitoring of the same lek site, only four females were found, but
no lekking males (Percival et al., 2018). On the other hand, Zwart
et al. (2015) did not record a significant decline in males after the
construction of a wind farm at seven lek sites in Scotland. The lek
sites were originally located within 500 m (n = 4, median distance =
250 m) of the wind farm but moved up to 803 m (median distance)
further from the wind turbines. In addition, this structure located
near the lek and breeding area can also directly cause the mortality
of black grouse individuals (Woss and Zeiler, 2003; Zeiler and
Griinschachner-Berger, 2009; Coppes et al., 2020). For example, in
Austria, within two years, mortality was recorded in five individuals,
which was most likely caused by a collision with the tower of the
wind power plant itself, not with the wind turbines, as this species
usually flies only up to approx. 27 m above the ground (Zeiler and
Griinschachner-Berger, 2009). However, it is still not clear whether
there is a higher number of collisions and thus increased mortality,
which could negatively affect the abundance of the local population
of this species (Coppes et al., 2020).

Human activities are also causing other significant land-use
changes. On the one hand, traditional grazing on forest pastures is
being abandoned, leading to the overgrowth of these habitats with
scrub and forest. On the other hand, outdoor winter recreation (as
well as summer recreation) is critically expanding. Ski infrastructure
is damaging fragile mountain habitats and snow sports causing
disturbance and stress to wildlife (Patthey et al., 2012; Storch, 2013)
which is, in case of black grouse, essential to minimize energy
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expenditures of overwintering birds. Negative impacts of human
disturbance have been documented on the reproduction success
(Ingold, 20055 Storch, 2013; Rutkowski et al., 2018) but also on the
distribution and survival of adult individuals of the black grouse.
These effects are resulting to the stress and energy expenditure
associated with tourism in the form of outdoor activities, skiing,
mountain biking, walking in nature, photography or gathering
forest fruits (Storch, 2000; Baltic et al., 2004; Arlettaz et al., 2007,
2013; Immitzer et al., 2014; Formenti et al., 2015; Jdger et al., 2020;
Tost et al,, 2020). In addition, every disturbance means the necessity
of unexpected movement of threaten individuals and therefore also
increased risk of crash to the iron fence used in forestry or other
obstacles in the terrain (Baines and Andrew, 2003). Long-term
tourism in a given location can also cause a change in the behavior
of males, who may, for this reason, switch to a solitary lekking
pattern (Zeitler, 2000). For example, Arlettaz et al. (2007) found
sustained increases in the stress hormone corticosterone over three
days of up to 60% in three captive individuals exposed to a single
daily disturbance during the experiment. Similar results were
obtained by Formenti et al. (2015), who found a higher level of
stress hormones in winter in locations that were more frequently
used by people for winter sports. Due to this, the black grouse can
exert more energy for thermoregulation after leaving their snow
burrows (igloos), but also for escape in wintering individual or
when searching for and creating new snow burrows. This activity, in
turn, increases the probability of detection by a predator (Arlettaz
et al,, 2007; Formenti et al., 2015). Additionally, Baltic et al. (2004)
found that disturbed birds increased their foraging duration by up
to 23% during the morning, while predation risk for these disturbed
individuals increased by up to 12%. Immitzer et al. (2014), in turn,
found that the presence of used hiking trails during the summer
reduced the probability of black grouse occurrence in potentially
suitable habitats within 50 m by up to 93%. Similar results were also
found in the study by Tost et al. (2020), who also noted the effect of
tourist routes on the distribution of black grouse. Marked
individuals avoided heavily used trails, and the use of these
habitats varied throughout the day, with the presence of marked
individuals near the trail mostly recorded at night and dawn, but
grouse avoided these habitats during the peak human activity phase
around midday and afternoon (Tost et al., 2020). As can be seen
from these studies, human activity can impose a significant effect on
the physiology, behavior, and demography of the black grouse,
causing, together with other factors, the reduction of the population
of this species throughout Europe.

6 Key actions to support black
grouse populations

6.1 Forest management
In times of ongoing climate change, carbon sequestration by

forests is a crucial factor for mitigation (Bellassen and Luyssaert,
2014; Cukor et al,, 2017; Vacek et al., 2023a). On the other hand,
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extensive afforestation (especially moorlands) harms black grouse
populations (Baines, 1996; Pearce-Higgins et al., 2007; White et al.,
2015). As grouse have adapted to dynamic environments with
changing mosaics of different successional stages, they are
sensitive to anthropogenically homogenized and human-disturbed
habitats (Angelstam, 2004; Ludwig et al., 2008; Immitzer et al., 2014;
Tost et al., 2020).

In terms of forest management and silvicultural practices, small-
scale management practices using shelterwood methods and
selection principles, preferably with natural regeneration, create a
mosaic structure of stands which is favored by grouse (Poleno et al.,
2009; Vacek et al., 2023b). The recommended measures include a
reduction in planting density (Baines et al., 2000; Scridel et al.,
2017), tree planting in smaller patches over a longer time period,
creation of small-scale heterogenous forest mosaics with the loose
stand canopy and locally open landscapes (Grant et al., 2009; Tost
etal., 2022; Mazziotta et al., 2024). It is also important to restore and
promote wet habitats, peat bogs, and waterlogged forest stands with
the specific tree species composition, including alders (Alnus
glutinosa, A. viridis) and willows (Salix caprea, S. cinerea, S.
aurita) (Ramanzin et al., 2000; White et al., 2015). Furthermore,
the reduction of tree natural regeneration and of young trees,
(pioneer vegetation), preservation of solitary trees, such as birches
(Betula pendula, B. pubescens), rowan (Sorbus aucuparia), pines
(Pinus sylvestris, P. cembra, P. uncinata), larch (Larix decidua), and
juniper (Juniperus communis) as food sources and shelter (Sim
etal,, 2008; Patthey et al., 2012; Bocca et al., 2014), thinning of forest
stand edges and creation of transition gradients over several
hundred meters (Sim et al., 2008), mixing pastures with habitat
elements, such as loose shrub formations for cover (Zeitler, 2003;
Signorell et al., 2010; Tost et al., 2022). Finally, reducing fencing in
the forest to protect regeneration from game damage to prevent
collisions leading to grouse mortality (Catt et al., 1994; Baines and
Andrew, 2003; Stevens et al, 2012) and improving habitat
connectivity (Andren, 1994).

The ensuing steps in local grouse research are focusing on
vegetation microhabitats by examining in detail the species
composition and evaluating management practices, e.g., heathland
burning and sheep grazing, which significantly affect forest
regeneration and its tree and shrub species composition (Wegge
and Kastdalen, 2008; Patthey et al., 2012). In addition, the overlap
between the grouse habitats and the habitats of the most common
predators is currently being investigated, thereby identifying
conflict zones (Signorell et al., 2010). Some isolated and very
small-scale forest planting on open ground may have a significant
effect for predator attractiveness. Paradoxically, the decline of
spruce stands over the last 20 years, particularly as a result of
storm damage and bark beetle outbreaks, may have helped black
grouse by accelerating the creation of clearings and the
transformation of conifer monocultures into mosaic stands that
suit them (Thorn et al., 2016). The current development of
unmanned aerial vehicles (UAVs), or simply ‘drones’, offers an
innovative way of efficiently mapping changes in black grouse
habitat, as drones can be used to monitor larger areas, including
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those that are difficult to access by humans, which can help us better
plan management measures (Han et al., 2017).

6.2 Game management

Game management includes several activities that can
significantly help the black grouse population conservation.
Primarily, the hunting of their main mammalian predators such
as red fox, beech marten (Martes foina) and pine marten, European
badger (Meles meles), but also occasional nest predators, such as
wild boar should be intensified in designated black grouse areas.
Invasive predator species, such as the raccoon dog (Nyctereutes
procyonoides) and raccoon (Procyon lotor), are also a significant
threat, and their numbers in grouse habitats are increasing every
year (Cove and O’Connell, 2022; Holopainen et al., 2024). Reducing
the abundance of these predators has a positive direct effect on black
grouse breeding success and adult survival (Grant et al., 2009).
However, it is imperative to focus on all mammalian predators on
the site, not only foxes, for example because compensatory
recruitment of unhunted predators would occur almost
immediately, as shown in the study by Smedshaug et al. (1999).
Hunting large ungulates also means leaving unnecessary entrails in
forest ecosystems, inadvertently encouraging scavengers and
predators to consume the remains and return to the area. In
addition, high concentrations of wild boar and deer (family
Cervidae) disturb black grouse and by grazing on bilberry
vegetation, they also negatively affect the availability of food
resources and safe cover for chicks. Thus, reducing high numbers
of wildlife not only contributes to improved black grouse survival
but also leads to a fundamental change in habitat suitability (Cole
et al., 2012).

Another very effective measure, often not applied in practice, is
a strict ban on feeding game animals in black grouse areas.
Overfeeding has a direct impact on the abundance of target
species, which are attracted to certain areas due to that. In upland
areas, wild boars are often overfed, which leads to a higher
predation rate of grouse nests in the feeding sites. This fact has
been demonstrated by experiments with artificial nests (Selva et al.,
2014; Oja et al., 2015; Cukor et al., 2021).

However, the primary risk of overfeeding is the potential
indirect impact on the populations of the grouse’s main predator
species. The food offered (even of plant origin) is also consumed by
rodents, which increases the likelihood of the main predators being
present in the area. This relationship was demonstrated in a study
carried out in Poland (Selva et al., 2014). The probability of
predation on artificial nests placed near feeding sites was 30%
higher than on randomly placed artificial nests in the forest. In
addition, artificial nests near feeding sites were found quickly by
predators. When comparing photo-trap records, it was also found
that feeding sites attracted more potential predators of grouse nests
(82% of records) than the target species (8%, the rest of the records
being other species). In this study, the authors confirmed evidence
of increased predation pressure on artificially laid nests within 1 km
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offeeding sites (Selva et al., 2014). The study by Oja et al. (2015) also
confirmed that the predation risk decreases with increasing distance
from the feeding site. In addition, the predation risk level is affected
after the end of the feeding period. In the case of the cessation of
feeding at the feeding site, the risk of predation was higher for
another four years. Therefore, it can be concluded that recently
abandoned feeding sites still pose an increased risk of predation on
black grouse nests and possibly chicks (Oja et al., 2015). The feeding
of game animals to reduce their numbers must, therefore, be carried
out in pre-selected places and to a limited extent. Otherwise, wild
boar, as well as deer and other animals, may be concentrated in
locations where they would not naturally appear (Jezek et al., 2013).
Therefore, the feeding of game animals should not be allowed in
core black grouse areas, especially during the breeding and
winter seasons.

6.3 Monitoring populations

Monitoring the distribution, abundance, density, and presence or
absence of the watched species are critical indicators describing how
populations respond to environmental changes (Williams et al., 2002;
Egwumah et al, 2017). Systematic and long-term monitoring of
changes and trends in populations can effectively help protect
declining or endangered species, document the effectiveness of
conservation measures, and also reveal negative impacts on
populations of monitored species associated with anthropogenic
activity (Goldsmith, 2012). That is why monitoring the abundance
and distribution of the black grouse has been—and still is—a vital tool
that contributes to the conservation of this species throughout Europe.

