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Abstrakt

Prudky pokles biodiverzity v sucasnosti je najméd dosledok straty prirodzenych biotopov,
ktora je zvycajne vysledkom pozmenenia prirodzenej dynamiky ekosystémov. VécSina
suchozemskej biodiverzity preziva v lesoch a pozmenenie prirodnych disturban¢nych rezimov
vo forme intenzivneho odlestiovania a obhospodarovania lesov pokracuje v rasticom tlaku na
lesnd biodiverzitu v mnohych castiach sveta. Postupné uvedomovanie si doleZitosti
a vyznamu lesov z hl'adiska biodiverzity si vyzaduje nové postupy manazmentu lesov, avSak
sucasné poznatky vtejto oblasti si limitované. Hluchan hoérny patri medzi ohrozené
dazdnikové druhy Europy. Je to druh viazany na Specifické Struktary horskych lesov,
vyzaduje velké rozlohy vhodnych lesnych komplexov a je citlivy na fragmentaciu biotopov.
V Karpatoch sa nachadza tazisko vyskytu tohto vzacneho druhu v Eurépe, ale doposial
neexistovali pre tito oblast’ dostato¢né podklady pre jeho ochranu a definovanie vhodnych
lesnickych manaZmentovych opatreni. Pre pochopenie Struktdry a dynamiky horskych lesov
s vyskytom hluchana hérneho a nasledné odvodenie vhodného manazmentu lesov sme tento
problém riesili komplexne na niekolkych priestorovych drovniach s vyuZitim Styroch
metodickych pristupov — populaény monitoring, modely druhovej distribucie, analyza
genetickej Struktury, metody dendroekologie. Zakladnymi ciel'mi prace bolo: 1.) Analyzovat
vplyv réznych typov manazmentu lesov na stav biotopov hluchana horneho, 2.) Analyzovat
vplyv manazmentu lesov na pocetnost hluchana, 3.) Vytvorit model vhodnosti biotopov
hluchana hoérneho pre celé Karpaty aanalyzovat ako velkoplosna tazba ovplyviuje
konektivitu populécie, 4.) Analyzovat’ vplyv velkosti biotopov a konektivity Uzemia na
geneticka diferenciaciu hluchana, 5.) Analyzovat, ako prirodné disturbancie ovplyviujua
Strukturu biotopov hluchana horneho v smrekovych pralesoch Karpét, 6.) Navrhnat vhodné
lesnicke manazmentove opatrenia, ktoré umoznia prezit’ hluchanovi hornemu v smrekovych
lesoch Karpat. Vysledky potvrdzuja, Ze pralesy a prirodné lesy su najviac vyuZivanymi
biotopmi hluchana v Karpatoch. Velkoplosné holiny st nevhodny biotop pre hluchana
hérneho, a preto velkoplo$na tazba negativne ovplyviiuje jeho pocetnost. Suchy les po
napadnuti podkérnym hmyzom predstavuje podstatne vhodnejsi biotop ako velkoplosne
asanované plochy. Na krajinnej trovni velkoplosnd tazba 30% vhodnych biotopov
redukovala pocty hluchanov az o 76%. V poslednych desatroCiach doslo v Karpatoch k
vyraznym stratdm vhodnych biotopov. Podla naSich vysledkov, len za poslednych 20 rokov
bolo velkoplosne vytazenych 1 110 km? (priblizne 15%) potencialne vhodnych biotopov,
nasledkom ¢oho celkova konektivita klesla 0 33%. Miera prepojenia ovplyvnila aj geneticku

Struktaru. V Karpatoch boli identifikované 2 geneticky vzajomne izolované populacie



hluchana hoérneho - zapadokarpatska populdcia a vychodokarpatska populécia. Dobre
prepojena vychodokarpatska populacia si udrzala vysok( genetickl diverzitu, avSak
zapadokarpatska populédcia vplyvom dlhodobej izolacie a vysokej fragmentacie biotopov
strdca geneticku diverzitu. Je evidentné, Ze dostato¢na rozloha a prepojenost’ vhodnych
lesnych komplexov je Kkriticky potrebna pre dlhodobé prezitie populacie hluchana v
Karpatoch. Pre zabezpeCenie priaznivého stavu vhodnych biotopov je idealnou formou
manazmentu bezzasahovy rezim. Pésobenie prirodnych disturbancii (vietor a lykozrat) je
klaCovym faktorom pri tvorbe vhodnych Struktur biotopu hluchana hérneho v pralesoch.
Podl'a vysledkov tejto Stadie hluchan potrebuje vsetky typy severit disturbancii (slabé,
mierne, silné) pre tvorbu vhodnych biotopovych $truktir. Disturbanény rezim zmieSanych
severit typicky pre smrekové pralesy Karpat vytvara heterogénny les, ktory poskytuje dolezité
Struktary pre zivot hluchana. Prirodné disturbancie ovplyviuji regeneraciu, korunovy zapoj,
mitve drevo a taktiez bylinnu vegetaciu. Na obnovenie rozl'ahlych degradovanych biotopov je
mozné vyuzit' praktické lesnicke opatrenia. Dynamika skiimanych pralesov nam méze sluzit’
ako priklad, ktorého napodobovanim dosiahneme vhodné ciel'ové Struktury biotopu tohto
vzéacneho druhu. Tento pristup je mozné povazovat’ za tzv. ekologické lesnictvo, ktoré ma za
ciel’ okrem tazby dreva zabezpecit' plnohodnotné ekosystémové sluzby vratane zachovania
vysokej biodiverzity. Tato praca poskytuje komplexné informacie o Struktire a dynamike
horskych lesov s vyskytom hluchana horneho v Karpatoch abude sltzit' ako podklad pre
oblast’ lesnictva a ochrany prirody na udrzanie populacii tohto emblematického druhu v

karpatskych horskych lesoch.
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Abstract

Species assemblages have evolved under natural disturbance regimes. Currently, biodiversity
loss is greater than ever documented, mainly due to the rapid loss of natural habitats and
alteration of disturbance regimes. Forests harbour most global terrestrial biodiversity, and
deforestation and forest management continue to exert pressure on forest biodiversity in many
parts of the globe. The increasing awareness of the importance of forests for biodiversity
requires new managemenmet strategies, however information is limited. The capercaillie
(Tetrao urogallus) is an increasingly threatened umbrella species. It is a forest dwelling
species with relatively low dispersal abilities, complex habitat requirements, and it is sensitive
to habitat fragmentation. The Carpathians are one of the remaining strongholds of capercaillie
in Europe, yet sufficient information for its preservation and definition of suitable forest
management are missing. To inform an effective conservation strategy, we studied
capercaillie habitat at different spatial scales using four methodological approaches including
population monitoring, species distribution modeling, genetical analyses and dendroecology.
The results of this study show, that old-growth spruce forests are the most suitable habitat for
capercaillie in the Carpathians. Large-scale logging negatively affected the capercaillie
numbers, implying that large-scale clearcuts are unsuitable habitats for the capercaillie. Forest
attacked by bark-beatle represented a more suitable habitat compared to sanitary felling areas.
On the landscape level, the clearcuts of size 30 % reduced the capercaillie numbers by 76 %.
Recently, large areas of suitable habitat were lost across the Carpathians. During the last 20
years 1,110 km? (ca. 15 %) of suitable habitats were destroyed by logging, followed by a
decline in the connectivity by 33 %. The connectivity also affected the genetic structure of
the capercaillie population. We identified two genetically isolated populations — Western
Carpathians and Eastern Carpathian populations. The abundant Eastern Carpathian
populations share alleles with populations from the boreal forest suggesting a common origin
of these populations since the last glaciation. Genetic evidence suggests the Western
Carpathian populations have been isolated over a long period with only a few migrants from
the east, thereby it is loosing genetical diversity and becoming differentiated from the eastern
and northern populations. It is evident, that sufficient size and high connectivity of suitable
forest complexes is critically important for long-term survival of capercaillie in the
Carpathians. Allowing natural events and natural disturbance processes across multiple scales
is likely to benefit capercaillie conservation in European mountain forests. Natural
disturbances (wind and barkbeatle) are the factors that create suitable habitat structures of



capercaillie in the old-growth forests. According to our results, a wide range of disturbance
severities is required to maintain capercaillie populations in natural habitats. The mixed-
severity disturbance regime created a heterogeneous and complex environment for
capercaillie. Natural disturbance regimes were tightly linked with structural characteristics of
forest, including ground vegetation, age structure, density of standing dead wood, and tree
density. Dynamics of the studied old-growth forests might be emulated in order to restore
suitable habitats. This study provides information about the structure , dynamics and
management of capercaillie inhabited mountain spruce forests, which is necessary for

conservation and forest management for capercaillie relevant areas in the Carpathians.
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1. Uvod

Prudky pokles biodiverzity prebieha v sucasnosti najmd ako doésledok straty
prirodzenych biotopov, ktora je zvycajne vysledkom pozmenenia prirodzenej dynamiky
ckosystémov. Vaiésina suchozemskej biodiverzity preziva v lesoch a pozmenenie prirodnych
disturban¢nych rezimov vo forme intenzivneho odlesiiovania a obhospodarovania lesov
pokracuje v rastucom tlaku na lesnu biodiverzitu v mnohych ¢astiach sveta (Gustafsson et al.
2012). Postupné uvedomovanie si doleZitosti a vyznamu lesov z hladiska biodiverzity si
vyzaduje nové postupy manazmentu lesov, avSak sucasné poznatky v tejto oblasti sU

limitované.

V Eurdpe sa plocha lesov vyznamne zvysila, ale taktieZz sa zvysila aj intenzifikacia
tazby, ktorej vysledkom je vznik hustych homogénnych lesov a nérast fragmentacie, ktoré
predstavuju nove vyzvy pre ochranu a manazment lesov (UNECE/ and FAO 2000; Bottcher et
al. 2012; Levers et al. 2014). Jedny z najrozsiahlejSich lesnych ekosystémov Eurdpy su
Karpaty. V Karpatoch sa nachadzaji najvacsie rozlohy pralesov a prirodnych lesov, ktoré sd
domovom mnohych vzacnych a ohrozenych druhov. Prave réznorodost’ Struktiry a substratov
V nich vytvara mnozstvo ekologickych nik. Pre pocetné naro¢né, vzacne a ohrozené druhy
poskytuju vhodné stanovistia, ktorych je nedostatok v lesoch obhospodarovanych beznym
spésobom. Patria medzi ne machy, lisajniky, slimaky, huby, vel'a vtakov a druhov netopierov,

a na mftve drevo viazané druhy hmyzu (Butler & Lacha 2009).

Pre manazment lesov scielom udrzat’ vysoku biodiverzitu st Casto vyberané ako
predmet ochrany tzv. daZzdnikové druhy, ktoré reprezentuji konkrétny prirodzeny ekosystém a
ich ochrana akoby vytvara ochranny dazdnik nad radou d’alSich vzacnych a ohrozenych
druhov. Medzi typické a vyznamné dazdnikové druhy prirodzenych horskych lesov Karpéat
patri ohrozeny hluchan horny (Tetrao urogallus). Hluchan hoérny je druh vel'mi naro¢ny na
kvalitu a rozlohu vhodného prirodného prostredia a jeho prezitie doslova zavisi na vhodnej
Strukture a velkej rozlohe lesnych komplexov. Znizovanie pocetnosti hluchana je spdsobené
vysokou umrtnost'ou juvenilnych jedincov, ktoré st vel'mi citlivé na stratu a fragmentaciu
starych lesov (Lakka & Kouki 2009). Intenzivne lesné hospodarenie spojené s fragmentaciou
vhodnych biotopov su hlavnym dévodom poklesu populéacie hluchana horneho vo svete (napr.
Leclerg 1987, Rolstand & Wegge 1987, Klaus et al. 1989, Storch 2000, Obeso & Bafuelos
2003, Sachot et al. 2003, Saniga 2013). Karpaty st obyvané druhou najvicSou populaciou

hluchana v Eurdpe (pokial nepo¢itame Skandinaviu a Rusko), dosahujiicou poéetnost’ az

-10 -



11 000 jedincov. Vsetky d’alsie eurdpske populacie okrem Skandinavie, Ruska a Alp maju
niz§iu podetnost’ (obvykle do 1 000 jedincov) (napr. Cierny les, Bavorsky les, Kantabriske
pohorie atd’.). Preto mozno Karpaty povazovat za jedno z hlavnych utocisk tohto druhu
Vv Europe. Doposial’ vSak neboli vytvorené komplexné materidly potrebné pre ochranu a
manazment horskych lesov s vyskytom hluchana pre toto hodnotné uzemie, i ked’ z hl'adiska
dlhodobého preZitia populdcie su nevyhnutné. Preto bolo hlavnou ulohou tejto prace
poskytnut’ komplexné informacie o Strukture a dynamike horskych lesov s vyskytom hluchana
hdrneho v Karpatoch a vytvorit’ podklad, ktory bude slazit' pre oblast’ lesnictva a ochrany
prirody ako navod na udrzanie populécii tohto emblematického druhu v karpatskych horskych

lesoch.

2. Literarna resers

2.1 Zaradenie druhu a rozsirenie

Hluchan horny (Tetrao wurogallus Linnaeus 1758) patri podla taxonomicke;j
nomenklatdry do triedy vtdkov (Aves), radu hrabavce (Galliformes), ¢elade tetrovovité
(Tetraonidae). V ¢ervenom zozname TUCN je hluchan horny zaradeny v kategdrii najmenej
ohrozenych taxénov (LC — Least Concern) z dovodu stale poéetnych populacii v Skandinavii
aVv Rusku. AvSak na uzemi za&padnej, strednej ajuznej Eurépy doSlo v poslednych
desat’ro¢iach k vyhynutiu alebo vyraznému poklesu loké&lnych populdcii tohto druhu a preto je
v mnohych krajin&ch zaradeny do kategorie silne ohrozenych taxénov. Priestorova distribucia
hluchana hérneho v Eurdpe nie je suvisla (Obr. 1). Fragmentacia pévodného arealu vyustila
k vytvoreniu 11 poddruhov hluchana, identifikovanych na zaklade morfologickych
charakteristik. Od 50-tych rokov 20. storo¢ia doSlo v Eurdpe vplyvom nepriaznivych
antropickych zmien k zmenSeniu vymery vhodnych biotopov, k zniZeniu aZ strate konektivity,
k fragmentacii, k zhorSeniu kvality biotopov, k zniZeniu hustoty populacii, k vyhynutiu

viacerych lokalnych populécii a k zmenseniu arealu druhu (Storch 2000).
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Obr. 1 RozSirenie hluch&ria hérneho (Tetrao urogallus) v Eurdpe (Coppes et al. 2016)

2.2 Biologické a ekologické naroky

Hluchan hoérmy (Obr. 2) sa vyznacuje napadnym pohlavnym dimorfizmom, tak
v sfarbeni peria, ako aj vo velkosti. Kohut je hnedocierny, so zelenym leskom peria na
prsiach. Mé vyraznu bielu Skvrnu pri koreni kridel a lysé polmesiacikovité sytocervené ,,ruze"
nad oCami. Perie na brusnej Casti aj koncové Casti chvostovych pier byvaji viac alebo mene;j
bielo ftkané. V zaokrihlenom chvoste je 18, niekedy 20 — 22 pier. Pod zobakom ma
predizené peria tvoriace ,,bradu”. Sliepka je ndpadne mensia, tmavo hrdzavohneda s napadnou
jasno hrdzavou Skvrnou na prsiach. Za letu sa d4 rozpoznat od podobnej sliepky tetrova
hél'niaka podla zaokrihleného chvosta. Kuriatka st hrdzavo-ZIté, na cele maju dva
tmavohnedé pozdizne pruhy, nadoény prazok, prizok pod okom, chrbat hnedo az &ierno
Skvrnity, brucho bledo okrovo ZIté, oko namodralo Sedé, zobak zhora tmavej a zospodu
svetlej farby, prsty s pazarmi zIté¢ (Knézourek 1912).

Hluchan sa najcastejsie zdrZiava na zemi, nocuje na stromoch a kohdt na strome aj toka.
Kohdt meria v rozpéti kridel asi 1,40 m, sliepka len 0,95 — 1,05 m. Hmotnost’ kohutov kolise
od 3,0 po 6,5 kg (priemer 4,1 kg), ale aj sezénne — pred tokanim sa zvySuje a pocas tokania
klesa takmer o 0,5 kg. Sliepka dosahuje hmotnost’ 1,5-2,5 kg. NaSe populacie hluchana patria

k eurdpskej geografickej rase Tetrao urogallus major. Vek kohuta sa odhaduje podla
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hmotnosti, zobaka, ryhy na zobaku, pripadne vel'kosti paletkovych pierok. VSeobecne, kohuty
do hmotnosti 3,5 kg st nedospelé (jednoroéné), s hmotnost'ou 4 — 4,2 kg su priemerné, 4,5 kg
mozno povazovat’ za silné a vySe 5 kilogramové za kapitalne. Pri druhom znaku sa posudzuje

dizka chvostovych pier. Staré kohtty maji zvy¢ajne na hornom zobaku zjavnu ryhu, mladé

ho maji hladky a menej zohnuty. Tieto udaje vSak nemusia platit’ vSeobecne (Klaus et al.

1989).

Obr. 2 Hluchan hérny, vzadu kohut, vpredu sliepka. Foto: Martin Mikolas
2.3 Hluchan hérny, lesnictvo a druhova ochrana

Hluchan horny je pre svoje vysoké a Specifické naroky na kvalitu biotopu povazovany
za dazdnikovy druh horskych lesov. Jeho ochrana vytvara “ochranny d&Zzdnik” nad radou
d’al$ich vzacnych a ohrozenych druhov horskych lesov (Suter et al. 2002). Stav a vyvoj jeho
populacie je zaroven indikatorom stavu lesnych ekosystémov, v ktorych sa prirodzene
vyskytuje. Hluchan je kvoli obrovskym  priestorovym  narokom velmi citlivy na
fragmentaciu lesa. Telemetrické (daje ukazali, Ze hluchane pocas roka vyuzivaju plochu
132 ha — 1207 ha, priemerne 550 ha (Storch 1995). Prepojené biotopy tokaniskovych
jednotiek by nemali byt mensie ako 1400 ha a takéto ostrovy vhodnych biotopov by nemali
byt od seba vzdialené viac ako 5-10 km (Bollmann et al. 2011). Pre minimalnu Zivotaschopnu
populaciu by takto prepojené biotopy mali davat’ spolu 250 — 500 km? (Grimm & Storch
2000, Braunisch & Suchant 2013).
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Uprednostiiovany biotop hluchana je charakterizovany ihlicnatymi hlboko zavetvenymi
stromami, otvorenymi StruktUrami s miernym zapojom 50 — 60 % a bohatou pozemnou
vegetaciou tvorenou brusnicou ¢ucoriedkovou (Vaccinium myrtillus) a inymi krami z ¢el'ade
vresovcovité (Ericaceae) (Storch 2002). Culoriedka zohrava dodlezita twlohu v biotope
hluchana, poskytuje letnu potravu pre adultov, bezstavovce pre kuriatka a kryci a tepelny
Ukryt v jednom (Storch 1995). Thli¢im sa prevazne kimia na stromoch s redukovanou Zivicou,
ale zvySenym obsahom energie. Su to Casto stromy napadnuté chorobou, poranené, alebo
rastuce na nevhodnych pédach (Lindén 1984). VVyber biotopu v zimnom obdobi je podobny
jesennému. Vyber biotopu podl'a roéného obdobia je ovplyvneny ¢asovou a priestorovou
dostupnostou potravy, klimatickymi podmienkami a moznostami ukrytov a hradovacich
stromov, charakteristickym spravanim pocas jarného a jesenného obdobia toku (Saniga 2004).
Sliepky moézu vyuzivat' Cistiny obzvlast v obdobi neskorSieho leta a pocas jesene kvoli
dostatku potravy. Hluchane uprednostiiujt staré lesy a vyhybaju sa mladym lesom. Ak je ale
Struktura a vegetéacia v mladych porastoch vhodna, mozu vyuzivat’ aj takéto lesy (Rolstand &
Wegge 1987). Pomocou telemetrie a pozorovani z rokov 1988 - 1992 v Bavorskych Alpach —
Teisenberg opisuje Storch (1994) biotop sliepok s kuriatkami. Hniezda a neskoér aj mlad’ata sa
najCastejSie vyskytovali v lesoch sbohatou pozemnou vegetaciou. Ukrytie hniezda bolo
pravdepodobne hlavnym faktorom pre Uspesné vyliahnutie kuriatok. VyuZivany areél jednej
rodinky bol priemerne 148 ha od vyliahnutia po neskoré leto. Preferované boli staré lesy
s bohatou pozemnou vegetaciou as vysokym zastipenim bezstavovcov, priCom doleZitou
sucast'ou je Cucoriedka. Naopak, Wegge et al. (1992) na zéklade telemetrickych vyskumov
v Norsku tvrdi, Ze sliepky potrebuji na hniezdenie 20 - 30 ha. Rodinka po vyliahnuti
potrebuje az 1000 ha vhodného biotopu kvoli pohybu pocas 4 - 6 tyzdnov.

Struktira lesa ovplyviiuje dokonca aj rychlost celkového pohybu. V norskom
Varaldskogen, Fjella studovali Wegge et al. (2007) sliepky zo Styroch rodiniek. Zistili, Ze ked’
bola rodinka vo vnutri starého prirodného lesa, neprestivala sa do hospodarskeho lesa. Ked’
bola vo vnutri hospodarskeho lesa, nerozliSovala medzi vstapenim do starého prirodného lesa
alebo zotrvanim v hospodarskom lese. Vo vnutri hospodarskeho lesa sa rodinky pohybovali
rychlejSie ako v starych lesoch, ¢o méze suvisiet’ s vy$Sou dostupnost’'ou potravy a Ukrytovych
moznosti v starych lesoch. Priemerna rychlost’ pohybu rodinky je 83,2 m za hodinu. Suaréz-
Seoane & Garcia-Rovéz (2004) sa snazil zistit, ¢i Tudské vyruSovanie v plochach
obklopujtcich pralesovité lesné plochy ovplyviiuju jadrové populacie kantabrijského

hluchana v severozapadnom Spanielsku viac ako Struktira a kompozicia biotopu. Zistil, Ze
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miesta, ktoré si hluchane vybrali na tok, boli charakteristick¢ va¢Simi plochami starého lesa
svicsou relativnou druhovou bohatostou stromov, vdcSou nadmorskou vyskou
a vzdialenostou od riek. Tieto vhodné plochy boli pod menSim vplyvom l'udskych aktivit,

nachadzali sa vo vicsej vzdialenosti od ciest a domov. Hluchanie tokaniska zanikli v niZSich

nadmorskych vyskach bliZSie k domom a pol'ovnickym oblastiam.

2.4 RozmnoZovanie a vyznam §truktury lesa pre uspesnost’ reprodukcie - letny biotop

Hluchan zije v polygamii. Kohuty sa zdruzuji v blizkosti sliepok iba v Case tokania,
inak tvoria malé krdliky. Vo februari az marci sa krdliky rozpadavaju a kohuty zac¢nu
navstevovat’ staré¢ tokaniskd, ktoré vyuzivaju po mnoho rokov, pripadne aj tokaju na tom
istom strome. Tokanie sa zafina zvy€ajne v prvej polovici aprila, vrcholi v druhej polovici
maja. V zavislosti od nadmorskej vysky a poveternostnych podmienok sa moze pretiahnut’ az
do konca maja — zaciatku juina. Tokanie sa zacina pri svitani a predstavuje charakteristicky
ceremonial sprevadzany v jednotlivych fazach osobitymi hlasovymi prejavmi oznaCovanymi
ako Klepanie, trilkovanie, lusknutie a brasenie. Vo faze brusenia ma hluchan znizenu
schopnost’ prijimat’ z okolia podnety, najméd zvukové. Postupne kohuty zletuju na zem, kde
pokracujii v tokani a medzi blizkymi jedincami dochadza k subojom. V ¢ase plného tokania
sa kompletna tokova strofa opakuje 200 — 300 raz. Sliepky vabia kohuty nosovym zvukom
,»g0k —gok". Po kratkom krazeni okolo sliepky nasleduje parenie, ku ktorému dava podnet
sliepka zaujatim charakteristickej pricupenej pozy. Sliepky zvyc€ajne navstevuji niekolko
tokanisk, kde sa péaria iba sdominantnym kohutom. Tokaniska byvaju v nenaruSenych
podmienkach vzdialené priemerne 2 km od seba. Po spareni opustaju sliepky tokanisko
a upravuju si hniezda, zvy€ajne pri pni alebo pri kmeni stromu, pripadne pod vyvratom.
Koncom aprila zn&3aja priemerne 8 (5 — 12) Zltkastych a tmavohnedo Skvrnitych vajec.

Inkubacia trva 26 dni.

Hlavny dovod poklesu populacie hluchana je nizka reprodukcia. Vhodnd Struktara
a dostato¢na rozloha lesov zohrava najvyznamnejsiu Glohu pre prezitie juvenilnych jedincov
(Obr. 3). UZ 24 hodin po vyliahnuti sliepka odvadza kuriatka z hniezda do vhodnych
porastov, kde je dostatok potravy, ktora im odkryva hrabanim. V pripade nebezpecenstva
dokdze reagovat’ odvadzanim nepriatela, alebo kuriatka priamo branit. Mlad’ata sa pomerne
rychlo vyvijaju, za 10 dni sa operuju a za 2 tyzdne vedia lietat. V druhom mesiaci sa Gplne
operia, ale aZ do jesene sa drzia matky. Ekologia mlad’at v Nemecku bola Studovana tak, Ze

bolo odchytenych 16 sliepok, ktoré boli nsledne vybavené telemetrickymi vysielaémi. Boli
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pozorované pocas obdobia kladenia vajec, sedenia na vajciach a vychovy mlad’at. Vsetky
dospelé sliepky inkubovali, dve tretiny hniezd sa vyliahli a iba jedna patina kuriatok prezila
do jesene (Storch 1994).

Hmyz tvori dominantnt ¢ast’ potravy hluchanich mlad’at prvych 28-29 dni. Bezstavovce
tvoria viac ako 50 % potravy kuriatok v prvom tyzdni Zivota. V prvom rade su to hdsenice
motylov, ktoré st najdblezitejSou zlozkou potravy hluchanich kuriatok aich hustota
determinuje pohyb hluchanich rodiniek (Wegge at al. 2005). Dostupnost’ hlisenic zavisi najma
na Strukture porastu- konkrétne na hustote porastu a na pokryvnosti a vyske bylinnej vegetacie
(predovsetkym ¢ucoriedky) (Obr. 4). Pokial’ je les prili§ tmavy, hasenice (a dalSi hmyz) sa
v iom nevyskytuji. Pokial’ je les riedky s dostatkom dopadajuceho svetla na zem, avSak
vyska Cucoriedok presahuje 40-50 cm, husenice vylezi na vrchol ¢ucoriedok, kuriatka na ne
nedociahnu a tym prichadzaju o zakladna zlozku potravy potrebna pre ich preZitie. Preto je
idealna vyska cucoriedkovych kri¢kov pre biotopy hluchanich kuriatok 30 - 40 cm (Mikolas
et al. 2013). Dostatok mikrostanovist vo forme vyvratov a miftveho dreva zvysuje
heterogenitu prostredia a tym aj moznost’ dosiahnut’ potrebnU potravu na miestach s vysokou
vyskou cucoriedok. Ddlezité je spomenut’ aj vplyv depozicie dusika, ktory meni spolocenstva
avySku bylinnej vegetacie a moze mat zasadny vplyv na uspeSnost’ prezitia kuriatok
hluchana. Dal§imi zlozkami potravy juvenilnych jedincov si mravce s ich kuklami, rozliény
hmyz Zijaci na zemi, jeho larvy a kukly, paviky, kosce, mnohondzky, mensie mékkyse a pod.
(Ferianc 1964).

Obr. 3 Kuriatko hluchdana a jeho biotop - prirodzeny les s korunovym zapojom do 50%
a vysokou pokryvnostou cucoriedky. Nizka reprodukcia je hlavny dovod poklesu populdcii
tetrova hluchana v Eurdpe, do jesene umrie viac ako 80 % kuriatok (Storch 1994). Foto:
Artur Tabor (vlavo), Erik Balaz (vpravo)

Kuriatka sa po siedmych tyzdiloch Zivota zivia takmer vylu¢ne rastlinnou potravou.

Z toho 85 % tvoria udoriedky. DalSou vyznamnou zlozkou ich potravy mozu byt kvety -
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napriklad vresovca Stvorradového (Erica tetralix) a ¢ermel’a laéneho (Melampyrum pratense).
Pozorovany pokles v proporcii skonzumovaného hmyzu nie je vysledkom poklesu jeho
abundancie (Spidsg & Stuen 1988).
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Obr. 4 Histogramy zakladnych premennych vyplyvajucich s charakterizujdcich habitat
Jjuvenilnych jedincov podla HSI (Storch 2002). Vysvetlenie jednotlivych premennych: ihlicie
(pritomnost preferovanych krmnych stromov), vwska vegetdcie — vySka bylinnej etaze (v
triedach 1: 1-10 cm, 2: 11-20 cm, 3: 21-30 cm atd'.), zmladenie (pokryvnost drevinného
zmladenia: v triedach 1: < 25 %, 2: 26-50 %, 3: 51-75 %, 4: >75 %), zapoj (korunovy zapoj
(%), sklon svahu (v triedach 0: < 5°, 2: 6-15°, 3: 26-35°, 4: 36-45°, 5: >45°), medzery —
pritomnost medzier v poraste, sukcesia (sukcesna Stadium porastu: 1: mladina, 2. Zrdkovina,
3: zZrdovina, 4. kmenovina, 5: stary porast, 6: vekovo roznorody porast, 0: Ziadny les),
drevinové zloZenie — v triedach (1. Picea abies, 2. Picea abies + Pinus sp., 3. Picea abies +
Abies alba, 4. Picea abies + Larix decidua, 5. Picea abies + Fagus sylvatica, 6. Picea abies
+ Sorbus aucuparia, 7. Picea abies + iné listnaté stromy, 8. Pinus sp., 9. Abies alba + iné
listnaté stromy, 10. Fagus sylvatica, 11. Fagus sylvatica + Picea abies, 12. Fagus sylvatica +
Abies alba), cucoriedka — pokryvnost cucoriedky Vaccinium myrtillus (%).

V severozdpadnom Rusku sa Wegge et al. (2005) snazili identifikovat’ klI'ai¢ové prvky
pri vybere biotopu sliepok s kuriatkami. Pocas siedmych tyzdhov monitorovali pohyb
desiatich rodiniek. Porovnali abundanciu hmyzu apokryvnost’ krikov v pril'ahlych
kontrolnych plochach. Lokality, na ktorych sa rodinka vyskytovala, boli bohatSie na hmyz ako
kontrolné plochy. Najvacsi rozdiel bol v hustote husenic motylov (Lepidoptera), ktore

determinovali vyber biotopov sliepok s kuriatkami. Takyto vyber biotopu prebiehal pocas
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celych 7 tyzdiov. Aj ked sa v porovnani s distribaciou hmyzu pokryvnost’ ¢ucoriedky javila
menej dblezitym faktorom pri vybere biotopu rodinky, bola na lokalitdich vyskytu vysSia.
Kriky ¢ucoriedok poskytuju hluchaniom okrem potravy aj ukryt pred predaciou.