However, monitoring methods are diverse (Haider et al.,, 2024).
The most commonly used method is based on the visual and
acoustic recording of male grouse by a given observer in the field
(Hancock et al., 1999; Dumont et al., 2019; Policht et al., 2019).
Monitoring of lekking males is carried out two hours before and no
later than two hours after sunrise (Cayford and Walker, 1991;
Canonne et al., 2021) and in suitable weather conditions, to avoid
distortion or underestimation of the abundance of the monitored
population (Hancock et al., 1999; Canonne et al., 2021). Another
method, used mainly in northern regions, is counting grouse on pre-
marked linear transects with the help of trained dogs that
systematically search the surroundings on both sides of the
transect and with the help of a mobile application that
automatically recalculates the detected abundance for the entire
area of interest (e.g., Wegge and Rolstad, 2011; Cukor et al., 2020).
Among the non-invasive methods of monitoring black grouse is the
observing of local lek sites using camera traps. Compared to
traditional monitoring methods, large amounts of data can easily
be collected over a relatively long period. For example, Gregersen
and Gregersen (2014) found that black grouse males visit lek sites
most of the year, primarily searching for food, lekking, or simply
socializing. With the help of camera traps, it is relatively easy to
monitor populations of this species without increased disturbance by
nearby observers of lek habitats (Gregersen and Gregersen, 2014).
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Another non-invasive monitoring tool can be passive acoustic
monitoring using a recording device. This method can
significantly reduce the risk of overestimating the population and
lead to a more accurate determination of the abundance of the
monitored populations of black grouse (Hambalkova et al., 2021). A
more suitable signal for this method is a hissing call, which, unlike
rookooing, does not overlap each other and is easier to filter out in
acoustic software, as it is located at higher sound frequencies
(Hambalkova et al., 2021). Acoustic performance also has the
potential for distinguishing individual subpopulations of the black
grouse across its range (Hambalkova et al., 2023). One of the reasons
why the differentiation of acoustic performance can occur is the
isolation of subpopulations. Monitoring and evaluating acoustic
variability have the potential to non-invasively assess changes in
population across its distributional range.

7 Conclusions

According to our review analysis, it is clear that the status of
black grouse in Europe can be characterized by population declines
across almost the entire range. However, the main causes vary
according to the specific conditions in each country. Central Europe
is typically affected most by habitat loss, where black grouse still
occur mainly in mountainous habitats and moorlands. In addition,
published studies have highlighted increasing predation rates and
the impact of human activities, including tourism. Hunting
management is another aspect that needs revision in Central
European countries where supplementary feeding of wild boar
and other ungulates is a common and typical practice, e.g., in the
Czechia, attracting not only the target species but also predators
such as red fox or marten. In the case of the Scandinavian countries,
where black grouse is a commonly hunted species, the gradual
population decline can be attributed to decreasing breeding success
and increasing chick mortality, with less impact from habitat
changes and tourism.

Generally speaking, it is clear that the causes of black grouse
decline vary across Europe, with different environmental
conditions and human impacts on nature. The positive finding
is that many of the identified factors responsible for population
decline could be influenced by conservation measures. However, it
is important to stress that environmental protection should work
hand in hand with wildlife managers to improve these conditions.
It is essential that conservation efforts and research continue,
particularly in areas where black grouse are rapidly declining and
at risk of extinction.
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5.2 Akusticka individualita v pSoukani samecku tetrivka obecného (Lyrurus tetrix)

Vysledky druhé kapitoly pfinadsi zasadni objev hlasové individuality v akustickém projevu
kohoutkl tetfivka obecného. Analyzovany byly nahravky jedincl z Finska a Skotska a bylo
zjisSténo, Ze tzv. pSoukani nese informaci o specifité jedinc(. Tento vysledek je navic vyznamny
vzhledem k tomu, Ze testovany byly signdly, které nejsou fazeny mezi vokalni. PSoukani je
produkovdno vzduchem prochazejicim konstrikcemi dychacich cest, nikoli syringem.
Nevokalnimi projevy Zivocichl se zabyva pouze omezené mnoiZstvi vyzkum(, a jesté méné

v souvislosti s individualitou jedincl. Vystupy této ¢asti splnuji Il. a lll. cil disertacni prace.

Tetfivka obecného je mozné monitorovat napf. pomoci vzorkovani trusu ¢i pefi, nebo, jak je u
tohoto druhu obvyklé, s¢itdnim jedincl na tokanistich béhem obdobi pareni. Tato metoda vsak
nemusi byt vzdy presnd. Ackoli jsou kohoutci povazovani za vérné svému tokanisti, jejich pfesun
na jiny lek v rdmci jedné sezény ¢i vyména stanovisté béhem let neni zcela vyloué¢end. Kromé
toho, béhem namlouvaciho ritudlu dochazi na tokanisti k pohybu kohoutk( a pfi vétsim poctu
jedincd mlzZe byt situace neprehledna. Tyto pfipady mohou vést k nepresnym vysledkim.
Monitoring zaloZeny na identifikaci jedincl pomoci jejich akustické individuality mUze zvysit
efektivitu scitani. Zejména v kombinaci se vzorkovanim pobytovych znakd by pak bylo mozné
ziskat jedine¢né uUdaje o konkrétnich tetfivcich. Pravé analyzované psoukani je vhodné pro
akustické nahravky kohoutk tetfivka obecného a jejich nasledny rozbor. Oproti bublani zaujima
pSoukani vyssi frekvencni rozsahy, diky ¢emuz netrpi pfekryvem s hlukem v pozadi a je moziné

provést méreni parametr(.
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Acoustic individuality in the hissing calls
of the male black grouse (Lyrurus tetrix)

Lucie Hambalkova, Richard Policht, Jifi Hordk and Vlastimil Hart

Department of Game Management and Wildlife Biology, Faculty of Forestry and Wood
Sciences, Czech University of Life Sciences, Prague, Czech Republic

ABSTRACT

Acoustic individuality may well play a big role during the mating season of many
birds. Black grouse (Lyrurus tetrix) produces two different long-distance calls
during mating on leks: rookooing and hissing calls. The first one represents low
frequency series of bubbling sounds and the second one represents hissing sound.
This hissing represents a signal not produced by the syrinx. We analyzed 426 hissing
calls from 24 individuals in Finland and Scotland. We conducted cross-validated
discrimination analyses (DFA). The discrimination model classified each call with
almost 78% accuracy (conventional result) and the validated DFA revealed 71%
output, that is much higher than classification by chance (4%). The most important
variables were Frequency 95%, 1st Quartile Frequency, Aggregate Entropy and
Duration 90%. We also tested whether between individual variation is higher than
within individual variation using PIC (Potential for individual coding) and we found
that all acoustic parameters had PIC > 1. We confirmed that hissing call of black grouse
is individually distinct. In comparison to the signals produced by the syrinx, non-vocal
sounds have been studied rarely and according to our knowledge, this is the second
evidence of vocal individuality in avian hissing sounds which are not produced by
syrinx. Individuality in the vocalization of the male black grouse may aid females in
mating partner selection, and for males it may enable competitor recognition and
assessment. Individually distinct hissing calls could be of possible use to monitor
individuals on leks. Such a method could overcome problems during traditional
monitoring methods of this species, when one individual can be counted multiple times,
because catching and traditional marking is problematic in this species.

Subjects Animal Behavior, Zoology
Keywords Acoustic individuality, Hissing call, Lyrurus tetrix, Monitoring, Phasianidae

INTRODUCTION

At the time of a decline in the black grouse (Lyrurus tetrix) population across its
distribution range (Ciach, 2015; Jankovska et al., 2012; Kasprzykowski, 2002), determining
actual number of individuals is becoming increasingly important. The causes for this
decline vary: change of the environment and climate (Kurhinen et al., 2009; Kvasnes et al.,
2010; Viterbi et al., 2015; White, Warren ¢ Baines, 2013), parasite infestation (Jankovska
et al., 2012), predation (Charnov, Orians & Hyatt, 1976; Korpimaki, Koivunen ¢
Hakkarainen, 1996; Pekkola et al., 2014; Policht et al., 2019; Summers et al., 2004; Tornberg
et al., 2013; Widen et al., 1987), reducing genetic diversity (Segelbacher, Hoglund ¢

How to cite this article Hambalkova L, Policht R, Horak J, Hart V. 2021. Acoustic individuality in the hissing calls of the male black grouse
(Lyrurus tetrix). Peer] 9:e11837 DOI 10.7717/peerj.11837


http://dx.doi.org/10.7717/peerj.11837
mailto:hambalkoval@�fld.czu.cz
https://peerj.com/academic-boards/editors/
https://peerj.com/academic-boards/editors/
http://dx.doi.org/10.7717/peerj.11837
http://www.creativecommons.org/licenses/by/4.0/
http://www.creativecommons.org/licenses/by/4.0/
https://peerj.com/

Peer/

Storch, 2003; Segelbacher et al., 2014) and human activities (Formenti et al., 2012; Hess ¢
Beck, 2012; Ingold, 2005; Nichter, Lipp & Gregory, 2017; Storch, 2013). Methods and
options for protection and conservation of grouse are manifold and are realized at the
local, regional, and national levels (Storch, 2013).

An integral part of any conservation measures in general, and thus also in the case
of black grouse populations in particular, is monitoring. Methods of monitoring are
diverse. Franceschi et al. (2014) simulated two monitoring approaches: plot sampling and
distance sampling. According to their study, distance sampling is a better way to monitor
grouse in terms of accuracy. On the other hand, this approach is also costly, as it requires
4-5 sampling points per km? for reliable outcomes (Franceschi et al., 2014). The most
common counting method for black grouse is to register males displaying in the spring
(Hancock et al., 1999). Depending on the size of the area to be monitored, it is possible to
perform a full-area survey or to select sample areas at random (Hancock et al., 1999).
Monitoring based on acoustic features of bird vocalization could be a more efficient
method. Laiolo et al. (2007) recommended combining counting based on vocalization with
physical marking.

Black grouse males produce the following kinds of sounds: resonant rookooing call and
hissing calls. The latter is further subdivided into tones of aggression and alarm calls
(Cramp, 1983). This study is focused on a particular type of hissing call—crowing-hiss,
described by Cramp (1983) as harsh and angry sound, which is produced during the
display of male black grouse. This hissing sound is not produced by syrinx. Such non-vocal
sounds are produced by some constriction located on the way from the lungs to the bill
(Fitch & Hauser, 2003). Potential information encoded in non-vocal sounds of birds
remains almost unstudied (Budka et al., 2018). Recent research of hissing sounds produced
by geese confirmed encoding of individual identity during antipredator behavior
(Policht et al., 2020). In comparison to non-vocal acoustic signals of birds, majority of
bioacoustic studies focused on research of sounds produced by syrinx. A hissing sound also
appears in black grouse chicks above the age of 3 weeks, but we do not suppose it is
the same sound category that is the focus of our study (Meinert ¢ Bergmann, 1983).
This type of vocalization, along with the rookooing call, is the most prominent sound
made by black grouse, which can be heard over long distances and even in closed habitats
such as forests with dense undergrowth. Such calls are frequently used for population
monitoring to find actually used leks and counting present males. Therefore, this type of
call may play an important role in noninvasive monitoring of black grouse. The rookooing
call can be characterized as a low-frequency, repetitive sound within a range of about
200 to 1,000 Hz. This is why this type of call often overlaps with background noise
frequencies. Compared with this, the hissing call is found in the frequency range of
350 to 4,500 Hz and is therefore easier to filter out from background noise and to mark this
type of call for measurement using acoustic software. Thanks to these characteristics, the
hissing call may be more suitable for acoustic monitoring of black grouse.

In an effort to ensure quiet conditions for game wildlife, non-invasive monitoring,
such as that based on vocalization, is the method of choice. This method relies on
distinguishing individuals without physical marking. In our study, we analyzed the
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vocalization of male black grouse to examine variation between individuals, and to find out
whether vocalization characteristics could serve as a unique identifying trait.

METHODS

Study areas and recording
We recorded the hissing calls of male black grouse during their mating season. Recording
took place in Finland in 2012 and 2013, and in Cairngorms National Park, Scotland in
2019. Field experiments were approved by the Department of Natural Resources,
Ministry of Agriculture and Forestry, Finland and by the Game & Wildlife Conservation
Trust, Scotland. According to Finnish legislation in general and to the hunting
legislation, this type of scientific project does not require any special permits or licenses.
All appropriate permissions were in place for the fieldwork in Scotland. The research
was conducted in accordance with the guidelines of the Animal Behavior Society for
the ethical use of animals in research. The study was carried out in accordance with
the recommendations in the Guide for Care and Use of Animals of the Czech University
of Life Sciences, Prague. The Animal Care and Use Committee of the Czech Ministry of
the Environment approved the protocol (Permit number: 15106/ENV/14-825/630/14).
Vocalization of male black grouse was recorded with the audio recorder Olympus
LP-100 in combination with a Sennheiser ME 66 directional microphone (frequency
response 20 Hz-20 kHz + 2.5 dB) complemented by a K6 powering module. Recordings
were saved in .wav format (48 kHz sampling rate, 16-bit sample size). We recorded all
individuals in the wild during courtship at leks. Lek is an area where two or more
males perform courtship displays to gain an advantage for mating with females. All leks
were approached before the arrival of males, about 2 h before sunrise. Each recording
session took on average 1 h and was performed from a portable hide so that the males
could be observed without being disturbed. The distance of the hide from display sites
was 10 m on average. During the pilot study, we only tested the variability between
multiple individuals on one lek, and it turned out that the individual variability is much
larger. To avoid the risk of multiple counting of the same individual, we chose the option
of selecting only one, maximum of two individuals on each lek. The distance between
visited display sites was at least one km and, according to Borecha, Willebrand ¢» Nielsen
(2017), black grouse males show strong fidelity to their lek; therefore, the risk of recording
the same individual at the two display sites was low.

Acoustic analyses

Recordings were analyzed using Raven Pro 1.5 software with a 512 sample size and a Hann
window. We selected good quality calls with high signal to noise ratio, non-overlapping
with other hissing calls or background noise and wind. Each selected hissing call was
manually bounded by the selection frame that is defined by the beginning and end of
the signal and the lowest and highest frequency of the signal. Temporal and frequency
variables were then measured automatically. These measurements were entered into the
statistical analysis.
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Statistical analyses

We analyzed 426 good-quality calls from 31 individuals (at least ten separate hissing
calls per individual). We measured 29 variables (Table 1). We excluded variables with low
or no variation. The remaining variables were standardized using Z-score transformation
(subtracting the mean and dividing by standard deviation). In order to test individual
variation, we used stepwise Discrimination Function Analysis (DFA) using IBM SPSS
Statistics 24.0 software (IBM Corp., Armonk, NY, USA). We applied a leave-one-out
cross-validation procedure (IBM SPSS Statistics 20) to validate the results of DFA.

To test the potential for individual variation (Potential of Individual Coding—PIC)
for each parameter, we compared the coefficient of variation (CV) within and between
individuals. The PIC ratio was computed for each acoustic parameter by dividing the
CVypetween by the mean of the CVyy,, values related to each individual (Robisson, 1992).
For these tested parameters, a PIC value greater than one means that an inter-individual
variability is higher than intraindividual variability. We tested a significance using
Kruskal-Wallis test.

RESULTS

Hissing call description

The hissing calls of black grouse represent wideband acoustic signals, in which energy is
spread across a wide frequency range. The duration of such calls ranged from 0.1 to 1.21 s
(0.76 £ 0.16, mean + SD). This type of call can consist of one or two notes; however,
the occurrence of a two-syllable form was rare (~n < 1%)—so we did not analyze these
calls.

The Low frequency ranged from 352.9 to 1,310.3 Hz (830.2 + 195.6 Hz, mean * SD)
and the High frequency from 1,702.4 to 4,482.8 Hz (2,687.5 + 536.4 Hz, mean * SD) for all
individuals. Frequency range reached 729.6 to 3,241.4 Hz (1,857.3 + 478.6 Hz, mean + SD).
The spectrograms of black grouse recorded in Finland and Scotland are shown in
the figures below (Figs. 1 and 2). The spectrograms were generated in Avisoft-SASLab Pro
with FFT length, 1,024 sample size, a Hamming window and 87.5% overlap. For a
representative recording of a hissing call of one individual form Scotland and one
individual from Finland see Audio SI and Audio S2.

Individual variation

From selected parameters the resulting model (see Table S1) included 13 significant
acoustic variables (p < 0.001; r < 0.87): 1** Quartile Frequency, Relative 1** Quartile
Frequency, Aggregate Entropy, Average Entropy, Relative Center Time, Call Duration,
Duration 90%, Frequency 5%, Relative 3™ Quartile Frequency, Frequency 95%,
Inter-Quartile Range Bandwidth, Inter-Quartile Range Duration and Time 5% (Table 1).
The first four discriminant functions had Eigenvalues > 1 and explained 79.7% of the
variation. With the first discrimination function mostly correlated F95% (Frequency 95%)
(r = 0.767) and QIF (Quartile 1 Frequency) (r = 0.707) and the second discriminant
function correlated best with AggEnt (Aggregate Entropy) (r = 0.390) and Dur 90%
(Duration 90%) (r = 0.387) (Fig. 3). The Discriminant Function Analysis excluded seven
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Table 1 Descriptions of acoustic parameters measured in Raven Pro 1.5 that entered statistical analysis.

Acoustic parameter

name

Abbreviations
(Units)

Description

*Ist Quartile frequency

“Relative 1st quartile

frequency

*3rd Quartile frequency

Relative 3rd quartile

frequency

1st Quartile time

Relative 1st quartile time
Relative 3rd quartile time

*Aggregate entropy

*Average entropy

Bandwidth 90%
Center frequency

Center time

“Relative center time

*Call duration
*Duration 90%
“Frequency 5%

Relative frequency 5%

“Frequency 95%

Relative Frequency 95%

“Inter-quartile range

bandwidth

“IQR (Inter-quartile

range) duration

Max entropy

Max frequency

Max time
Min entropy

Peak time

Q1 Freq (Hz)
Q1 Freq rel,
Q3 Freq (Hz)
Q3 Freq rel,
Q1 Time (s)
Q1 Time rel,
Q3 Time rel,

Agg entropy
(bits)

Avg Entropy
(bits)

BW 90% (Hz)
Center freq (Hz)
Center time (s)

Center time rel,

Duration (s)
Dur 90% (s)
Freq 5% (Hz)
Freq 5% rel,

Freq 95% (Hz)
Freq 95% rel,

IQR BW (Hz)
IQR Dur (s)

Max entropy
(bits)

Max freq (Hz)

Max time (s)

Min entropy
(bits)

Peak time (s)

The frequency that divides the signal into two frequency intervals containing 25% and 75% of the
energy in the signal.

The frequency that divides the signal into two frequency intervals containing 25% and 75% of the
energy in the signal relative to the frequency range of the signal.

The frequency that divides the signal into two frequency intervals containing 75% and 25% of the
energy in the signal.

The frequency that divides the signal into two frequency intervals containing 75% and 25% of the
energy in the signal relative to the frequency range of the signal.

The time that divides the signal into two time intervals containing 25% and 75% of the energy in the
signal.

The time that divides the signal into two time intervals containing 25% and 75% of the energy in the
signal relative to signal duration.

The time that divides the signal into two time intervals containing 75% and 25% of the energy in the
signal relative to signal duration.

The aggregate entropy measures the disorder in a sound by analysing the energy distribution. Higher
entropy values correspond to greater disorder in the sound whereas a pure tone with energy only one
frequency bin would have zero entropy. It corresponds to the overall disorder in the sound.

This entropy is calculated by finding the entropy for each frame in the signal and then taking the
average of these values.

The difference between the 5% and 95% frequencies.
The frequency that divides the signal into two frequency intervals of equal energy.
The point in time at which the signal is divided into two time intervals of equal energy.

The point in time at which the signal is divided into two time intervals of equal energy relative to the
signal duration.

The difference between begin time and end time for the signal.
The difference between the 5% and 95% times.
The frequency that divides the signal into two frequency intervals containing 5% and 95%.

The frequency that divides the signal into two frequency intervals containing 5% and 95% relative to
frequency range.

The frequency that divides the signal into two frequency intervals containing 95% and 5%.

The frequency that divides the signal into two frequency intervals containing 95% and 5% relative to
frequency range.

The difference between the 1st and 3rd quartile frequencies.

The difference between the 1st and 3rd quartile times.

Maximum entropy calculated from each frame.

The frequency at which max power occurs within the signal.

The first time in the signal at which a spectrogram point with power equal to max power/peak power
occurs.

The minimum entropy calculated for a spectrogram slice within the signal bounds.

The first time in the signal at which a sample with amplitude equal to peak amplitude occurs.

(Continued)
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Table 1 (continued)

Acoustic parameter Abbreviations  Description

name (Units)

“Time 5% Time 5% (s) The time that divides the signal into two time intervals containing 5% and 95%.

Relative time 5% Time 5% Rel,  The time that divides the signal into two time intervals containing 5% and 95% relative to signal duration.

Relative time 95% Time 95% Rel,  The time that divides the signal into two time intervals containing 95% and 5% relative to signal duration.
Note:

13 parameters () were included in resulting DFA model.

a | b [ e

kHz kHz
- 201 - 20 1
- 154 - 154
_—
1V
C
kHz kHz
L 20 - - 201
- 154 - 154
L 104 - 10+
L 5. {. 5
1V 05 10 s 1V 05 1.0 s

Figure 1 Spectrograms and oscilograms: Representative hissing calls of two of the black grouse from
Scotland (A, B) and Finland (C, D). Each lettered panel refers to one individual bird. Spectrograms
indicate observable differences between four individuals. ~ Full-size K&l DOI: 10.7717/peerj.11837/fig-1

out of 31 individuals due to their missing or extreme values of the measured parameters.
The cause could be a poorer degree of sound quality that did not pass the analysis. This
selection has been made by model procedure automatically. The resulting DFA model
correctly classified 77.9% (71.1%, cross-validated result) hissing calls. Six individuals
showed the highest classification accuracy (80-100%), and most individuals (N = 15) were

Hambalkova et al. (2021), PeerdJ, DOI 10.7717/peerj.11837 6/14


http://dx.doi.org/10.7717/peerj.11837/fig-1
http://dx.doi.org/10.7717/peerj.11837
https://peerj.com/

Peer/

a »—W— b W c - M
kHz kHz kHz
- 20- - 20- L 20-
- 154 - 154 - 154
- 10 1 - 104 - 10 1
s 5. 3 5- b 5.
- i L ——] L T I W s
1V 0.5 10 s 1V 0.5 10 s 1V 05 10 s
d __j!ﬂh-NlﬂlﬂU"'> . :3‘#*-¢-lllll¢h~—- £ {"h—-unGUHumn»~v
kHz kHz kHz
- 20 4 - 20+ - 204
L 15 L 154 L 154
- 10 4 - 10 4 - 104
- 5- - - 5-
1V 0.5 10 s 1V 0.5 10 s 1V 0.5 10 s

Figure 2 Spectrograms and oscilograms of three hissing calls of black grouse from one individual from Scotland (A-C) and one individual
from Finland (D-F). Each lettered panel refers to one hissing call. Spectrograms in rows indicate consistent stability of individual pattern
within the same individual.