Moderné lesnictvo moze mat’ Skodlivy vplyv na kvalitu habitatu kuriatok redukciou
potravnych zdrojov. Rodinka sa pohybuje rychlejSie v hospodarskych plantazach ako
v starych prirodzenych lesoch. V prirodzenych lesoch ma viac kvalitnejSej potravy a lepSie
Ukrytové moznosti. Aj vo Finsku sa pocas poslednych desatro¢i znaéne znizili stavy
hluchanov. Lakka a Kouki (2009) Studovali, ako r6zne manaZované typy lesov ponukaju
zdroje na prezitie hluchanich kfdlikov. Cudoriedka pozitivne korelovala s biomasou lariev a
vsetkych bezstavovcov. Preukazalo sa, Ze vyvojové Stadia nasledujice po holoruboch vazne
znizuju dostupnost’ potravy pre kuriatka a tiez Ukrytové priestory. To isté zaznamenal aj
Steuen (1988) pri porovnani odtazenych a neodtazenych ploch v Norsku. Hustota
bezstavovcov a Specialne lariev je zna¢ne redukovanad holorubmi (80 %) a o nieCo menej
v monokultdrach. Velkym nebezpecenstvom pre prezitie kuriatok je aj pouzitie pesticidov.
Pesticidy pouzivané na boj spodkébrnym hmyzom su zaloZzené na baze cyklickych
pyretroidov. U¢innou latkou pouzitych pripravkov je zvidsa cypermetrin. Tato latka pdsobi
v priebehu niekolkych tyzdnov, navySe neselektivne, teda usmrcuje aj hmyz, ktory tvori
potravu hluchéna horneho. Ked’ze sa pesticidy pouzivaju v ¢ase rojenia lykozratov (obycajne
méj - august) zasahuju najcitlivejSiu fazu v roénom cykle zivota hluchana — vyvadzanie
mlad’at (Mikolas et al. 2013). Extrémne teplotné vykyvy v pocCasi spdsobené klimatickou
zmenou prispievaju k zvySenej umrtnosti kuriatok (Schroder et al. 1982). Pocasie pocas
obdobia liahnutia kuriatok moZe mat’ vysoky vyznam - chladné pocasie a sneh ovplyviiuje

najmi rychlost’ pohybu kuriatok a tym zvysuje zranitel'nost’ voci predécii.

2.5 Struktira zimnych biotopov

V zime sa hluchane na Slovensku zdrZiavaju prevazne vsmrekovom pasme, kde
nachadzaju vhodn( potravu a to v blizkosti tokanisk, v lesoch s hlboko zavetvenymi stromani
a rozvol'nenym korunovym zapojom (Obr. 5) (Stroch 1997). Pocas zimy sa zivia iba ihli¢im,
ktoré je chudobné na energiu. Preto hluchane musia pocCas obdobia zimy energiu Setrit,
takmer vobec nelietaju a aj chodzu obmedzuju na iba kratke vzdialenosti. Casté plaenie preto
spdsobuje vyznamnd stratu energie v tomto obdobi. Pri vybere druhov stromov, ktorymi sa
kfmia, preferuju ihlic¢ie jedle a borovice pred smrekom. Vyhl'adavaja si ¢asto prave zranené
stromy s vys§im obsahom zivice. Hluchane zvd¢$a zimuju samostatne, alebo v malych

skupinkach (2-4 jedince).
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Obr. 5 Struktra zimného biotopu: medzernaty zapoj, bohaty podrast, stromy zavetvené po
zem. Nemusia to byt pralesy, no musia to byt lesy s vhodnou Strukturou, t.j. lesy rozvolnené.
Foto: Miroslav Svoboda

2.6 Potravné naroky druhu (kvalita, kvantita potravy, sposob vyZivy, ziskavanie
potravy)

V skorom jarnom obdobi sa hluchan Zivi predovSetkym vetvickami a vyhonkami
smreku (Picea abies), ale pokial’ su dostupné, preferovanymi kimnymi stromami st jedl'a
(Abies alba) a borovica (Pinus spp.) (Saniga 1998, Zawadzka 2014, Obr. 21) a na hranici lesa
aj kosodrevina (Pinus mugo). V nizSie polozenych biotopoch (dnes uz vzacnych) postupne
vV jeho potrave prevladnu puciky buka. V méji zafina byt vyznamnym zdrojom potravy
Cucoriedka (Vaccinium myrtillus). V lete konzumuje listy, ptaciky, kvety a bobule réznych
bylin a krikov. Prevazne ide o ¢ucoriedku a malinu (Rubus ideaus), ale aj d’alSie vresovcovité
rastliny ako napr. brusnica obyc¢ajna (Vaccinium vitis-idaea) (Saniga 1998). Okrem rastlinnej
potravy sa hluchane v lete Zivia aj hmyzom a inymi drobnymi zivo¢ichmi z rastlin, pripadne
ich vyhrabavaju spod listia (Bako$ & Hell 1999). Na jeseii sa v potrave opét’ zvySuje podiel
ihli¢ia, ¢ucoriedka vSak nad’alej zostdva dolezitou zlozkou. V zimnom obdobi je hlavnou
zlozkou hluchéanej potravy ihli¢ie, vyhonky a puciky ihli¢natych stromov (Saniga 2005). Pre
l'ahsie mechanické spracovanie potravy zbieraju hluchane gastrolity, ktorych maju v Zalddku
asi 30 - 40 g.
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2.7 Vzdialenost’ preletov

Hluchan horny je staly vtak, existuje vSak niekol’ko mélo zdokumentovanych pripadov
sezénnej migracie. Napriklad na Urale sa celé populécie presuvaju medzi letnym biotopom
v listnatom lese azimnym v ihli¢cnatom (Kirikov 1947). Dévodom je pravdepodobne
priestorové oddelenie letnej a zimnej potravy (Stroch 2007). Hluchan je relativne beZne
schopny preletov do 5 — 10 km (Bollman et al. 2011). Prave ticto presuny umoziujl
komunikaciu a vymenu genetickej informacie medzi jednotlivymi populaciami. Preto je
délezite, aby vhodné biotopy neboli od seba vzdialené viac nez 10 km. V opa¢nom pripade sa
narusi prepojenost’ metapopulacie, ktora sa nasledne rozpadne na viacero malych izolovanych
populéacii. U takto izolovanych populacii je pravdepodobnost’ postupného zaniku ovela
vysSia. Aredl jednotlivcov vSak nie je v priebehu roka staly. V zime a na jar vyuZivaju samce
aredly najblizsie k tokanisku, starsi si k nemu bliZSie nez mladsi (Wegge & Larssen 1987,
Storch 1995). Koncom jari sa presuvaju do letného habitatu, ktory mdze byt od tokaniska
vzdialeny az 7,3 km. Samice vo vSeobecnosti vyuZzivaju vicsi aredl a d’alej od tokaniska nez
samci (Storch 1995). Wegge & Rolstad (1986) v Norsku preukazali, ze velkost” vyuzivanych
aredlov je nepriamo Umerna ploche starych lesov v iom — ¢im ich je viac, tym mensi areal

jedinec potrebuje.
2.8 Priciny ohrozenia

2.8.1 Strata vhodnych lesnych komplexov

Intenzivne lesné hospodarenie spojené s fragmentaciou vhodnych biotopov s hlavnym
doévodom poklesu populacie hluchana horneho vo svete (napr. Leclerq 1987, Rolstand
& Wegge 1987, Klaus et al. 1989, Rolstand & Wegge 1989a, 1989b, Gjerde 1991, Wegge et
al. 1992, Ménomi & Bougerol 1993, De Franceschi 1994, Klaus & Bergman 1994, Ménomi
1994, Moss 1994, Saniga 1994, Kurki et al. 2000, Storch 2000, Obeso & Barfiuelos 2003,
Sachot et al. 2003, Bucko et al. 2011, Stefan¢ik et al. 2011, Tesak 2011, Saniga 2012,
Mikola$ et al. 2013, Saniga 2013, Mikola$ et al. 2015). Nizka reprodukcia spdsobena
priamym a nepriamym vplyvom lesného hospodarstva je hlavny ddévod poklesu populécii
hluchana hérneho v Europe (Wegge et al. 2005), pretoze vyvojové Stadid nasledujiice po
vel’koploSnej tazbe znaCne znizuju potravnl ponuku a Ukrytové moznosti pre juvenilné
jedince (Lakka & Kouki 2009). Telemetrické Gdaje ukazali, ze hluchane pocas roka vyuzivaja
plochu 132 ha — 1 207 ha, priemerne 550 ha vhodnych biotopov (Storch 1995). Hluchan je

kvoli obrovskym priestorovym ndrokom vel'mi citlivy na fragmentaciu lesa (Storch 1997,
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Kurki et al. 2000). V porovnani so suvislymi lesnymi celkami je vo fragmentovanych

oblastiach vplyvom zvySeného predacného tlaku vyznamne vysSia mortalita kuriatok (Wegge
& Storaas 1990).

2.8.2 Mala vePkost’ vhodnych lesnych komplexov a ich vzajomna izolacia

KIacovy vyznam ma silna geografickd izolacia spolu s nizkou pocetnostou populdécii,
¢o ma za nasledok inbreeding (pribuzenské kriZenie) a stratu genetickej variability, Co zvySuje
pravdepodobnost’ vymretia danej populacie (Segelbacher et al. 2003, Storch 2007, Zawadzki
& Zawadzka 2012). Schopnost’ adaptacie populacie je v priamom vztahu s jej genetickou
diverzitou (Frankham et al. 2010). Informacie o genetickych a demografickych faktoroch
maju zasadny vyznam pre uspes$na ochranu druhu. Stupeni inbreedingu sa zvySuje s tym, ako
pocetnost’ populacie klesd. Vysoky stupenn pribuzenského krizenia vedie ku znizeniu

Zivotaschopnosti — k tzv. inbrednej depresii (Frankham et al. 2002).

Pre dlhodobu udrzatel'nost populacii hluchana horneho je vel'mi dodlezité zachovat
povodné biotopy. Maximalna vzdialenost medzi biotopmi o velkosti minimalne 14 km?
obsadenymi hluchanom by mala byt 10 km (Bollmann et al. 2011). Spolu by tieto biotopy
mali zaberat plochu 250-500 km? vhodnych biotopov, aby bola zabezpecena dostato&na
rozloha pre minimalnu Zivotaschopnu populaciu o velkosti minimalne 500 jedincov (Grimm
& Storch 2000, Braunisch & Suchant 2013). Pokial’ su splnené tieto podmienky, dalSie
negativne faktory (napr. predacia, vplyv vykyvov pocasia) neohrozia dlhodobé prezitie

populécie.

2.8.3 Predacia

Délezitym faktorom, ktory ohrozuje prezitie najma malych a izolovanych populacii je
predacia. Zhrnutie problematiky predacie prindsa Storch (2007). Predacia predstavuje
prirodzeny proces. Interakciu medzi predatorom a jeho koristou chapeme ako druh sutaze,
kde inovacia zo strany predatora vedie k odpovedi zo strany koristi. Hovorime o koevolUcii,
vlastnosti predatora a jeho koristi nie su izolované a maju zmysel, len ak o nich uvazujeme
ako o sucasti jedneho systému. Hluchane ziskali subor morfologickych, fyziologickych
a behavioralnych adaptacii, ktoré im umoziuju vyrovnat’ sa s predaciou. Bez predatorov by sa
evolucia hluchana odvijala inou cestou aprave vdaka predacii su tym druhom, ktory
poznadme. Napriek tomu je predacia v mnohych Europskych krajinach vnimana ako vazne

ohrozenie pre populacie hluchana. Tento nazor nie je neopodstatneny, existuji presvedcivé
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doklady, Ze vyrazna redukcia predatorov vedie k lepSiemu prezivaniu hluchanov. Na druhej
strane, cast’ odbornikov zastava nazor, ze predicia sotva dokéaze zlikvidovat populaciu

hluchéna, ak je jeho habitat nedotknuty.

Ak odhadujeme relativny vyznam faktorov, ktoré moézu ovplyvnit’ velkost’ a dynamiku
populacie, je uzitotné rozoznavat proximalne (blizke) aultimatne (kone¢né) pri¢iny.
Populécie predatorov nepochybne vzrastli apredacia moze viest k vyhynutiu malej
a izolovanej populécie. Nejedna hluchania populécia Zije na ,,ostrovoch* vhodného prostredia
obklopenych ,,morom* hustého hospodéarskeho lesa a kultarnej krajiny. Kultirna krajina hosti
pocetné populacie predatorov, o sice nebol 'udsky zdmer, predacny tlak je vSak vd’aka tomu
omnoho silnejSi. Predacia je teda proximalnou pri¢inou. Ultimatnou pri¢inou je strata
a fragmentacia prostredia v dosledku Tudskych aktivit. V tejto situécii timenie predatorov

jednoducho potlaca priznaky a neriesi pri¢inu neziaduceho stavu (Storch 2007).

Jeden zo spbsobov, akym sa vtadky vyrovnavaju s predaciou je pocet vajec v znaske.
Vysoky pocet vajec v znaSke hluchana (5-12 vajec) a moznost’ zniest aj druhi znasku
Vv pripade zniCenia prvej teda mdézeme povazovat’ za evolucnu adaptaciu na silni predaciu.
Hluchane su sice nachylné stat’ sa koristou predatorov, vysokii mieru predacie vsSak

kompenzuju vysokou natalitou.

V tomto kontexte sa ako klucovy faktor javi prave moznost' rozmnozovat sa, t.].
mimoriadnu dolezitost’ ma pritomnost’ tokanisk, hniezdisk a dostupnost’ potravy pre kuriatka.
V sulade s tym z nasho Uzemia nemame doklady o tom, Ze by predacia ohrozila populaciu
hluchana. Napr. populacia hluchanov v Zapadnych Tatrach zostdva dlhodobo stabilna
a zaroven tu nedoslo k zdsahom do jeho prostredia. Naopak, v Nizkych Tatrach existovala
pred lesnickymi zasahmi (v nadvaznosti na veternd kalamitu v r. 2004) najsilnejSia populacia
hluchana na Slovensku. V suvislosti so zanikom vhodného prostredia klesla pocetnost
hluchana. Zaroven neexistuji pozorovania, ktoré by potvrdili narast predatorov v tom istom

Case.

Fragmentécia prostredia vSak silne zvySuje predéaciu, a to kuriatok i dospelych jedincov
(Wegge & Storaas 1990, Wegge et al. 1992). Tym, Ze po néahlej strate biotopu sa hluchane
vyskytnu vo viacSom pocte na mensej vymere lesa, stdvaju sa magnetom pre predatorov.
Nasledny vyvoj holorubov — vznik husto zapojenej homogénnej mladiny predstavuje Gplnu
stratu habitatu pre hluchéna. V hustom lese hluchan nedokaze lietat’ (je to velky vtak

a nedokaze dobre manévrovat’), nenachadza v iom potravu a taktiez straca vyhl'ad potrebny
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na unik pred predatormi. Preda¢ny tlak m6Zeme eliminovat’ aj nepriamo - zniZzovanim vymery
(resp. zabranovanim vzniku novych) rozsiahlych odtazenych ploch av pripade uZ

vzniknutych holin zabranit’ vzniku homogénnych hustych porastov.

Ziadny z druhov, ktoré lovia hluchana sa ne$pecializuje na vyhl'adavanie hniezd, ale
ni¢i znasky prilezitostne. Pri vyskumoch prirodzenych zndSok v Norsku sa zistilo, Ze
najvacsie Skody sposobila liSka a krkavcovité vtaky (Storaas & Wegge 1987). V naSich
podmienkach zo 75 kontrolovanych hniezd bolo znicenych az 65 %. Najvyssi podiel na tom
mali lisky, kuny a iné lasicovité (spolu 22 %), d’alej diviaky (9 %), medved’ (3 %) a z vtakov
hlavne sojka a krkavec (az 18 %) (Saniga 2002). V Pol'sku spdsobila predacia lisok 77 % z 22
pripadov usmrtenia hluchana (Zawadzka & Zawadzki 2008). Vo Finsku tvorili 7 % potravy
jastraba lesného prave sliepky hluchéana (Tornberg 2001). Dospelé jedince netvoria zakladnt
potravu ziadneho z predatorov. Predacny tlak je rozdielny pre obe pohlavia. Velké kohuty sa
stavaju koristou tazSie ako malé a na zemi hniezdiace sliepky, pripadne sliepky vodiace

mlad’ata.

Zhrnutie: hluchan horny je ako druh evolu¢ne dobre adaptovany na silny predacny tlak.
Predacia zohrava vyznamnua ulohu, len ak dbjde k zmene prostredia vplyvom Tl'udskych
aktivit, napr. fragmentécii prostredia. Predécia je preto iba priznakom, skuto¢nou pri¢inou
neziaduceho stavu si &lovekom navodené zmeny prostredia. Ci je kontrola predatorov
akceptovatelnou a udrzateI'nou formou ochrany hluchana je vSak otazkou l'udskych hodnot,

nie ekoldgie (Storch 2007).

2.8.4 DPLudské vyruSovania

Turistické centra moézu predstavovat’ prekazku v komunikacii medzi populéciami.
Turizmus ma taktieZ vplyv na zvySenie preda¢ného tlaku na hluchane. Horské chaty a miesta
navStevované I'ud’'mi totiz prispievaju k zvySeniu nosnej kapacity prostredia pre vyznamné
predatori hluchatiov (napr. &elad” Corvidae) (Storch & Leidenberger 2003). Dalsim
vyznamnym negativnym vplyvom je plasenie. Pre hluchdna je vyruSovanie kritické najma
v zimnych a jarnych (obdobie toku) biotopoch a biotopoch rodiniek s kuriatkami pocas
letnych mesiacov - najma maj, jan a jul (Ménomi & Magnani 1998). Pri porovnani obsahu
stresového hormonu kortikosteronu v truse jedincov v blizkosti rekreaénych zimnych aktivit
v smrekovych lesoch Thiel et al. (2011) zistili jeho rastici obsah smerom od miest s nizkym a

strednym vyruSovanim aZz k miestam s vysokou turistickou intenzitou.
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Okrem turizmu vyznamne vtaky vyrusuju aj lesné prace (fazba, odvoz dreva, pestovné
prace ...). VyplaSené jedince maji malo Casu na kfmenie a odpocinok, a vdaka zniZenej

zdatnosti sa T'ahSie stant koristou predatorov. Priebeh tazby pocas celého roka nepriamo

v v

Opakovane alebo pretrvavajuce zvysenie kortikosteronu v savislosti s vyruSovanim,
modze ovplyvnit' celkov zdatnost’ jedincov - telesnd kondiciu, imunitu, reprodukciu
a prezivanie jedincov (Wingfield et al. 1997). Preto lokality s vysokou kvalitou biotopu
nemusia byt obyvané hluchanmi, ak je lokalita pod vplyvom inych negativnych faktorov
(napr. intenzivny turizmus) pdsobiacich zo SirSieho okolia (Storch 2002), ¢o sa prejavilo aj vo

vysledkoch mapovania v Nizkych Tatrach (Mikolas et al. 2013).

Negativny vplyv turizmu je mozné minimalizovat. V niektorych krajinach (napr.
Rakusko, Francuzsko, Nemecko, Svajéiarsko) boli vyvinuté programy opatreni na

obmedzenie l'udského vyruSovania (Zeitler & Glanzer 1998).

2.8.5 Kaolizie s oplotkami

Hluchane v rychlom lete nevidia ploty a podobné konstrukcie pokial’ nie su dostato¢ne
oznacen¢. Preto v lokalitdich vyskytu, pokial’ je nutné tieto konsStrukcie umiestiiovat’, musia

byt’ dostatocne oznacené.

2.9 Efekt lesnickeho manaZzmentu na hluchafna horneho

V Europe prezivaju hluchane v réznych typoch lesov. V strednej Eurdpe su to prevazne
lesy s dominanciou smreka oby&ajného, v borealnych lesoch Skandinavie st vyznamnym
biotopom typické borealne borovicovo-smrekové lesy, v juznej Eurépe v Albansku prezivaju
hluchane v borovicovych lesoch ovplyvnenych pastvou a napriklad v Spanielsku
v Kantabriskom pohori sa hluchane vyskytuju v Specifickych brezovo dubovych lesoch
(Quevedo et al. 2006). R6zne typy lesov vyZaduju odlisny lesnicky manazment, ktory musi
byt prispdsobeny Specifickym podmienkam danej oblasti a v pristupoch pre konkrétne oblasti
st patri¢né rozdiely. V oblasti Strednej a Zapadnej EurOpe boli jasne preukdzané negativne
vplyvy rozsiahlej holorubnej tazby na populécie (Storch 2007). Hluchane prezivaji najmi v
starych prirodzenych lesoch alebo v lesoch kde sa cielene udrziava otvoreny korunovy zapoj a
vysoka pokryvnost’ cucoriedky podla Specializovanych lesnickych postupov (tzv. hluchanovi
priatel'sky manazment lesov). Udaje z oblasti Bavorského lesa a Sumavy poukazuju aj na to,

ze hluchane moézu prezivat’ aj v mladych lesoch vzniknutych po prirodnej disturbancii, pokial
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nedo3lo k asanadnej tazbe (Rossner et al. 2014). V Skandinavii su taktieZ povazované staré
lesy ako hlavny typ biotopu hluchéna a po dlhé roky bola velkoplo$na tazba starych lesov
pokladand ako hlavny dovod poklesu populacie (Wegge et al. 1992). I ked’ tazba docasne
odstranila biotopy hluchana, paradoxne vSak v borealnej oblasti z dlhodobého hl'adiska nebol
preukdzany negativny vplyv velkoplosnych holorubov na populdciu hluchana. Vysledky
Studie z Norska a Finska poukazuju na to, Ze hluchéan je relativne tolerantny voci tymto
zasahom a populacia dokaze z dlhodobého hl'adiska prezit’ aj v krajine kde doslo k rozsiahlej
holorubnej tazbe a po priblizne 30 rokoch znova zacinaju osidlovat’ tieto mladé porasty
(Miettinen 2009; Wegge & Rolstad 2011). Tieto vysledky vsak nie je mozné aplikovat’ na
Uzemie Strednej a Zapadnej Eurdpy , ktoré su mimo boredlneho pasma, pretoZze dynamika
regeneracie borealnych lesov je odlisnd od horskych lesov v miernom pasme a na vytazenych
plochach umoznuje vznik mladych a rozvolnenych lesov s hlboko zavetvenymi stromami, s
dominanciou borovice lesnej (Pinus silvestris) a s vysokou pokryvnostou &ucoriedky. Dalej, v
boredlnych lesoch je vyskyt hluchana kontinudlny a hluchdne maji po dorasteni lesa

(priblizne 30 rokov po tazbe) odkial’ izemie znova osidlit’.

Hluchane Zijuce v oblastiach mimo boredlneho pésma prezivaju v malych
metapopulaciach viazanych na horskd krajinu (Storch 2007). Vo fragmentovanych
podmienkach strednej a zapadnej Eurdpy je vel'mi naro¢né udrzat’ zivotaschopnt populaciu,
ktora vyZaduje minimalne 250 km? vhodnych biotopov a priblizne 470 komunikujicich
jedincov hluchana (Grimm & Storch 2000). Vysoka prepojenost’ tizemia je vel'mi dolezita
pre metapopulacni dynamiku. Pokial’ dojde k strate naslapnych kamenov a konektivita je
narusena vel'koploSnou tazbou na velkych plochach, migracia jedincov medzi populédciami je
limitovana a prezitie populécie je ohrozene, pretoZze malé a izolované populécie su neodolné
aich dlhodobé prezitie je nepravdepodobné (Segelbacher et al. 2003). Tie isté faktory vedud
k extinkénému dlhu aj pri malych a izolovanych populaciach inych druhov (Pullin 2002).
Dal§im dovodom preco v lesoch mimo borealneho pasma nie je mozné prezitie hluchana po
holorubnej tazbe, je vznik tmavych a hustych lesov s takmer ziadnou bylinnou etaZou
anizkou pokryvnostou ¢ucoriedky (Vaccinium myrtillus), ktord je zakladnym faktorom
ovplyviiujicim vhodnost’ biotopu hluchana a poskytuje potravu pre dospelé jedince,
bezstavovce pre kuriatka a Ukryt pred predaciou (Bollmann et al. 2005, Hancock et al. 2011;
Storch 1993). Vznik vhodnych Struktdr je mozny v tychto podmienkach iba vplyvom
pdsobenia prirodzenych procesov v dlhodobom horizonte alebo pomocou upravenych

lesnickych postupov hluchénovi priatel'ského manazmentu lesov.
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V Karpatoch eSte v 90-tych rokoch hluchéne bezne obyvali aj zmieSané lesy,
Vv stcasnosti vSak prezivaju uz len v “Ozkych pasoch” prirodzenych ihli¢natych lesov, ktoré st
umiestnené medzi vrcholmi hér a listnatymi lesmi v niz8ich nadmorskych vyskach. Tieto lesy
neboli dlhodobo spristupnené cestami, a neprebiehal tu intenzivny manazment minimalne
niekol'ko desatroci. V minulosti mohli byt ovplyvnené napriklad pastvou alebo selektivnou
tazbou, ale podstatné je to, Ze si zachovali svoju prirodzenu Strukturu — tzn. rozvolnenost’
porastu, hlboko zavetvené stromy a vysok(l pokryvnost’ bylinnej vegeticie. Posledné
desatrocia ale dochadza k neusmernenej velkoplosnej t'azbe biotopov v Karpatoch a je
zrejmé, Ze bezzasahové tizemia (prirodné rezervacie) nie st v sucasnosti dostato¢ne vel'ké pre
poskytnutie dostatku vhodného prirodného prostredia pre Zivotaschopné karpatské populécie
z dlhodobého hladiska (Grimm & Storch 2000). Tieto poziadavky zrete'ne ukazuju, Ze
ochrana hluchafia je moZna v Karpatoch iba vo vzajomne sa dopliiajucej sieti systému
bezzasahovych rezervacii a lesov osobitého urcenia, v ktorych bude aplikovany hluchanovi
priatel'sky manazment lesa (Bollmann & Miiller 2012). Doposial’ v§ak pre Karpaty neboli
vytvorené komplexné materidly potrebné pre ochranu a manazment horskych lesov
s vyskytom hluchéna, preto bolo hlavnou tlohou tejto prace poskytnit’ komplexné informacie
o Struktare a dynamike horskych lesov s vyskytom hluchana hérneho v Karpatoch a vytvorit’

podklad pre lesnicky manaZzment karpatskych horskych lesoch s vyskytom hluchana.

3. Ciele prace

Hluchan horny patri medzi ohrozené dazdnikové druhy. Je to druh viazany na Specifické
Struktury lesa, vyzaduje velké rozlohy vhodnych lesnych komplexov aje citlivy na
velkoplosnu tazbu. V Karpatoch preziva tazisko tohto vzacneho druhu v Eurdpe, ale
doposial’ neexistovali pre tito oblast’ dostato¢né podklady pre jeho ochranu. Pre pochopenie
Struktary, dynamiky a nasledné odvodenie manazmentu horskych lesov s vyskytom hluchana
hérneho sme tento problém rieSili komplexne na niekolkych priestorovych turovniach
s vyuzitim Styroch metodickych pristupov — popula¢ny monitoring, modely druhovej

distribdcie, analyza genetickej Struktdry, metody dendroekologie.

Zakladnymi ciel'mi prace bolo:

1.) Analyzovat’ vplyv roznych typov manazmentu lesov na stav biotopov hluchana hérneho
2.) Analyzovat vplyv manazmentu lesov na pocetnost’ hluchana

3.) Vytvorit model vhodnosti biotopov hluchana horneho pre celé Karpaty a analyzovat’ ako

velkoplosna tazba ovplyviiuje konektivitu populacie
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4.) Analyzovat' vplyv velkosti biotopov a konektivity Uzemia na geneticki diferenciaciu
hluchana

5.) Analyzovat, ako prirodné disturbancie ovplyviuju Struktiru biotopov hluchana hoérneho
v smrekovych pralesoch Karpat

6) Navrhnat vhodné lesnicke manazmentové opatrenia, ktoré umoznia prezit’ hluchanovi

hérnemu v smrekovych lesoch Karpéat
4. Metodika

4.1 Studovani oblast’

Dizerta¢na praca bola vypracovana v oblasti Karpat, ktoré pokryvaju celkovo 220,400
km? a st najrozsiahlej$im lesnym komplexom v miernom pasme Eurépy. Nadmorské vyska
Karpat stdpa zo 100 m do maximalne 2655 m nad morom. Klima je mierna az kontinentalna
(UNEP 2007) s nizsimi teplotami a vy3Simi zrazkami vo vysSich nadmorskych vySkach a na
severe. Listnaté lesy dominuju v nizSich nadmorskych vysSkach Karpat, pozostavaju najma
z buka lesného (Fagus sylvatica L.) s primesou hraba oby¢ajného (Carpinus betulus L.), duba
letného (Quercus robur L.), javora horského (Acer pseudoplatanus L.), a jasenia Stihleho
(Fraxinus excelsior L.). V podhorskych lesoch dominuja dreviny ako buk lesny zmieSany
s jedl'ou bielou (Abies alba Mill.) a smrekom oby¢ajnym (Picea abies (L.) Karst.). Smrekové
lesy dominujuce vo vysSich nadmorskych vyskach st hlavnym biotopom hluchana horneho
v Karpatoch. Tieto lesy mozu rast’ s primesou jedle bielej, borovice limby (Pinus cembra L.),
smrekovca opadavého (Larix decidua Mill.) alebo i buka lesného v niektorych oblastiach
(Bohn et al. 2004). Horna hranica lesa koliSe od priblizne 1600 m na severozapade Karpéat do

priblizne 1850 v Juznych Karpatoch.

V obhospodarovani a manazmente lesov od roku 1990 doSlo k vyznamnym zmenam.
Tazba holorubnym spdsobom v niektorych regionoch bola redukovana, hlavne v zépadnych
Karpatoch (napr. na Slovensku z 85 % na 29 %; Green Report, Ministry of Agriculture of the
Slovak Republic, 2010), a vyuzivanie metdd prirode blizkeho hospodarenia vzrastlo ako
dosledok zmeny legislativy zabrafiujicej holorubnej tazbe. Ale v inych krajinach,
prinavratenie Statnych lesov sukromnym vlastnikom spdsobilo zvySenie rozsahu ilegalnej
tazby dreva. Okrem toho, vo vSetkych krajinach dochadza k rozsiahlym asanaénym t'azbam,
ktoré s v sti€asnosti pravdepodobne hlavnym dévodom velkoploSnych tazieb v Karpatoch
(Merganicova et al. 2013; e.g. Kuemmerle et al. 2009; Knorn et al. 2012a,b; Griffiths et al.

2014). Hlavne vdaka nedostupnosti terénu a dlhodobo nespristupnenym dolinam sa
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v Karpatoch zachovali najrozsiahlejSie komplexy prirodnych lesov a pralesov v ramci

Eurdpskej unie.

4.2 Zber dat a analyza dat

Pre splnenie konkrétnych cielov boli prispdsobené metody zberu a analyzy dat. Praca
bola vykonana na celom uzemi Karpat pre splnenie cielov 3 a 4, pre cicle 1, 2, a 5 boli
vybrané konkrétne Uzemia spiiiajice parametre na prevedenie pozadovaného zberu dat
a analyz. Informacie ziskané na zéklade zodpovedania cielov 1-5 boli pouzité na formuléciu

manazmentovych opatreni (ciel €. 6).