Full-size k&l DOL: 10.7717/peer;.11837/fig-2

classified with 60-79% success. Only three males were classified with a lower than 59%
success. These results were much higher than classification by chance (4%). The output of
classification results is shown in Table S2. We tested whether observed classifications
differed from the expected classifications (by chance) and we found a significant difference:
Chi-Square = 307.1, df = 23, p < 0.001. We also tested whether between individual
variation is higher than within individual variation using PIC and we found that all
acoustic parameters had PIC > 1 (Table 2).

DISCUSSION

Our results reveal that the wideband hissing call of male black grouse is individual specific.
The discrimination model classified each call with almost 78% accuracy, and the first
four discriminant functions explained nearly 80% of variation. The PIC ratio was

higher than one for all parameters tested, demonstrating that the variability between
individuals was higher than the variability within individuals. Therefore, the hissing call is
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Figure 3 Scatter plot of hissing calls. Numbers refer to individuals, squares represent group centroids.
Discrimination function 1 represents Frequency 95% and function 2 represents 1st Quartile Frequency.
Full-size 4] DOL: 10.7717/peer;.11837/fig-3

a type of vocalization that carries information about individuality. Considering this type of
call is a wideband, non-vocal sound, such a result is quite unique. There are not many
studies focused on non-vocal animal sounds and even fewer of them have provided results
confirming individuality in this type of vocalization; however, there are several. Individual
variation was found in the male Houbara Bustard (Chlamydotis undulata undulata),
which produces sounds called booms during courtship (Cornec, Hingrat ¢» Rybak, 2014).
Acoustic variation between individuals was also investigated in the Greater Prairie-chicken
(Tympanuchus cupido) and the boom vocalization of this species was found to have
individual characteristics (Hale, Nelson ¢» Augustine, 2014). Thanks to temporal
patterns, along with the number of drumming strokes, it is possible to discriminate
individuals of the Great Spotted Woodpecker (Dendrocopos major) (Budka et al,
2018). According to acoustic analysis in the male Greater Sage-grouse (Centrocercus
urophasianus), the “rustling” of wings differs between individuals (Koch, Krakauer ¢
Patricelli, 2015). Therefore, mechanical sounds can also carry acoustic information about
individuality.

Vocal individuality in some non-passerine groups has been intensively studied, such as
colonial birds or nocturnal birds. On the other hand, gallinaceous species has not been
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Table 2 Descriptive statistics and Potential for individual coding.

Variable DFA  Mean Min Max SE Kruskal-Wallis Mean CVw  CVa PIC
Ist Quartile frequency X 1,4443 0.9 3,000.0 271.8 * 38,503.6 73,887 1.919
Relative 1st quartile frequency X 3.3 0.0 1500.0 62.4 * 219.9 3,896 17.714
3rd Quartile frequency X 197.8 0.1 3,027.8 436.6 * 70,423.4 190,607 2.707
Relative 3rd quartile frequency 0.3 0.0 1.0 0.2 * 0.0 0 1.960
1st Quartile time 1,7472 0.5 3,562.5 367.6 * 60,556.2 135,130 2231
Relative 1st quartile time 24 0.1 1,687.5 56.2 * 229.5 3,159 13.761
Relative 3rd quartile time 246.2 0.2 43525.0 1508.0 ¥ 216,894.9 2,274,186  10.485
Aggregate entropy X 3.2 0.7 4.8 0.5 * 0.2 0 1.846
Average entropy X 2.8 1.7 4.0 0.4 * 0.1 0 1.869
Bandwidth 90% 839.2 187.5 2,437.5 355.2 * 69,079.2 126,142 1.826
Center frequency 1,589.0  468.8 3,375.0 303.2 * 45,489.3 91,910 2.020
Center time 198.1 0.1 3028.1 436.6 * 70,428.0 190,611 2.706
Relative center time X 0.5 0.1 1.0 0.2 * 0.0 0 2.470
Call duration X 1.0 0.2 1.9 0.2 * 0.0 0 1.460
Duration 90% X 0.7 0.1 1.6 0.2 * 0.0 0 1.657
Frequency 5% X 1,209.8  375.0 2,250.0 249.9 * 42,818.7 62,427 1.458
Relative Frequency 5% 0.2 0.0 0.5 0.1 * 0.0 0 1.303
Frequency 95% 2,049.0 1,125.0  4,125.0 432.2 * 84,005.1 186,777 2.223
Relative frequency 95% 0.7 0.3 1.0 0.1 * 0.0 0 1.823
Inter-quartile range X 301.8 86.1 1,218.8 188.9 * 17,712.6 35,694 2.015
IQR (Inter-quartile range) duration X 0.4 0.0 1.2 0.1 * 0.0 0 2.301
Max entropy 3.9 2.9 4.9 0.3 * 0.0 0 2.044
Max frequency 1,572.4  468.8 3,468.8 336.3 * 58,737.8 113,076 1.925
Max time 197.9 0.1 3,027.5 436.6 * 70,409.4 190,584 2.707
Min entropy 1.6 0.1 2.9 0.4 * 0.1 0 1.685
Peak time 197.9 0.1 3,027.5 436.6 * 70,409.3 190,583 2.707
Time 5% X 197.9 0.0 3,027.5 436.5 * 70,738.2 190,565 2.694
Relative time 5% 0.1 0.0 0.4 0.0 * 0.0 0 2.247
Relative time 95% 0.8 0.6 1.0 0.1 * 0.0 0 2.143

Note:
(DFA) 13 variables included in final DFA model (X). (SE) standard error of the mean. (Kruskal-Wallis) Kruskal-Wallis test after Bonferroni correction, (*) p < 0.001.
(Mean CVw) within individual comparison. (CVa) between individual comparison. (PIC) Potential for Individual Coding.

studied frequently. Acoustic displays of the Japanese quail (Coturnix coturnix japonica) are
characterized by a potential for vocal individuality in terms of temporal parameters.
Spectral characteristics of the voice are then associated with the possibility of greater
stability during the development of the individual, which is important in the question
of long-term recognition of individuals (Sezer ¢ Tekelioglu, 2010). Call analyses of
European and Japanese quail (Coturnix c. japonica, C. c. coturnix) confirm a difference
between these two subspecies based on the time structure of vocalization (Collins &
Goldsmith, 1998). The hazel grouse (Bonasa bonasia), studied in Switzerland, exhibits 6 to
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11 elements of singing during flight. These elements (individual tones or syllables) are
characterized by their individual specificity (Mulhauser ¢» Zimmermann, 2003). Specific
parameters responsible for acoustic individuality were also found in males and females of
the common quail (Coturnix coturnix); the results of this study also indicated that the
male’s inter-individuality is dependent on sexual maturation and age (Guyomarc’h,
Aupiais & Guyomarc’h, 1998). Our study demonstrates a vocal individuality in
gallinaceous species with lek mating system.

What role acoustic individuality plays in the black grouse’s voice is still a question for
future research. Calls of individual birds may carry information about male quality (e.g.,
physiological state, age) for females (Guyomarc’h, Aupiais ¢ Guyomarch, 1998), and, at
the same time, it might be a signal for other males providing information about the
strength of a rival. Finally, individuality can serve to easily identify individuals among each
other within a group. Its potential for scientists lies in the possibility of use for noninvasive
monitoring. Taking an observation, census may be inaccurate; due to overflights of
individuals within the lekking site, repeated census of the same individuals may occur and
therefore the results of counting may be overestimated. Monitoring based on acoustic
recognition could provide the required accuracy and assistance in areas where observation
is limited by environmental conditions (e.g., the situation when males of black grouse lek
individually hidden in the undergrowth).

CONCLUSION

The black grouse population is affected by many factors that contribute to its decline, and
as part of its conservation, efforts are being made to develop better methods of protection,
including monitoring. Vocalization recording and analysis could be a non-invasive
monitoring tool, especially if there is individuality in the voice of individuals. This method
could significantly reduce the risk of multiple counting of the same individual.
Surprisingly, we found this individuality in the black grouse in the non-vocal type of
display. The discrimination model classified each call with high accuracy and important
variables turned out to be Frequency 95% and Quartile 1 Frequency. In comparison to
the signals produced by the syrinx, non-vocal sounds have been studied rarely and
according to our knowledge, this is the second evidence of vocal individuality in avian
hissing sounds which are not produced by syrinx. Finding specific identifiers in
vocalization could lead to a more accurate determination of the number of individuals.
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5.3 PSoukani tetrivka obecného vykazuje geografickou variabilitu napfic distribuc¢ni
oblasti

V rdmci treti Casti této prace byly opét analyzovany akustické sycivé signaly, tedy pSoukani.
Potencial individuality v hlase kohoutkl na geografické urovni bylo provedeno na nahravkach
z Finska, Skotska, Ceské republiky a Ruska. Analyzy ukdzaly, e mezi jednotlivymi populacemi
existuje variabilita, ne vSak natolik vyrazna, aby bylo mozné ji oznacit za dialekty. Bylo zjisténo,
e populace ze Skotska a Ruska vykazovaly vét$i vnitini variabilitu ve srovnani s témi z Ceské
republiky a Finska. Vysledky studie jsou vhodnym podkladem pro dalsi analyzy zamérené na

variabilitu, respektive individualitu v akustickych projevech tettivka obecného.

Tetfivek ma pomérné rozsahly areal vyskytu, Ize tedy predpokladat, ze mezi jednotlivymi
populacemi mohou existovat geografické rozdily v akustickém projevu. Podobné jako u
zpévnych ptakd by se i u tetfivka mohly projevit rlzné dialekty vazané na danou oblast.
V soucasné dobé, kdy dochazi z dlvodu poklesu pocetnosti vlivem negativnich faktoru
k fragmentaci populaci a vznikaji tak izolované skupinky, by znalost plvodu jedincd mohla

pomoci pfi jejich stabilizaci a ochrané. Vystupy této ¢asti naplnily IV. cil disertacni prace.

Publikovano jako:

Hambalkovd, L., Policht, R., Cukor, J., Hart, V., and Sev¢ik, R. (2023). Black Grouse Hissing Calls
Show Geographic Variability across the Distribution Area. Animals 13. doi:
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Simple Summary: Geographical variability of acoustic signals is studied more often in songbird
species, which does not include the black grouse. The black grouse males use different calls during
the mating performance, including vocal rookooing. No studies have yet dealt with a more detailed
analysis of these signals, except one. Although the studied hissing calls of this species are classified
as non-vocal acoustic signals, individuality was observed in these calls. To discern whether there is
also geographical variability across the range or distribution area of the black grouse, we analyzed
and compared hissing calls from four countries. Individuals in the Czech Republic, Finland, Scotland,
and Russia were recorded during mating seasons. The results of the analysis revealed differences
between the four subpopulations, although not at the level of dialect distinction. The study of acoustic
variability, supported by genetic research, will help to better understand the links or, conversely, the
differentiation processes between subpopulations.

Abstract: The black grouse is a species whose population development requires constant monitoring
due to a rapidly declining trend, especially in Central Europe. Variability in the voices of geo-
graphically separated populations can aid in counting within individual populations. This has been
investigated with the black grouse. However, the variability of the acoustic behavior of black grouse
between populations was investigated for the first time. In total, 82 male black grouse were recorded
during the lekking season in four countries: the Czech Republic, Scotland, Finland, and Russia. We
analyzed recordings of hissing calls, i.e., the non-vocal signal. DFA analysis correctly classified almost
70% of the recordings. The results indicate a certain degree of difference between the grouse popula-
tions from the four countries examined. The mean frequency of hissing calls for populations was
1410.71 £ 170.25 Hz, 1473.89 + 167.59 Hz, 1544.38 + 167.60 Hz, and 1826.34 + 319.23 Hz in the Czech
Republic, Finland, Russia, and Scotland, respectively. Populations from Scotland and Russia have
greater intra-variability compared to grouse from the Czech Republic and Finland, indicating that
population density is not the principal factor in the geographical variability of black grouse hissing
calls. Range-level differences enhance knowledge and facilitate the assessment of species evolution.

Keywords: Lyrurus tetrix; bioacoustics; conservation; acoustic variability

1. Introduction

The black grouse (Lyrurus tetrix) distribution area extends from Great Britain through
Russia to North Korea and from Fennoscandia to the Alps with scattered populations
in Central Europe and Albania [1,2]. The populations of this species are experiencing a
non-negligible decline, especially in Central and Eastern Europe [3-5] and in Fennoscan-
dia [6]. The black grouse as a species is classified as of Least Concern [2]; however, there are
countries where it struggles to survive [7-11]. The main reasons for the decline are nest pre-
dation and increasing chick and subadult bird mortality [6,12-14]. Other factors are changes
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in the environment [15-18], parasite infestation [19], predation of adults [20-26], reduced
genetic diversity [10,27], human activities [28-33], and global climate changes [6,33-36].
Based on the above-mentioned reasons, there is a great deal of effort in the above countries
to address declining populations [37—41] with the help of reintroductions and effective
monitoring methods. Currently, there are several methods for the census of Phasianidae,
including black grouse. Baillie [42] presents these census methods for terrestrial breeding
bird species: territory mapping, line transects, and point counts. The ideal method for
monitoring birds involves a statistically rigorous study design with unbiased estimates
against the likely number of observers. Recording males displaying in the spring during
the lekking season is the most common method of counting black grouse [43]. Methods
currently used in Norway—determination by vocal expressions during display and using
dogs on transects—or in combination with physical marking [44,45], are not suitable for
low-density populations, such as in Central Europe [19,46-49].

A census based on the recording of the acoustic displays of the male grouse during the
courtship on the lek can bring many advantages. It is a non-invasive method that doesn’t
disturb birds on the leks and can be more accurate thanks to the individual recognition of
males. In black grouse, acoustic signals are divided into two main categories of sounds,
which are resonant rookooing and hissing calls [50]. Hissing calls represent a non-vocal
signal produced by partial constriction of the windpipe between the lungs and bill [51].
These signals are an important part of courtship on leks because both males and females
decide which lek to visit based on acoustic performance [52]. Recently, it was found that
the grouse’s non-vocal hissing calls carry an individual specificity that makes it possible to
distinguish individuals from each other [53].

Therefore, this article is focused on the acoustic expression of the black grouse from a
broader perspective. Due to the relatively large area of occurrence of this species [6], there
is likely geographical variability in its acoustic display. It could help to differentiate the
origin of individuals by their acoustic signals because one of the problems of the black
grouse population is its fragmentation and isolation [9,18,27,39,54]. On the other hand, it
could theoretically hinder efforts to reintroduce black grouse from remote areas, as during
the courtship, the individual’s acoustic display is one of the characteristics to which both
females and competing males respond.

So far, only a few studies have paid attention to this part of the grouse’s behavior.
This study aimed to find (i) whether there is an acoustic variability in black grouse male’s
display at geographical range and (ii) if it would allow for the determination of the original
population of individual black grouse based on their vocal or non-vocal performance.

2. Materials and Methods
2.1. Study Areas and Recording

The recording of male black grouse took place in four regions: Finland, Russian
Federation, and Czech Republic in 2012-2014, and in Scotland in 2019. In total, six locations
were visited for recording purposes (Figure 1, Table 1). To prevent the black grouse from
being disturbed at its sites, the exact coordinates of the locations where the recording
took place are not given. The hissing calls of black grouse were recorded during the
spring mating season, which takes place in April and May. All individuals were recorded
in the wild. The leks were approached approximately two hours before the arrival of
males to ensure an uninterrupted course of data collection. Recording sessions were
performed in a portable blind or by hiding in natural vegetation. Each session took about
one hour. The distance of the microphone from lekking grouse was 10 m on average.
Acoustic signals of male black grouse were recorded with the dictaphone Olympus LP-
100—in combination with a Sennheiser ME 66 directional microphone (frequency response
20 Hz-20 kHz + 2.5 dB) complemented by a K6 powering module. Recordings were saved
in .wav format (48 kHz sampling rate, 16-bit sample size). Multiple sites were visited at
each of the six locations and, at each site, only individuals that could be distinguished from
each other were recorded, usually one or two males per site. Each lek was visited only once
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to avoid the repeated recording of the same individual. The risk of recording the same
individual at two sites was low; according to Borecha, Willebrand, and Nielsen [55], black
grouse males show strong fidelity to their leks, and in our study, the leks were at least one
kilometer apart.

Legend
© Czech Republic: Doupovské hory Hills
@ Czech Republic: Libava
e—s @ Finland: Kuopio
QO Finland: Lahti
0 750 1 500 km A Russia: Taldom
e S A\ Scotland: Cairngorms National Park

Figure 1. Six locations of black grouse recording: Doupovské hory Hills and Libava in the Czech
Republic, Kuopio and Lahti in Finland, Taldom in Russia, and Cairngorms National Park in Scotland.

Table 1. Basic information about the black grouse population in four monitored countries.

Estimated Population

Country (Lekking Males) Location of Study Males (n) Calls (n) ID of Males
Czech Republic 355 Libava, Doupovské hory Hills 20 176 1-20
Scotland 3400 Cairngorms National Park 17 262 21-37
Russia 11.3 mil. Taldom 18 169 38-55
Finland 425,000 Lahti, Kuopio 27 246 56-82
Total 82 853

Note: Estimated populations refer to dates known to 2022 [56-59].

2.2. Acoustic Analyses

The recordings were analyzed using Raven Pro 1.5 software with a 512 sample size
and a Hann window. Only good quality calls with a high signal-to-noise ratio that were
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non-overlapping with other hissing calls, background noise, and wind were selected for the
analysis. The specific area of hissing calls was manually labeled in the analysis to include
the beginning to end of the call and the lowest and highest frequencies. Temporal and
frequency variables were measured automatically by the software within the indicated
areas of the signals. These measurements were entered into the following statistical analysis.
The spectrograms were generated in Avisoft-SASLab Pro with FFT length, 1024 sample
size, a Hamming window, and 87.5% overlap.

2.3. Statistical Analyses

In total, 853 hissing calls from 82 male black grouse from four countries were analyzed.
For every individual, a minimum of five calls were included in the analysis (11 £ 5;
mean =+ SD), and the maximum number of calls was 26. Thirty variables were measured
since variables with no or low variance were excluded (Table 2).

Table 2. Descriptions of acoustic parameters measured in Raven Pro 1.5 that entered statistical

analysis.
Acoustic Parameter Name Abbreviations/Units Description
Low Frequency Low Freq (Hz) The lower frequency bound of the selection.
* High Frequency High Freq (Hz) The upper frequency bound of the selection.
The aggregate entropy measures the disorder in a sound by
analyzing the energy distribution. A pure tone concentrated in only
* Aggregate Entropy Agg Entropy (bits) one frequency level corresponds to zero value. Disordered sound
that spans more than one frequency level corresponds to higher
entropy values. It corresponds to the overall disorder in the sound.
. This entropy is calculated by finding the entropy for each frame in
Average Entropy Avg Entropy (bits) the signal and then taking the average of these values.
Bandwidth 50% BW 50% (Hz) The difference between the 25% and 75% frequencies.
Bandwidth 90% BW 90% (Hz) The difference between the 5% and 95% frequencies.
Center Frequency Center Freq (Hz) The frequency that divides the selection into two frequency

Center Time
Relative Center Time

Delta Frequency

* Delta Time
* Duration 50%
Duration 90%

* Frequency 25%
* Frequency 5%

* Frequency 95%

Length

Maximum Entropy
Maximum Frequency

Maximum Time

* Minimum Entropy

Center Time (s)

Center Time Rel,

intervals of equal energy.
The point in time at which the selection is divided into two time
intervals of equal energy.
The point in time at which the selection is divided into two time
intervals of equal energy relative to the signal duration.
The difference between the upper and lower frequency limits of

Delta Freq (Hz) the selection.
Delta Time (s) The difference between Begin Time and End Time for the selection.
Dur 50% (s) The difference between the 25% and 75% times.
Dur 90% (s) The difference between the 5% and 95% times.
o The frequency that divides the selection into two frequenc
Freq 25% (Hz) in’cerval;l cont;’ining 25% and 75% of the energy in ’ch;1 sign;/l.
Freq 5% (Hz) The frequency that divides the selection into two frequency
intervals containing 5% and 95% of the energy in the signal.
o The frequency that divides the selection into two frequenc
Freq 95% (Hz) interval(i cont}e;ining 95% and 5% of the energy in theqsigna{
The number of frames contained in a selection. For waveform
views, the number of frames equals the number of samples in a
single channel. For spectrogram and spectrogram slice views, the
Length (frames) nu;gnber of frames eql::lals tfe number (I))f indi%/idual spectra in the
selection in one channel. For selection spectrum views, the number
of frames always equals 1.
Max Entropy (bits) Maximum entropy calculated from each frame.
Max Freq (Hz) The frequency at which Max Power occurs within the selection.

Max Time (s)

Min Entropy (bits)

The first time in the selection at which a spectrogram point with
power equal to Max Power/Peak Power occurs.
The minimum entropy calculated for a spectrogram slice within the
selection bounds.
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Table 2. Cont.

Acoustic Parameter Name

Abbreviations/Units Description

Relative Peak Time

Time 25%

* Relative Time 25%

Time 5%

* Relative Time 5%

Time 75%

Relative Time 75%

* Time 95%

* Relative Time 95%

The first time in the selection at which a sample with amplitude
equal to Peak Amplitude occurs.
The time that divides the signal into two time intervals containing
25% and 75% of the energy in the signal.
The time that divides the signal into two time intervals containing

Peak Time Rel (s)

Time 25% (s)

Time 25% Rel (5) 25% and 75% of the energy in the signal relative to signal duration.
Time 5% (s) The time that divides the signal into two time intervals containing
5% and 95% of the energy in the signal.
Ti o The time that divides the signal into two time intervals containing
ime 5% Rel,

5% and 95% of the energy in the signal relative to signal duration.
The time that divides the signal into two time intervals containing
75% and 25% of the energy in the signal.

The time that divides the signal into two time intervals containing
75% and 25% of the energy in the signal relative to signal duration.
The time that divides the signal into two time intervals containing
95% and 5% of the energy in the signal.