1.) Analyzovat’ vplyv réznych typov manazmentu lesov na stav biotopov hluchaina

hérneho

Pre splnenie tohto ciel'a bolo vybrané uzemie nadrodného parku Nizkych Tatier, pretoze
sa nachadza v jadre vyskytu hluchana azaroven sa na tzemi nachadzaju vsetky typy
manazmentu smrekovych lesov od najintenzivnejSie vyuZivanych az po Uzemie bez
dlhodobych zasahov, tzv. pralesy. Terénny prieskum sa uskuto¢nil v letnom obdobi (jul —
september), kedy je plne vyvinuta pozemna vegetacia. Celkovo bolo zmapovanych 666 ploch
na 132 km dlhom transekte. Pre hodnotenie kvality habitatu hluchana bola zvolena metodika
HSI podla Storch 2002. Uzemie bolo mapované v transektoch, kazdych 200 m boli priradené
stradnice bodu, na ktorom boli na kruhovej ploche s polomerom 20 m od¢itané a podrobne
zaznamenané vSetky klIiCové charakteristiky habitatu hluchana podl'a metodiky na vypocet
indexu vhodnosti habitatu (HSI, Storch 2002): sklon svahu (v triedach 0: < 5°, 2:6-15°,
3: 26-35°, 4: 36-45°, 5: >45°), pokryvnost’ cucoriedky (%), vyska bylinnej etaze (v triedach
1: 1-10 cm, 2: 11-20 cm,3: 21-30cm atd’.), pokryvnost' dreviného zmladenia (v triedach
1: <25 %, 2:26—- 50 %, 3: 51-75 %, 4: >75 %), sukcesné Stadium porastu (1: mladina, 2:
zrd’kovina,3: zrd'ovina, 4: kmenovina, 5: stary porast,6: vekovo réznorody porast, 0: Ziadny
les), korunovy zapoj (%), drevinové zloZenie, pritomnost medzier v poraste a pritomnost’
preferovanych kimnych stromov (Abies alba, Pinus sylvestris, Pinus mugo, Pinus cembra).
Pobytové znaky (trus, perie, Skrupiny, prachovisko atd’.) sme hl'adali po dobu 10 minut na
vyskumnej ploche kazdého bodu. Pokial’ to bolo mozné uréit, zaznamenali sme pohlavie, ako
aj sezonu nalezu (podla druhu konzumovanej potravy). Okrem toho sme na kazdej ploche
ur¢ili, ¢i ide o suchy les, odt’azent plochu alebo prales. Tieto informécie sme nasledné pouZzili

k porovnaniu vhodnosti habitatu a vyuZivania habitatu pri réznych typoch manazmentu. Na
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vyhodnotenie vplyvu asanaénych opatreni a na vyhodnotenie rozdielov HSI medzi

jednotlivymi typmi stanovistami sme pouzili neparametricky Kruskal-Wallisov test.
2.) Analyzovat’ vplyv manaZmentu lesov na pocetnost’ hluchana

Holorubna tazba bola Siroko dokumentovand ako jedna z hlavnych pri¢in veducich
k lokédlnym zanikom populécii (Storch 2007). Nasim cielom nebolo dokumentovat’ pokles
populécie, ale identifikovat’ lesnicke opatrenia, ktoré dovolia prezit' hluchanovi hérnemu.
Preto sme zbierali data na plochach, ktoré reprezentovali Sirokd Skalu manazmentu - Ziadny
manazment, ¢iastoény manazment aZ po intenzivny manazment lesov na Uzemi
zodpovedajucom velkosti aredlu vyuzivaného hluchanom. Pomocou map distribucie
hluchana poskytnutych Lesnym vyskumnym in$tititom v Rumunsku (ICAS), lokality
S najvyssimi hustotami hluchana boli vybrané v 11 pohoriach Rumunska, ktoré boli nasledne
intenzivne prehl'adavané na ploche 314 ha. Tato plocha zodpoveda priemernému areélu, ktory
hluchane vyuzivaji po¢as obdobia toku (Storch, 1995). Takto sme identifikovali 21 tokanisk
v pohoriach Fagaras (n = 4), Rodnei (n = 4), Harghita (n = 3), Maramures (n = 3) Piatra
Craiului (n = 1), Bucegi (n = 1), Diham (n = 1), Prisciu (n = 1), Hasmas (n = 1), Calimani
(n =1), and Piatra Mare (n =1).

Kohuty hluchana sa schadzaju v obdobi parenia na tokaniskach, kde superia o sliepky.
Teritoria kohutov pocas ranného toku su vzdialené 50 m od seba. Pocitanie kohutov na
tokaniskach je $iroko vyuzivana metdéda na monitoring popula¢nych trendov (Miettinen et al.
2005; Picozzi et al. 1992; Saniga 2003). Pocas dna sa hluchane zdrzujt priblizne 1 km od
tokaniska (Storch 1995). Lokalizacia vyskumnej plochy bola definovana poziciou alfa kohuta,
GPS koordinaty boli zaznamenané potom, ako hluchane ukondili tok. Tieto tokaniska su
umiestnené kazdoro¢ne na tom istom mieste a mézu byt’ vyuzivané po desatrocia (Klaus et al.
1989). Hladanie tokanisk sme prevadzali od Marca do Maja pocas rokov 2009-2011. Na
kazdom tokanisku boli minimalne 2 navstevy v rannych hodinach od 03:00 do 09:00, pocas
ktorych boli zaznamenané pocty jedincov. Pri analyzach boli brané do uvahy maximalne
zistené pocty kohutov. V letnych mesiacoch boli tokaniska znova navstivené a nasledne
odobran¢ data na vybrané charakteristiky Struktury lesa a d’alSich faktorov, ktoré by mohli
mat’ vplyv na pocetnost’ druhu. Vztah medzi pocetnostou hluchana a environmentalnymi
charakteristikami bol analyzovany pomocou zovSeobecnenych linearnych modelov
(McCullagh & Nelder 1989).
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3.) Vytvorit model vhodnosti biotopov hluchana horneho pre celé Karpaty

a analyzovat’ ako vel’koploSna t’azba dreva ovplyviiuje konektivitu populacie

Déta o vyskyte hluchana sme zbierali 150 dni v Styroch sezénach 2010-2013 na celom
Uzemi Karpat. Celkovo sme nazbierali 447 Gdajov o0 vyskyte hluchana na 725 km transektov
v 29 pohoriach; Juzné Karpaty (n = 8), Vychodné Karpaty (n =10), and Zapadné Karpaty
(n=11). Ciel'om tejto $tadie bolo zmapovat’ celkovy areal rozsirenia, kvantifikovat’ vhodnost’
biotopov a zhodnotit' ich priestorovi konektivitu azmenu konektivity sp6sobend
vel'koplosnou tazbou. Potencidlne vhodny biotop bol modelovany pomocou metddy
maximalnej entropie na zaklade vyskytovych dat a vybranych environmentalnych
premennych. Na vyhodnotenie funk¢éného prepojenia mozaiky vhodnych biotopov sme
pouZili index pravdepodobnosti konektivity vychadzajuci z tedrie grafov a potencialnych

migrac¢nych koridorov.

Néalezové déata, ako jeden zo zé&kladnych vstupov pre tvorbu modelu rozsirenia, tvorili
GPS zéznamy o vyskyte hluchana ziskané pocas celého roka, v obdobi 2010-2013. Za vyskyt
bolo povazované priame pozorovanie, nalez trusu, peria ¢i stop. V ramci kontroly nalezovych
dat boli najskor odstranené duplicitné zaznamy. Kvéli zmierneniu negativneho dopadu silnej
priestorovej zavislosti (autokorelacie), spdsobenej roznymi metddami zberu dat, boli zd&znamy
eSte priestorovo filtrované. V kone¢nom désledku tak boli zaradené iba zaznamy, ktoré sa od
seba nachadzali najmenej 300 m. Tato vzdialenost’ bola zvolena ako vhodny kompromis
medzi maximalnym moznym zniZzenim autokoreldcie dat a zaroven dostatoénym poctom
zaznamov pre tvorbu modelu rozSirenia. Druhy typ dat, nevyhnutny k modelovaniu rozSirenia
druhu, tvorili environmentalne podmienky prostredia (d’alej iba prediktory), majuce pre oba
druhy ekologicky vyznam. Prediktory, ktoré vyjadrovali topografické podmienky prostredia
(nadmorska vySka, svahovitost’, orientacia k svetovej strane atopograficky index), boli
odvodené z digitdlneho vyskového modelu SRTM (NASA). Déta o klimatickych
podmienkach tzemia, reprezentované priemerom mesa¢nych zrazok za rok a priemernou
teplotou, pochadzali z projektu WorldClim (Hijmans et al. 2005). Prediktory vyjadrujuce
vplyv (euklidovskej) vzdialenosti ¢i plosného zastipenia vybranych krajinnych prvkov (napr.
komunikacie, sidla, 1uky, orna péda) na vyskyt oboch druhov boli vytvorené na zéklade déat
z europskeho programu Corine Land Cover (EEA 2007). V ramci tohto programu prebehla
vroku 2012 v EU inventarizacia typov krajinného pokryvu analyzou leteckych snimok.
K podrobnejSiemu hodnoteniu vyznamu fragmentécie lesa v naSom modely, sme pomocou

softwaru Guidos (Vogt 2015) wvytvorili prediktor, vradmci ktorého bol kaZzdy pixel
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reprezentujuci les rozliSeny medzi niektorou z nasledujucich kategorii: jadro lesa, vonkajsi
alebo vnutorny okraj lesa a ostrovéek lesa. Specialnym pripadom bol kategorialny prediktor
vyjadrujici Glenitost’ lesa. Prediktor zemepisnej $irky a dizky bol do modelu zahrnuty pre
pripad, ze by bola distribticia hluchana ovplyvnena inymi faktormi, s tymito Uzko spojenymi.
Vybrané prediktory boli upravené na zhodny priestorovy rozsah, rastrovy format a rozliSenie
(100 x 100 m) v programe ArcGIS 10.3 (ESRI Inc. USA).

Pred samotnou tvorbou modelu bolo nutné vybrat' len tie prediktory, ktoré spinali
nasledovné kritéria: (1) prijatel'na miera ich vzajomnej priestorovej zavislosti, (2) dostupnost’
vo forme vektorovych alebo GIS dat pre celé Uzemie a (3) schopnost'ou prispiet’ k vysvetleniu
variability nalezovych dat. Prijatelnd miera priestorovej zavislosti prediktorov bola
zohl'adnend vyberom iba tych prediktorov, medzi ktorymi bola hodnota Pearsonovho
korela¢ného koeficientu < +0,6 (Montoya et al. 2009). NajproblematickejSim kritériom sa
ukazala obmedzena dostupnost’ prediktorov vo forme GIS dat. Na stanovenie vyznamu
daneho prediktoru k vysvetleniu celkovej variability ndlezovych dat sme pouZili jacknife test,
ktory testoval zmeny v presnosti predikcie medzi modelom, v ktorom bol tento prediktor
zahrnuty a modelom bez tohto prediktoru.

Tvorba habitatového modelu

Potencialne vhodny biotop hluchana bol modelovany pomocou metdédy maximélnej
entropie implementovanej v programe MaxEnt verzia 3.3.3e (Phillips et al. 2006, dostupné na
http://www.cs.princeton.edu/~schapire/maxent/). ~ Tato v stcasnosti  najrozSirenejSia
modelovacia metdda (Ahmed et al. 2015) poskytuje v porovnani s ostatnymi metodami (napr.
bioklimatické modely, regresia, neuronové siete) porovnatelné alebo lepsie vysledky (Gaston
& Garcia-Vinas 2011, Elith et al. 2011). Velkou vyhodou tejto metddy je jej schopnost’
pracovat’ vyhradne s prezenénymi nalezovymi datami, ktoré su v sucasnosti najcastejSie
dostupné. Program MaxEnt vyuZiva princip maximalnej entropie k odhadu saboru
Statistickych ~ funkcii, ktoré aproximuju rozSirenie druhu zdat oich vyskyte
a environmentélnych premennych (Phillips et al. 2006). Vysledkom modelovacieho procesu
je teda model vymedzujuci ekologicki niku hluchana v geografickom priestore (Franklin
2009). Viac o tejto metdde piSu Phillips & Dudik (2008) alebo Elith et al. (2011).

V naSom pripade boli parametre modelu nastavené s ohl'adom na odporucenie (Elith et
al. 2011, Merow et al. 2013). Pre zaistenie robustnejSich vysledkov bol vysledny model

priemerom jeho 7 opakovani, zaloZzenych na metode kriZového overovania a sucasne
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maximum 2 000 iteraci vypoc¢tu. K dosiahnutiu optimalneho vysledku sme pouZili
10 000 ndhodne vybranych pseudoabsencii, ktorych generovanic sme (vzhladom k
biotopovym narokom oboch druhov) obmedzili len na Gzemie nad 600 m.n.m. V snahe
minimalizovat’ mozné nadhodnotenie modelu sme pre jeho vypocet pouzili vychodiskovu
hodnotu parametra regularizacie (Phillips and Dudik 2008) a len ,linear, quadratic a hinge
features” (Merow et al. 2013).

Uspesnost’ predikcie vysledného modelu bola kvantifikovand pomocou nezavislej
diskrimina¢nej hladiny AUC (Area Under the ROC Curve), ako zakladnej metriky pre popis
grafu ROC (Receiver Operating Characteristic curve) krivky (Phillips and Anderson 2006;
Elith et al. 2011). Tato neprahova metrika meria uspesSnost’ modelu rozlisit’ medzi skuto¢nou
prezenciou druhu a jeho absenciou v danom Uzemi (Hanley & McNeil 1982). Hodnota AUC
predstavuje obsah plochy pod ROC krivkou, ktora méze nadobudat’ hodnoty od 0,5 do 1,
pricom hodnoty 0,5 mozno povazovat' za nahodnt predpoved’ a hodnoty vysSie ukazuju
vysledky lepSie nez ndhodné. AUC hodnoty 0,5-0,7 indikuju zly vykon modelu; 0,7 — 0,9
priemerny vykon a hodnoty > 0,9 vysoky vykon modelu (Pearce & Ferrier 2000).

Hlavnym vysledkom predikéného modelu je mapa indexu vhodnosti biotopu (HSI —
habitat suitability index). Tento index, s rozsahom hodnét 0-1 (resp. 0-100%), reprezentuje
potencialnu vhodnost' biotopu pre hluchana. Pre potreby dal$ich analyz je vSak nutné
identifikovat’ najcennejSie biotopy (d’alej len ,,jadrové uzemia®). K tomu je potrebné stanovit’
zodpovedajuce prahove hodnoty HSI (,,threshold*), ktoré rozdelia Skalu vhodnosti biotopu do
dvoch kategorii: vhodny a nevhodny. Na tento Gcel bola vybrana hranica reprezentujica sucet
maximalneho poctu spravne uréenych prezencii (,senzitivita®) a absencii (,,Specificita®)
modelom. Tato hranica zaistuje v porovnani s inymi typmi robustnd predikciu, nezavisli na
vzajomnom pomere prezencii a pseudoabsencii (Liu et al. 2013) aje vhodna hlavne na

ochranarske ucely (Liu et al. 2005).
Hodnotenie fragmentécie

Vzhl'adom k roztrusenej mozaike vhodnych biotopov a zlozitej sieti ich vztahov sme
k hodnoteniu funk¢éného prepojenia pouZzili index pravdepodobnosti konektivity, vychadzajuci
z tedrie grafov (Saura & Pascual-Hortal 2007). Grafom sa v tomto pripade mysli stbor
“uzlov* a ,,prepojeni,” existujacich medzi dvoma susednymi uzlami. Uzol v naSom pripade
reprezentuje identifikované jadrové uzemie, zatial Co prepojenie symbolizuje schopnost

druhu §irit’ sa medzi nimi.
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Vybrany index upravuje vlastnosti klasickych krajinnych indexov, lepSie zohl'adiuje
aktualne zmeny v krajine (napr. stratu biotopu alebo jeho prepojenie) ato bez ohl'adu na
priestorovi mierku ich posudenia (Blazquez-Cabrera et al. 2014). Je mozné ho definovat’ ako
pravdepodobnost’, s ktorou sa dva jedince (ndhodne rozmiestnené v krajine) nachadzaju vo
vzajomne prepojenych lokalitach vyskytu, vzhladom k ostatnym lokalitdm a ich prepojeniu.
Vyznam kazdého vhodného Gzemia, v ramci ich celkového prepojenia, bol ziskany z rozdielu
hodnét indexu spocitané¢ho pre vSetky jadrové tizemia spolu a indexu, do ktorého vypoctu
nebolo toto ¢iastkové tizemie zahrnuté. Zvoleny index nadobuda hodnoty od 0 po 1, spolu so
zvysujucou sa prepojenost’ou jadrovych uizemi stipa a jeho vypocet bol vykonany v programe

CONEFOR 2.6 (Saura & Thorne 2009, Conefor 2015).

Na kvantifikovanie vplyvu velkoploSnej tazby na velkost biotopov hluchana
a konektivitu medzi rokmi 1985-2010 sme premenili HSI mapu na binarnu mapu vhodnych
a nevhodnych biotopov. Nasledne sme vyuzili vrstvu disturbancii od Griffithsa et al. 2014,
ktorou sme cely model pre jednotlivé obdobia orezavali a porovnavali konektivitu pre

meniace sa rozlohy a priestorové usporiadanie biotopov.

4.) Analyzovat’ vplyv vePkosti vhodnych lesnych celkov a konektivity Uzemia na

genetickd diverzitu druhu

Délezitym problémom ohrozenych druhov je geneticka izolacia. Prebiehajtici populacny
pokles hluchana horneho v Karpatoch sa vztahuje predovsetkym k zmenSovaniu plochy
a fragmentaciu komplexov starych horskych lesov. Ako sa prejavuje konektivita Uzemia na
genetickej Struktire je mozné dokumentovat’ pomocou analyzy genetickej Struktury.
V Zapadnych, Vychodnych a Juznych Karpatoch sme zozbierali celkom 209 vzoriek trusu
a peria hluchana horneho. Pri kazdej vzorke boli zaznamenané geografické koordinaty. Trus
je najlahSie ziskate'na vzorka, ktori moZeme néjst na miestach vyskytu pocas
rozmnozovania, odpocinku a ziskavania potravy. NajlepSie je zbierat' trus za pritomnosti
snehovej pokryvky. Trus zbierame Cerstvy a nevystaveny slne¢nému ziareniu. Perie sa taktiez
Casto pouziva ako dobry zdroj DNA. DNA z peria moze byt ziskand aj z malej Casti
poskodeného pera. DNA je vacsinou izolovana z 1-1,5 cm bazalnej Casti brka alebo z krvnej
zrazeniny nachéadzajucej sa vo vnutornej Casti brka na rozhrani s kostrnkou. Zber peria

prebieha po cely rok, najmé v obdobi preperovania.
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Laboratdrne analyzy

Vzorky boli zhromazdené v priebehu roka, hlavne pocas toku a ulozené v skimavkach
alebo papierovych vreckach naplnenych silikagélom. Na extrakciu DNA bol pouzity DNA
EXTRACTION KIT. Trus v dizke 2— 3 cm sa umiestnil do 15 ml skamaviek a podas noci sa
nechal vylthovat' v ASL roztoku pri izbovej teplote. Vyznamom tohto luhovania je, Ze sa
Z trusu uvol’nia epitely ¢reva zachytené na truse. Nasledujuci deni sa 1,6 ml roztoku prenieslo
do novych skiimaviek s InhibitEX tabletou. Ostatné postupy boli vykonané podl'a protokolu

uvedeného vyrobcom.

Alelickéd bohatost’ a pocet privatnych alel boli vypocitané v programe HP-RARE 1.0
(Kalinowski 2005). Miery genetickej diverzity, diferenciacie a odchylka od 12 Hardy-
Weinbergovej rovnovahy boli ur¢ené v programe GENETIX 4.05 (Belkhir et al. 2004).
Interval spolahlivosti (CI 95%) bol definovany na zéklade 10 000 permutécii. Pre jasna
identifikaciu jadrovej populécie na zaklade alelickej bohatosti sme vyuZili néastroj SINGLE
SPECIES DIVERSITY TOOL implementovany v programe pre ArcGIS, GENETIC
LANSCAPE GIS TOOLBOX. Pre vyhodnotenie potencialnych migracii jedincov prvej
generacie sme pouzili softvér GENECLASS2 (Piry et al. 2004). Softvér pocita
pravdepodobnost’ pévodu jedinca z danej populacie. Miera spolahlivosti P je urCend na
zaklade 10.000 opakovani. Genetickt $truktaru populacii Zapadnych Karpat sme ur€ili
v softvéri STRUCTURE 2.3.3 (Pritchard et al. 2000). Pravdepodobnost’ priradenia jedinca do
1-10 populacii sme testovali 100.000 MCMC repeticii vylucujic prvych 10.000 (burn-in
period) s 10 replikaciami. Subor dat sme testovali za pravdepodobnosti moZnosti migréacie

medzi populdciami (admixture model).
Vzorky boli analyzované na Katedre fytologie na Lesnickej fakulte vo Zvolene.

5.) Analyzovat’ ako prirodné disturbancie ovplyviiuju Struktiru biotopov hluchana

v smrekovych pralesoch Karpét.

Pre splnenie tohto ciel'a boli vybrané dva pralesy v Rumunsku, ktoré sa nachadzaju
Vv jadre vyskytu hluchana horneho vo Vychodnych Karpatoch. Déata boli odobrané na 104
kruhovych vyskumnych plochach (1000 m?), ktoré boli rozmiestnené pomocou nahodného
rozdelenia opisaného v praci Svobodu et al. 2014. Plochy celkovo reprezentuju Uzemie

pralesov o rozlohe 182 ha (v Calimani 60 haa v Giumalau 122 ha).
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Na kazdej vyskumnej ploche boli vSetky Zivé a mftve stromy S priemerom > 10 cm
v prsnej vyske zmerané a bol zapisany druh stromov. Hustota zmladenia bola zaznamenana
v troch vyskovych triedach (0.5-1.3 m, 1.3-2.5 m, a > 2.5 m). Bylinna vegetacia bola popisana
pomocou priemernej vySky a pokryvnosti cucoriedky  (Vaccinium myrtillus), ktord je
dolezitym zdrojom potravy pre hluchana (Storch 2002). Vzdialenost’ k najbliZzSej porastovej
medzere bola vyhodnotend zo satelitnych snimkov, velkost’ porastovych medzier bola

overena pomocou GPS v teréne.

Pritomnost’ a nepritomnost’ pobytovych znakov hluchaiia bola uréena pomocou
celkového prehl'adavania plochy pocas dizky 15 minat. Pobytové znaky boli hladané

v jarnom obdobi, kym bol na zemi sneh.
Historia rezimu disturbancii a vekova Struktira

Vekova Struktdra ahistéria disturbancii  bola analyzovand pomocou metod
dendroekoldgie. Pre kazdd plochu boli pouZité krizovo datované letokruhové série z 25
nahodne vybranych Zijucich uvolnenych stromov. Pre zistenie vekovej Struktary pri vyvrtoch,
ktoré nedosiahli priamo do stredu, bol pocet chybajicich letokruhov dopocitany pomocou
Duncanovej metody (1989). Pre kazdu plochu sme vypocitali priemerny vek, medidn veku,
minimalny a maximalny vek 5 najstarSich stromov. Histéria disturbancii bola rekonstruovana
na zaklade dvoch principov: (i) uvolnenie — prudky narast stromu nasledujlci po odstraneni
zapoja okolitych tieniacich stromov, (ii) rychly pociato¢ny rast, ktory je prejavom toho, Ze
strom rastol od zacCiatku svojho rastu v otvorenom zapoji (Obr. 6) (Frelich & Lorimer 1991).

Sila disturbancii bola hodnotena ako sucet uvolneni a rychlych pociato¢nych rastov v kazdej

dekéde, prevedené na % korunového z&poja (Svoboda et al. 2014).

Obr. 6 Letokruhy zndzornujice odlisné typy rastu indikujiice narusenie okolitych stromov a)
vliavo: (i) uvolnenie — prudky narast stromu nasledujici po odstraneni zapoja tieniacich
stromov V hornej etdzi, b) vpravo: (ii) rychly pociatocny rast, ktory je prejavom toho, zZe strom
rastol od zaciatku svojho rastu v otvorenom zdpoji.

Ztychto dat sme wvytvorili premenné charakterizujuce histériu disturbancii pre

jednotlivé plochy: a) maximalna severita disturbancii, b) ¢as od maximalnej disturbancie, c)

diverzita severit disturbancii reprezentovana disturbanénym indexom (Svoboda et al. 2014).
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Disturbancny index reprezentuje celkova severitu disturbanéného rezimu na plochu
charakterizovani pomocou bezne pouzivaného Shannonovho indexu. Nizke hodnoty
(minimum dosahuje priblizne -3) indikuju disturbancie s nizkou severitou, ktoré sa diali
frekventovane na c¢asovej osi. Maximalna teoreticka hodnota je O a indikuje 100 %
korunového zapoja, ktory bol naruSeny pocas jednej dekady. Najvyssia diverzita disturbancii
je reprezentovana strednymi hodnotami indexu. Viac informacii je mozné najst’ v praci
Svoboda et al. 2014.

Efekt disturbancii na Struktdru lesa bol hodnoteny pomocou viacnasobnych linearnych
modelov. Pre pochopenie vzt'ahu medzi disturbanciami, Struktarou pralesa a vyskytom
hluchana sme vyuzili jednoduché logistické modely, parsiménny GLM model (McCullagh &
Nelder 1989) a PLS-DA analyzu (Barker & Rayend 2003).

5. Vysledky

5.1 Mikolas M., Kalafusova L., Tejkal M., Cernajové I., Michalova Z., Hlasny T.,
Barka 1., Zrnikova K., Bace R. & Svoboda M., (2013). Stav habitatu jadrovej
populacie hluchaia horneho (Tetrao urogallus) v Zapadnych Karpatoch: Je eSte

pre hluchana na Slovensku miesto? Sylvia 49, 79-98.
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Mikolds M., Kalafusov4 1., Tejkal M., Cernajova L., Michalova Z., Hldsny T., Barka 1., Zrnikova K.,
Bace R. & Svoboda M. 2013: Stav habitatu jadrovej populacie hluchdna horneho (7etrao uro-
gallus) v Zdpadnych Karpatoch: Je este pre hluchdna na Slovensku miesto? Sylvia 49: 79-98.

Uzemie Nizkych Tatier a Velkej Fatry predstavuje jadrovi populdciu hluchdfia horneho (Tetrao
urogallus) v Zapadnych Karpatoch. Po veternej smrsti v roku 2004 tu doslo k vyznamnym
zasahom do jeho habitatu. Pre zachranu tohto vtacieho druhu su klac¢ové ucelené informdacie
o kvalite a rozlohe habitatu, ktoré sme spracovali v tejto stadii, pomocou dvoch metodickych
pristupov. V rokoch 2011-2012 sme v uvedenych pohoriach vykonali hodnotenie prostredia
a vyskytu tetrova hluchdiia na 666 bodovych transektoch umiestnenych na linii o dlzke 132 km.
Na postudenie vhodnosti habitatov na drovni porastu sme pouzili index vhodnosti habitatu
(HSI). Na vytvorenie modelu vhodného habitatu na drovni krajiny sme vyuzili komplexny mo-
del MaxEnt. HSI na plochach suchého lesa bolo statisticky vyznamne vyssie v porovnani s asa-
novanou plochou. HSI bol najvyssi pre prales, nizsi pre hospoddrsky les a najnizsi pre holiny.
Z aplikdcie modelu MaxEnt vyplynulo, Ze na Grovni krajiny najlepse vysvetlovali pritomnost
hluchdna premenné: priemernd ro¢na teplota, priemerné jalové zrdzky, krajinnd pokryvka,
nadmorskd vyska (m n. m.), druhové zlozenie porastu a zakmenenie porastu. Potencidlne
vhodné Gzemie pre vyskyt hluchdna malo rozlohu 180 km? (16 % lesnych porastov modelové-
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ho uzemia). Tato rozloha je pre minimdalnu Zivotaschopnu populdciu hluchana nedostato¢na.
Dochadza k fragmentacii habitatu vykonanymi lesohospodarskymi zasahmi. Ohrozenie zdrojo-
vej populdcie hluchana predstavuje ohrozenie celoslovenskej populicie. Je potrebné zabranit
dalsej strate vhodnych porastov a zmenit sposob manazmentu.

The area of the Nizke Tatry and Velkd Fatra Mis. is considered a core population habitat of
the Western Capercaillie (Tetrao urogallus) in the Western Carpathians. Considerable interven-
tions occurred in this habitat after the windstorm in 2004. We provide complex information
about the quality and size of the suitable habitat - representing key data for successful con-
servation of this species — obtained by two methodological approaches. Habitat characteristics
were recorded at 666 points on a 132 km transect during the years 2011-2012. To assess habi-
tat suitability at the level of forest stands, we used the habitat suitability index (HSI). To create
a habitat suitability model at the landscape level, we used the complex MaxEnt model. HSI was
significantly higher in unmanaged forests affected by bark-beetle, compared to managed areas.
The highest HSI values were obtained in primary forests, lower in managed forests and lowest
in clear-cuts. Application of the MaxEnt model showed that Capercaillie presence is best ex-
Dplained by the following variables: mean annual temperature, mean July precipitation, type of
land cover; altitude, tree species composition, and canopy closure. The potential suitable habitat
was 180 km? in size (16% of the forests in the study area). However, this area is not sufficient
JSor a minimum viable population. Furthermore, the suitable habitat is being fragmented by
salvage logging practices. The threat to the source population represents a threat to the entire
Slovak population of the species. It is crucial to stop further loss of Capercaillie habitats through
changes in forest management.

Keywords: endangered species, forest management, habitat assessment, habitat loss, mini-
mum viable population

UVOD poklesu hluchdnich populacii lesohos-

podarska ¢innost (velkoplosné holoruby

Hluchan hoérny (Tetrao urogallus) je
dolezitym elementom prirodného de-
di¢stva Karpdt. Populdcia hluchana naj-
ma v strednej a zdpadnej Eurépe prudko
ustupuje (Storch 2001). Hluchan je za-
radeny v prilohe 1 Eurépskej Smernice
o ochrane vtictva a je na zozname v Cer-
venej knihe vic¢siny krajin zdpadne;j,
strednej a juhovychodnej Europy (Storch
2000). Nizka reprodukcia spdsobend
priamym a nepriamym vplyvom lesného
hospodadrstva je hlavny dovod pokle-
su populdcii tetrova hluchdana v Eurépe
(Wegge et al. 2005), pretoZe vyvojové
stadia nasledujuce po velkoplosnej taz-
be zna¢ne znizuju potravnd ponuku
a ukrytové moznosti pre juvenilné jedin-
ce (Lakka & Kouki 2009). Na Slovensku
boli podla Sanigu (1994) hlavné pri¢iny
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a nasledny vznik tmavych monokultir
a chemizicia pesticidmi), znecistova-
nie ovzdusia, ktoré priamo ovplyviiuje
zdravotny stav jedincov a taktiez znizu-
je potravinovi ponuku hmyzu a rastlin
(Porkert 1982), nadmerny lov, vyruso-
vanie inymi Tudskymi aktivitami a pri-
rodzené negativne faktory (napr. pre-
ddcia). Telemetrické udaje ukdzali, Ze
hluchdne pocas roka vyuzivaji plochu
132-1207 ha, priemerne 550 ha (Storch
1995). Hluchan je kvoli obrovskym pries-
torovym narokom velmi citlivy na frag-
mentaciu lesa (Storch 1997, Kurki et al.
2000).

V roku 1972 polovnicka Statistika uva-
dzala pre izemie Slovenska 3700 kohttov,
v roku 1992 bol na Slovensku odhado-
vany pocet jedincov 1100-2000 (Saniga



1992). Na zdklade pozorovani z rokov
1981 az 2003 zaznamenal Saniga (2003)
vo Velkej a Malej Fatre, Kremnickych vr-
choch, Starohorskych vrchoch a Nizkych
Tatrdch zanik tokanisk a znac¢ny po-
kles pocetnosti - na 221 % u kohutov
ana 13,3 % u sliepok z pévodného stavu.
Je jednoznac¢né, Ze pocetnost hluchana
na Slovensku klesd. Dnes Zije vo frag-
mentovanych a vzdjomne izolovanych
populdcidach priblizne 300-600 kohutov
(Saniga in litt.). Vaznost situdcie si pre za-
chranu hluchdna na Slovensku vyzaduje
podrobny plin manazmentu, na ktory sa
potrebné jasné ukazovatele Zivotaschop-
nosti populacie. Plosny podiel vhodného
habitatu vo fragmentovanej krajine je po-
vazovany za dobré meritko Zivotaschop-
nosti metapopuldcie (Hanski 1998).

Grimm & Storch (2000) vytvorili sto-
chasticky popula¢ny model, ktorého
ciefom bolo zistit, akd velkd je minimalna
zivotaschopna populdcia hluchana, ak
pravdepodobnost vyhynutia v priebehu
100 rokov ma byt nizsia ako 1 %. Model
predpovedd minimdlnu Zzivotaschopnu
populdciu s poc¢tom okolo 470 jedincov,
vyzadujucu vhodny habitat s rozlohou
az 250 km? Vychadzajuc z tychto pa-
rametrov, v podmienkach Slovenska je
pre dosiahnutie takejto rozlohy habitatu
nutné zachovat prepojenie minimalne
medzi Nizkymi Tatrami a Velkou Fatrou,
ktoré by mali sluzit ako zdrojovd po-
puldcia. Vetrovd smrst z 19. 11. 2004 za-
siahla rozsiahlu plochu lesnych porastov
v Studovanej oblasti, najmi v nirodnom
parku Nizke Tatry. Nasledne doslo ku
gradacii podkoérneho hmyzu a spracova-
niu kalamity. Celkovo v Nizkych Tatrdch
od roku 2004 doslo k vzniku odtaze-
nych pléch s rozlohou viac ako 10 000
ha. Na vicsine uzemia este stale dochd-
dza k spracovaniu kalamity, preto je
zakladnou otdzkou prezitia hluchdna na
Slovensku, akym sposobom sa bude vy-
vijat manazment tychto oblasti.
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Cielom tejto Studie je predlozit kom-
plexné informacie potrebné k zdchrane
tohto ohrozeného druhu v Ziapadnych
Karpatoch. Cielom je (i) vyhodnotit
vplyv kalamitnych asana¢nych opatreni
na kvalitu habitatu a vyskyt hluchdna,
(ii) zistit geografické rozsirenie a cel-
kovu rozlohu vhodného habitatu zdro-
jovej populdcie hluchana v Zipadnych
Karpatoch na drovni krajiny a (iii) overit
pouzitelnost metodiky indexu vhodnos-
ti habitatu podla Storch (2002) na Gzemi
Slovenska pre planovanie manaZzmentu
na urovni porastu. Vysledky budu sluzit
ako podporny ndstroj pri rozhodovani
0 manazmente uUzemi s vyskytom hlu-
chana horneho.