The time that divides the signal into two time intervals containing
95% and 5% of the energy in the signal relative to signal duration.

Time 75% (s)
Time 75% Rel,
Time 95% (s)

Time 95% Rel,

Note: Description of variables measured for hissing calls. Marked variables (*) were included in the final
DFA model.

To test the potential for individual variation (Potential of Individual Coding—PIC)
for each parameter, we compared the inter- and intra-individuality. The PIC ratio was
computed for each acoustic parameter by dividing the coefficient of variance between
individuals by the mean of the CV intra-values related to each individual [60]. For these
tested parameters, a PIC value greater than one means that inter-individual variability
is higher than intra-individual variability, and therefore, the monitored variable has the
potential to enter further analyses. Significance was tested using the Kruskal-Wallis test.

The variables were standardized using Z-score transformation (subtracting the mean
and dividing by standard deviation). To test individual variations, the stepwise Discrimina-
tion Function Analysis (DFA) using IBM SPSS Statistics 24.0 software (IBM Corp., Armonk,
USA) was employed. A leave-one-out cross-validation procedure was applied (IBM SPSS
Statistics 20) to validate the results of DFA. To evaluate the combined explanatory potential
of the DFA variables and for a more appropriate interpretation of the results, the Principal
Component Analysis (PCA) was used.

3. Results
3.1. Hissing Call Description

The hissing calls of black grouse represent wideband acoustic signals. The energy is
spread across a wide frequency range. This type of call can consist of one or two notes;
however, the occurrence of a two-syllable form is rare (~n < 1%). We excluded two-syllable
calls from the analysis. The duration of analyzed calls ranged from 0.1 to 1.21 s (1.00 £ 0.16,
mean =+ SD).

The Low Frequency ranged from 136.0 to 1411.8 Hz (835.0 & 171.7 Hz, mean + SD),
and the High Frequency from 1523.8 to 4637.7 Hz (2464.1 + 435.2 Hz, mean =+ SD) for all
individuals. The frequency ranged from 775.2 to 3375.0 Hz (1580.3 £ 280.7 Hz, mean 4 SD).

The spectrograms of black grouse recorded in the Czech Republic, Scotland, Russia,
and Finland are shown in the figures below (Figure 2). For a representative recording of a
hissing call of one individual from each study country, see Audios 51-54.
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Figure 2. Spectrograms and oscillograms: representative hissing calls of male black grouse from
(a) Czech Republic, (b) Russia, (c) Finland, and (d) Scotland.

3.2. Geographical Variation

According to PIC analysis, the variability between countries (inter-variability) was
higher than the variability in individuals (intra-variability). All 30 variables could enter the
following analyses to differentiate the populations of individual countries based on their

vocal activity (Table 3). All Kruskal-Wallis tests were significant (p < 0.001).

Table 3. Descriptive statistics and Potential for individual coding.

Variable DFA Mean Min Max SE Mean CVw CVa PIC
Low Frequency 834.97 0.00 1411.77 171.74 10.34 20.57 1.99
High Frequency X 2464.05 1523.80 4637.68 435.49 5.81 17.67 3.04
Agg Entropy X 3.16 1.89 4.81 0.55 7.31 17.48 2.39
Avg Entropy 2.70 1.86 4.00 0.35 5.15 12.94 2.51
BW 50% 287.38 86.13 1125.00 173.59 31.14 60.41 1.94

BW 90% 794.41 258.40 2156.25 340.44 18.47 42.85 2.32

Center Frequency 1580.29 775.20 3375.00 280.88 4.72 17.77 3.76
Center Time 400.08 0.41 3476.43 571.01 49.42 142.72 2.89
Center Time Relative 0.48 0.06 0.84 0.17 25.75 35.47 1.38
Delta Frequency 1629.08 761.89 3478.26 400.54 9.96 24.59 247
Delta Time X 1.00 0.47 1.52 0.16 9.66 15.57 1.61
Duration 50% X 0.42 0.04 0.77 0.14 25.83 32.88 1.27
Duration 90% 0.75 0.29 1.18 0.13 11.50 17.62 1.53
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Variable DFA Mean Min Max SE Mean CVw CVa PIC
Frequency 25% X 1442.80 187.50 3000.00 239.46 5.73 16.60 2.90
Frequency 5% X 1222.17 0.00 2250.00 218.52 8.36 17.88 2.14
Frequency 95% X 2016.58 1291.99 4218.75 426.80 5.80 21.16 3.65
Length 188.50 89.00 467.00 41.32 9.67 21.92 2.27
Maximum Entropy 3.71 2.95 4.83 0.29 3.73 7.92 2.12
Maximum Frequency 1557.99 562.50 3468.75 296.88 7.42 19.06 2.57
Maximum Time 399.91 0.21 3476.39 570.99 49.48 142.78 2.89
Minimum Entropy X 1.54 0.18 2.83 0.31 10.26 20.07 1.96
Peak Time Relative 0.30 0.01 0.93 0.28 67.33 90.52 1.34
Time 25% 399.85 0.29 3476.30 571.01 49.52 142.81 2.88
Time 25% Relative X 0.24 0.05 0.66 0.16 43.52 66.79 1.53
Time 5% 399.68 0.17 3475.92 570.99 49.61 142.86 2.88
Time 5% Relative X 0.08 0.01 0.50 0.05 25.30 61.34 2.42
Time 75% 400.27 0.79 3476.53 571.01 49.33 142.66 2.89
Time 75% Relative 0.67 0.11 0.89 0.10 10.14 15.29 1.51
Time 95% X 400.43 0.96 3476.66 571.01 49.25 142.60 2.90
Time 95% Relative X 0.83 0.51 0.97 0.06 4.81 6.96 1.45

Note: Descriptive statistics and Potential for individual coding. (DFA) variables included in the DFA model. (SE)
standard error of the mean. (Mean CVw) within individual comparisons. (CVa) between individual comparisons.
(PIC) Potential for Individual Coding.

From selected parameters, the resulting model included 12 significant acoustic vari-
ables (p < 0.05; r < 0.89): High Frequency, Aggregate Entropy, Delta Time, Duration 50%,
Frequency 5%, Frequency 25%, Frequency 95%, Minimum Entropy, Relative Time 25%,
Relative Time 5%, Relative Time 95%, and Time 95% (Table 3). Table S1 shows the values of
the measured variables included in the resulting DFA model.

The first discriminant function had Eigenvalues > 1, which explained 70.7% of the
variation. The cumulative percentage of explained variance of the first two discriminant
functions was 94.2%. The first discrimination function mostly correlated F25% (Frequency
25%) (r = 0.708) and Freq 95% (Frequency 95%) (r = 0.651), and the second discriminant
function correlated best with T95% (Time 95%) (r = 0.569) and T5% Rel (Relative Time 5%)
(r = 0.419). The Discriminant Function Analysis did not exclude any individual or country.
The resulting DFA model correctly classified 68.0% (66.2%, cross-validated result) hissing
calls from four countries. The same result from the classification was given by the DFA
model with standardized variables (68.0%; 66.2% cross-validated result). Hissing calls from
the Czech Republic were correctly classified with 54.5% accuracy (51.7%, cross-validated
result), calls from Scotland with 78.2% accuracy (77.1%, cross-validated result), calls from
Russia with 57.4% accuracy (56.2%, cross-validated result), and from Finland with 74.0%
accuracy (72.0%, cross-validated result). The first two principal components in PCAs
captured 54.0% of the variation (Figure 3).
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Figure 3. The results of PCA.

4. Discussion

Our results suggest that even a non-vocal signal can carry acoustic variability, and
in this case, variability between populations of black grouse from the four countries was
studied. The principal component analysis indicates that populations in Scotland and Rus-
sia have greater intra-group variability than grouse from the Czech Republic and Finland.
Despite this variation, we cannot claim that the four studied black grouse populations have
different dialects.

Studies on the topic of geographical variability in bird acoustic performance have been
performed for both song-learning species [61-66], and species with innate vocalizations,
including orders Gruiformes, Psittaciformes, and Sphenisciformes [67-70]. Although there
have been cases with landfowl that suggest that the evolution of vocal expression in
these species may also be affected by encounters [71], it is thought that the black grouse
does not belong to the group of song-learning birds. Moreover, the hissing calls that are
the subject of this study cannot even be considered song, since they are not produced
by a syrinx. All the more interesting is the finding that even non-vocal signals can be
characterized by variability at the subpopulation level. Variability in acoustic performance
on a population scale may occur for different reasons. One of them is diverse habitats,
shaping the vocal signals of birds from different regions [62,69]. These reasons also include
long-distance segregation, morphological features, and environmental influences; gender
or social selection are also likely to contribute to variability, as found in the four species of
Australian fairy-wrens (Malurus) [63,64]. In the black grouse distribution areas, there are
many fragmented or even isolated populations [18,27,39,54], and as a result of this, acoustic
variability can develop between them.
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On the other hand, the opposite can also occur, where different acoustic signal features
are displaced by hybridization or competition, or features converge directly to promote the
coexistence of individuals [64] while some bird species may not even have a geographical
vocal variation [72-75].

So far, the only way to more accurately determine the origin of individuals and distin-
guish populations is genetic analysis. Although many studies focus on the genetics of the
black grouse, information on the genetic structure of populations from different areas is
not unified. According to taxonomy, black grouse from all over the European area geneti-
cally belong to one species. However, differences may appear at the population level [76].
Populations in Great Britain have some degree of genetic variation, and microsatellites in
black grouse show that the population can be divided into at least several management
units [77]. An indication of two different genetic groups of the black grouse was discovered
in Poland [9]. Eastern Alpine black grouse show similar amounts of genetic variation in
populations like Scandinavia [78]. On a general level, studies agree that genetic diversity in
the black grouse population is declining [7,10]. The loss of genetic diversity is the result of
the decline of the black grouse population and the isolation of subpopulations in individual
countries. As our study suggests, the difference between the investigated subpopulations
in acoustic performance may play a larger role in the future.

5. Conclusions

Our study revealed potential acoustic variability between black grouse populations
from four countries across the distribution area. The accuracy of discriminant model
classification of hissing calls was 75%, with the highest values for Scotland (79.8%, cross-
validated). The black grouse is not classified as a song-learning bird, and that is precisely
why it is interesting that acoustic variability at the subpopulation level was detected in this
species. One of the reasons for the evolution of variation in bird acoustic performance is the
isolation of populations. Monitoring and assessing acoustic variability have the potential
to assess population evolution across a distribution range in a non-invasive manner.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/ani13111844/s1, Audios S1-5S4: a hissing call of male Black grouse
from Czech Republic (Audio S1), Russia (Audio S2), Finland (Audio S3) and Scotland (Audio S4) and
Table S1 showing values of the variables included in the resulting DFA model.
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6. Diskuze

6.1 Sumarizace Udajd o tetfivku obecném

6.1.1 Zpracovani ziskanych zdrojl a vystupy studie

Vyhledané zdroje pro studii sumarizujici Udaje o tetfivku obecném byly rozdéleny do tfi
kategorii. Kritérium pro toto rozdéleni bylo fizeno podle toho, zda lze v pramenech zmifiovany
negativni dopad na populaci tetfivka obecného sniZit, popripadé eliminovat zdsahem lidského
managementu a v jakém ¢asovém horizontu je to uskutecnitelné. Mozné zlepseni v kratké dobé
po implementaci opatfeni bylo pfifazeno problematice vyrusovani lidmi, cestovniho ruchu
a zmény stanovist. Témata souvisejici s vyvojem populace, reprodukénim procesem, predaci,
parazitaci a zménou klimatu spadaji do kategorie jev(, jejichZ kratkodobé zlepSeni neni mozné.
Vyhledané publikace, které se nevénuji pfimo negativnim dopadlm na tetfivka, vytvofily
kategorii tfeti. Zarazena sem byla napf. témata tykajici se chovani tetfivk(l a metodologie, studie
vénujici se genetice ¢i akustickym projeviim. Celkem bylo zpracovano 228 pramend, jejichz

rozdéleni podle typu a roku vydani je mozné shlédnout v grafice studie (I.)

Ze ziskanych udaju je patrné, Ze tetfivek obecny ¢eli mnoha vliviim ohroZujicim jeho populace,
jejichz stav se lisi dle oblasti aredlu vyskytu. Zatimco v zemich Fenoskandie nebo v Rakousku
patfi tetfivek stadle mezi lovenou zvér (Statistisk Sentralbyra, 2022; Statistics Austria. Federal
Institution under Public Law, 2023; Statistics Finland, 2023; Svenska Jagareférbundet, 2023), ve
stfedni a vychodni Evropé byl jiz zatfazen mezi ohroZzené druhy (Danko et al., 2002; Sim et al.,
2008; Elts et al., 2013; Kerus et al., 2021; European Environment Agency, 2023; The Forest
Management Institute Brandys nad Labem, 2024). Oblasti, do nichZ spadaji napf. Skotsko nebo
Ceska republika, se potykaji s problematikou tbytku pro tettivka vhodného Zivotniho prosttedi
(Doenecke and Niethammer, 1970; Loneux and Ruwet, 1997; Ludwig et al., 2009b; Gimmi et al.,
2011; Straulk et al., 2018), mortalitu zplsobenou predaci lze vysledovat napfti¢ distribu¢nim
aredlem (Spidsg et al., 1997; Tornberg et al., 2006, 2012; Warren et al., 2012; Pekkola et al.,
2014), podobné jako vliv méniciho se klimatu (Prellwitz, 2002; Ludwig et al., 2006; Bocca et al.,
2014; European Commission et al., 2020; Canonne et al., 2021). V zemich, kde se rozviji cestovni
ruch a zvysuje se navstévnost volné prirody, Celi tetfivci nedspéchim reprodukéniho procesu
a nizkému prezivani zimniho obdobi (Zeitler, 2000; W&ss and Zeiler, 2003; Balti¢ et al., 2004;

Ingold, 2005; Arlettaz et al., 2007, 2013; Zeiler and Griinschachner-Berger, 2009; Patthey et al.,
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2012; Storch, 2013; Immitzer et al., 2014; Zwart et al., 2015; Formenti et al., 2015; Rutkowski et
al., 2018; Percival et al., 2018; Tost et al., 2020; Coppes et al., 2020; Adamowicz et al., 2023).

Vlivy jednotlivych faktor( na sebe navazuji a dopady na populaci tetfivka obecného se tim
stupnuji. Ruseni béhem lekovani na tokanistich vede k nezdar(im v pareni, kohoutci mohou
opoustét sva stanovisté a tokat solitérné, coz vede ke snizovani genetické rozmanitosti
populace, dochazi k jeji fragmentaci a celkovému poklesu (Héglund and Stohr, 1997; Zeitler,
2000; Caizergues et al., 2003; Angelstam, 2004; Hoglund et al., 2007; Svobodova et al., 2011b;
Chamberlain et al., 2012; Rutkowski et al., 2018). Nedostatek odpocinku béhem zimniho obdobi
snizuje kondici jedincd, ktefi jsou nasledné zranitelnéjsi vici predatordm nebo nemocem, ¢imz
se zvysuje jejich mortalita pfispivajici opét k poklesu pocetnosti (Storch, 2000; Balti¢ et al., 2004;
Arlettaz et al., 2007, 2013; Ludwig et al., 2008; Zeiler and Griinschachner-Berger, 2009; Immitzer
etal., 2014; Formenti et al., 2015; Coppes et al., 2020; Tost et al., 2020; Adamowicz et al., 2023).

Dopady ¢asti téchto Cinitell vsak Ize i v sou¢asné dobé zmirnit ¢i eliminovat.

6.1.2 Klicové aktivity pro podporu a ochranu populaci tetfivka obecného

Tetfivek obecny je citlivy na pfeménu otevienych lokalit v zapojené porosty a zmény ve
vegetacni strukture jeho habitatll (Rolstad et al., 2009). Zavadéni péstebnich metod vedoucich
k vytvareni mozaikovité struktury porost( je jednou z ¢asti podpory populace tetfivkd v ramci
lesnického managementu (Poleno et al., 2009; Vacek et al., 2023). Konkrétni postupy zahrnuji
mimo jiné snizeni hustoty vysadby, vytvareni dlouhodobych maloplosnych porostl
s riznorodym sloZzenim a volnym zapojem (Grant et al., 2009; Tost et al., 2022), obnova mokradi
a raselinist s jejich charakteristickym druhovym slozenim (Ramanzin et al., 2000; White et al.,
2015), dale zabranéni sukcesi porostl a zachovani solitérnich strom, vytvareni prechodovych
vegetacnich pasl s bohatym podrostem a omezeni poutziti oplocenek v oblastech s vyskytem
tetrivkd (Catt et al., 1994; Baines and Andrew, 2003; Sim et al., 2008; Patthey et al., 2012;
Stevens et al., 2012; Bocca et al., 2014). V rdmci zlepSovani Zivotnich podminek je vhodné
zajistovat propojeni jednotlivych tetfivéich center (Andrén, 1994), branit zarGstani lokalit
pomoci vypalovani viesovist nebo pastvy dobytka (Wegge and Kastdalen, 2008; Patthey et al.,
2012) a vénovat pozornost souvislostem mezi slozenim vegetace a pfitomnosti predator(

(Signorell et al., 2010).

Konkrétnim piikladem je oblast Kru$nych hor v Ceské republice, kterd v soucasné dobé &eli

rekonstrukci porostd smrku pichlavého, jenz byly vysazeny namisto lest zni¢enych imisemi v 70.
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letech minulého stoleti. Obnoveni zde probiha odstranénim dfevni hmoty nebo vysadbou smrku
ztepilého v poctech danych legislativou. Vznikaji tak nepropustné mlaziny, u nichz lIze
v nasledujicich letech predpoklddat prechod do tyckovin, tycovin a kmenovin. Takovy
homogenizovany porost vsak neposkytuje tetfivklim témér zadné potravni pfileZitosti, jelikoz
postrada bylinny a kefovy podrost, na néjz se vazou rtizné druhy hmyzu. Pro tetfivky vhodnym
postupem by bylo odstranéni stavajiciho porostu a ponechdani volnych ploch, které poskytnou
prilezitost k rlstu bohatému spektru bylin, a které mohou tetfivci vyuzit jako tokanisté. Solitérni
vysadba druhl stromd, jako je jefab ptaci nebo bfiza pyfita, dale rozsiti potravni nabidku.
Vysadby téchto dfevin je nutné opatfit ochranou proti zvéri, vzhledem k riziku naraz( tetfivka
do draténych ploch se vsak doporucuje vyuzivat dfevéné oplocenky, ptipadné zviditelnit

oploceni faborky nebo rakosovymi rohoZzemi (Cukor et al., 2022).

Na postupy lesnického hospodareni ndsledné navazuje myslivecky management, ktery je pro
ochranu tetfivka potfeba zamérit na sniZeni pocetnosti predatorl. Zejména v oblastech
s vyskytem tetfivk( je doporuéeno navysit odlov druhi jako je liska, kuny, jezevec, ale také prase
divoké, které sice neni aktivnim predatorem tetfivkd, nicméné mizZe mit na svédomi devastaci
jejich hnizd (Svobodova et al., 2004; Cukor et al., 2021, 2022). Opomenout nelze ani invazni
druhy, jako je myval severni a psik myvalovity, ktefi se stdvaji novou hrozbou nejen pro populaci
tetfivka obecného, ale také mnoho dalsich druh(l ZivocichG (Cove and O’Connell, 2022). Ke
snizeni pocetnosti predatorl je vsak potreba pfistupovat komplexné a nezamérovat se pouze na
jeden druh. V danych oblastech je dale potfeba udrZovat nizké stavy sparkaté zvére, ktera jednak
tvofi potravni nabidku pro predatory, jednak svou aktivitou narusuje tetfivci lokality (Cole et al.,
2012). Dulezitym krokem je pfisny zdkaz prikrmovani, které pfitahuje zejména cernou zvér
a zvysSuje tim jeji koncentraci, coz vede ke zvysSené predaci tettivéich hnizd (Selva et al., 2014;
Oja et al., 2015; Cukor et al., 2021). Vnadéni Cerné zvére predstavuje také neprimé riziko, jelikoz
predkladané krmivo laka ke konzumaci velké mnozstvi hlodavcd, jenZ jsou kofisti hlavnich druh(

predator( tetfivka obecného (Selva et al., 2014).

O mysliveckém managementu samotného tettivka obecného Ize diskutovat pouze v zemich, kde
je jeho lov stale povolen. Témito zemémi jsou napt. Finsko, Svédsko, Norsko, Bélorusko, Litva
nebo Rakousko (Kerus et al., 2021; Pavljushchik and Shakun, 2021; Statistisk Sentralbyra, 2022;
Statistics Austria. Federal Institution under Public Law, 2023; Statistics Finland, 2023; Svenska
Jagareforbundet, 2023). Lovecké aktivity mohou vést Castéjsi Iétani, vyssi potiebu bdélosti Ci
docasné zmény vyuZziti prostiedi, které jsou pricinou zhorseného pfijmu potravy (Casas et al.,

2009; Bonnot et al., 2013; Lone et al., 2015). Lov mUze mit také dopady na populaéni genetiku,
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kdy cileny vybér jedincl ovliviiuje fenotyp i genetické varianty (Harris et al., 2002; Coltman et
al., 2003; Grift et al., 2003; Proaktor et al., 2007; Allendorf et al., 2008; Fenberg and Roy, 2008;
Allendorf and Hard, 2009; Jeke et al., 2019). U finskych tetfivk( v3ak bylo zjisténo, Ze jejich
genetickd diverzita neni lovem ohroZena. Na lokalitach, kde dochazi k lovu, nasledné dochazi
k imigraci novych jedinc(, ¢imz je podporen prisun novych gend (Chen et al., 2022). Autofi proto
doporucuji chranit oblasti, ve kterych tetfivek neni loven, a zaroven vytvaret mozaiku téchto
oblasti s lokalitami, kde je lov aktivni. Pomoci propojeni téchto mist pak vznika prostredi, ve
kterém dochazi k presunu jedincll a je zachovana geneticka diverzita populace, a je zajisténa

udrzitelnost lovu tetfivka obecného (Chen et al., 2022).