METODIKA
Studovana oblast

Lokality vyskumu sa nachadzaju v dvoch
orografickych celkoch - Nizkych Tatrach
a Velkej Fatre, pricom sa studovana ob-
last rozklada na ploche 1717 km? (obr. 1).
Obe pohoria spadaju do Fatransko-
tatranskej oblasti (Miklos et al. 20006).
Nadmorské vysky stupaju od 900 do
1550 m n. m. Klima je charakteristic-
ka kriatkym letom bohatym na zrdz-
ky. Priemernd teplota v jdli je 14.5 °C
a v janudri 5.5 °C. Priemerné zrazky sa
pohybuju medzi 1000-1400 mm. V stu-
dovanej oblasti dominuju spoloc¢enstva
smrekovych lesov cucoriedkovych na
podzolovych typoch pod, na ne nadvi-
zuju jedlovo-smrekové lesy a jedlové
lesy, pripadne na minerdlne bohatSom
podlozi smrekové lesy vysokobylinné
(Michalko et al.1986). Prirodzené lesné
spolocenstvd su v sucasnosti v znacnej
miere premenené na hospoddrske lesy,
¢asto s pozmenenou druhovou sklad-
bou porastotvornych drevin. Rozsiahle
plochy lesov aj na hornej hranici lesa su
ovplyvnené asanac¢nou kalamitnou taz-
bou a chemickymi postrekmi.
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Obr. 1. Mapa potencidlneho rozsirenia tetrova hluchdna v studovanom tzemi hodnotend po-
mocou modelu MaxEnt. Farebnd skdla vyjadruje pravdepodobnost vyskytu tetrova hluchana.
Uzemia, ktoré vyhodnotil model ako nevhodné (<0,282), st reprezentované bielou farbou.
Fig. 1. Map of potential distribution of the Capercaillie in the studied area based on the MaxEnt
model. The colour scale indicates probability of Capercaillie occurrence. Areas predicted by the
model as unsuitable (<0.282) are shown in white.

TERENNE PRACE A ZBER DAT

Porasty s lokalitami boli vybrané na zakla-
de predpokladaného vyskytu hluchana
hérneho. Terénny prieskum sa uskutoc-
nil v lethom obdobi (jul - september)
v rokoch 2011-2012, kedy je plne vyvinu-
td pozemna vegeticia. Celkovo bolo zma-
povanych 666 ploch na 132 km dlhom
transekte. Pre hodnotenie kvality habita-
tu hluchana bola zvolena metodika HSI,
pretoze je to finan¢ne nendrocny ndstroj,
ktory je jednoduché pouzit aj pre prak-
ticky manazment. Uzemie bolo mapo-
vané v transektoch, kazdych 200 m boli
priradené suradnice bodu, na ktorom
boli na kruhovej ploche s polomerom
20 m odcitané a podrobne zaznamena-
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né vsetky klucové charakteristiky habita-
tu hluchana podla metodiky na vypocet
indexu vhodnosti habitatu (HSI, Storch
2002): sklon svahu ( v triedach 0: < 5°, 2:
6-15°, 3: 26-35°, 4: 36-45°, 5: >45°), po-
kryvnost cucoriedky (%), vyska bylinnej
etaze (v triedach 1: 1-10 ¢cm, 2: 11-20 cm,
3: 21-30cm atd.), pokryvnost drevinné-
ho zmladenia ( v triedach 1: < 25 %, 2:
26-50 %, 3: 51-75 %, 4: >75 %), sukcesné
stadium porastu (1: mladina, 2: Zrdkovina,
3: zrdovina, 4: kmenovina, 5: stary porast,
6: vekovo roznorody porast, 0: Ziadny les),
korunovy zipoj (%), drevinové zlozenie,
pritomnost medzier v poraste a pritom-
nost preferovanych kifmnych stromov
(Abies alba, Pinus sylvestris, Pinus mugo,
Pinus cembra). Pobytové znaky (trus,



perie, skrupiny, prachovisko atd.) sme
hladali po dobu 10 minut na vyskumne;
ploche kazdého bodu. Pokial to bolo
mozné urcit, zaznamenali sme pohlavie,
ako aj sezonu ndlezu (podla druhu kon-
zumovanej potravy). Okrem toho sme
na kazdej ploche urcili, ¢i ide o suchy
les, odtazenu plochu alebo prales. Tieto
informdcie sme ndsledne pouzili k po-
rovnaniu vhodnosti habitatu a vyuzivania
habitatu na jednotlivych stanovistiach.
Ci sa dand vyskumna plocha nachadza
v pralese/pralesnom spolocenstve, sme
urcili podla mapy pralesov Slovenska po-
chadzajicou z podrobného mapovania
v roku 2009-2010 (www.pralesy.sk). Ako
prales je chapany relativne nedotknuty
les (znaky po byvalej Iudskej ¢innosti
nie sa evidované, alebo su tazko identifi-
kovatelné a milo evidentné) s prirodze-
nym drevinovym zloZenim, s vyskytom
typickych druhov ekosystému, zachova-
lou prirodzenou vekovou, vertikdlnou,
horizontdlnou a priestorovou strukturou,
s primeranou pritomnostou mftveho dre-
va (stojaceho a leziaceho) v roznych sta-
diach rozkladu a s pritomnostou jedincov
drevin, ktorych vek sa blizi fyzickému
veku. Za prales sa povazuju aj mladsie
vyvojové stadid lesa, ktoré vznikli po pri-
rodnej disturbancii (Jasik et al. 2009).

Vypocet indexu vhodnosti habitatu
HSI - habitat suitability index
(podla Storch 2002)
Pre kazdu zo zaznamenanych premen-
nych Storch (2002) zostavila funkciu pre
vypocet indexu vhodnosti (suitability
index, SI). SI nadobuda hodnoty medzi
0 (nevhodny) a 1 (optimilny). Indexy
vhodnosti st nasledne skombinované
do rovnic urcujicich hodnoty HSI. HSI
sa pocita samostatne pre zimny a letny
habitat, ktoré sa nasledne kombinuju do
celoro¢ného HSI. HSI, rovnako ako SI,
nadobuda hodnoty od 0 do 1.

Z povodného modelu na vypocet HSI
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sme vynechali nadmorskud vysku, ktorad
vyjadrovala vzdialenost od polnohos-
podarsky vyuzivanych dolin. Dovodom
bolo, ze vsetky hodnotené plochy sa
vyskytovali vo vyske nad 900 m n.m., kde
je hodnota tohto SI konstantna.

HSI pre zimny habitat sa pocita na
ziklade sukcesného $tadia porastu, ko-
runového zdpoja, pritomnosti preferova-
nych kimnych stromov a sklonu svahu:

HSI. = (SI ) x V(ST

zima

x 81

stromy

x SI

sukcesia korun. zipoj kimne

sklon)

NajdolezitejSou zlozkou HSI, = je
struktdra stanovista, vyjadrend pomocou
sukcesného stadia porastu a korunové-
ho zdpoja. Oboje moézu byt limitujice,
ich nulové hodnoty vedud k nulovému
HSI . Sklonu svahu a pritomnosti pre-
ferovanych kimnych stromov je pride-
lend niZsia vdha. SI_, je vZdy >0. ST
womy j€ NUlOVY len v pripade bezlesia.

HSI pre letny habitat kombinuje suk-
cesné stadium porastu, korunovy zapoj,
pokryvnost ¢ucoriedky, pokryvnost dre-
vinného zmladenia, vysku bylinnej etaze
a sklon svahu:

HSIlcto
(21

= 0,25 * {(SI
*SI

*
sukcesia SI

)+ SI

korun. z;lpoi) +

*
¢ucoriedka zmladenie- byliny} SIsklon

Struktdra stanovista, typ vegetdcie -
vyjadreny pomocou pokryvnosti ¢uco-
riedky a pokryvnosti drevinného zmlade-
nia a vyska bylinnej etdZe maju vzajomne
kompenzujici efekt. Najviacsia vaha je
prikladanad typu vegetdcie. Sklon svahu
moZe opit znizit vhodnost habitatu.

Celoro¢ny HSI je geometrickym prie-
merom HSI, aHSL, -

zima

HSIrok - ‘/ (HSIzima : HSIleto)

Oba HSI sa teda vzdjomne kompen-
zuji, ten s nizSou hodnotou je vsak
limitujaci.

Pre podrobnejsie informdcie k vypoc-
tu HSI pozri Storch (2002).
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Obr. 2. Histogramy jednotlivych premennych: a) charakterizujicich habitat s pozitivhym
zdznamom hluchana hérneho; b) charakterizujicich habitat s pozitivanym zdznamom juve-
nilnych jedincov. Vystetlenie jednotlivych premennych: ihli¢ie (pritomnost preferovanych
kfmnych stromov), vyska vegetacie - vyska bylinnej etaze (v triedach 1: 1-10 c¢m, 2: 11-20 cm,
3: 21-30 cm atd.), zmladenie (pokryvnost drevinného zmladenia: v triedach 1: < 25 %, 2:
26-50 %, 3: 51-75 %, 4: >75 %), zapoj (korunovy zapoj (%), sklon svahu ( v triedach 0: < 5°, 2:
6-15° 3: 26-35°, 4: 36-45°, 5: >45°), medzery - pritomnost medzier v poraste, sukcesia (suk-
cesné Stadium porastu: 1: mladina, 2: zrdkovina, 3: zrdovina, 4: kmefovina, 5: stary porast,
6: vekovo roznorody porast, 0: Ziadny les), drevinové zloZenie - v triedach (1. Picea abies, 2.
Picea abies + Pinus sp., 3. Picea abies + Abies alba, 4. Picea abies + Larix decidua, 5. Picea
abies + Fagus sylvatica, 6. Picea abies + Sorbus aucuparia, 7. Picea abies + iné listnaté stromy,
8. Pinus sp., 9. Abies alba + iné listnaté stromy, 10. Fagus sylvatica, 11. Fagus sylvatica + Picea
abies, 12. Fagus sylvatica + Abies alba), cucoriedka - pokryvnost ¢ucoriedky Vaccinium
myrtillus (%).

Statistické vyhodnotenie vhodnosti
a vyuzivania habitatu

Na testovanie vztahu medzi hodnou HSI
a zaznamenanymi pobytovymi znakmi,

S vyuzitim popisnej Statistiky sme skon-
Struovali histogramy pre jednotlivé pre-
menné prostredia, aby sme ukdzali vhod-
né vlastnosti habitatu pre vyskyt druhu.
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teda na overenie funkc¢nosti HSI v pod-
mienkach Zipadnych Karpdt, sme po-
uzili vSeobecny linedarny model (GLM)
kvazibinomickej rodiny so spojovacou
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Fig. 2. Histograms of particular habitat variables: a) characterising a habitat with confirmed
Capercaillie presence; b) characterising a habitat with confirmed presence of Capercaillie
Juveniles. Legend: conifers — presence of prefered feeding trees, height of herb vegetation
(in categories: 1. 1-10 cm, 2: 11-20 cm, 3: 21-30 cm elc.), regeneration (coverage of reju-
venated woody plants: in categories 1: <25 %, 2: 26-50 %, 3: 51-75 %, 4. >75 %), canopy
cover (in %), slope - slope inclination (in categories: 0: <5° 2: 6-15° 3: 26-35°, 4: 36-45°, 5:
>45°), gaps - presence of gaps in the stand, succession - succession stages (1. thicket, 2. pole
timber, 3. stake wood, 4. mature forest, 5. old stand, 6. age-heterogeneous stand, O: forest-free
area), type of stand - species composition of the stand (in categories - 1. Picea abies, 2. Picea
abies + Pinus sp., 3. Picea abies + Abies alba, 4. Picea abies + Larix decidua, 5. Picea abies
+ Fagus sylvatica, 0. Picea abies + Sorbus aucuparia, 7. Picea abies + other deciduous trees,
8. Pinus sp., 9. Abies alba + other deciduous trees, 10. Fagus sylvatica, 11. Fagus sylvatica +
Picea Abies, 12. Fagus sylvatica + Abies alba), bilberry - bilberry cover (Vaccinium myrtillus)
(in %).

funkciou logit. Na vyhodnotenie vplyvu (1 = nevyhovujuci, 10 = excelentny)

asanacnych opatreni a na vyhodnotenie
rozdielov HSI medzi jednotlivymi typmi
stanovist sme pouzili neparametricky
Kruskal-Wallisov test.

Pre kazdy z desiatich intervalov HSI

sme vypocitali percento pléch s poby-
tovym znakom a Ivlevov index I (Krebs
1989) na zdklade relativnej dostupnosti
plochy (A - percento zo vsetkych ploch)
a relativneho vyuzivania (U - percen-
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to zo vsetkych ndjdenych pobytovych
znakov):

1=(U-A)/(U+A).

Ivlevov index nadobuida hodnoty od
-1 do +1, pozitivhe hodnoty naznacuju
preferenciu a negativne vyhybanie sa
plocham daného intervalu.

Diata boli spracované v programoch
Microsoft Excel a R 2.15.2 (R Core Team,
2011). Hladiny vyznamnosti boli stano-
vené na o = 0,05. VSetky analyzy boli
pocitané na zdklade celoro¢ného HSL

Modelovanie rozsirenia hluchana
hoérneho

Pre planovanie manazmentu je potreb-
né mat uceleny obraz o stave habitatu
na drovni krajiny a identifikovat izolova-
né plochy habitatu. KedZe pocas dvoch
rokov mapovania HSI nebolo mozné
zozbierat dostatok ddt z terénu pre
utvorenie komplexného modelu HSI,
potencidlne rozsirenie hluchina hor-
neho na Uizemi Nizkych Tatier a Velkej
Fatry bolo modelované pomocou SDM
modelu MaxEnt (Phillips et al. 2006),
ktory je v sucasnosti povazovany za
jednu z najspolahlivejsich metéd pre-
dikcie geografickej distribicie najmi
u druhov, u ktorych je k dispozicii iba
obmedzené mnozstvo dostupnych dat
o ich vyskyte (Elith et al. 2006; Pearson
et al. 2007; Franklin 2009, Elith et al.
2011). Pre modelovanie bolo pouzitych
113 zaznamov vyskytu (poévodnych
100 zaznamov ziskanych pocas HSI ma-
povania bolo obohatenych o 13 dalsich
zdznamov pochddzajucich z monito-
ringu SOP SR) a z environmentilnych
premennych. Pracovali sme v rastro-
vom formate s priestorovym rozlisenim
100x100 m.

Pre modelovanie bolo vybranych z p6-
vodnych 39 len 6 prediktorov: priemerna
ro¢na teplota vzduchu (°C; medzi rok-
mi 1950-2000), priemerné julové zrazky
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(mm; medzi rokmi 1950-2000), krajin-
na pokryvka (Corine Land Cover 20006;
16 kategorii), nadmorskd vyska (m n. m.),
druhové zloZenie porastu (20 kategorif;)
a zakmenenie porastu (0-1).

Vzhladom k silnej viazbe hluchidia na
lesné porasty a zaroven ich intenzivnej
tazbe v poslednych rokoch, bolo po-
trebné vymedzit plochy odtazenych les-
nych ploch (holin) a vynat ich z analyzy.
Boli pouzité satelitné snimky Landsat
ETM+ za rok 2012 s rozlisenim 30x30 m.
Pouzitd kompozicia bola vhodni pre
odlisenie ihli¢natych a listnatych le-
sov, miest bez vegeticie - kandly 4,5,3
(blizky infracerveny, stredny infracer-
veny, Cerveny). Pre klasifikiciu defo-
lidcie (straty asimila¢nych orgdanov),
boli stanovené hodnoty tried defolidcie
podla %, tj. trieda 1: 0-10 %, trieda 2:
11-20 % atd., pricom trieda 11 zname-
nd vytazeny les (Bucha et al. 2000).
Geografické rozsirenie hluchiana hor-
neho tak bolo modelované v lesnych
porastoch o celkovej rozlohe 1132 km?
(66 % rozlohy Gzemia).

Pre overenie vysledkov modelu bol
model 100x opakovany a to na ndhodne
vybranej trénovacej mnozine dit (70 %
zdznamov o vyskyte) a ndsledne tes-
tovany (zvysné dita). Predpovedacia
schopnost vysledného (spriemerované-
ho) modelu bola odhadnutd pomocou
nezavislej diskrimina¢nej hladiny AUC
(Area Under the ROC Curve) zodpove-
dajice metriky pre popis grafu ROC kriv-
ky (Receiver Operating Characteristic
curve; Fielding & Bell 1997). Vysledna
hodnota AUC je navySe priemerom
100 opakovani, pri ktorom boli ziznamy
o vyskyte vzZdy ndhodne rozdelené do
trénovacej a testovacej sady.

Pre urcenie celkovej rozlohy rozsire-
nia tetrova hluchdia v skimanom tzemi
bolo potrebné stanovit hranicu (,tres-
hold“) pravdepodobnosti, podla ktoré-
ho bol vysledny raster pravdepodobnos-



ti (0-100 %) rozdeleny na bindarny (ne/
vyskyt). Podla Liu et al. (2005) a Bean
et al. (2012) sme pouzili hranicu ur¢enud
zhodnym pomerom spravne urcenych
presencii (,senzitivita®) a absencii (,Spe-
cificita®) druhu (,Equal training sensi-
tivity and specificity“). Podrobnejsie
informacie o pouziti modelu MaxEnt
opisuju Phillips & Dudik (2008) a Elith
et al. (2011).

VYSLEDKY

Vztah medzi skimanymi faktormi

a zaznamenanym vyskytom druhu
Najcastejsie zaznamenané pobytové zna-
ky boli perie (45 %), trus (36 %), pria-
mo videné jedince (16 %) a Skrupiny
vajec (3 %). Iba 19 zo 100 zdznamov
vyskytu hovori o reprodukcii hlucha-
fla. Jednotlivé premenné prostredia na
plochich s pozitivhym vyskytom druhu
(n = 100) a na plochach s pozitivaym
zdaznamom juvenilnych jedincov (n = 19)
su zobrazené pomocou histogramov
(obr. 2).
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Overenie funkcénosti modelu HSI

Vysledok GLM potvrdil pozitivhu za-
vislost medzi indexom HSI a vyskytom
pobytovych znakov (p < 0,0001, nulova
deviancia = 563,40 na d.f. = 665, rezi-
dudlna deviancia = 510,54 na d.f. = 664,
disperzny parameter = 0,9992). Vztah
zobrazuje obrdzok obr. 3. RozloZenie
mapovanych ploch v HSI intervaloch
a pocet ploch s nijdenymi pobytovymi
znakmi zobrazuje Tabulka 1.

Linedrna regresia potvrdila zavis-
lost Tvlevovho indexu na intervale HSI
(F = 50,47, d.f. = 1 a 8, p < 0,0001, adj. R?
= 0,85, (obr. 4). Tento vztah vyjadruje,
Ze plochy s vys$sim HSI s hluchdnom
vyuzivané castejSie. Na zdklade tych-
to vysledkov povazujeme HSI podla
Storch (2002) za vhodny ndstroj na pre-
dikciu vyskytu hluchana v Zipadnych
Karpatoch.

Vplyv kalamitnych asana¢nych
opatreni

Kruskal-Wallisov test ukdzal Statisticky
signifikantny rozdiel medzi HSI , na
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Obr. 3. Vztah medzi indexom vhodnosti celoro¢ného habitatu a vyskytom pobytovych znakov.
Fig. 3. Relationship between the annual habitat suitability index (HSI) and occurence of

Capercaillie signs.
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Tab. 1. Pocet ploch s pobytovymi znakmi v kategoriach ro¢ného indexu vhodnosti habitatu.
Table 1. Number of plots with Capercaillie signs in categories of the annual habitat suitability

index (HSD).

;—rlis?ld;alt{ezlor:f 1 2 3 4 5 6 7 8 9 10
2252252;21015 83 33 44 51 75 88 10086 76 30
Zi;;;eptgghpmh 125 7 8 11 13 15 13 11 5
pocet bodov so zistenymi pobytovymi znakmi O 4 4 5 13 17 22 24 o

number of plots with Capercaillie signs

lvlevov index
Ivlev’s index

-1.0

T T
2 4

T T T
6 8 10

HSlinterval / HSlinterval

Obr. 4. Vztah ro¢ného indexu vhodnosti habitatu a Ivlevovho indexu.
Fig. 4. Relationship between the annual habitat suitability index (HSI) and the Ivlev’s index.

plochich s vytazenou (priemerné HSI
0,016 ) a ponechanou drevnou hmotou
(0,62) po lykozrutovej kalamite (chi? =
65,92, d.f. = 1, p < 0,0001). HSI na plo-
chich s nespracovanou kalamitou je vy-
znamne vy$si (obr. 5a ).

HSI sa tiez 1i5il aj medzi holinou (prie-
merne 0,016), lesom (0,534) a pralesom
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(0,664) a to medzi vSetkymi Groviiami
(chi?= 149,74, d.f. = 2, p <0,0001, obr. 5b).

Modelovanie rozsirenia hluchana
horneho

Priemernd hodnota AUC hlavnych mo-
delov bola na hranici strednej a vysokej
predikénej presnosti, podobny vysledok
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Obr. 5. a) Index vhodnosti celoro¢ného habitatu na asanovanych plochach (holina) a na
plochich s nespracovanou kalamitou (suchy les) b) Index vhodnosti celoro¢ného habitatu
v zavislosti na type stanovista (holina, les, prales).

Fig. 5. a) Annual habitat suitability index (HSI) on managed (clear-cut) and unmanaged
(dry forest) plots after the bark beetle outbreak. b) Annual habitat suitability index in different
habitat types (clear-cut, managed forest and primary forest).

bol ziskany z testovacich modelov. Na za-
klade tejto hodnoty bola pre rozdelenie
vysledného rastru pravdepodobnosti do
bindrnej podoby (vyskyt hluchdna / ab-
sencia hluchana) ur¢ena hodnota 0,282,
tzn. Uzemie s niz§imi hodnotami bolo
povazované za nevhodny biotop pre
hluchana a naopak.

Klasifikdciou vysledného rastra prav-
depodobnosti do bindrnej podoby bolo
ako vhodné tzemie pre vyskyt hluchana
oznacenych 180 km? (16 % lesnych po-
rastov), ako nevhodné uzemie rozloha
952 km?lesnych porastov (obr. 1).

DISKUSIA

Zakladnym predpokladom pre dspesnu
ochranu hluchana hérneho je zabez-
pecenie dostatocnej rozlohy vhodného
prirodného prostredia (Rolstad & Wegge
1987, Storch 2002, Quevedo et al. 20006).
Jasny obraz o tom poddva napriklad ne-
uspech projektov zachrany hluchdna za-

meranych na vypustanie jedincov z od-
chovni v Nemecku, kde bolo od roku
1950 vypustenych viac ako 4800 hlu-
chanov bez viditeIného tspechu (Siano
2008). Vo vicsine pripadov nebol odstra-
neny hlavny dévod vyhynutia pévodnej
populicie.

Zhodnotenie rozlohy a kvality
habitatu

Hluchan horny je druh velmi ndro¢ny
na kvalitu a rozlohu vhodného prirod-
ného prostredia a preto manazment Zzi-
votaschopnej populdcie hluchdana musi
vyplyvat zo $irSich vztahov na Grovni
krajiny (Storch 1997, Graff et al. 2005,
Bollmann et al. 2011). Z dévodu nedos-
tatku dat z terénneho mapovania sme
pre uréenie celkovej rozlohy vhodného
habitatu ma urovni krajiny vyuzili model
druhovej distribucie (Elith & Leathwick
2009). Aj ked je model menej presny
ako vysledky terénneho mapovania,
sme pomocou neho schopni na urovni
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krajiny identifikovat oblasti, kde docha-
dza k fragmentdcii populdcie, kde nie je
zastipeny vhodny habitat v dostato¢nej
miere a vyclenit Uzemia urcené na pasiv-
ny alebo aktivhy manazment.

V Nizkych Tatrich doslo k rozsiah-
lej strate vhodného habitatu hluchdna.
Oslabenim populicie v Nizkych Tatrach
a Velkej Fatre, ktord je pokladand za
zdrojova populdciu na Slovensku, dojde
k poklesu mensich popula¢nych jedno-
tiek v prilahlych pohoriach (Slovensky
raj, Stolické vrchy, Murdnska planina,
Veporské vrchy atd.). Preto je pre pre-
zitie hluchdna jednoznacne potrebné
usmernenie manazmentu tohto uzemia.
Pre spresnenie konkrétnych lesnickych
opatreni v hospodarskych lesoch v ob-
lastiach ur¢enych na aktivny manazment
je potrebné identifikovat faktory, ktoré
znizuju kvalitu stanovista na drovni po-
rastu - jednou z moznosti je v tejto pra-
ci pouzitd metodika HSI (Storch 2002).
Vysledky naSej Stadie potvrdzuju, ze
metodika HSI je dobrym ukazovatelom
vyuzivania habitatu hluchanom na tze-
mi Nizkych Tatier a Velkej Fatry, a preto
je pouzitelna ako prakticky ndstroj pre
planovanie manazmentu s cielom za-
chovat hluchdna na tomto Uzemi. HSI
pocita ,perfektny“ hluchani les, ktory na
mnohych lokalitich vyskytu ani nemusi
existovat, obzvlast ak stanovistné pod-
mienky (napr. poda, pH) nedovoluju rast
¢ucoriedky. Ak sa na lokalite nevyskytuje
¢ucoriedka, HSI nebude nikdy vyssie
ako 0,5. Cucoriedkové plochy, ktoré su
mimo lesa (napr. pasienky), nebudu viest
k zvyseniu hodnoty HSI, pretoze kod les-
ného typu by bol nulovy. Takze v lese
bez ¢ucoriedky HSI nedosiahne nikdy
vyssiu triedu ako 3 (Storch in litt.). Ak by
HSI nebol na niektorych Specifickych
lokalitach funkény, je ho mozné kalibro-
vat pomocou logistickej regresie alebo
ENFA na $pecifické modely pre jednot-
livé lokality. V nasej Stadii metodika HSI
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prejavuje urcité nedostatky na vapenco-
vom podlozi alebo v lesoch s prevahou
buka. Ale aj v tychto pripadoch zvicsa
plati, ze hluchan vyuziva plochy s vyssou
hodnotou HSI, preto nebolo potrebné
model kalibrovat. Cucoriedka obycajnd
ako potravny zdroj moze byt nahradena
v inych vegeta¢nych stupiioch napriklad
ostruzinou malinovou (Rubus ideaus)
alebo ostruzinou c¢ernicovou (Rubus
Sructicosus). Kedze metodika bola vytvo-
rend v hospoddrskych lesoch v Alpach,
bolo by zaujimavé podrobnejsie presku-
mat vyznam mitveho dreva pre hlucha-
na v karpatskych podmienkach. Hovori
o tom 3aj vysledok, ze pralesy, ktorych
vyznamnou suc¢astou Struktury je stojace
i leziace mftve drevo, su preferovanym
habitatom hluchana. V Karpatskych pod-
mienkach je vyssi pocet druhov predito-
rov hluchana (Saniga 2002) v porovnani
s Alpami (Storch 2005) a mftve drevo by
mohlo mat podstatny vyznam pre zvyso-
vanie ukrytovych moznosti pred preda-
tormi, najmi pocas obdobia hniezdenia.

Fragmentacia habitatu a geneticka
izolacia

Na zaklade predikéného modelu je zjav-
né, ze habitat hluchdna je viditelne frag-
mentovany na 2 miestach (Certovica,
Donovaly) a zdroveil ¢ast vyznamnych
biotopov hluchdna je pod silnym vply-
vom turistického ruchu. Rozsiahle odta-
zené plochy a ndsledny vznik husto za-
pojenych lesov su jednym z hlavnych
dovodov, ktory tvori bariéru v Uspes-
nej komunikdcii medzi jednotlivymi
popula¢nymi jednotkami hluchana.
Fragmentdcia habitatu moéze mat ne-
gativne Uc¢inky na genetiku populacie
hluchdna, pretoze vytvara malé popula-
cie s limitovanym tokom génov medzi
populaciami a zvySuje geneticky drift,
inbriding (Pullin 2002). V zdujme udr-
Zania zivotaschopnej populdcie by malo
byt zachovanych ¢o najviac habitatovych



ploch a malo by sa predchddzat dalsej
strate velkosti a kvality tychto ploch. Je
dolezité sustredit sa na ochranu nielen
silnejsich (zdrojovych) populacii, ale aj
na zachovanie mensich okrajovych lo-
kilnych populacii, pretoze ich zanikom
nendvratne straicame geneticku informa-
ciu (Segelbacher 2003).

Fragmentacia habitatu a predacny
tlak

Casto je diskutovand otdzka vplyvu pre-
dicie na pocetnost hluchdna. V porov-
nani so suvislymi lesnymi celkami je
vo fragmentovanych oblastiach vplyvom
zvySeného preda¢ného tlaku vyznam-
ne vyssia mortalita kuriatok (Wegge &
Storaas 1990, Wegge 1992). Rozsiahle
odtazené plochy predstavuju pre hlu-
chana velké nebezpeclenstvo (Swenson
& Angelstam 2003). Tym, Ze po nahlej
strate biotopu sa hluchdne vyskytnu vo
vicsej hustote na mensej vymere lesa,
stdvaju sa zranitelnejSie voci predato-
rom z dbévodu otvorenosti priestoru.
Nasledny vyvoj porastu - vzniku husto
zapojenej homogénnej mladiny predsta-
vuje uplnu stratu vhodného habitatu pre
hluchdna. V premenenom hustom lese
hluchan nedokaze lietat, nenachddza
v nom potravu a taktieZ strdca vyhlad po-
trebny na unik pred predatormi (Finne
etal. 2000). Preda¢ny tlak mdzeme elimi-
novat aj nepriamo - znizovanim vyme-
ry (resp. zabranovanim vzniku novych)
rozsiahlych odtazenych ploch a v pripa-
de uz vzniknutych holin zabranit vzniku
homogénnych hustych porastov.

Turisticky ruch

Napriek vysokym hodnotam HSI v oko-
li turistickych aredlov (Chopok Juh,
Chopok Sever, Donovaly), lokality nie
su vyuzivané hluchdimi. V tychto oblas-
tiach mézu turistické centrd predstavo-
vat barierovy prvok (najmi pocas zimy)
v komunikacii. Turizmus ma vplyv na

SYLVIA 49 / 2013

zvysSenie preda¢ného tlaku na hluchine.
Horské chaty a miesta navstevované lud-
mi totiz prispievaju k zvySeniu nosnej
kapacity prostredia pre vyznamné pre-
ddtory hluchanov (napr. ¢elad Corvidae)
(Storch & Leidenberger 2003). Dalsim
vyznamnym negativhym vplyvom je
plasenie. Pre hluchana je vyruSovanie
kritické v zimnych a jarnych (obdobie
toku) biotopoch a biotopoch rodiniek
s kuriatkami pocas letnych mesiacov -
najmi mdj, jun, jul (Ménomi & Magnani
1998). Pri porovnani obsahu stresové-
ho hormoénu kortikosterénu v truse je-
dincov v blizkosti rekrea¢nych zimnych
aktivit v smrekovych lesoch Thiel et al.
(2011) zistili jeho rastici obsah smerom
od miest s nizkym a strednym vyrusova-
nim az k miestam s vysokou turistickou
intenzitou. Opakované alebo pretrviva-
juce zvysenie kortikosteronu v stavislosti
s vyrusovanim, moze ovplyvnit celkova
zdatnost jedincov - telesni kondiciu,
imunitu, reprodukciu a prezitie jedincov
(Wingfield et al. 1997). Preto lokality
s vysokou kvalitou habitatu nemusia byt
obyvané hluchanmi, ak je lokalita pod
vplyvom negativnych faktorov posobia-
cich zo SirSieho okolia (Storch 2002), ¢o
sa prejavilo aj vo vysledkoch mapova-
nia. Negativny vplyvy turismu je mozné
minimalizovat. V niektorych krajindch
(napr. Rakusko, Francuzsko, Nemecko,
Svajciarsko) boli vyvinuté programy
opatreni na obmedzenie [udského vyru-
Sovania (Zeitler & Glanzer 1998).

Vyznam bezzasahovych vuzemi
v sieti habitatu hluchana

Pocetné studie preukdzali vyznam ne-
obhospodarovanych lesov pre biodiver-
zitu (Bouget & Duelli 2004, Muller et
al. 2008, Bissler et al. 2012, Lehert et al.
2013). Vysledky nasej studie potvrdzuju,
Ze pralesy su do velkej miery vyuzivané
hluchanmi, a preto predstavujd vyznam-
ny prvok v zostdvajucej sieti habitatu
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hluchana. Napriek tomu, Ze pralesy pred-
stavuju najcennejsie lesné ekosystémy,
od roku 2010 bolo vytazenych v Nizkych
Tatrdch cca 64 ha pralesov a tlak na ne
stdle rastie (na Slovensku bolo identifiko-
vanych iba 122 pralesovych lokalit s cel-
kovou vymerou 10 104 ha, ¢o predstavuje
len 0,47 % slovenskych lesov, ich rozloha
sa nadalej zmensuje (www.pralesy.sk)).
V pralesoch a prirodnych lesoch prirod-
né disturbancie, ako napriklad prem-
nozenie podkoérneho hmyzu v pripade
ponechania drevnej hmoty v lese, mézu
v dlh§om casovom meritku pozitivne
podporit populiciu hluchdana (Teucher
et al. 2011). Podla vysledkov nasej stidie
aj ,suchy les“ (les s odumretou hornou
stromovou vrstvou) vyhovuje niarokom
na prirodné prostredie hluchana viac
ako rozsiahle odtazené plochy. Hluchan
tu nachadza jedine¢né ukrytové, ale i po-
travné podmienky:.

Moziné rieSenia — hluchanovi-
priatelsky manaZzment lesa

Aj ked vysledky tejto Studie potvrdzuju,
Ze pralesy a prirodné lesy su najviac
vyuzivanymi habitatmi hluchana, bez-
zasahové uzemia (prirodné rezervicie)
nie si v sucasnosti dostatocne velké
pre poskytnutie dostatku vhodného pri-
rodného prostredia pre zivotaschopnu
populdciu (Grimm & Storch 2000). Tieto
poziadavky zretelne ukazujui, Ze ochra-
na hluchana je moznd iba vo vzdjomne
sa dopliajicej sieti systému bezzdsaho-
vych rezervacii a hospodarskych lesov,
v ktorych bude aplikovany hluchanovi-
priatelsky manazment lesa (Bollmann
2012). V hospodarskych lesoch moéze
byt manazment doplneny o praktické
lesnicke opatrenia na zachovanie toh-
to vtacieho druhu. Konkrétne opatrenia
ur¢ené na zveladovanie habitatu hlu-
chana mozeme rozdelit do troch skupin
podla Grovne, na ktorej budd prevede-
né - na Urovni krajiny, porastu a stro-
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mu. Opatrenia na Grovni krajiny by mali
zahfnat ochranu pralesov a prirodnych
lesov, obmedzenie fragmenticie vhod-
ného habitatu a zachovanie prepojenia
pomocou koridorov, zabranenie velkop-
losnému odlesiiovaniu, zabezpeclenie
optimdlnej rozlohy letného a zimné-
ho habitatu (Suchant 2003, Braunisch
& Suchant 2007). Je vSeobecne zname,
Ze biotopové ndroky hluchdnich rodi-
niek s kuriatkami sa mierne odliSuju
od dospelych jedincov (Summers et al.
2004). Ciasto¢ne to zachytavaju aj vy-
sledky tejto Stadie (obr. 2), rozdiel je
viditelny najmd v korunovom zapoji -
rodinky s kuriatkami vyuzivaji porasty
s niz§im korunovym zdpojom a vyssou
pokryvnostou cucoriedky. Je potrebné
kldst doraz na ochranu a zachovanie do-
stato¢nej rozlohy reprodukcnych lokalit,
pretoze su zdsadné pre prezitie druhu
(Wegge et al. 2005).

Na urovni porastu vylepsenie hlucha-
nieho habitatu znamena hlavne vychovu
presvetlenejsich lesnych porastov a zvy-
Senie roznorodosti Struktiry porastov.
Hlavné tazisko manazmentu ma byt su-
stredené na prerezavkové az prebierkové
porasty (najdlhsie trvajaci efekt), prip. na
kmenoviny, ktoré posobia ako barierovy
prvok v hluchanich stanovistiach. V do-
spelych porastoch je odporiac¢ana malo-
plosna tazba (skupinovy clonny rub do
0,2 ha). Dalsie opatrenia zahffiaji udrZia-
vanie a vytvaranie Cistin, zdokonalovanie
lesnych okrajov, ponechdvanie mitveho
dreva a pod. Na drovni stromu je vhod-
né podporovat vysadbu jedle, hlboko
zavetvené stromy na lesnych okrajoch,
ponechdavat prirodzené zmladenie, pod-
porovat jarabinu a iné pionierske drevi-
ny (Suchant & Braunish 2008). Obzvlast
v ¢isto smrekovych porastoch vyznamnu
ulohu zohrava stojace mftve drevo, ktoré
je s oblubou hluchifiom vyuzivané na
odpocinok (Mollet 2001). V dnesnej situ-
acii je nutné aplikovat vhodné opatrenia


www.pralesy.sk

smerom von z ploch aktudlneho vyskytu,
tzn. nie v lokalite aktudlneho vyskytu,
ale na jej hranici. Je potrebné tieto kroky
uskutoc¢nit, kym je prirodzena populicia
dostato¢ne velka (MacMillan & Marshall
2003). Konkrétne opatrenia by mali byt
vyuzité najmi pre naliehavua reStaurdciu
uz znacne ¢lovekom poznacenych a de-
gradovanych lesnych ekosystémov (tzn.
na rozsiahlych odtazenych plochdch).

Velkym nebezpecenstvom pre pre-
zitie kuriatok je pouzitie pesticidov.
Pesticidy pouzivané na boj s podkérnym
hmyzom su zalozené na baze cyklickych
pyretroidov. Uc¢innou ldtkou pouZitych
pripravkov je zvicsa cypermetrin. Tadto
latka posobi v priebehu niekolkych tyz-
dilov, navyse neselektivne, teda usmrcu-
je aj hmyz, ktory tvori zakladnu potravu
juvenilnych jedincov v prvom mesiaci
zivota (Lakka & Kouki 2009). Kedze
sa pesticidy pouZzivaju v c¢ase rojenia
lykozratov (oby¢ajne mdj - august) zasa-
huju najcitlivejsiu fizu v ro¢nom cykle zi-
vota hluchana - vyvadzanie mladat, pre-
to by ich pouzitie v narodnych parkoch
malo byt trestné. V ziadnom pripade ne-
smu byt aplikované podobné prostried-
ky v oblastiach s vyskytom hluchana.

Je ohrozena slovenska populacia
hluchana hérneho?

Nizke Tatry a Velka Fatra by vzhladom
na svoju rozlohu lesov (cca 1132 km?)
mali niest zdrojovi populdciu hluchdna
horneho na Slovensku. Zdrojova (,sour-
ce“) populdcia je mimoriadne doélezita,
pretoZze prave ona je zodpovednd za
prezivanie druhu v krajine a je zdrojom
nadpocetnych jedincov, ktoré mézu ob-
sadzovat vhodné, novovzniknuté plo-
chy. Okrajové (,sink*) populacie si na-
opak existen¢ne zdvislé od zdrojove;.
Pri naruseni takejto zdrojovej populacie
dochiddza k poklesu v pocte okolitych
popula¢nych jednotiek (,source-sink
model®) (Pullin 2002). V studovanej ob-
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lasti sme zaznamenali vyrazné lokalne
poklesy poctu hluchina na konkrétnych
lokalitach. Vykonanymi zdsahmi (tazba
dreva, vystavba ciest, pouzitie pestici-
dov) doslo v ramci skimanej oblasti
k priamemu zniceniu biotopov hlucha-
na, nasledne doslo k poklesu poctu
hluchanov. Aktudlna rozloha vhodného
habitatu podla vysledkov tejto Stadie
nepostacuje pre zivotaschopnu populi-
ciu a naviac doslo k fragmentacii zdro-
jovej populdcie, ktord méze ¢asom viest
k dplnemu vyhynutiu tohto druhu na
uzemi Slovenska v budicnosti. Je po-
trebné zabranit dalSej strate vhodnych
porastov a zmenit spdsob manazmentu
na min. 250 km?2 Znizovaniu stavu po-
puldcie hluchana sa da zabranit jedine
zastavenim vSetkych negativnych zdsa-
hov do ich biotopov, vratane kalamitnej
tazby dreva, budovania ciest, pouziva-
nia chemikadlii a vystavby zjazdoviek. Na
novovzniknutych holinach, v mladinach
a porastoch urcenych na prebierku je
potrebné aplikovat hluchanovi-priatels-
ky manazment, a tym prinavratit Struk-
tary lesa vhodné pre prezitie hluchana.
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SUMMARY

The area of the Nizke Tatry and Velkd
Fatra Mis. is inhabitated by the core
population of the Western Capercaillie
in the Western Carpathians. Large-scale
Jorestry interventions led to a rapid
decline in the Capercaillie numbers after
the windstorm in 2004. To stop the rapid
decline, complex information about the
quality and extent of suitable habitat is
required, which we provide in this study
using two methodological approaches.
During the years 2011-2012 we
conducted a systematic survey of the
Capercaillie habitat suitability. The
subject of the statistical analysis was
the presence/absence data obtained at
666 study sites in the model area. To
consider habitat suitability at the level
of forest stands, we used the habitat suit-
ability index (HSI) (Storch 2002). It was
necessary to verify the HSI concept in
the Carpathian conditions — to test the
relationship between the HSI values and
Capercaillie presence data we used the
general linear model (GLM) quasibino-
mial family with logit link function. The
HSI values were divided into 10 intervals
(1 = unsuitable, 10 = excellent). For each
interval we calculated the percentage
of plots with Capercaillie signs and the
Ivlev’s index (Krebs 1989), based on the
relative availability of the plots and their
relative use. We used linear regression
to evaluate the relationship between the
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percentage of plots with Capercaillie signs
and the intervals of HSI. We used the non-
parametric Kruskal-Wallis test to evaluate
the impact of sanitary logging (clear-cut
and unmanaged forest) on the quality of
Capercaillie habitat (expressed by HSI).
We used a post-hoc pair comparison in
the case of different types of sites (clear-
cut, managed forest, primary forest).

Because of the lack of HSI data from
the field, we used a complex SDM model
MaxEnt (Phillips et al. 2006) to create
a habitat suitability model at the ladscape
level. Out of the original 39 variables, the
application of the MaxEnt model showed
that the Capercaillie presence is best
explained by the following ones: mean
annual temperature, mean precipitation
during July, type of land cover, altitude,
tree species composition, and canopy
closure. The recently created clear-cuts
were excluded from the analyses using
the Landsat ETM+ data from the year
2012, because according to the results of
a field survey, Capercaillies use clear-cuts
only within 50 m _from the forest edge.

The most frequent Capercaillie signs
included feathers (45%), droppings
(36%), directly observed individuals
(16%) and broken egg shells (3%). Only
19 out of 100 capercaillie signs were
assigned to juveniles. Single habitat
variables on plots with Capercaillie
presence (n = 100) and on plots with
Juvenile presence (n = 19) are showed
using histograms (Fig. 2).

The GLM results showed a positive
correlation between the HSI index and
Capercaillie signs (p < 0.0001, zero
deviance = 563.4 on d.f. = 665, residual
deviance = 510.54 on d.f. = 604, disper-
sion parameter = 0.9992) (Fig. 3). Linear
regression showed the dependence of
the Ivlev’s index on the HSI interval
(F=5047,df =1a8 p <0.0001, adj.
R? =0.85) (Fig. 4). The Kruskal-Wallis test
showed a statistically significant differ-



ence between the HSI ,, in the managed
(mean HSI 0.016) and unmanaged
(0.62) bark beetle affected stands (dry
Jforest) (chi?=065.924, d.f. = 1, p <0.0001).
The HSI value in the unmanaged forest
is significantly higher (Fig. 5a). The HSI
values differ between the clear-cut (mean
0.016), managed forest (0.534) and the
primary forest (0.664) (chi® = 149.74, d.f.
=2 p <0.0001, Fig. 5b).

Based on the application of the
MaxEnt model, the area predicted to be
suitable for the Capercaillie was 180 km?
(16% of all forest stands in the study
area), while 952 km? of the forest stands
were predicted to be unsuitable (Fig.1).

The results of our study show that
primary forests represent very important
habitat patches for the Capercaillie in its
habitat network. Even the unmanaged
bark beetle affected stands (dry forest)
meet habitat requirements of the
Capercaillie better than the large-scale
clear-cuts.

Direct destruction of the Capercaillie
habitat is a result of forestry measures
(salvage logging, building of new forest
roads, and application of pesticides)
in the studied arvea, and consequent-
ly, Capercaillie numbers have been
declining rapidly. The current size of the
suitable habitat is predicted to be 180
km?, which is insufficient for a minimum
viable population; furthermore, the
suitable habitat of a potential source pop-
ulation is being fragmented. The threat
of the core population represents a threat
Jfor the whole Slovak population of the
species. A complex management plan for
the Capercaillie areas is highly needed.
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Deforestation and fragmentation of forests worldwide are negatively impacting biodiversity. The caper-
caillie (Tetrao urogallus) is an endangered umbrella species of montane forests in central Europe. Despite
its status, it has largely been overlooked in forest management planning in the Carpathian Mountains, a
biodiversity hotspot within the European Union. Previous investigations of timber management effects
on capercaillie have shown contradictory results within Europe; habitat loss and fragmentation due to
intensive forest management have been implicated in population declines, while other studies have sug-
gested neutral or positive effects. In Romania, recent changes in forest management have shifted from
extensive, selective logging to intensive clearcutting; this change provides the opportunity to assess
the effects of harvesting on capercaillie numbers across a full range of forest management intensities,
thereby addressing discrepancies in the literature. Across the Southern and Eastern Carpathian moun-
tains from 2009-2011, we used spring counts of capercaillie males at leks to evaluate the impact of forest
management, other human activities, and habitat at two spatial scales - stand (~2 ha) and landscape
(~300 ha). At the landscape level, the proportion of forest clearcuts and intensity of tourism had signif-
icant negative effects on the number of capercaillie males in the lek. In contrast, low intensity selective
logging had a positive effect at the local stand (lek) level. Large scale (landscape level) forest clear-cutting
had a negative effect on the capercaillie population - areas comprised of clearcuts of 30% reduced male
lek counts by 76%. The protection of intact mature and old-growth forests, and forest management prac-
tices that emulate natural disturbance processes are recommended to support habitat of this critical
umbrella species and associated biodiversity.
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1. Introduction been devoted to alternative harvest strategies and associated man-

agement to retain forest species within landscapes (e.g. Franklin

Over the past century, global declines in mature forested area
(Hansen et al., 2013) and biodiversity related to habitat loss, frag-
mentation, and overexploitation are causing increased concern
among natural resource managers and conservationists (Wilcove
et al.,, 1998). Large-scale clear-cutting of forested landscapes has
driven the vast majority of forest species losses (Lamberson and
McKelvey, 1992; Wallenius et al., 2010) and much attention has
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and Johnson, 2012). In areas such as central Europe that histori-
cally have been heavily forested but now have limited and increas-
ingly fewer areas of old-growth forest cover (Mackey et al., 2014),
identifying management impacts and alternatives is a priority.
Here, we use the capercaillie, Tetrao urogallus, to evaluate the
effects of logging old forests on mating habitat selection. The
capercaille is considered an umbrella species within the region
and an indicator of structurally rich forest conditions (Suter
et al., 2002). Capercaillie populations in central Europe have
declined rapidly in recent decades (Storch, 2007a). Identifying
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forestry practices that may aid in maintaining viable population
levels of this species within forested landscapes are vital to ensure
their persistence in the landscape alongside many other species
commonly represented in these habitat types.

Capercaillie inhabits forests of Eurasia, and they are associated
with extensive natural, old-growth or young open canopy forests,
characterized by high levels of structural heterogeneity, particu-
larly, multistoried tree layers and abundant cover of ericaceous
understory shrubs (Bollmann et al.,, 2005; Klaus et al., 1989;
Storch, 2002; Suter et al., 2002). Because capercaillie is strongly
associated with open canopy forest and has a relatively large home
range, it is considered an indicator species for high biodiversity and
protection of its habitat will benefit other old-growth forest spe-
cies as well (Pakkala et al., 2003; Suter et al., 2002).

Lek sites, where males display in spring, are particularly vulner-
able to disturbance by humans and may be readily abandoned, as is
common with many species of grouse with this mating system (e.g.
Hess and Beck, 2012; Klaus et al., 1989). Anthropogenic activities,
especially the intensification of forest management, have resulted
in the significant loss and fragmentation of suitable capercaillie
habitat in many parts of western and central Europe (Storch,
2007a). In many European countries, capercaillie populations are
now artificially maintained using release projects, specialized habi-
tat management measures, or predation control (Klaus, 1997;
Marshall and Edwards-Jones, 1998; Siano and Klaus, 2013;
Storch, 2000). Capercaillie is a red-listed species in Annex I of the
EU Birds Directive in most European countries, and it is a specific
designated feature of many of the Natura 2000 sites (Storch,
2007a).

One of the remaining strongholds of capercaillie populations in
central Europe is the Carpathian Mountains that stretch from the
Czech Republic east to Ukraine and extend to southern Romania.
The Carpathian Mountains possess one of the largest areas of
old-growth and natural forests in Europe with thriving populations
of brown bears (Ursus arctos), lynx (Lynx lynx), grey wolves (Canis
lupus), european bison (Bison bonasus) (Veen et al., 2010), and, his-
torically, a stable and self-sustainig capercaillie population.
Historic land uses, such as grazing and selective logging, main-
tained habitat conditions suitable for capercaillie (Hancock et al.,
2011; Klaus et al.,, 1989). However, management practices have
changed in the last few decades, with more large scale clearcuts
and associated landscape fragmentation taking place, mainly due
to new post-communist forest restitution laws (privatization of
forest lands) and increasing accessibility by new forest roads
(Knorn et al., 2012a,b).

Habitat loss and fragmentation related to logging activities have
been shown to negatively impact the reproductive success of
capercaillie in boreal forests (Lakka and Kouki, 2009). Similarly,
in western and central Europe, a decline of capercaillie populations
also has been linked to habitat loss through fragmentation and log-
ging (Storch, 2007a). In contrast, recent evidence from boreal for-
ests indicates that the capercaillie is relatively tolerant to
changes in forest management regimes and populations will per-
sist in the long term, even in landscapes with large-scale clearcut-
ting (Miettinen, 2009; Wegge and Rolstad, 2011). However,
capercaillie distribution in boreal forests is continuous and not as
fragmented as in other areas of Europe (Storch, 2007a), and boreal
forest regeneration patterns and dynamics is different compared to
temperate regions of Europe.

Given clear declines of capercaillie associated with intensifica-
tion of forest management over the last two decades, the main
objective of this study was to identify the most important predic-
tors influencing capercaillie male numbers in the leks in the
Southern and Eastern Carpathians. We focused on stand and land-
scape features surrounding lek centres where mating occurs
because they are critically important for sustaining local

populations (Miettinen et al., 2005; Picozzi et al.,, 1992; Saniga,
2003). Specifically, we were interested in how human land use,
intensity of forest management, habitat fragmentation, and loss
of suitable habitat affect capercaillie abundance at the display
grounds. Outcomes from this study highlight threats to capercaillie
and identify forest management practices compatible with conser-
vation goals.

2. Methods
2.1. Study area

Across the Southern and Eastern Carpathians within Romanaia,
we sampled forests of 11 separate mountains. The potential size of
suitable habitats (mountain forests with elevation >1000 m above
sea level) was estimated on 190,113 ha; total area of all studied lek
centres (1 km radius around the lek centres) was 6594 ha. The cli-
mate of Romania ranges from temperate to continental, and cold
winters and high precipitation are typical for mountainous areas.
The mean winter temperature is —5.2 °C with mean winter precip-
itation of 355 mm, while mean summer temperature is 13.9 °C and
summer precipitation of 1095 mm in the study area (Toader and
Dumitr, 2005).

2.2. Capercaillie population in the study area

Based on hunting surveys across Romania, the total population
of Capercaillie was estimated to be ~10,000 birds as of 2007
(Storch, 2007b). During our the study period, hunting of capercail-
lie was legal in Romania; however, since 2012, hunting of caper-
caillie has been prohibited, although ongoing illegal hunting may
still have serious effects on capercaillie populations in some
regions. The lek centres studied were located at altitudes ranging
from 1320 to 1722 m above sea level. The prevalent vegetation
type was Norway spruce (Picea abies (L.) Karst.) forest (86%), mixed
European larch (Larix decidua Mill.)-Norway spruce forest (9.5%),
and mixed Norway spruce-Silver fir (Abies alba Mill.)-European
beech forest (Fagus sylvatica L.) (4.5%).

2.3. History of forest management in the study area

The capercaillie habitats in the Carpathians are mostly high ele-
vation natural forests with old-growth characteristics, such as
large amounts of dead wood, elevated root plates, and
multi-cohort open canopy stands (see the Appendix). Only 9% of
the lek centres occurred in areas of naturally regenerated open
canopy stands (~60 years old) resulting from abandonment of
grazing of montane pastures. In the past, all stands were difficult
to access and forest management was predominantly selective
single-tree or group logging made by the shepherds who used
the surrounding mountain pastures during the summer (Huband
et al.,, 2010). Forest management practices changed considerably
in the studied area after the collapse of communism in 1989.
New forest roads were built into formerly inaccessible areas and
large areas of state forest were restituted to prior owners resulting
in increased forest harvesting at large spatial scales (Griffiths et al.,
2014; Knorn et al., 2012a,b). In addition, some forested areas were
officially categorized as pastures, thus enabling owners to make
large clearcuts without any control, and illegal logging has
occurred during the post-communist era. Extensive clearcutting
forestry has also occurred in protected areas, such as national
parks. Based on remote sensing data (Landsat imagery; Table 1,
Griffiths et al., 2014), in our study plots the mean percentage of
clearcuts after 1990s in protected areas is higher (24.6%), com-
pared to unprotected areas (16.4%). Based on the forest ownership
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Table 1

Forest extent and losses in each study plot (N = 21, plot size = 314 ha) with mean values (italicized) representing subregions of the Southern and Eastern Carpathians in Romania
2009-2011. For every study plot the maximum number of capercaillie males lekking in the display ground (centre of the study plot) and maximum number of females recorded
during the spring season are reported. The top portion of the table shows the values in study sites with no protection regulations while the bottom portion shows the protected

study sites.

1985-1990 1990-2010 1990-2010

Clearcut (%)

Clearcut (ha) Forest (ha) Clearcut (ha) Forest (ha)

1990-2010

Conservation status Male numbers Female numbers

Average forest loss

0 3141 12.96 301.14 -4.1
0 239.85 6.3 234.54 -1.7
0 240.57 33.21 207.36 -10.6
3.06 304.65 178.47 129.24 —-55.8
0 135.09 9.27 125.82 -3

0 283.32 45.81 238.23 -144
1.89 267.93 6.48 263.34 -1.5
1.26 291.42 108.18 184.5 -34
4.95 253.62 75.51 183.06 -225
1.24 258.95 5291 207.47 —16.4
21.78 165.69 19.62 167.85 0.7

0 303.03 135.72 167.31 —43.2
9 237.42 3.6 242.82 1.7
1.44 281.34 123.57 159.21 -38.9
0 266.85 225.81 41.85 -71.6
0 212.22 119.97 92.61 —-38.1
8.19 224.19 77.04 155.34 -21.9
0 277.65 5.67 272.88 -15
61.47 200.34 3.06 258.75 18.6
7.02 130.23 51.39 85.86 -14.1
17.01 297.36 132.48 181.89 -36.8
1.08 258.03 27.99 231.12 -8.6
10.58 237.86 77.16 171.46 -21.14

16.40%

21.14%

No protected

—_ =W o= W RN
——m W, ONNWU

Protected

O ANDNNN= = W= W
B W om m N R s N =

data (Abrudan, 2012) in our study plots, 43% were private and 57%
owned by state. For the whole of Romania (as of early 2013), over
4.4 million hectares of state, public, and private forest lands were
administered by state and experimental forest districts, with a fur-
ther 1.7 million hectares of forest land administered by private for-
est districts (Marinchescu et al., 2014). It is evident that changes in
ownership have resulted in changes in forest management and
structure across multiple scales (Griffiths et al.,, 2014; Knorn
et al., 2012a,b)

2.4. Data sampling

2.4.1. Study design

Clearcutting has been widely documented to lead to local extir-
pation of capercaillie (Storch, 2007b). Our objective was not to doc-
ument population declines, but rather to identify forest practices
that would permit persistence of capercaillie. Therefore, we sam-
pled forest conditions representing a range of no harvest to partial
harvest within the known range of capercaillie. Using capercaillie
distribution and density maps provided by the Forest Research
and Management Institute of Romania (ICAS), localities with the
highest capercaillie densities across 11 mountain ranges were
intensively surveyd in a 1 km radius area (314 ha), which was con-
sidered to be the average territorial area used by capercaillie males
during the lekking period (Storch, 1995). We identified 21 lek cen-
tres in Fagdras (n =4), Rodnei (n = 4), Harghita (n = 3), Maramures

(n=3) Piatra Craiului (n=1), Bucegi (n=1), Diham (n = 1), Prisciu
(n=1), Hasmas (n=1), Calimani (n=1), and Piatra Mare (n=1)
(Fig. 1.).

2.4.2. Data collection

Capercaillie males gather in lek centres to display and compete
for females; within display grounds, males establish display terri-
tories spaced ~50 m apart. Counting of males at lek centres is a
widely used technique across many species of grouse to monitor
population trends (Miettinen et al., 2005; Picozzi et al., 1992;

Saniga, 2003). During the daytime period, they remain within a
radius of approximately 1km of the lek centre (Storch, 1995).
Plot locations, defined by lek centres, were determined by the posi-
tion of the alpha capercaillie male; GPS coordinates recorded after
birds finished displaying during each visit. These lek centres are
usually located in the same sites annually and may be used for sev-
eral decades (Klaus et al., 1989). Lek surveys were conducted from
March to May during 2009-2011 with two visits per season; the
maximum counts were used in the analyses. Surveys were per-
formed from 03:00 to 09:00, and all observed or heard capercaillie
males were recorded. During the day we returned to look for signs
and display stances, which helped to clarify the capercaillie male
numbers in the leks.

2.4.3. Environmental data and scale consideration

To understand drivers of capercaillie abundance we collected
data on three principal types of data: habitat, forest management,
and human activity, excluding forest management activities
(Table A1). Data were restricted to stand scale and landscape scale;
stand scale measurements were defined as an 80 m radius circular
plot (2.1 ha), and landscape scale as a 1 km radius area (314 ha) to
evaluate broader scales impacts, such as forest management and
intensity of tourism. Landscape scale considerations were also
defined by distance based variables for habitat or human activity
variables (e.g. distance to the closest building, water spring, etc.).

2.4.4. Habitat measurements

Habitat characteristics were measured in the lek centres during
the summer months. We used an extensive list of site characteris-
tics to evaluate possible lek centre preferences in the
under-researched part of the species distribution in Southern and
Eastern Carpathians. The variables recorded included topography,
surface type, main canopy characteristics, understorey, ground
vegetation, dead wood, soil, habitat use by large herbivores, human
land use, type of forest management, and the landscape; for a com-
plete listing, see Table A1.
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Fig. 1. Locations of the studied lek centres.

2.4.5. Forest management

Forest management activities were evaluated at the stand and
landscape levels. At the stand scale, selective logging intensity
was measured based on percent canopy removal and presence of
forest roads within 80 m plot radius (2.1 ha). At the landscape
scale, clearcut estimates were based on the proportion of the
1 km radius (314 ha) plot area that was clearcut within the previ-
ous five years (since 2005) and larger than one ha. A detailed list of
variables and an explanation of variable scales are provided in
Table A1 and Table 2, respectively.

2.4.6. Impact of (non-logging) human activity

To evaluate human land use intensity, activities were defined
based on maps and direct enquiries of local and regional experts
(administrators of national and natural parks, forestry administra-
tors, and local shepherds), similar to Rosner et al. (2013). Every
activity was classified on a scale from 0 to 5 to define intensity,
with ‘0’ being the least intensive and ‘5’ being the most intensive
(Table 2). The tourist activity was evaluated for the peak tourist
period that included weekends during the winter/spring period;
it was based on the number of tourists who visited the 314 ha plot.

Table 2
Detailed description of the scales of measured variables.
0 1 2 3 4 5
Intensity of tourism (314ha  No tourism <10 person/day 10-50 people/day 50-100 people/day ~ 100-150 people/day >150
plot) people/day
Selective logging intensity Non- Presence of a forest road,  Cuttings in the lek Cuttings 1-15% Cuttings 15-30% Cuttings >30%
(2.1 ha plot) managed no cuttings in the lek centre <1%
forest centre
Intensity of grazing (314 ha No grazing  Grazing of <15 standard Grazing of 15-150 Grazing <15 Grazing of 15-150 More than
plot) livestock units irregularly  livestock units livestock units livestock units regularly 150 livestock
irregularly regularly units
Intensity of hunting (314 ha  No hunting  Legal hunting of 1 Legal hunting of 1 Legal hunting of 1 Legal hunting of more Illegal hunting
plot) capercaillie per 15 years capercaillie per capercaillie per than 1 capercaillie per
10 years 5 years 5 years
Spatial distribution of Homogenic  Obscure clusters Small clear clusters Large clear clusters ~ Small orientated clusters Large
vegetation clustering (ID)  matrix orientated
(2.1 ha plot) clusters
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The number of tourists was based on information from
administrators of national and natural parks and tourist centre
administrators (e.g. ski-lift companies, mountain cottages owners).
Distance-based variables, such as distance to the closest buildings,
and distance to closest road, were also used to evaluate human
activity and presence.

2.5. Statistical analyses

Because a large numbers of explanatory variables were mea-
sured for a relatively small sample size (n=21), the number of
explanatory variables was reduced prior to analyses to avoid prob-
lems with collinearity (Dormann et al., 2013). Principal component
analysis (PCA) on correlation matrices of landscape characteristics
(12 variables), the cover of individual species in the tree layer (7
variables), the shrub layer (11 variables), and the herb layer (27
variables) was used to reduce the dimensionality. The broken stick
model was used to identify the number of non-trivial principal
components (Jackson, 1993). This selection process resulted in
one principal component (PC) for the landscape characteristics,
two PCs for the tree layer, two PCs for the shrub layer, and four
PCs for the herb layer (see Table A2).