V neposledni fadé je pro ochranu tetfivkl dlleZité znat prlbéh vyvoje jejich pocetnosti
a distribuce a projevujici se zmény prostredi. Systematicky a dlouhodoby monitoring
populacénich trendd mlZe na strané jedné odhalit, které faktory jsou zvlasté rizikové pro dané
oblasti, na strané druhé dokumentovat implementovana ochranna opatreni a jejich efektivitu
(Goldsmith, 2012). Metody monitoringu se vsak lisi. V severnich zemich se nejcastéji vyuziva
sCitani na transektech za pomoci vycvicenych psl a zdznamu do aplikace, kterd prepocitava
udaje na celou zajmovou oblast (Wegge and Rolstad, 2011; Cukor et al., 2020). Dalsi metodou je
pozorovani a nahravani jedinc( v terénu provadéné v dobé dvou hodin pred a po zapadu slunce
(Cayford and Walker, 1991; Hancock et al., 1999; Dumont et al., 2019; Canonne et al., 2021).
K neinvazivnim postuplm scitani patfi monitorovani tokanist pomoci fotopasti, diky nimz lze
ziskat velké mnoZstvi dat za kratkou dobu a to nejen z obdobi pareni, jelikoZ kohoutci tokanisté
navstévuji i v prabéhu roku (Gregersen and Gregersen, 2014). Ziskavani znalosti o prabéhu
Zivota tetfivk(l a dokumentace dopadi negativnich faktor( i provedenych opatieni je zdsadnim

nastrojem tohoto vzacného druhu.

6.2 Akustickd individualita v pSoukani kohoutkd

K efektivnimu monitoringu tetfivk(i obecnych by mohla prispét akusticka individualita v jejich
projevu. Analyza pSoukani kohoutkd odhalila akustickou specifitu v téchto signdlech
produkovanych béhem lekovani. Diskriminaéni model s témér 78% uspésnosti identifikoval
jednotliva zvolani jedincl a bezmala 80 % variace byly vysvétleny prvnimi ¢tyfmi diskriminacnimi
funkcemi. Pomér potencidl individudlni variability pro vsechny testované parametry prokazal
vyssi variabilitu mezi jedinci nez v rdmci jedincll. PSoukani tedy nese informaci o individualité
kohoutkd, prestoZe se jedna o nevokalni typ signalu. Vystup této studie je pomérné unikatni,

jelikoZ nevokalnim projeviim Zivocichl se vyzkum pfrilis nevénuje. Individualita byla odhalena
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v tzv. dunéni, které béhem toku vydavaji samci dropa obojkového afrického (Chlamydotis
undulata undulata) (Cornec et al., 2014), akustické variace byly sledovany také u samcu tetfivka
prériového (Tympanuchus cupido) v jejich rezonantnich signalech (Hale et al., 2014). Informaci
o individualité mohou nést také mechanické zvuky, jako je klepani strakapouda velkého, jehoz
jedince Ize rozeznat na zakladé poctu a ¢asovych vzorct uderd (Budka et al., 2018), nebo Susténi

kridel kohoutk tetrivka pelynkového (Centrocercus urophasianus) (Koch et al., 2015).

Navazujici vyzkum je mozné zamérit na konkrétni roli akustické individuality v hlase kohoutkl
tetfivka obecného, a to jak v nevokalnim pSoukani, tak rezonujicim bublani. Signaly mohou nést
informaci o kvalité a kondici samce (Guyomarc’h et al., 1998) a slouZit k identifikaci interagujicich
jedincl. V této souvislosti Ize v akustické individualité spatfovat potencidl pro vyuZiti béhem
monitoringu. Samotné pozorovani muze zpUsobit chyby ve scitani v disledku pohybu kohoutkd
na tokanisti. Monitoring podloZeny identifikaci jedincl na zakladé jejich hlasu by mohl
poskytnout kyZenou presnost. Navic by tato neinvazivni metoda mohla pomoci se s¢itdnim na

tézko pristupnych a neprehlednych lokalitach.

6.3 Geograficka variabilita v pSoukani kohoutkd

Vystupy druhé analyzy pSoukani tetfivk( obecnych naznaduji, Zze kromé akustické individuality
mohou tyto nevokalni signdly nést také informaci o variabilité na Grovni populaci z jednotlivych
oblasti vyskytu tohoto druhu. Testovany byly nahravky kohoutkd ze ¢tyf zemi, a to Finska, Ruska,
Ceské republiky a Skotska. Analyza principialnich komponent (PCA) ukazala, e jedinci Skotské
a Ruské populace maji vétsi variabilitu v ramci skupin ne? tetfivci z Ceské republiky a Finska.
Navzdory témto vysledk(im, odhalujicim prvky variace, nelze tvrdit, Ze tyto Ctyfi sledované

populace maji rGzné dialekty.

Jedinou mozZnosti, jak s presnosti urcit plivod jedinch a odliSit jednotlivé populace, zlstava
geneticka analyza. Ackoli se na genetiku tetfivka obecného zaméruje cast vyzkumu vénovana
tomuto druhu, Udaje o genetické strukture populaci z riznych oblasti nejsou sjednocené. Dle
taxonomie patti tetfivek obyvajici Evropu k jednomu druhu, na Urovni populace se vsak mohou
objevit genetické rozdily (Duque, 2011). Urcity stuper genetické variace se projevuje u populace
Velké Britanie, na zakladé mikrosatelitd zde lze tetfivka obecného rozdélit do nékolika
managementovych jednotek (Hoglund et al., 2011). Indikace dvou rlznych genetickych skupin
tetfivka byla objevena v Polsku (Rutkowski et al., 2018), jedinci z vychodnich Alp vykazuji

podobné mnoZstvi genetickych variaci jako populace ve Skandinavii (Sittenthaler et al., 2018).
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Studie v tomto oboru se shoduji na tom, Ze celkovd geneticka diverzita v populaci tetfivka
obecného klesd (Hoglund et al., 2007; Segelbacher et al.,, 2014) v dasledku poklesu jeho
pocetnosti a vzniku izolovanych skupinek v jednotlivych oblastech vyskytu. V budoucnu by udaje
o variabilité zkoumanych subpopulaci mohly byt podporeny informacemi ziskanymi analyzou

akustického projevu tetrivka.

7. Zaveér

Disertacni prace se vénuje tfem tematickym oblastem. Prvni z nich je souhrn dat o populacni
dynamice tetfivka obecného, faktorech, které ji negativné ovliviiuji a managementovym
opatfenim pro podporu tohoto druhu. Z vystup( ziskanych dat vyplyva, Ze populace tetfivka
obecného zazivd pokles napfi¢ aredlem rozsiteni. PFiciny snizovani pocetnosti se vsak lisi
v rGznych oblastech. Ve stfedni Evropé tetfivci trpi nejvice ztrdtou vhodného prostiedi
v dusledku zarGstani stanovist, stale Castéji jsou vyrusovani lidskymi aktivitami a na jejich
mortalité se velkou mirou podileji predatofi. V zemich severni Evropy pak za poklesem populace
stoji zejména zvysujici se neuspésnost reprodukéniho procesu a mortalita kurat, i zde vsak
narlsta tlak turismu a dochazi ke ztratdm tettivcich lokalit. Diky identifikaci téchto konkrétnich

faktor( je mozné uzplsobit pédi o tetfivka obecného dané oblasti.

V prvni Casti disertacni prace se podafilo vyCerpdvajicim zplsobem sumarizovat dostupné
informace o tetfivku obecném a vytvofit tak prispévek, ktery se stava dalezitym podkladem pro
ekologii a ochranu tohoto druhu. Ziskané Udaje jsou prehledné rozdéleny dle jednotlivych témat,
od soucasnych stavi pocetnosti tetfivka obecného napfic jeho arealem, pfes jednotlivé pfirodni
i antropologické vlivy, jenz se lisi dle oblasti vyskytu, aZ po probihajici ¢i doporucena opatreni

vedouci ke stabilizaci jednotlivych populaci.

Jednim z téchto managementovych opatieni, je efektivni monitoring, v ndvaznosti na néjz
pokracuje druhd c¢ast disertacni prace, zamérend na akustickou individualitu a identifikaci
individualné specifickych parametrd v hlase kohoutk( tetfivka obecného. Pomoci analyzy
nahravek tokajicich tettivk(i ze Skotska a Finska se podafilo zjistit, Ze pSoukani, sycivy signal
vyluzovany béhem namlouvaciho ritudlu, je nositelem individuality jedince. Diskriminaéni model
s vysokou presnosti klasifikoval jednotlivé signaly a jako dlleZité parametry byly vyhodnoceny
Frekvence 95% a Frekvence 1. kvartilu. Tento objev je unikatni, individualité ve vokalizaci

ZivoCichll se vénuje pouze mala ¢ast vyzkumu, a jesté méné studii se zaméruje na tzv. nevokalni

37



signaly. PSoukani je vysledkem vzduchu proudiciho konstrikcemi dychacich cest, proto jsou
vystupy této Casti disertacni prace jedinecné. Pravé individualita v hlase jedincd mdZe pomoci
s monitorovanim jednotlivych populaci tetfivka obecného. SCitani zalozené na zvukovych
zaznamech pfinasi presnéjsi metodu a umoznuje sledovat jedince i skupiny tetfivk(i dlouhodobé
v navazujicich sezénach. Jednd se o neinvazivni zplsob monitoringu i na nepfistupnych

a neprehlednych lokalitach.

Treti ¢ast disertacni prace pokracuje v analyze akustickych signal( kohoutku tetfivka obecného
z Sirsiho hlediska. Zaméruje se na geografickou variabilitu v pSoukani, ktera u tetfivka mlze
vznikat mimo jiné v dasledku fragmentace populaci a vzniku izolovanych skupinek. Analyza
nahravek ze ¢tyf zemi (Ceskd republika, Skotsko, Finsko a Rusko) naznacuje, Ze i v nevokalnich
signdlech se mlZe projevit variabilita na Urovni oblasti, ackoli nelze hovofit o dialektech.
Diskriminacni model opét s vysokou presnosti klasifikoval jednotlivd pSoukani s nejlepSimi
hodnotami pro Skotsko (79.8 %). Vysledky této Casti disertacni prace jsou podkladem pro
navazujici vyzkum akustickych projevl tetfivka obecného. Akustickd variabilita mlze byt
podkladem pro neinvazivni sledovani vyvoje populaci napftic aredlem vyskytu tetrivka obecného.
Spolu s ostatnimi vystupy tato ¢ast rozsifuje znalosti o tetfivku obecném, které mohou pomoci

v ochrané tohoto vzacného druhu.

Poznatky této prace Ize dobre uplatnit pfi tvorbé ochranného planu pro tetfivka obecného v
Ceské republice. Pfindsi moznost srovnani pocetnosti tetfivkd v jinych zemich, at u? na zékladé
s¢itani nebo loveckych statistik, dale informace o negativnich faktorech plsobicich na populacéni
dynamiku, jejich prehled, rozsah dopad( a vzdjemnou provdzanost. Ochranna opatreni, ktera
jsou soustfedéna do oboru lesnictvi a myslivosti, se velmi tzce dotykaji situace v Ceské republice,
jelikoz spada do oblasti, kde tetfivek trpi zejména ztratou prostredi v dlisledku zar(stani volnych
ploch a zmén vegetacni struktury po vysouSeni mokiad(. Problematika nadbytecného
prikrmovani zvére, které je pric¢inou zvySené koncentrace predatord, ale také jelenovitych, neni
v Ceské republice v soucasnosti dostatecné fedena, a s¢itani zbytkovych populaci u nas
komplikuje jednak prechod k solitérnimu toku, jednak ¢asta nepfehlednost lokalit. Doporucena
opatreni lze uplatnit jak v lesnickém hospodareni, tak v mysliveckém managementu, a vysledky

akustickych analyz Ize aplikovat pfi tvorbé efektivni metody monitoringu.
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