The relationships between capercaillie numbers and environ-
mental characteristics were analysed using generalized linear
models (GLM; McCullagh and Nelder, 1989). In addition to the
latent variables described above, the remaining variables (see
Tables A1 and A2) were then combined to form a list of candidate
predictors. An exhaustive best-subset regression procedure was
employed in search of the most parsimonious model (McLeod
and Xu, 2009). Poisson distribution and logarithmic link-function
were used within GLMs to relate numbers of males in the lek cen-
tres with the predictors. The Bayesian information criterion (BIC)
was used for model selection. Due to the limiting number of
degrees of freedom, only those models with a maximum of 5
explanatory variables were considered in the analyses.
Parameters of the final model were tested using likelihood ratio
tests (Crawley, 2007), and the model fit was assessed using
McFadden’s (pseudo) determination coefficient (McFadden,
1973). Standardized regression coefficients were calculated to
facilitate direct comparisons across significant predictors, regard-
less of differences in the scale of the predictors. The relative impor-
tance of explanatory variables on capercaillie abundance was
assessed by variation partitioning (Borcard et al, 1992). The
deviance explained by each variable was expressed as a percentage
of the total variation, represented by the deviance of a null model.
Partial regression plots and effect plots were constructed to depict
partial relationships in the final model (Fox, 2001). Partial regres-
sion plots allowed us to visualize the effect of each predictor after
adjusting for all the other predictors in the final model. Effect plots
display fit for each partial relationship while the other predictors
are fixed at mean values. All analyses were performed in R (R
Development Core Team 2010) using the bestglm (McLeod and
Xu, 2011) and vegan (Oksanen et al., 2011) packages.

3. Results

Active capercaillie leks were not found within recent clearcuts
and they were not detected where clearcutting exceeded 62% of
the surrounding landscape (314 ha) (Fig. A1). Almost all lek centres
were situated in forests with old-growth characteristics and lim-
ited anthropogenic influence (see Table A1). Only two lek centres
were situated in younger forests, but these were in fact abandoned
pastures and not clearcut areas. The average forest cover in the
314 ha plot was 187 ha (60%), with a range between 79 ha (25%)
and 301 ha (96%); the remaining areas were covered by mountain

pastures or clearcuts. The average number of capercaillie males
counted in the lek centres was 2.9 (SD =2.15), and the average
number of females was 2 (SD = 1.8) (see Table 1.)

The best model to explain the number of male capercaillie at lek
centres contained three variables: the proportion of clearcuts at
the landscape scale and intensity of tourism negatively influenced
male capercaillie numbers, but selective logging intensity at the
stand scale had a positive effect (Table 3). The overall model signif-
icantly explained 62.8% of the deviance (y%,=17.27, p < 0.001), and
partial regression plots indicated the model provided a reasonable fit
to the data (Fig. 2a-c). Based on standardized regression coefficients,
the effect size of landscape scale clearcuts was largest. Variation par-
titioning indicated that >37% of the deviance in male numbers could
be explained by the proportion of clearcuts; holding the effect of
other variables constant, clearcuts of 30% reduced male lek counts
by more than four times (Fig. 2d). The deviance attributable to tour-
ism and selective logging intensity amounted to 31% and 20%,
respectively. Differences between no (0) and intensive (5) tourism
and selective logging indicated a 4.4-fold decrease and a 3.7-fold
increase in male lek counts, respectively, when other factors were
held constant (Fig. 2e-f).

4. Discussion

Of all the studied variables, three anthropogenic factors had the
highest influence on capercaillie numbers: the proportion of clear-
cuts, intensity of tourism, and selective logging. Romania has expe-
rienced massive socio-economic and institutional change over the
past 25 years (Knorn et al., 2012a,b) that has impacted ownership
and human land use, such as forestry and tourism. Negative effects
of emerging land use (increased forest exploitation and tourism)
were evident, while historic forest practices were positively related
to capercaillie numbers. The average capercaillie male numbers per
lek were similar to numbers detected in other regions, where long
term declining population trends were detected (e.g. Zawadzki and
Zawadzka, 2012; Saniga, 2012).

4.1. Capercaillie and forest harvesting

The effects of forest harvesting on capercaillies depend on the
intensity and extent of harvesting practices (Klaus, 1991). The
selective logging intensity in the lek centres had a positive effect
on capercaillie male numbers. In dense managed stands, selective
logging reduces canopy cover in a manner similar to small-scale
natural disturbance processes, which makes the forest canopy
more open and increases structural heterogeneity of the stand
(Broome et al, 2014; MacMillan and Marshall, 2004).
Multistoried tree layers with gaps and abundant cover of erica-
ceous understory shrubs may improve summer forage and cover
from predators for capercaillies. Although our results did not show
a significant relationship between number of capercaillie males
and bilberry cover, the capercaillie habitats typically contained
extensive patches of bilberry; based on other studies, we do know

Table 3

Parameters of the final GLM model showing relationships between the number of
capercaillie males in the lek centres and the proportion of clearcuts, intensity of
tourism, and intensity of forest management. Standardized regression coefficients (),
regression coefficients (b), standard errors (se), test statistics () and probabilities (p)
are displayed.

Parameter B b Se x p
Intercept 2.036 0.187 44.54 <0.001
Proportion of clearcuts -0.41 —0.048 0.009 14.32 <0.001

Intensity of tourism -022 -0296 0.071 9.86 0.002
Selective logging intensity 0.24 0.262  0.083 5.35 0.021
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Fig. 2. Partial regression plots (a, b, c) and effect plots (d, e, f) demonstrating the multivariate relationship between number of males in the lek centres and the proportion of
clearcuts (a, d), intensity of tourism (b, e) and selective logging intensity (c, f). Lines represent partial regression slopes (a, b, ¢) and partial fitted relationships holding the
other variables (0.v.) constant at their means (d, e, f). Ninety-five percent confidence intervals are shown in grey.

that bilberry is an important habitat component (eg. Wegge and
Rolstad, 2011; Hancock et al., 2011; Storch, 2002, 1993).

At the landscape scale, the proportion of clearcuts surrounding
the lek centres had an exponential negative effect on capercaillie
numbers (Fig. 2d), as suitable habitats are lost and fragmented
by clearcuts. The relationship between habitat fragmentation and
extinction has been demonstrated to be highly non-linear
(Fahrig, 2003), thus, the presence of clearcuts also has broader
implications to population and metapopulation dynamics through-
out the region.

Our results are in contrast with the findings of studies con-
ducted in the boreal zone (Miettinen, 2009; Wegge and Rolstad,
2011); they observed that capercaillie were tolerant to clearcutting
across the landscape because capercaillie were also able to use
open canopy middle-aged plantations (>30 years old) with bilberry
ground cover. The findings of these studies cannot necessarily be
applied to central Europe or the Southern and Eastern
Carpathians, which are all outside the boreal zone. Capercaillie dis-
tribution in central Europe is very fragmented compared to the
boreal zone; capercaillie persist here in patchy populations embed-
ded in a mountainous landscape (Storch, 2007a). In fragmented
conditions of central Europe it is very difficult to maintain viable
capercaillie populations, which require ca. 250 km? and an esti-
mated 470 interacting capercaillie individuals (Grimm and
Storch, 2000). Inter-patch dispersal is very important for the per-
sistence of capercaillie, thus, high habitat connectivity is important
for metapopulation dynamics. In the Carpathians, suitable caper-
caillie habitats are a mere small "habitat band’ of coniferous dom-
inated forest situated between mountaintops and the deciduous
forests of lower altitudes. In case of intensive clearcutting, alterna-
tive forest nearby which represents suitable capercaillie habitat is
thereby naturally limited. When stepping stones are lost and habi-
tat connectivity is disrupted by clearcuts on large spatial scales, as
in this study, migration of individuals between populations could
be severely limited and population persistence may be threatened
because small isolated populations are unlikely to survive
(Segelbacher et al., 2003). These factors has lead to extinction debt

in other small and isolated metapopulations (Pullin, 2002). In addi-
tion, the typical management practices in central Europe do not
enable creation of open canopy forest structure suitable as caper-
caillie habitat (Bollmann et al., 2005). Plantation establishment
after clearcutting is mandatory in central Europe; the result is very
dense forest canopies with very little ground vegetation, particu-
larly critical bilberry cover (Vaccinium myrtillus L.), which provides
food for adults, invertebrates for chicks, and hiding and thermal
cover (Hancock et al., 2011; Storch, 1993).

The negative landscape level effect of large clearcuts on caper-
caillie numbers was significant and outweighed the positive effects
of selective logging intensity. These clearcuts cover large areas and
might almost completely remove the narrow spruce forest vegeta-
tion belt in some areas. Unlike smaller clearcut patch harvesting
that creates fine grain forest fragmentation that may be suitable
for capercaillie in the boreal forests (Sirkid et al., 2011), large clear-
cuts cause long-term loss of habitat with no alternative options of
suitable habitats in the surrounding forests where the birds could
migrate. Increased harvesting using clearcuts practices are largely
related to restitution laws implemented after the collapse of com-
munism in 1989; forest harvesting increased sharply in two waves
around 1995 and 2005 (Knorn et al., 2012a). Clearcuts recorded in
our study (younger than 5 years) in the capercaillie habitats coin-
cide with the second wave of harvesting after 2005. The area of
suitable habitats is declining and becoming more fragmented as
a result of large-scale clearcuts in the Carpathians, with little dif-
ferentiation in forest management practices between protected
or non protected areas (Knorn et al., 2012a).

4.2. Capercaillie and tourism

The negative effect of intensive tourism (e.g. ski resorts) on
capercaillie and other bird populations has been reported in many
regions (e.g. Moss et al,, 2014; Rosner et al., 2013; Thiel et al.,
2011). Human disturbance may influence metapopulation dynam-
ics and contribute to genetic impoverishment in small populations
(Moss et al., 2014). For example, collisions with ski-lift cables may
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increase capercaillie mortality. Intensive tourism can negatively
influence brood success because it increases levels of the stress
hormone corticosterone, which influences reproduction and sur-
vival (Thiel et al., 2011). Also, areas frequented by people have
increased carrying capacity for a family of avian predators - the
Corvidae; ravens, crows and jays favour human inhabited areas
(Storch and Leidenberger, 2003). Recent increased use of snowmo-
biles and off-road vehicles concentrated near tourist recreation
areas may have the most negative effects, as they may cause seri-
ous yearlong disturbances to the capercaillie in many regions. To
offset the effects of tourism on capercaillie populations, sufficiently
large habitat patches that provide good hiding cover and buffers
from touristic areas and roads should be established and main-
tained (Newsome and Moore, 2012). Increased use of selective har-
vesting can help to achieve this. Further, by planting dense
vegetation bordering frequented tourist paths, the probability of
people leaving marked trails and disturbing capercaillies would
be reduced (Coppes and Braunisch, 2013).

4.3. Old growth forests as refuge

Old-growth forests are the primary habitats for capercaillies
(Klaus et al., 1989) and it was shown already for the Carpathians
as the main capercaillie habitat type (Saniga, 2003). The habitat
characteristics of most of the studied lek centres were typical of
old-growth forests - large amounts of dead wood, elevated root
plates, multi-cohort open canopy stands, etc. (Table A1). The struc-
ture of these forests is a result of natural disturbance regimes char-
acterized by windthrows and bark beetle outbreaks, which are
usually infrequent, moderate- to high-severity disturbances that
influence forest structure across all spatial scales - tree, stand,
and landscape (Svoboda et al., 2014; Trotsiuk et al., 2014). These
disturbances create canopy gaps and forest edges of different sizes
(Fraver and White, 2005), which provides suitable habitats for
capercaillie. These types of stands are currently just a small frac-
tion of the landscape in central Europe (Wesolowski, 2005), thus,
they play a key role for the preservation of capercaillie populations
and many other species in the Carpathians. There has been a clear
trend in the large-scale destruction of mountain spruce forests,
including old-growth and natural forests across the whole
Carpathian region over the past few decades (Griffiths et al.,
2014; Knorn et al., 2012a,b; Kuemmerle et al., 2009, 2007), and
the natural mountain forest community is endangered. The
long-term survival of the species is therefore reliant on the viabil-
ity of core areas to serve as refuges.

5. Conclusions and implications for forest management

Our study indicates that extensive human land use, such as low
intensity selection harvesting, can have positive effects on caper-
caillie, but large-scale clearcutting and intensive tourism can also
have very negative effects. Measures to conserve the umbrella spe-
cies capercaillie will benefit a wide range of other forest species
and better preserve a wide range of ecosystem functions and ser-
vices (Balvanera et al., 2006; Suter et al., 2002). Our results indicate
that even protected areas do not ensure the protection of threat-
ened species and their habitats in the Carpathian region
(Table 1). This can only be changed if the priority in protected areas
is the conservation of biodiversity and prioritization of
non-extractive ecosystem services rather than timber production
as in typical commercial forests.

Conservation and forest management goals should be based on
a multi-scale approach. Commercial forest management in rele-
vant areas should be modified to emulate natural disturbance pro-
cesses across multiple scales. With single-tree selection, group

selection, conversion of spruce to mixed species, increasing large
snag densities, and creating a multi-layered canopy at the stand
level, foresters can accelerate the development of suitable natural
forest habitats (Franklin et al, 2002). Sufficient areas (cca
250 km?) of quality habitat are necessary foundations for viable
capercaillie populations (Grimm and Storch, 2000), thus, manage-
ment planning for viable populations should be in accordance with
broader relationships at the landscape scale to ensure a
sufficiently-sized mosaic of suitable habitats and connectivity
between habitat patches (Graf et al., 2009; Segelbacher et al.,
2003). To ensure the long-term survival of capercaillie populations
in the Carpathians, it is necessary to conduct further assessments
of the suitability of existing capercaillie habitats (e.g. create a habi-
tat suitability model) and identify the optimal extent of suitable
habitat and its connectivity (Braunisch and Suchant, 2008). The
habitat suitability model should be adapted regionally, because
species - habitat relationships may differ between regions, due
to different site conditions, vegetation types, and successional pro-
cesses (Graf et al., 2005), as exemplified by differences in capercail-
lie habitat use in Norway and central Europe. Management at the
landscape scale should include the protection of old-growth for-
ests, the restriction of fragmentation and large-scale deforestation,
to ensure a more ecologically sustainable forestry model in central
Europe.
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ABSTRACT

Context

Distribution and connectivity of suitable habitat for species of conservation concern is critical
for effective conservation planning. Capercaillie (Tetrao urogallus), an umbrella species for
biodiversity conservation, is increasingly threatened because of habitat fragmentation.

Obijective

We assessed the impact of drastic changes in forest management in the Carpathian Mountains,
a major stronghold of capercaillie in Europe, on habitat distribution and functional
connectivity.

Methods
We used field data surveys with a forest disturbance dataset for 1985 — 2010 to map habitat
suitability, and we used graph theory to analyse habitat connectivity.

Results

Climate, topography, forest proportion and fragmentation, and the distance to roads and
settlements best identified capercaillie presence. Suitable habitat area was 7,510 km? in 1985;
by 2010, clear-cutting had reduced that area by 1,110 km?. More suitable habitat was lost
inside protected areas (571 km?) than outside (413 km?). Habitat loss of 15 % reduced
functional connectivity by 33% since 1985.

Conclusions

Forest management, particularly the large-scale clear-cutting and salvage logging in the
1990s, have substantially diminished and fragmented suitable capercaillie habitat, regardless
of the status of forest protection. Consequently, larger areas with suitable habitat are now
isolated and many patches are too small to sustain viable populations. Given that capercaillie
protection would benefit many other species, including old-growth specialists and large
carnivores, conservation actions to halt the loss of capercaillie habitat is urgently needed. We
recommend adopting policies to better protect natural forests, limiting large-scale clear-
cutting and salvage logging, implementing nature-based forest management, and restricting
road building to reduce forest fragmentation.

Keywords
Forest management, clear-cutting, Carpathian Ecoregion, connectivity, forest disturbance,
habitat fragmentation, habitat modelling, umbrella species.
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INTRODUCTION

Forests harbour most of the global terrestrial biodiversity, and deforestation and forest
management continue to exert pressure on forest biodiversity in many parts of the globe
(Gustafsson et al. 2012). In Europe’s temperate zone, forest extent has been increasing lately
(FAO, 2010), but so has harvesting intensity (UNECE/ and FAO 2000; Bottcher et al. 2012;
Levers et al. 2014) and rates of natural disturbances (Schelhaas and Nabuurs 2003; Seidl et al.
2014). Harvesting and large-scale natural disturbances mainly affect mature stands, thus area
of older forests are declining despite total forest area inceases (Wallenius et al. 2010). Older
forests, particularly old-growth forests, foster high and unique biodiversity, including many
endemics, and species of conservation concern (Moning and Muller 2009; Wallenius et al.
2010). Anthropogenic and natural disturbances thus threaten species that depend on mature or
old-growth forests (McNeely 1994), as well as many species beyond old-growth forest
boundaries (Wilcove et al. 1998; Wallenius et al. 2010). However, the effects of increasing
natural and anthropogenic forest disturbances on biodiversity remains poorly understood.

Eastern Europe still possesses extensive areas of natural and old-growth forests, forest
types that were converted to intensively managed monocultures in much of Western Europe in
the past (Johann 2006; Paillet et al. 2010). As result, Eastern Europe still harbors much forest
biodiversity that is of great conservation concern for Europe as a whole, some of it endemic to
Eastern Europe (UNEP 2007). Within Eastern Europe, the Carpathian Mountains constitute
one of the largest remaining continuous forest ecosystems in Europe (Gurung et al. 2009) and
they harbor most of Europe’s remaining temperate old-growth and natural forests (Grodzinska
et al. 2004; Kuemmerle et al. 2010), thus they are of outstanding conservation value.

Social and political changes that followed the breakdown of socialism in 1990
triggered major changes in Eastern Europe’s forest sectors, including forest management
approaches (Baumann et al. 2011; Simpson and Prots 2012). In many regions, this has led to a
transition from clear-cutting to close-to-nature forestry and a growing interest in the multiple
ecosystem services forests provide. However, this period has also been characterized by
widespread clear-cutting following ownership changes and privatization, illegal logging, and
improper disturbance management following windthrows and insect outbreaks, all of which
have disproportionally affected older forests (Schulze 2002; Main-Knorn et al. 2009; Knorn et
al. 2012a,b; Griffiths et al. 2012, 2014). Moreover, although the protected area network in the
Carpathians has increased substantially since 1990, many protected areas do allow large-scale
harvesting inside their boundaries, some areas were logged illegally, and, in many cases,
extensive harvesting occurred prior to their designation as protected areas (Kuemmerle et al.
2009; Knorn et al. 2012b). Current rates of natural and old-growth forest loss would further
increase pressure on forest biodiversity (Brockerhoff et al. 2008), thus understanding how
old-growth forest losses affect the habitat availability and connectivity of species of
conservation concern at the landscape scale is important for effective conservation planning
(Fahrig 2003; Uezu et al. 2005; Laita et al. 2011; Helm 2015).

To evaluate landscape-level impacts of forest management on biodiversity, we
selected the endangered capercaillie (Tetrao urogallus L.) as a surrogate for forest
biodiversity of old-growth forests (Saniga et al. 2003). Capercaillie, the biggest bird of the
grouse family, are associated with natural, open-canopy forests with rich ground vegetation
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cover (Graf et al. 2005; Graf et al. 2007), habiat requirements shared by many species
associated with natural and older forests (Suter et al. 2002; Pakkala et al. 2003). Capercaillie
are highly sensitive to habitat loss, disturbance, and fragmentation (Mikolas et al. 2015).
Viable capercaillie populations require a minimum of 250-500 km? of connected, suitable
habitat with 470 communicating individuals (Grimm and Storch 2000; Braunisch and Suchant
2013), thus functional connectivity beteween habitat patches is critical to the persistence of
capercaillie. Capercaillie tend to move only over short distances, rarely exceeding 10 km,
with an average dispersal distance of less than 3 km (Hjeljord et al. 2000; Storch 2000), thus,
large-scale clear-cutting has the potential to substantially affect connectivity among
capercaillie populations. Given their habitat requirements and dispersal patterns, capercaillie
are an excellent umbrella species whose conservation would benefit many other species of
conservation concern (Suter et al. 2002; Pakkala et al.2003), and they are an ideal model
species to assess the effects of habitat loss and fragmentation on functional connectivity
across broader scales (Storch 2007; Pascual-Hortal and Saura 2008).

The Carpathian Mountains are occupied by the second largest capercaillie population
in the Europe (i.e., outside Scandinavia and Russia) numbering about ~11,000 individuals. All
other capercaillie populations outside of the Scandinavia, Russia and Alps (e.g., in the Black
Forest, Bavarian Forest, Cantabrian Mountains) are much smaller in size, typically not
exceeding 1,000 individuals (Storch et al. 2007). Therefore, the Carpathians are one of the
remaining strongholds of capercaillie in Europe, yet the effects of recent intensifying forest
harvesting on capercaillie habitat availability and connectivity have not been studied.

Habitat suitability models are widely used to guide capercaillie conservation planning
(e.g. Storch 2002; Bollmann et al. 2005; Graf et al. 2005; Braunisch and Suchant 2008), but
existing models from different European regions often diverge as a result of different
environmental conditions, data sources, spatial scale, or resolution of the modelling exercise.
For example, the major determinant of capercaillie habitat selection in the German Alps was
bilberry (Vaccinium myrtillus, L.) cover (Storch 1993), but, in the nearby Swiss Alps, canopy
cover was more important than bilberry cover (Bollmann et al. 2005; Graf et al. 2009).
Similarly, in the Black Forest in Germany, habitat suitability corresponded significantly with
soil conditions (Braunisch and Suchant 2008), whereas in the Bavarian and Bohemian forests,
elevation, deadwood, clear-cut areas, and young coniferous forest were important predictors
of capercaillie habitat (Teuscher et al. 2013). In the Spanish Cantabrian Mountains, the
proportion of oak forest, which does not occur in other areas inhabited by capercaille, was an
important variable explainig habitat selection (Bariuelos et al. 2008). Given these diverse
resutls, more assessments of capercaillie habitat are needed, particularly for areas such as the
Carpathians where habitat suitability has not been quantified, and evaluations should occur at
broad spatial scales and accompanied by connectivity assessments, particularly in fragmented
landscapes characterized by low connectivity between habitat patches (Segelbacher et al.
2003; Quevedo et al. 2006).

We used species distribution models, connectivity analyses, and a satellite-based
assessment of forest harvesting to evaluate habitat changes for capercaillie across the enire
Carpathian Mountains for the period 1985 to 2010. Specifically, we addressed three main
research questions:
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(1) What factors characterize capercaillie habitat in the Carpathians?

(2) How did spatial patterns of suitable capercaillie habitat in the Carpathians change between
1985 and 2010?

(3) How has forest disturbance affected capercaillie habitat distribution and connectivity for
the period of 1985 to 2010?

METHODS

Study area

Our study area encompassed the entire Carpathian Ecoregion (CERI 2001) in the Czech
Republic, Hungary, Poland, Romania, Slovakia, and Ukraine, covering ca. 220,400 km? (Fig.
3). Elevation ranged from 100 m to 2,655 m above sea level (a.s.l.). The climate is temperate-
continental (UNEP 2007) with lower temperatures and higher rainfall at higher altitudes and
in the north. Summer precipitation ranges from 600 mm/year in the lowest parts to over 2,000
mm/year at higher elevations, and annual average temperatures range from -2 °C to 10 °C
(UNEP 2007). Broadleaved forests dominate forests the lower altitudes of the Carpathians;
they are composed of mostly Europen beech (Fagus sylvatica L.) mixed with European
hornbeam (Carpinus betulus L.), pedunculate oak (Quercus robur L.), sycamore maple (Acer
pseudoplatanus L.), and European ash (Fraxinus excelsior L.). Forests at higher altitudes in
the lower mountain forest zone are predominantly mixed forests composed of mainly
European beech mixed with silver fir (Abies alba Mill.) and Norway spruce (Picea abies (L.)
Karst.). Spruce forests dominate higher mountain forest zones with admixtures of silver fir,
stone pine (Pinus cembra L.), or European larch (Larix decidua Mill.) in some regions. At the
highest elevations, sub-alpine and oro-Mediterranean forests, scrub and dwarf shrub
communities occur (Bohn et al. 2004). The timberline varies from approximately 1,600 m in
the northwestern Carpathians to about 1,850 m in the Southern Carpathians.

Forest management in the Carpathians has changed substantially since 1990. The use
of clearcuts for harvesting timber has declined considerably in some regions, particularly in
the Western Carpathians (e.g., in Slovakia from 85 % to 29 %; Green Report, Ministry of
Agriculture of the Slovak Republic, 2010), where close-to-nature forestry practises are
increasingly used as legislation to limit the extent of cleacutting was adopted. However, forest
restitution has also resulted in unsustainable forest management in some regions, particularly
in Ukraine, Romania, and Serbia, and salvage logging has increased across the entire
Carpathians (Merganicova et al. 2013). Salvage logging is typically employed when natural
disturbances (e.g., insect, windthrows) occur; field surveys indicate that naturally disturbed
forests are left with no intervention after disturbance in less than 10% of all disturbances
(Text S2, Fig S1). Forest cover loss in the Carpathians is primarily attributable to logging,
either planned timber harvesting, salvage logging, or illegal logging (e.g. Kuemmerle et al.
2009; Knorn et al. 2012a,b; Griffiths et al. 2014).

Species data
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To assess the current capercaillie population sizes for the Carpathians, we summarized data
for the year 2015 from capercaillie experts responsible for national censuses. Capercaillie
populations of countries within the Carpathian range were estimated to be ~9,000 birds in
Romania (O. lonescu, pers. comm.), ~850 birds in Slovakia (Mikol&s, unpubl.), ~500 birds in
Ukraine (A.-T. Bashta, pers. comm.), ~300 birds in Poland (Z. Zurek pers. comm.), and ~20
birds in the Czech Republic (V. Tomasek, pers. comm.).

We also collected capercaillie occurrence data in four field seasons between 2010 and
2013. Details regarding the sampling design are provided in Suppelemtary Material (Text S1,
Table S1). In total, we collected 447 occurrence points, which we filtered using a minimum
distance of 300 m between presence localities points (i.e., average daily relocation distance of
capercaillie; Eliassen and Wegge 2007) to reduce spatial autocorrelation and pseudo-
replication. In total, 395 presence points were retained for our capercaillie habitat suitability
model, covering an elevation span of 750 m to 1,950 m. Capercaillie were predominantly
found in coniferous forests (n=296), particularly Norway spruce stands (n=283), as well as
mixed European larch - Norway spruce stands (n=5), Stone pine - Norway spruce - larch
stands (n=8), mixed Norway spruce - Silver fir -European beech forest stands (n=31), and
beech-fir forests (n=20). Some samples were also found on pastures (n=15), transitional
shrubland (n=14), heathlands (n=11), and in natural grasslands (n=8).

Predictor variables

For our habitat suitability model, we initially selected variables that influenced
capercaillie in previous studies (Graf et al. 2005; Braunisch and Suchant 2007) and that were
available for the entire Carpathians. We checked for collinearity among predictors and if
candidate variables had a Pearson correlation coefficient > 0.7 (Dormann et al. 2013), we
retained only the variables deemed to be more ecologically relevant. Our full model included
nine variables, grouped into four categories (climate, topography, land cover, and human
disturbance; Table 1). All variables were generated for a target grid of 100 x 100 m (1 ha in
size) and re-projected to the Lambert Azimuthal Equal Area projection.

Climate variables included average annual temperature and precipitation from the
WorldClim dataset (Hijmans et al. 2005). For topography, we calculated a terrain ruggedness
index (Sappington et al. 2007); we did not include elevation because of high collinearity with
our climate variables, and because vegetation belts change markedly with latitude in the study
area. Land cover contained cropland, grassland, settlements, and forest and was classified
from region-wide, radiometrically consistent, and cloud-free Landsat image composites (30 m
resolution, Griffiths et al. 2013); each 1 ha grid cell was classified as the dominant land cover
type. Based on this map, we derived the Euclidean distance to cropland and grassland. To
assess forest fragmentation, we used morphological image segmentation (Soille and Vogt
2008; Vogt 2015) to categorize each forest pixel as “core” (i.e., only forest neighbors),
“edge”, “perforated” (i.e., edge inside larger forest patches), “islet” (i.e., patches consisting of
edge forest only) forest, or “background” (i.e., non forest) using a 100-m edge width. We also
included the proportion of deciduous, coniferous, and mixed forest cover within each cell
(Griffiths et al. 2014). We calculated Euclidean distance to major roads, railways, and
settlements to evaluate the role of human disturbance. Human settlements were mapped
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within a 30 m x 30 m grid within Griffiths et al. (2013) study. All variables were prepared and
analysed in ArcGIS 10.2 (ESRI Inc. USA).

Habitat suitability models

To map capercaillie habitat suitability across the Carpathians, we used maximum
entropy modeling (MaxEnt) to accommodate our presence-only dataset (MaxEnt, Phillips et
al. 2006; Elith et al. 2011). MaxEnt is widely considered as one of the most powerful
presence-only species distribution models (Elith et al. 2011; Warren and Seifert 2011); it
involves a machine-learning approach based on contrasting the distributions of environmental
variables (e.g., climate, topography, land cover) at the presence locations with those at
randomly chosen background (i.e., pseudo-absence) locations (Phillips et al.2006; Phillips and
Dudik 2008). MaxEnt thus estimates species’ distributions given the constraint that the
expected value of each environmental variable matches its empirical average derived from the
occurrence points (Elith et al. 2011). We used the freely available software Maxent (ver.
3.3.3k; http://www.cs.princeton.edu/~schapire/maxent).

To assess model robustness, we used 10-fold cross-validation with a maximum of
2,000 iterations. We used a randomly selected background sample of 10,000 points. Because
our field surveys did not cover all areas in the Carpathians, we restricted background point
selection (Phillips and Dudik 2008; Merow et al. 2013) and allowed points only from areas
above the minimum elevation (>600 m) where capercaillie were detected in the Carpathians
(Saniga 2002), which covered 33% of our study area. Other measures to avoid over-fitting the
model included the default regularization (Phillips and Dudik 2008), and using only linear,
quadratic, and hinge features (Merow et al. 2013).

To evaluate model fit, we used the area under the curve (AUC) of the receiver
operating characteristic (ROC) plot (Phillips et al. 2006; Elith et al. 2011). This threshold-
independent metric measures the ability of the model to distinguish between true presences
and absences (Hanley and McNeil 1982). The AUC metric ranges from 0 to 1, where a score
of 1 represents a perfect fit, and values above 0.5 indicate a better fit than a random model.
We also assessed variable importance using single-variable models as well as a jackknife
procedure that tests AUC drops when a variable is dropped from a model. Finally, we
calculated variable response curves that illustrate how a variable relates to habitat suitability.
Using our model, we predicted capercaillie habitat suitability across the whole Carpathian
region, using a logistic link function to convert the MaxEnt output values to a relative habitat
suitability index (HSI) ranging between 0 and 1.

Forest disturbance datasets

To identify forests that were disturbed since 1985, we used a satellite-based forest
disturbance map (Griffiths et al. 2014). This map contains all forest disturbances, defined as
full or near-full canopy removal, at five-year intervals between 1985-2010 at a resolution of
30 m. Disturbances were mapped across the Carpathians using image composites based on
about 1,407 Landsat TM/ETM+ images, an extensive training dataset on disturbances, and a
random forests change classification approach (Griffiths et al. 2014). The resulting map
captures the past 25 years of forest cover dynamics with a minimum mapping unit of 0.27 ha
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and an overall accuracy of 86%. While smaller forest disturbances may exist, only clear-cuts
larger than one hectare are unsuitable for capercaillie (Storch 2002). We summarized the
percentage of disturbed forest per 1 ha gridcell.

Although our satellite dataset cannot distinguish the cause of forest loss (i.e., logging
vs. natural disturbances), the vast majority of the disturbances mapped correspond to logging
activities (planned fellings, salvage logging, illegal logging) (Text S2, Figure S1, Figure S2),
all of which are detrimental to capercaillie (Storch 2000). It should be noted that natural
disturbances (such as barkbeetle outbreaks) without post-disturbance logging may have a
positive effect on capercaillie (Mikolas et al. 2013; Teuscher et al. 2013; Rosner et al. 2014;
Beudert et al. 2015). Without salvage logging, typically more than 30% of the canopy remains
(Svoboda et al. 2014; Trotsiuk et al. 2014), thus creating open, mature forest conditions that
capercallie benefit from (Mikol&s et al. 2013). Thus, natural disturbances may create
favourable habitat for capercaillie, but as salvage logging is carried out in almost all cases,
this effect is negligable (Figure 1.).

Assessing the effect of forest harvesting on capercaillie habitat

To quantify the impact of clearcutting on capercaillie habitat availability and
connectivity between 1985 and 2010, we converted our relative HSI into a binary map of
suitable and unsuitable habitat based on a suitability threshold of 0.2 (where the sum of
sensitivity and specificity was maximized). Compared to alternative thresholds, this threshold
produces robust predictions because it is not sensitive to the prevalence of occurrence (Liu et
al. 2013), and it is therefore particularly attractive in conservation planning whereby errors of
omission are often of greater concern than errors of commission (Liu et al. 2005; Jiménez-
Valverde and Lobo 2007).

We then compared our capercaillie habitat map with the area of forest disturbances
mapped by Grifffiths et al. (2014). We considered three types of habitat change scenarios
based on assumptions about how disturbances would affect capercaillie habitat change from
1985 to 2010. In the first scenario (scenario 1), we assumed neither clear-cutting, which
typically result in the full canopy removal, nor afforestation, which typically leads to dense,
monoculture stands, would create open-canopy forest suitable for capercaillie (Storch 2002).
All areas of disturbed forest between 1985 and 2010 were thus considered unsuitable for
capercaillie and masked from our habitat map. Based on our experience and the literature, this
represents a realistic scenario. To assess the potential impact of changes in forest management
following clear-cutting, we also assessed two alternative scenarios, which assume that
disturbed forests would be managed in a capercaillie-friendly way. In the case of natural
disturbances with no intervention, sites would be naturally regenerated. In the case of
clearcutting, trees would be planted in a pattern that creates interconnected gaps 20-30 m
wide. Scenario 2 assumes post-disturbance development into capercaillie-friendly habitat after
a period of five years, and scenario 3 assumes a period of ten years for the development of
capercaillie-friendly habitat. In our experience, neither of these regeneration models is
widespread in the Carpathians. As with scenario 1, we masked the area of disturbed forest
from the habitat suitability map, but we added the area of regenerating forests for each time
period and cell.
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We then used the resulting habitat maps to assess changes in capercaillie habitat
connectivity from 1985 to 2010. We considered only habitat patches larger than 2 km?, which
is approximately the minimum capercaillie home range size (132 ha) identified in telemetry
studies (Storch 1995). To evaluate the importance of individual habitat patches for overall
connectivity in the habitat network, we used the Probability of Connectivity (PC) Index
(Saura et al. 2011), calculated using the Conefor 2.6 software (Saura and Torné 2009;
www.conefor.org). This graph-based index quantifies functional connectivity at the landscape
scale, ranging from 0 (low) to 1 (high). PC is defined as the probability that two individuals
randomly placed within the landscape fall into habitat areas that are connected, given a set of
n habitat patches and links among them (Saura and Pascual-Hortal 2007). PC is computed as:

PC=(Xni=1Znj=1 aia,-pij*)/AZ L (l)

where a; and a; are the areas of habitat patches i and j, respectively; p;i* is the maximum
product probability of all possible paths between patches i and j, and AL is the area of the
study region. The relative importance of each habitat patch, expressed as dPC, is then
obtained from a percentage change of PC computed for a graph with and without this patch
(Saura and Torné 2009). We evaluated the importance of individual habitat patches at
different dispersal distances using the average dispersal (2.5 km) and maximum (10 km)
distances of adult capercaillie in intervals of 2.5 km (Hjeljord et al. 2000; Storch and
Segelbacher 2000).

We also quantified changes in overall capercaillie habitat connectivity from 1985 to 2010
using the Equivalent Connected Area (ECA) index, which compliments the PC index well and
is easier to interprete (Saura et al. 2011). ECA is defined as the area of a single patch that
would provide the same value of the PC metric as the habitat pattern of a given area (Saura et
al. 2011), and is computed as:

ECAZ\/(ZniZIZnJ:l aia,-pij*) (2)

We also assessed how much capercaillie habitat was lost within Protected Areas
(PAs), or Special Protection Areas (SPAS). PAs are protected areas at the national level (such
as national parks or natural park), whereas SPAs are conservation areas designated in
accordance with EU criteria on species and habitats of conservation concern, and they may
partly overlap the PAs. A layer of PAs came from the Carpathian Environment Outlook
database and a layer of SPAs from European Environment Agency.

RESULTS

Distribution of suitable capercaillie habitat

The AUC value for our best Maxent model was 0.942 (with a standard error of
+0.014), which indicates a strong fit and high predictive ability (Pearce and Ferrier 2000).
Based on our variable importance tests, climate and land cover were the most important
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variable groups in our model. Based on our model, average annual temperature and
precipitation, proportion of forest, and forest fragmentation were the most important
predictors determining capercaillie habitat suitability in the Carpathians, with a combined
relative contribution of > 87%. Response curves (see Fig. 2) indicated that habitat suitability
for capercaillie increased with an increasing proportion of forest. Capercaillie preferred core
and perforated forests compared to forest islets, and avoided areas with intensive human
pressure (i.e., areas close to settlements, roads, railways, cropland, or grassland). Terrain
ruggedness had the lowest relative contribution to the habitat suitability model, with
capercaillie preferring more rugged areas.

Predicting capercaillie habitat suitability across the Carpathians showed large areas of
suitable habitat at higher elevations (Fig. 3). Four large patches of highly suitable habitat were
identified in the Western, Eastern, Southern Carpathians, and Western Romanian Carpathians
(Apuseni Mountains), respectively. Only two of the identified habitat patches were of
sufficient size to potentially allow for a viable capercaillie population (250-500 km?, Grimm
and Storch 2000; Braunisch and Suchant 2013). None of the habitat patches was larger than
500 km? at any time during 1985 to 2010. Based on our threshold (i.e. sum of sensitivity and
specificity), we found 7,509 km? to be suitable for capercaillie in the year 1985 (3.4% of the
area of the entire Carpathians, Table 2). Most of this area was located in Romania, followed
by Slovakia, and Ukraine; no suitable habitat patches were found in Hungary (Fig. 3).

The area of suitable habitat decreased over time, from approximately 3.4% of the total
Carpathians area in 1985 to about 2.6% in 2010, a decrease of 1,110 km? (15%). Affected
habitat was more widespread in the Western and Eastern Carpathians, especially in the Low
and High Tatra Mountains (Slovakia and Poland; Fig. 4, inset A), and the Maramures and
Rodna Mountains (Northern Romania; Fig. 4, inset B). The impact of forest disturbances on
capercaillie habitat differed considerably between countries (Table. 2). The biggest loss of
suitable habitat occurred in Romania, particularly along the Ukrainian border. Although the
area of capercaillie habitat in Ukraine and Slovakia were similar, almost twice as much
habitat was lost in Slovakia; the Czech Republic and Poland did not experience much habitat
loss.

A substantial portion of suitable capercaillie habitat occurred within PAs (46%) or
SPAs (39%), especially in Romania and Slovakia. The largest areas of suitable habitat within
PAs occurred in Slovakia, which strongly contrasted with Ukraine, where a similar amount of
capercaillie habitat was found, but they were predominantly in unprotected sites. Surprisingly,
our results showed that habitat loss in some countries was higher inside protected areas than
outside (Table. 2). This was most evident for Slovakia by PAs (79% inside versus 5.5%
outside) or SPAs (65% inside versus 5.5% outside); the opposite scenario was true for
Ukraine (27% inside versus 73% outside).

Connectivity of capercaillie habitat

Our connectivity analyses identified four distinct capercaillie habitat networks in the
Western, Eastern, Southern, and Western Romanian Carpathians (Apuseni Mountains). The
total number of habitat patches and their relative importance for connectivity varied
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substantially between 1985 and 2010 (Fig. 5). According to our results, importance of many
habitat patches, as defined by dPC, continuously decreased from 1985 to 2010 due to the
decline in total capercaillie habitat available (Fig. 5); this was most evident in the Western
and Eastern Carpathians. For example, the area of capercaillie habitat with very high (dPC >
30) connectivity importance declined from 996 km?2 in 1985 to 282 km? in 2005, and we did
not find any habitat patch with such a high importance value in 2010. Conversely, the area of
weakly connected capercaillie habitat patches increased from 2,360 km?2 in 1980 to 2,750 km?
in 2010. The importance of individual habitat patches also increased with dispersal distances
from 2.5 km to 7.5 km, but increasing the dispersal distance further to 10 km had only a
minimal effect (Fig. 6a). Increasing dPC values here indicate higher capercaillie habitat
connectivity.

Assessing overall trends in habitat connectivity since 1985 using the ECA metric
confirmed that connectivity declined in all scenarios until 2010 (Fig. 6b), thus indicating a
loss of functional connectivity of capercaillie habitat in the Carpathians. The biggest loss (-
10.6%) occurred between 2005 and 2010 (Fig. 6¢). The result of a continued and marked
decrease in overall connectivity of the capercaillie habitat network during the last 25 years
was also persistent across all dispersal distances considered (Fig. 6d).

DISCUSSION

Protecting species that are reliant on old-growth forests is a key conservation
challenge as forest management intensifies across the globe. Capercaillie are a primary target
for conservation because they are endangered in many parts of their range and protecting
them will benefit a host of other species of conservation concern. We assessed, for the first
time, capercaillie habitat suitability and connectivity in the Carpathians in Europe, where
broad-scale habitat assessments to guide conservation planning are desperately needed in a
period of changing climate, social, and economic pressures. Our analyses revealed that
capercaillie habitat in the Carpathians was fairly abundant, however, the habitat is also highly
fragmented. Capercaillie will therefore likely only persist as meta-populations, thus making
functional connectivity between habitat patches critically important. Our findings suggest that
a large proportion of suitable habitat has been lost since 1985 due to logging, even inside
protected areas, and that this has resulted in a substantial decline in functional connectivity of
the capercaillie habitat network. In the Carpathians, safeguarding the remaining areas that
harbor capercaillie and many co-occurring species that depend on large areas of natural and
old-growth forest will require a profound shift in forest management practices. This could
include adopting policies that better protect natural forests inside protected areas, limit large-
scale clear-cutting and salvage logging, implement nature-based forest management, and
restrict forest fragmentation by new roads.

Although the Carpathians (220,400 km?) harbor one of the largest capercaillie
populations in Europe, there have been no prior capercaillie habitat assessments for the
region. Our results generally agree with prior capercaillie research from other regions.
Capercaillie habitat suitability at the landscape scale was related to climate conditions (i.e.,
average annual precipitation around1000 mm, average annual temperature around 3 °C), as
Graf et al. (2005) observed in the Swiss Alps. Capercaillie avoided areas with intensive
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human pressure (e.g. settlements, roads, railways, or cropland), factors that have negatively
affected capercaillie elsewhere as well (Storch and Leidenberger 2003; Braunisch and
Suchant 2007; Thiel et al. 2011). Habitat suitability improved with an increasing proportion of
forest, and capercaillie preferred core and perforated forests rather than small forests islets,
both of which are consistent with prior work (Graf et al. 2005; Bollmann et al. 2011). Many
prior assessments (e.g. Graf et al. 2005; Pascual-Hortal and Saura 2008; Braunisch et al.

2010; Bollmann et al. 2011) have largely focused on small areas using fine-scale data on
forest structure (e.g. LIDAR, forest inventories), however, the importance of broad-scale
studies to evaluate spatial and temporal dynamics of capercaillie habitat is increasingly
recognized.

Capercaillie habitat in the Carpathians was highly fragmented, and it is unlikely any
habitat patches were sufficiently large to maintain a minimum viable population (i.e., 250 —
500 km?, with 470 — 500 communicating individuals, Grimm and Storch 2000; Braunisch and
Suchant 2013). In addition, our findings suggest that logging has further eroded connectivity
and that capercaillie habitat has progressively shifted to higher elevations and became more
isolated and fragmented. For example, in the Western Carpathians, the connectivity of the
core capercaillie population decreased significantly due to massive salvage logging after a
2004 storm event (Fig. 4, inset A), thus threatening this geographically isolated population
(Saniga 2003; Mikolas et al. 2013). Similarly, on the Romanian-UKkrainian borders, intensive
harvesting, at least in part related to forest privatization and illegal logging, has decreased the
connectivity of capercaillie habitat substantially (Fig. 4, inset B). A recent genetic study
indicated that gene flow between the Western and Eastern Carpathian capercaillie populations
has ceased due to low connectivity, as detected in our study, yet, gene flow between the
southern (i.e. Romanian) and eastern (i.e. Ukrainian) populations may still persist (Klinga et
al. 2015). However, logging continues unabated in the Southern and Eastern Carpathians
(Knorn et al. 2012 a, b; Mikolas et al. 2013; Mikolas et al. 2015), which will likely continue
to decrease connectivity in the region and limit gene flow between existing populations.

The rate of habitat loss and fragmentation inside protected areas is particularly
alarming (Table. 2). In fact, many protected areas in the Carpathians allow logging inside
their boundaries, and suitable capercaillie habitats are being harvested in EU-designated
Special Protected Areas (SPA) where capercaillie is a priority species. Not surprisingly,
capercaillie populations have already disappeared in some SPAs in the Western Carpathians,
and populations in other SPAs will be threatened as habitat loss and fragmentation increase.
We suggest three key drivers of these trends. First, all Carpathian countries mandate that
salvage logging follow natural disturbances (e.g., storms), even in PAs and SPAs, thus
potentially suitable capercaillie habitat (i.e., post-disturbance habitat without interventions)
may be converted into unsuitable habitat. Second, corruption and illegal logging remain a
problem in some Carpathian regions (Irland 2008; Irland and Kremenetska 2009; Schoukens
and Bastmeijer 2014; Kienova and Kindlmann 2015), which contributes to the loss of mature
and old-growth forests inside formally protected zones (Bouriaud 2005; Kuemmerle et al.
2009; Knorn et al. 2012a). Finally, EU investments to foster rural development support road
building into larger forest complexes (Kienova and Kindlmann 2015), thus increasing human
disturbance, fragmentation, and access for logging operations (Knorn et al. 2012a,b).
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While our habitat model and connectivity analyses relied on established approaches and
generally performed very well, model uncertainty warrants discussion. MaxEnt results may
be biased due to unequal sampling effort across the study area (Aradjo and Guisan 2006).
Although we restricted background points to areas above 600 m to limit sampling bias and
suitable capercaillie habitat areas above the timberline are rather limited for the Carpathians
as a whole, we cannot fully rule out any potential remaining sampling bias. A more intensive
sampling of the study area would address this issue (Fourcade et al. 2014), but given our
already substantial field work efforts, this would require considerably more funding and time.
Our model did not explicitly include fine-scale variables of forest structure (e.g. canopy
closure, bilberry cover, coarse woody debris, forest types, shrub cover, selective logging,
forest grazing, etc.), which are important predictors of capercaillie occurrence at fine scales
(Storch 2002; Graff et al. 2009). Including such fine-scale data (e.g. area-wide LIDAR data)
would improve our models (e.g. Rolstad and Wegge 1987; Storch 2002; Bollmann et al. 2005,
Mikolas et al. 2015), but no such maps currently exist for the entire Carpathians region. If
more detailed variables are not included in such models, Ehrbar et al. (2011) have
recommended that stand-level conservation plans and field-based habitat assessments should
also be included to improve management plans. Third, our connectivity index analyses was
based on a maximum dispersal distance of 10 km, however, it is well documented that young
birds or birds living in highly fragmented habitats may have larger home range sizes, although
they may also have lower survival rates (Gjerde and Wegge 1989; Moss et al. 2006). Some
limited interactions may exist even when patches occupied by capercaillie are further than 10
km distance, although this may still not ensure sufficient gene flow among populations
(Segelbacher at al. 2003).

There are several important management implications that arise from our work. It
suggest that a landscape-scale perspective is critical for ensuring capercaillie persistence
across the Carpathians; establishing and protecting a viable capercaillie metapopulation
requires collaboration across national boundaries, a situation that is challenging with five
countries involved, one (Ukraine) of which is not a member of the EU. A priority of
conservation efforts should focus on the protection of the remaining patches of suitable
habitats, especially those that facilitate functional connectivity among populations (see Figure
5.). The loss of these connectors may result in genetic isolation, smaller gene pools, and an
erosion of the capacities of the Carpathian capercaillie population to adapt in the face of
climate change (Segelbacher et al. 2003, Braunisch et al. 2014). We therefore recommend a
combination of non-intervention and active management measures, specific to the
Carpathians, which should positively affect mountain biodiversity in general (Bollmann et al.
2012).

Non-intervention schemes should be established in capercaillie sites with lower forest
productivity, where natural succession will result in suitable habitat following disturbance.
Ideally, these sites should be larger than 1,400 ha and distances between sites should not
exceed 5-10 km (Bollmann et al. 2011). In particular, salvage logging, specifically after bark
beetle outbreaks, should not be employed because salvage logging, not the natural
disturbance, renders the area unsuitable for capercaillie habitat (Figure 1., Mikol&s et al. 2013;
Radsner et al. 2014; Beudert et al. 2015). As suggested by several national legislations in the
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Carpathians, national parks could establish core zones with no management interventions, yet
this has still not been implemented in most national parks in Slovakia and Romania.
Protecting core sites may also require the creation of new protected areas, especially in
Romania, Ukraine, and Slovakia, where key capercaillie areas are unprotected.

It is important to recognize that not all forest management activities negatively impact
capercaillie. For example, specialized management measures (e.g. group selection) or low-
intensity forest grazing may create open forest conditions that benefit capercaillie (Klaus et al.
1989). We identified large areas of clearcuts and young stands in the Carpathians that are
currently not suitable capercaillie habitat, but, if managed properly, they could potentially be
suitable habitat in a shorter time frame. Managing for open stands with canopy closure around
50% and a rich ground cover of bilberry, they might provide quality capercaillie habitat
within 30 to 50 years (Mac Millan and Marshall 2004; Wegge and Rolstad 2011; Broome et
al. 2014). To increase connectivity and gene flow among suitable habitat patches, a system of
stepping-stones using patches greater than 50 ha in size (Bollmann et al.2011) that serve to
connect habitats are critically important (Segelbacher and Hoglund 2003); in addition the
permeability of the matrix, topography, and landscape structure should be considered in
planning, as all of these may be important determinants for habitat connectivity as well (Graff
et al. 2007).

Although our study focused on capercaillie as a model species, our findings are relevant
to the conservation of many other species. Capercaillie require large areas and are considered
an important indicator of high structural diversity in mountain forest ecosystems (Grimm and
Storch 2000). Protecting capercaillie may benefit Carpathian biodiversity in general in at least
four ways, thus helping safeguard biodiversity in Europe as a whole. First, biodiversity
associated with old-growth forests is in peril across Europe because these forests are
decreasing in many regions. The Carpathians still contain widespread natural and old-growth
forest, many of which are unprotected, and managing for capercaillie populations would thus
benefit many species of conservation concern (Rossner et al. 2013, Suter et al. 2002; Pakkala
et al. 2003). Second, our results indicates that the long-term persistence of capercaillie in the
Carpathians will depend on establishing functioning corridors among populations, and thus
metapopulations of other large-bodied species of conservation concern may also benefit
(Kuemmerle et al. 2010). The Carpathian Mountains are a biodiversity hotspot for mammals
and birds in Europe, including brown bears (Ursus arctos), Eurasian lynx (Lynx lynx), grey
wolf (Canis lupus), European bison (Bison bonasus), and capercaillie populations (Storch
2007; Kuemmerle et al. 2010; Chapron et al. 2014). All these species are sensitive to habitat
fragmentation and human disturbances (Trombulak and Frissell 2000; Houle et al. 2010;
Walpole et al. 2012; Dorresteijn et al. 2014; Litvaitis et al. 2015); they depend on large,
unfragmented blocks of forest and functioning corridors between them, thus they would also
benefit from landscape-scale conservation planning for capercaillie persistence across the
Carpathians (Courbin et al. 2009). Third, roads fragment habitat decrease connectivity, and
facilitate disturbance via logging, and hunting, poaching, and tourism for many species (Selva
et al. 2011). Funding from the EU currently support hundreds of kilometers of new forest
roads in the Carpathians, even within protected areas. To enhance conservation efforts to
sustain viable capercaillie populations, identifying and limiting access to existing roads and
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increasing broader participation for planning of new road constructions would greatly
improve habitat connectivty and benefit many other species also. Finally, our study suggests
that the current policy of protected areas does not effectively protect biodiversity within their
borders. Networks of large protected forest reserves are crucial for the long-term persistence
of biodiversity hotspots such as the Carpathians.

We used a combination of habitat suitability modeling and connectivity analyses to
evaluate the impact of logging on taxa of conservation concern at the ecoregion scale.
Although rarely implemented, a similar approach can be readily applied to any region where
comparable data exist. Our approach could be extended to include, for example, landscape
genetics, population viability analyses, or movement data. Our approach allowed us to
examine the spatial and temporal dynamics of habitat loss and its effects on functional
connectivity. Substantial habitat loss and decreased connectivity, 15% and 30 %, respectively,
over a period of only 20 years are worrying trends for capercaillie and other species
depending on old, structurally diverse forests (Suter et al. 2002; Pakkala et al. 2003). Our
proposed landscape-scale conservation recommendations would help numerous species that
are dependent on such mountain forests, including the three-toed woodpecker (Picoides
tridactylus) and pygmy owl (Glaucidium passerinum) (Suter et al. 2002; Pakkala et al.2003),
large carnivores (Dorrestein et al. 2014), and saproxylic organisms (Seibold et al. 2015),
among many others. We hope our results provide a basis for improving the balance between
forest use and the protection of forest biodiversity.
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Table 1. Environmental variables used to model capercaillie habitat suitability in the

Carpathians

Variable category
Climate

Topography

Land cover

Human disturbance

Description
Average annual
precipitation
Average annual
temperature
Terrain ruggedness

Distance to cropland

Distance to grassland

Proportion of forest

Morphological spatial

pattern of forest

Distance to settlements

Distance to roads and
railways

Unit
mm

°C

index
(0-1)

% of
area

5
classes

91 -

Data source
WorldClim

WorldClim

Calculated from DEM
according to Riley et al.
(1999)

Calculated from land cover
data created in Griffiths et al.
(2013)

Calculated from land cover
data created in Griffiths et al.
(2013)

Griffiths et al. (2014)

Calculated as in VVogt et al.
(2015) from land cover data
created in Griffiths et al.
(2013)

Calculated from land cover
data created in Griffiths et al.
(2013)

Derived from OpenStreetMap



Table 2. Area (km?) of available suitable capercaillie habitat in 1985 and the impact of forest
disturbance on suitable habitat until 2010 in the Carpathians. PAs refers to Protected Areas,
and SPAs refers to Special Protection Areas; PAs and SPAs can overlap.

Suitable capercaillie habitat (km?) Loss of suitable capercaillie habitat (km?)

PAs  SPAs Unprotected Total (%) PAs SPAs Unprotected Total (%)

Czech Republic 9 9 0 9(1) 1 1 0 1(0)

Hungary 0 0 0 0 (0) 0 0 0 0 (0)

Poland 305 97 32 350 (5) 33 10 4 39 (4)

Romania 1,142 1,469 1,964 3,720 233 273 260 565 (51)
(49)

Slovakia 1,483 1,380 133 1,797 256 211 18 325 (29)
(24)

Ukraine 498 1,135 1,633 48 131 180 (16)
(21)

Total 3,437 2,955 3,264 7,509 571 495 413 1,110
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Figure 1. Photographs documenting the effect of leaving naturally disturbed forests (A) and
large-scale salvage logging (B) on capercaillie occurrence (Photos: Karol Kalisky).
Capercaillie inhabit forest with dead canopy because of the bark beetle outbreak (A), but they
do not find suitable habitats in the large-scale clearcuts (B).

Figure 2. Variable response curves for capercaillie (Tetrao urogallus) in the Carpathians
based on our maximum entropy model (sorted from high to low importance reading left to
right and top to bottom). The relative habitat suitability index (HSI) ranges from 0 (low) to 1
(high), while the range of environmental variables is shown on the x-axis. Spatial pattern of
forest consists of five components: background (i.e., non forest) (0), core (i.e., only forest
neighbors) (1), islet (i.e., patches consisting of edge forest only) (2), perforation” (i.e., edge
inside larger forest patches) (3), and forest edge (4).

Figure 3. Capercaillie habitat suitability map for the Carpathians.

Figure 4. Forest disturbance patterns between 1985 and 2010, which almost exclusively
represent clearcutting and post-disturbance salvage logging, compared to capercaillie habitat
in the Carpathians. Frames A and B focus on the Low and High Tatra Mountains and the
Maramures region in Romania, respectively.

Figure 5. Change in the importance of individual capercaillie habitat patches between 1985
and 2010, measured by importance of habitat patch based on Probability of

Connectivity index (dPC) based on the first (realistic) scenario and a dispersal distance of 2.5
km. The importance of the habitat patches is classified into five levels based on dPC value: 0-
1 (Very Low); 1-3 (Low); 3-9 (Medium); 9-27 (High); >27 (Very High).

Figure 6. Connectivity of capercaillie habitat patches in Carpathians between 1985 and 2010.
a) Results of importance of habitat patch based on Probability of Connectivity index (dPC) at
various dispersal distances and time periods; b) change in overall connectivity of suitable
capercaillie habitat across different post-disturbance forest recovery scenarios; c) loss of
capercaillie habitat connectivity measured by importance of habitat patch based on Equivalent
Connected Area index dECA (difference in Equivalent Connected Area index (ECA) values
between time period); d) ECA dynamics across different dispersal distances and time periods.
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Population structure and barriers to gene flow are important components for understanding the evolutionary
history of a species. Here we study population structure and differentiation in the western capercaillie (Aves:
Phasianidae) along the Carpathian Mountains. Further, we compared the levels of population differentiation
among capercaillie from the Carpathian Mountains, Balkans (Bulgaria) and the boreal forest (Russia and
Sweden) in order to reveal past and current processes which may influence population structure. Tissue samples,
non-invasive faeces and feathers and toe pads from museum specimens were used for genetic analyses of
mitochondrial (mtDNA) sequences and allelic variation at nine nuclear DNA (nDNA) microsatellite loci. Analyses
of mtDNA sequences revealed a southern subclade within the northern clade. Within the northern clade,
microsatellite data distinguished two groups: (1) Western Carpathian populations; and (2) Eastern Carpathian
and boreal forest populations. Bulgarian populations constituted a third cluster corresponding to the southern
phylogenetic subclade. The Western Carpathian populations showed a heterozygote deficiency. The analyses
indicate that the abundant Eastern Carpathian populations share alleles with populations from the boreal forest
suggesting a common origin of these populations since the last glacial period. On the other hand, the Western
Carpathian populations have been isolated over a long period with only a few migrants from the east, thereby
becoming differentiated from the eastern and northern populations. The southern populations have been isolated
from the northern populations since the last glacial maximum. The molecular analyses did not support the
currently recognised taxonomy at the subspecies level. © 2015 The Linnean Society of London, Biological
Journal of the Linnean Society, 2015, 116, 873-889.

ADDITIONAL KEYWORDS: genetic structure — phylogeography — refugia — Tetrao urogallus.

INTRODUCTION least concern among bird species. However, in many
areas of FEurope, population abundance has
decreased, local populations are endangered or have
even disappeared (Klaus et al., 2008). Due to frag-
mentation and habitat loss during the recent dec-
ades, the populations in Western and Central
Europe have rapidly declined (Storch, 2007) and, cur-
rently in such areas, capercaillie persists in isolated
population units (Segelbacher, Manel & Tomiuk,
2008).

The western capercaillie (Tetrao wurogallus) has
received significant attention mainly as a game spe-
cies and can be considered a useful umbrella species
for much of avian biodiversity inhabiting upper mon-
tane and subalpine forests in central Europe (Suter,
Graf & Hess, 2002). According to BirdLife Interna-
tional (2012), the western capercaillie is classified as

*Corresponding author. E-mail: peter.klinga@tuzvo.sk

© 2015 The Linnean Society of London, Biological Journal of the Linnean Society, 2015, 116, 873—-889 873


mailto:peter.klinga@tuzvo.sk

874 P KLINGA ET AL.

The intraspecific taxonomy of the western caper-
caillie is rather complicated. Twelve subspecies have
been described based on morphological differences
(Couturier & Couturier, 1980) (Supporting Informa-
tion, Fig. S1) but the differences tend to be clinal
and may reflect local ecotypes instead of genetically
different units (Segelbacher, Hoglund & Storch,
2003). In Finland, Liukkonen-Anttila et al. (2004)
did not find any clear evidence of genetic differentia-
tion between T. u. major, T. u. urogallus, T. u.
uralensis and T. u. karelicus. Nonetheless, Segel-
bacher & Piertney (2007) provided evidence of genet-
ically different subspecies of capercaillie within
Europe and in Cantabrian capercaillie populations.
Alda et al. (2011) found low genetic diversity and sig-
nificant genetic differentiation when comparing Can-
tabrian  capercaillie  with  other  subspecies.
Significant differences in skeletal traits and body
size have been found for Tetrao urogallus rudolfi
(Eastern Carpathians) and Tetrao urogallus major
(Western Carpathians) (Kohl & Stollmann, 1968,
1971) that, if having a genetic basis, would suggest a
basis for subspecies classification. According to The
Clements Checklist of Birds of the World (Clements
et al., 2013), the range of the T. u. rudolfi is localized
to both the Carpathian and Rhodope Mountains,
while the range of Tetrao urogallus major is spread
from Germany to the SW Baltic countries and to the
Balkan peninsula. This statement is rather impre-
cise, since the occurrence of capercaillie in Bulgaria
is not only confined to the Rhodopes (about 80% of
the Bulgarian population, Petrov, 2008), but it also
occurs in the Rila and Pirin mountains as well as in
the western part of Stara Planina. We thus hypothe-
size a contact zone for both subspecies in the Eastern
Carpathians.

The capercaillie is known to disperse only short
distances and the average dispersal distance rarely
exceeds 10 km (Storch, 2000) in suitable habitat.
There are, however, migration records of longer dis-
tances (max. 140 km, Nappée & Douhéret, 2004).
Previous microsatellite studies in Europe have
shown a correlation between genetic differentiation
and Euclidean geographical distance suggesting iso-
lation by distance (IBD) pattern of population struc-
ture (Segelbacher et al., 2003). Latitudinal and
altitudinal range shifts of the most species during
the cold glacial and warmer interglacial phases pro-
duced contrasting distribution dynamics, forming
geographically restricted distribution patterns but
also panmictic distributions, strongly dependent on
the ecologic demands of the species (Louy et al.,
2014). Currently the major role in explaining genetic
and morphological divergence between southern and
northern European capercaillie is attributed to habitat
modifications which occurred during the Quaternary,

whose climatic fluctuations led to many cycles of con-
traction and expansion of species geographical
ranges (Hewitt, 1996). Historically, the Quaternary
glaciations resulted in the isolation of the northern
and the southern capercaillie populations or lineages
allowing for divergence in both genetic and morpho-
logical traits. The southern lineage consists of the
closely related Pyrenean-Cantabrian and Balkan
(Pirin and Rhodopes mountains) populations (Duriez
et al., 2007), showing a smaller body size compared
to the northern lineage (Couturier & Couturier,
1980). Populations of the southern lineage form a
genetically distinct unit due to strong differentiation
from other Eurasian populations (Duriez et al., 2007;
Segelbacher & Piertney, 2007). The populations
belonging to the northern lineage are spread
throughout the rest of the Eurasian capercaillie habi-
tats (Duriez et al., 2007). Segelbacher & Piertney
(2007) hypothesized glacial refugia in Iberia for the
southern lineage and postglacial colonization of Eur-
ope by northern lineage birds from East European
refugia. Duriez et al. (2007) suggested that before
the last glacial maximum (LGM), the southern lin-
eage, represented by Tetrao urogallus aquitanus,
formed a continuous population throughout Europe
from the Iberian peninsula to Romania and during
the LGM, two refugia could be presumed: in the Bal-
kans and in the Iberian peninsula, respectively. The
northern lineage could expand in Asia and North-
Eastern Europe assuming LGM refugia placed in
southern Asia or Beringia (Duriez et al., 2007). Bajc
et al. (2011) assigned a glacial refugium to the Rho-
dope — Rila — Pirin mountain chain for the southern
lineage. In addition, the current density of both the
Rhodope and Rila populations remains stable in con-
trast to the declining populations of Eastern and
Central Europe (Petrov, 2008) although stability of
current population does not necessarily indicate it
was a refugium during LGM.

The capercaillie from southern Norway are distinct
from birds in Russia and more related to birds in the
Black Forest and Alps (Segelbacher et al., 2003),
which may indicate a south-western colonization
route from Iberia to Scandinavia and a north-eastern
colonization route from the southern Asian glacial
refugia to Russia (Duriez et al., 2007). A contact zone
between the southern and northern lineages was
identified in Dinarides in the Balkan peninsula (Bajc
et al., 2011) as well as in the Pyrenees for the Can-
tabrian subgroup (Rodriguez-Munoz et al., 2007).
Bajc et al. (2011) suggested an evolutionary scenario
where a northern lineage could have evolved from
the southern lineage in the Balkans during the per-
iod of major glaciations. Thus previous studies have
produced mixed results and no clear pattern of the
post glacial expansion and how genetic diversity is
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structured within the European range has yet
emerged. There is thus a need for further genetic
studies of this species especially in areas where the
postulated southern and northern lineages are
predicted to meet.

From a biogeographic point of view the Carpathi-
ans is an interesting and little explored area with
plenty of diverse forest habitats. The Carpathians is
the second longest mountain chain in Europe possi-
bly creating a dispersal barrier between northern
European plain and Balkan mountain ranges. The
genetic studies of several amphibian species (Fijar-
czyk et al., 2011; Zielinski et al., 2013; Wielstra,
Babik & Arntzen, 2015) suggest Carpathians as area
where ‘refugia within refugia’ scenario (Gémez &
Lunt, 2007) played an important role in within spe-
cies genetic differentation. It is not known if the
western capercaillie in the Carpathians belongs to
the northern or southern lineage. Within the
Carpathians, a continuous range in the Eastern
Carpathians encompassing Romania and Ukraine is
assumed to be occupied by T. u. rudolfi which seems
to be isolated from the highly fragmented popula-
tions in the Western Carpathians which is assumed
to be occupied by T. u. major (Slovakia and southern
Poland) (Supporting Information, Fig. S1).

The aim of this study was to use mtDNA
sequences and microsatellites: (1) to investigate the
genetic structure of capercaillie populations along
the Carpathians and Balkans (Rhodope and Rila
Mountains), (2) to elucidate evolutionary phylogeo-
graphic processes which have led to the current dis-
tribution pattern of genetic variation, and (3) to
clarify the taxonomical status of capercaillie from
East and South-East Europe.

METHODS
SAMPLING

For mtDNA and microsatellites analyses we anal-
ysed in total 326 samples. Within the Carpathian
population we sampled N = 149 faeces and N = 60
feathers for microsatellite analyses and 34 of them
were used for sequencing of mtDNA. Within the
Western Carpathians toe pad samples from N =17
museum specimens (1940-1960) were collected for
microsatellite analyses. From the boreal forests of
Norway and Sweden we collected 22 feathers and in
Russia 12 tissue samples originating from hunted
birds were successfully amplified for microsatellites.
For sequencing of mtDNA from the boreal forest
region we used 12 samples. We also downloaded a
sequence from an Estonian bird (DQ307411) from
GenBank. In the southern group we collected and
amplified 60 samples from hunted animals within

the Rila and Rhodope Mountains in Bulgaria for
microsatellites and 17 of them were sequenced for
mtDNA. In addition, we downloaded three haplo-
types from the Pyrenees (DQ307392, DQ307394,
DQ307395) and as outgroup to root phylogenetic tree
we downloaded two haplotypes of Tetrao parvirostris
(DQ307426, DQ307427) (Duriez et al., 2007) from
GenBank (Supporting Information, Table S1,
Fig. S1).

DNA EXTRACTIONS AND AMPLIFICATIONS

DNA was extracted from feathers, tissues and toe
pad samples using a QIAmp Tissue Extraction Kit
(Qiagen), following the manufacturer’s instructions
and modifications described in previous studies
(Segelbacher, 2002; Horvath et al., 2005; Speller,
Nicholas & Yang, 2011; Johansson et al., 2012). DNA
from faeces was extracted using the DNA Stool Mini
Kit (Qiagen) with a modified methodology described
by Regnaut, Lucas & Fumagalli (2005) and Segel-
bacher & Steinbrick (2001).

For the phylogenetic study the mitochondrial con-
trol region domain I (CR I) sequences were amplified
using forward GalF (5-AGGACTACGGCTTGAA
AAGC-3') and reverse GalRi (5-GGGGTGTAGGGG
GAAAGAA-3') primers (Duriez et al., 2007). The
PCR-mix of 25 pL total contained 1x buffer, 0.2 mM
dNTPs, 0.02U Kappa Hot Start polymerase and
0.2 uM of each primer, nanopure H,0O, 30-50 ng
DNA. The PCR reaction was performed in an Eppen-
dorf Thermal Cycler with the following steps:
enzyme activation within initial denaturation 3 min
at 95 °C, followed by 30 cycles of 30 s denaturation
at 95 °C, 30 s annealing at 59 °C, 30 s extension at
72 °C. Final elongation was performed for 10 min at
72 °C. PCR products were checked in 1.6% agarose
gel. Products were analysed on ABI PRISM 3100
capillary DNA sequencer (Applied Biosystems, USA).

The DNA samples were genotyped at ten
microsatellite loci: LEI98 (Gibbs et al., 1997),
ADL184, ADL230 (Cheng & Crittenden, 1994),

BG15, BG16, BG18 (Piertney & Hoglund, 2001),
TUT1, TUT2, TUT3 and TUT4 (Segelbacher et al.,
2000). A negative control was included in all PCR
reactions. PCR reactions were carried out in a 6.5 pL
volume of 5.2 pLi of mastermix (5x Q-solution, 2x
Qiagen Multiplex PCR Kit, nanopure Hy0, 25 pM of
each marker) and 1.3 pL extracted DNA. All samples
were genotyped at least three times to ensure the
reliability of individual genotypes (Taberlet et al.,
1996; Segelbacher & Steinbriick, 2001; Jacob et al.,
2010). The amplification was performed in an Eppen-
dorf Gradient thermal cycler, under the following
condition: 15 min initial denaturation (94 °C) and 35
cycles (or 25 cycles for tissue DNA samples) of 30 s
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denaturation (94 °C), 2 min annealing (55 °C), 45 s
extension (72 °C) with final extension 15 min
(60 °C). The PCR fragments were separated on ABI
PRISM 3130 capillary DNA sequencer with fluores-
cently labelled markers.

ALIGNMENT AND STATISTICAL ANALYSES OF MTDNA
SEQUENCES

The sequences were aligned using ClustalW (Larkin
et al., 2007) and manually edited in BioEdit (Hall,
1999). The total length of the alignment was 413 bp.
Intrapopulation genetic characteristics such as num-
ber of samples per haplotype N, number of haplo-
types Ny, nucleotide diversity n and haplotype
diversity Hy were estimated in ARLEQUIN 3.1
(Excoffier, Laval & Schneider, 2005). We divided the
populations into different groups based on their geo-
graphical ranges and environmental condition where
occur: a boreal group (Sweden, Norway, Estonia and
Russia) and a Carpathian group (Slovakia — Western
Carpathians, Ukraine, Romania — Eastern Carpathi-
ans). The southern group encompasses distinct geo-
graphical sites (Bulgaria — Rhodopes and Rila, Spain
— Pyrenees and Cantabrian Mountains) because,
before LGM, capercaillie was expected to form con-
tinuous population from the Iberian Peninsula to
Bulgaria (Duriez et al., 2007). The matrix of pairwise
genetic distances Ogr (Nei & Li, 1979) with their cor-
responding P-values was computed in ARLEQUIN 3.1
with 10 000 MCMC iterations (Excoffier et al., 2005).
To test the statistical significance of genetic differen-
tiation between populations we used Fisher’s exact
test with 10 100 permutations. The AMOVA imple-
mented in ARLEQUIN 3.1 (Excoffier et al., 2005) was
employed with 10 000 permutations.

Phylogenetic analyses were performed on CR I
(including Tetrao parvirostris haplotypes as an
outgroup) using neighbor-joining (NJ), maximum
likelihood (ML), maximum parsimonious (MP) and
Bayesian trees. Firstly the distance based neighbor-
joining (NJ) tree was constructed under Tajima-Nei
distance model (Tajima & Nei, 1984) and Gamma
distributed rate among sites. Gamma was set to one.
The reliability of the NJ tree was assessed by 10 000
bootstrap replicates.

A ML tree was constructed by implementing
HKY + I model, inferred by the Nearest-Neighbor-In-
terchange heuristic method (NNI) with default set
NJ/BioNdJ initial tree and very strong branch swap
filter. The phylogeny was tested by 10 000 bootstrap
replicates.

The topology of the tree was further investigated
by Min-Mini Heuristic MP search method, search
level three, max number of trees to retain was set to
10. A MP consensus tree was inferred from 10 000

bootstrap replicates in MEca 5.2 (Tamura et al.,
2011). The substitution model HKY + I and model
frequencies A =0.2667, C=0.2936, G =0.137,
T =0.3027 were selected in JMODELTEST (Posada,
2008), based on the Akaike information criterion cor-
rected for small sample sizes (AICc). Phylogenetic
relationships between haplotypes were inferred by
Bayesian inference using 1 000 000 the Markov
Chain Monte Carlo (MCMC) starting from random
tree and sampling every 1000 generation (four
chains, heating = 0.2) implemented in MrBaYEs 3.1.2
(Ronquist et al., 2011). Searches were performed
using HKY model including proportion of invariant
sites. The Bayesian 50% majority rule consensus tree
was visualized in FIGTREE v1.4.2 (Rambaut, 2014).
The most divergent Tetrao parvirostris haplotypes
were used to place a root in all phylogenetic trees.
The genealogical relatedness between haplotypes
was represented also through a Median-joining (MdJ)
algorithm built-in NETWORK 4.6.1 (Bandelt, Forster &
Rohl, 71999). A haplotype distribution map was con-
structed in ArcmaP 10.2 (ESRI, Redlands, CA). A sign
of historical population expansion in each of the
three groups of populations and the two lineages was
tested in ARLEQUIN 3.1 (Excoffier et al., 2005) by cal-
culation of Tajima’s D (Tajima, 1989), Fu’s Fs (Fu,
1997) and a mismatch distribution analyses (Rogers
& Harpending, 1992). Expected distribution accord-
ing to a sudden demographic expansion model was
tested using the sum of squared deviations (Schnei-
der & Excoffier, 1999) and the raggedness index
(Harpending et al., 1993) with 10 000 bootstraps in
ARLEQUIN 3.1 (Excoffier et al., 2005). We visualized
the frequencies of pairwise genetic differences in
DnaSPv5 (Librado & Rozas, 2009). In general, the
histogram of mismatch distribution shows a pattern
of nucleotide differences among haplotypes within
each population due to population size changes. The
sum of square deviations (SSD) was calculated to
test the significance of deviation of observed distribu-
tion from expected under the population expansion
model.

We calculated Tau (r) implemented in Rogers &
Harpending (1992) model to estimate the time since
population expansion in ARLEQUIN 1 (Excoffier et al.,
2005). Harris, Birks & Leaché (2014) stated muta-
tion rate for cytochrome 1.2% per site per myr for
galliformes. The first domain of CR b evolves approx-
imately ten time faster than the average mtDNA
mutation rate. The substitution rate for the CR I
pert = 1.2 x 1077 and in the sequence 413 nucleo-
tides long analysed in this study is calculated as
mutation rate (ucg.;) multiplied by number of nucleo-
tides in a sequence and it results in 4956 x 107°.
For calculation of time since population expansion
we used (1) value calculated for the northern lineage
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and the southern lineage in ARLEQUIN 3.1 (Excoffier
et al., 2005).

GENOTYPING AND STATISTICAL ANALYSES OF
MICROSATELLITES

Panel for microsatellite analyses excludes samples
populations from Spain (Pyrenees and Cantabrian)
and from Estonia whose mitochondrial data were
downloaded from GenBank. Genotyping was carried
out in the GENEMaAPPPER 3.7 software (Applied Biosys-
tems). The software GiMLET (Valiére, 2002) was used
to construct a consensus multilocus genotype and to
estimate genotyping errors such as allelic drop-out.
The Microsatellite Excel Toolkit was used to identify
samples sharing identical multilocus genotypes.
Duplicate genotypes with > 95% matching alleles
were excluded from the analyses. The microsatellite
marker BG16 was excluded due to the presence of
null alleles caused by low amplification success in
samples with low concentration of DNA extracted
from faeces.

A test for deviation from Hardy—Weinberg equilib-
rium and linkage disequilibrium at each locus sepa-
rately and per population was performed by GENEPOP
(Raymond & Rousset, 1995). Genetic variation
including mean number of alleles per loci (IVp),
expected (Hg) and observed (Hp) heterozygosities
with 95% level of polymorphism, the inbreeding coef-
ficient F1g (Weir & Cockerham, 1984) in each popula-
tion and confidence interval by 10 000 bootstraps
were calculated in GENETIX 4.05 (Belkhir et al., 1996—
2004). Allelic richness and private allelic richness
were calculated in HP-rare 1.0 using rarefaction
method (Kalinowski, 2005). The program sampled 17
individuals (34 allele copies) at random from each
population to match the smallest population sample
size.

Pairwise Fgr (Nei, 1978) with corresponding P-val-
ues was computed between seven population units
excluding historical samples in GeENETIX 4.05 (10 000
permutations) implementing Bonferroni and sequen-
tial Bonferroni correction for multiple testing. The
linear geographic distances between sampling site
centres were measured using Google Earth (http:/
www.earth.google.com). The semi matrices of pair-
wise Fgr (Nei, 1978) and geographic distances were
run in program Isolde implemented in GENEPOP 4.0
(Raymond & Rousset, 1995) to convert F' statistic to
Fg1/1 — Fgp (Rousset, 1997) implementing sequential
Bonferroni correction (Sokal & Rohlf, 1995). Finally
the association between untransformed and log-
transformed genetic and geographic distances was
performed by a Mantel test (Mantel, 1967) using
software 1BDWS (Jensen, Bohonak & Kelley, 2005)
with 10 000 randomizations.

Genetic relationship between individual genotypes
was graphically visualized in two-dimensional space
by principal coordinate analysis (PCoA) implemented
in R software package PorGENEREPORT (Adamack &
Gruber, 2014).

To infer the population structure we used the pro-
grams STRUCTURE 2.3.3 (Pritchard, Stephens & Don-
nelly, 2000) and TEss 2.3.1 (Chen et al., 2007) using
Bayesian clustering assignment of individuals based
on allele frequencies to populations. In STRUCTURE, 10
runs, 100 000 burn-in, and 1 000 000 MCMC itera-
tions were performed for each K from 1 to 8 using
the admixture ancestry model assumption of corre-
lated allele frequencies (Falush, Stephens & Pritch-
ard, 2003). The optimum number of clusters was
identified by STRUCTURE HARVESTER (Evanno, Regnaut
& Goudet, 2005; Earl & von Holdt, 2012). The
coefficients were obtained by averaging 20 runs
using cLumPP 1.1.2 and the ‘greedy’ algorithm plus
the ‘all possible input order’ options (Jakobsson &
Rosenberg, 2007). The results were displayed in fig-
ures produced by pistruct 1.1 (Rosenberg, 2004).

In addition, TESs considers distinct geographical
locations of each sampled individual genotype. TEss
was run 20 times for each K from 2 to 8 using a con-
ditional autoregressive (CAR) admixture model with
interaction parameter 0.7, 10 000 burn-in and
50 000 sweeps. The most likely number of clusters
determined by K value was specified when the
deviance information criterion (DIC) reached a pla-
teau (Chen et al., 2007). We averaged the results in
cLumpp 1.1.2 (Jakobsson & Rosenberg, 2007). Subse-
quently the results were visualized with pistrucT 1.1
(Rosenberg, 2004). The map of individuals and popu-
lation assignment was constructed in arcmap 10.2
(ESRD).

RESULTS
MTDNA SEQUENCES

We unambiguously resolved 413 bp sequences of the
control region CR I in 69 samples, which included
21 distinct haplotypes that were defined by 37 poly-
morphic sites, 30 of them were parsimony informa-
tive. Two haplotypes of Tetrao parvirostris were
used only for rooting the phylogenetic trees and
were excluded from further analyses. Nineteen hap-
lotypes were divided into two main lineages
(Table 1). Among all 19 haplotypes, six haplotypes
belonged to the boreal group, and seven haplotypes
belonged to the Carpathian group. These two groups
shared one haplotype found in Russia (the area sur-
rounding Kirov) and in Romania (Eastern Carpathi-
ans). In the Balkan-Mediterranean group we found
seven haplotypes with five segregating sites including
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Table 1 . Genetic diversity indices based on mtDNA con-
trol region CRI sequences for the western capercaillie

Population N N, S b Hy

Northern 47 12 20 0.006 + 0.004 0.867 + 0.026
lineage

Boreal 13 6 6 0.005 + 0.003 0.833 + 0.082
group

Russia 7T 2 2 0.002 + 0.002 0.476 + 0.171
Sweden 2 1 NA NA NA

Norway 3 2 1 0.002 + 0.002 0.667 + 0.314

Estonia* 1 1 NA NA NA

Carpathian 34 7 18 0.006 + 0.004 0.802 + 0.040
group

Romania 8 4 15 0.010 + 0.006 0.750 + 0.139

Ukraine 7 2 1 0.001 + 0.001 0.571 + 0.120
Slovakia 19 3 4 0.004 + 0.003 0.649 + 0.061
Southern 20 7 5 0.004 + 0.003 0.753 + 0.079
lineage

Bulgaria 17 4 3 0.003 + 0.002 0.654 + 0.089
Spain* 3 3 3 0.005 + 0.005 1.000 + 0.272

The number of analysed individuals (n), number of haplo-
types (Ny,), number of segregating sites (S), nucleotide
diversity (n) &+ standard deviation, and haplotype diver-
sity (Hy) + standard deviation are given.
*Haplotypes downloaded from GenBank.

four haplotypes in Bulgarian (Rila, Rhodope moun-
tains) samples and three haplotypes from Cantabri-
ans and Pyrenees in Spain. The southern lineage
showed lower nucleotide diversity and haplotype
diversity, compared with the northern lineage. The
highest value of nucleotide diversity was recorded in
the Carpathian group, followed by the boreal group
as representatives of the northern lineage (Table 1).

PHYLOGENETIC ANALYSES

The evolutionary relationships in NJ, ML, MP and
Bayesian trees did not reveal any phylogenetic pat-
tern between sequences from the boreal and Car-
pathian groups within the northern lineage (Fig. 1).
Sequences from Spain and Bulgaria representing the
southern linage were placed together in a southern
subclade within a northern clade. Support for differ-
entiation was found for the southern subclade (boot-
strap support NJ = 86%, ML = 88%, MP = 89%,
Bayesian posterior probability = 0.73) and northern
clade (bootstraps support: NJ = 89%, ML = 85%,
MP = 89%, Bayesian posterior probability = 1.00).
The two clusters formed in NJ, ML, MP and the
Bayesian trees were fully confirmed by a Minimum
Spanning Network (Fig. 2). The Carpathian and Bor-
eal groups were clustered into a group belonging to
the northern lineage. The northern clade is organ-

ised around dominant haplotype found in Ukraine
and Slovakia. The other northern haplotypes were
derived from the dominant haplotype. The southern
clade is constituted by two dominant haplotypes
sampled in Rhodope and Rila Mountains in Bulgaria.
Three minor haplotypes originating in Spain
(Pyrenees and Cantabrian Mountains) derived from
Bulgarian (Rhodope and Rila) haplotypes. One
Romanian haplotype sampled in the Romania (East-
ern Carpathians) was also diverged from Bulgarian
haplotypes by four mutations.

POPULATION DIFFERENTIATION

In the analysis of molecular variance (AMOVA) we
calculated genetic variation among boreal, Car-
pathian, and the southern groups. The overall fixa-
tion index was 0.66 (P < 0.01) and 66.57% of the
total genetic variation is due to differentiation
among boreal, Carpathian and Mediterranean
groups. Among populations within the boreal forest,
Carpathians and the southern group the fixation
index (Fy.) was 0.35 (P < 0.000) and 11.82% of total
variation was due to differentiation among popula-
tions (Supporting Information, Table S2). Among the
northern and the southern lineage the overall fixa-
tion index was 0.75 (P < 0.03) and 75.59% of total
genetic variation was due to differentiation among
populations within the southern and the northern
lineages (Supporting Information, Table S3). Genetic
distances between pairs of populations (6gr) con-
firmed very high differentiation of the Mediter-
ranean group from the other two (0.78-0.84). No
genetic differentiation was observed between Car-
pathian and Boreal groups 6gt = 0.05 (P < 0.07)
(Supporting Information, Table S4). Significantly
high genetic differentiation 6gr = 0.79 (P < 0.000)
was observed between the northern and southern
lineages (Supporting Information, Table S5).

POPULATION DEMOGRAPHIC HISTORY

Significantly negative Tajima’s D values
(D =-1.498; P <0.05) were found for the Car-
pathian group and for the northern Ilineage
(D = —1.715; P < 0.035) suggesting historical popula-
tion expansion. Tajima’s D and Fu’s F's index did not
have enough power to confirm the population expan-
sion and reject a null hypothesis a stable population
in the southern group, but an L-shaped graph of mis-
match distribution could suggest a recent expansion
(Supporting Information, Fig. S2). The northern lin-
eage composed from the Carpathians and boreal for-
ests had a t = 1.52, corresponding to expansion of
this lineage at T = 16 400 YBP. The southern lin-
eage populations from Rhodope, Rila and Pyrenees

© 2015 The Linnean Society of London, Biological Journal of the Linnean Society, 2015, 116, 873—-889



GENETIC DIFFERENTIATION OF CAPERCAILLIE

879

e Swedlen (2)

e Romania (1)

Norway (1)
f— Romania (2), Ukraine (4)
f—— Russia (2)

f—— Norway (2)
89/85/89/1

Slovakia (7)

Estonia (1)*
= Slovakia (9), Ukraine (3)

Slovakia (3)

Romania (4), Russia (5)

Tetrao parvirostris (1)*
—, 100/100/100/1

Tetrao parvirostris (1)*

0.02

Northern lineage

Carpathian Mountains
+
Boreal forests

Romania (1)
Bulgaria (1)
Bulgaria (2) Southern lineage
Bulgaria (5 =
BWB;B%%% ] Rhodope, Rila
Spain (1)* .
Bulgaria (9) Pyrenees,
Spain (1)* Cantabrians
39/41/29/0.63
Spain (1)*

Figure 1. Phylogenetic 50% majority rule consensus tree obtained with Bayesian inference (partitioned by haplotypes)
with visualized main interior nodes NJ/ML/MP bootstrap support values and Bayesian posterior probabilities. NJ, ML
and MP trees reached the same topology as the phylogenetic 50% majority rule consensus tree. Haplotypes downloaded
from GenBank are marked by an asterix. The haplotypes are named according to their country of origin and numbers in
brackets indicate the number of samples for each haplotype. Branch lengths are proportional to the number of substitu-

tions per site (scale bar = 0.02 substitutions/site).

had t=1.89,
(Table 2).

corresponding to 7 =20 800 YBP

ANALYSES OF MICROSATELLITE VARIATION

Consistent departure from Hardy-Weinberg equilib-
rium (HWE) at particular loci across all populations
and linkage disequilibrium between pairs of loci (LD)
was not found by the Markov chain method imple-
mented in GENEPOP. This means that all studied loci
were evolved independently in randomly mating pop-
ulations and at any particular loci was not identified
heterozygosity deficiency or excess across all studied
populations.

The highest mean number of alleles per locus was
found in Eastern and Western Carpathians
(Na =6.56 £ 1.83, N =60 and 6.67 + 1.56, N = 149
respectively) and the lowest values
(Na = 5.00 + 1.25) in a group of historical samples of
Western Carpathians (WCH) with the lowest sample
size (N = 17). Expected (Hg) and observed heterozy-
gosities (Hp) varied between Hgy = 0.61 + 0.18
(WCH), Hg = 0.68 & 0.15 (boreal forests), Ho = 0.53
(Western Carpathians) and Hp = 0.68 + 0.2 (Bulgar-
ia) Ho = 0.68 + 0.18 (boreal forests). The highest
values of allelic richness (Ar = 5.45 £ 1.57), mean
number of alleles per locus (INp = 7.11 + 1.59),

expected heterozygosity Hg = 0.70 + 0.09, N =91
was calculated in Northern group (Eastern Car-
pathian and boreal forest populations) as remnant of
the northern phylogenetic lineage previously identi-
fied by mtDNA in contrary to the lowest values
found in Rhodope and Rila populations representing
the southern lineage (AR = 4.42 + 1.42,
Ny =5.78 + 1.87, Hg = 0.63 £+ 0.12, N = 60).

The boreal forests population is in HWE as con-
firmed by CI 95% values from —0.08 to 0.06. The
populations of Rhodope and Rila Mountains in Bul-
garia representing southern phylogenetic lineage
were closer to HWE (Fig = —0.06) than remnants of
the northern lineage (Fis = 0.11) and population of
the Western Carpathians (Fig = 0.15). The popula-
tion of Western Carpathians was also in HWE
(F1s = 0.07, CI 95% = —0.09 to 0.15), but this must
be considered with caution sample size were low
(Table 3). The matrix of Nei’s genetic distances (Nei,
1978) indicates that populations from the Rhodope
and Rila Mountains (Bulgaria) are highly differenti-
ated from the Carpathian populations (Romania,
Ukraine and Slovakia) and populations of boreal for-
ests (Russia and Sweden). Within the Western
Carpathians, fragmented populations in Slovakia are
weakly differentiated from populations inhabiting
the south of Poland (Fgp = 0.085, P < 0.000) which
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Figure 2. The map of the mtDNA CRI haplotype distribution of two phylogenetic lineages diverged by NJ, ML, MP,
and the Bayesian posterior probabilities methods implemented for reconstruction of phylogenetic trees. In the left corner
is visualized a Median-joining Network of capercaillie haplotypes. The sizes of the pie charts correspond to the number
of individuals restricted to a single haplotype.

Table 2. Population demography history indices of the Northern and Southern lineages as well as the main groups of
capercaillie found in the study

Population Tajima’s D Fu’s F's test T t=1-+2p SSD Raggedness
Northern lineage —-1.715 —2.932 1.5156 16.400 0.020 0.048
P <0.035 P <0.12 P <0.04 P<0.6
Boreal group -0.118 -1.314
P <05 P <0.16
Carpathian group —1.498 0.485
P < 0.05 P <0.7
Southern lineage —0.125 —2.172 1.8945 20.800 0.113
P<05 P <0.075 P<0.15 P<03

Tajima’s D, Fu’s Fs, Tau (1) was to estimate time since population expansion (¢), sudden demographic expansion model
using the sum of squared deviations (SSD) and the raggedness index was tested with 10 000 bootstraps in Arlequin 3.1.
Time (YBP) since population expansion ().

suggests that the alpine habitats of the High Tatras
could slightly limit a gene flow within Western Car-
pathian  population  (Supporting  Information,
Table S6).

The non-significant Mantel test of untransformed
distances with 10 000 randomizations excluded IBD

effect (r = 0.54, P < 0.05). But, the Mantel test was
significant with log-transformed geographic distance
(r=0.58, P<0.02) and the significance increased
with log-transformation both genetic and geographic
distances (r = 0.69, P <0.006). Excluding the
population of Rhodope and Rila in Bulgaria the
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Figure 3. Isolation by distance, the regression of: (A) linear log geographic distance (km) and genetic distance. Fgy/
(1 — Fsy), r = 0.58, P < 0.02, (B) log-linear geographic distance (km) and log genetic distance Fgr/(1 — Fgr), r = 0.69,
P < 0.006, (A, B) including pairwise distances between all seven populations excluding the historical population from
Slovakia (C) log geographic distance (km) and the genetic distance Fgr/(1 — Fgt) excluding historical samples and the
Bulgarian population r = 0.6, P < 0.007. The correlation coefficients and their P-values were obtained using the Mantel

test (Mantel, 1967) with 10 000 randomizations.
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Figure 4. Principal Coordinate Analysis (PCoA) of individual capercaillie microsatellite genotypes and their coordinates
performed using the R package PopgeneReport to visualize the three groups: (1) BG (Bulgaria — Rhodope, Rila moun-
tains), (2) BF (boreal forests), EC (Eastern Carpathians), (3) WCH (Western Carpathians historical samples, WC (Wes-
tern Carpathians present samples) — data overlap. The bar plot shows the proportion of genetic diversity described by

principal component (eigenvalues).

In the northern lineage a significant negative Taji-
ma’s D value, unimodal mismatch distribution and <
value suggests a population expansion after the LGM
16 400 years BP. In the southern lineage we could
not detect any demographic changes (non-significant
Tajima’s D and Fu’s Fs values) but a unimodal
mismatch distribution may signal an earlier past
demographic expansion of the southern lineage
20 800 years BP. Previously two primary glacial refu-
gia for the western capercaillie populations in Europe

were suggested (Segelbacher & Piertney, 2007): one
in the Iberian Peninsula for the southern lineage and
another one in Eastern Europe for the northern lin-
eage. Our results indicate the Pyrenean, Cantabrian
and Bulgarian populations seem to be the remains of
the southern lineage and might be considered as a
southern lineage of postglacial expansion corroborat-
ing conclusions from Duriez et al. (2007) and Segel-
bacher & Piertney (2007). Duriez et al. (2007) assumed
the glacial refugium of the northern urogallus lineage
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Figure 5. Map of individual and population assignments into three clusters using the TEss (top) and STRUCTURE (bot-
tom) software visualized in the left upper corner. The sizes of the pie charts correspond to the number of individuals per
population. The mean values for the deviance information criterion (DIC) vs. K statistics averaged over TEss 20 runs and
mean delta K vs. K averaged over STRUCTURE 20 runs are shown.

was in southern Asia. However, the exact location of
this refugium is still unknown. It has been suggested
that the southern lineage had expanded through Eur-
ope before the LGM and during the LGM was forced
back to its southern refugia (Duriez et al., 2007; Bajc
et al., 2011).

Migration routes and colonization of northern habi-
tats from Iberia, Italy, and the Balkans were sug-
gested by Hewitt (1999) for several mammal, birds
and tree species. The western capercaillie is a grouse
species adapted to spruce forests, even though

sometime inhabiting other coniferous or mixed stands
as well. We might thus assume that dispersal and
postglacial colonization was tracking the Norway
spruce (Picea abies) postglacial expansion. Tollefsrud
et al. (2008) studied the divergence of a southern and
northern lineage of spruce expansion during the
Holocene and found a single northern lineage spruce
refugium in the East European Plain diverged from
the southern lineage whose refugia were in the
South-western Bulgarian mountains, south-eastern
Alps, the southern Bohemian Massif, Western
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Carpathians and southern Carpathians (Tollefsrud
et al., 2008). The spruce population of the Alps
diverged from those of the Hercynic-Carpathian area.
Also, spruce populations of the Western Carpathians
are differentiated from the Eastern Carpathian popu-
lations in quantitative traits (Collignon, van de Sype
& Favre, 2002). Our results suggest some correlations
with spruce and the postglacial colonization of the
capercaillie. We suggest a glacial refugium for the
northern lineage birds in the East European Plain in
accordance to what has been suggested for spruce.
We hypothesize that during the forest recolonization
after the LGM, the larger sized northern birds
replaced the southern lineage individuals probably
inhabiting the above mentioned southern refugia of
spruce. The East-West direction of Cantabrian, Pyre-
nees, Alps, and southern Carpathians with peaks cov-
ered by ice interrupted the northern birds’ expansion
and the southern lineage individuals survived only in
Iberia and the Balkan range.

‘LONG TERM HISTORICAL ISOLATION’ VS. ISOLATION
BY DISTANCE

Microsatellite analyses of population differentiation
and their assignment into clusters suggest that the
Western Carpathian population is a single cluster
separated from the boreal-Eastern Carpathian popu-
lation. A pattern of mixed ancestries was shown by
the Bayesian analyses of the microsatellite data.
Some immigrants from the Eastern Carpathians
indicate recent introgression and existence of weak
gene flow between the Eastern Carpathian and Wes-
tern Carpathian populations. It is possible that the
Western Carpathian population is derived from the
Eastern Carpathian one.

The range of the capercaillie in the Western
Carpathians is well separated from that in the
Eastern Carpathians (Ukrainian and Romanian
Carpathians) by a zone of approximately 200-
250 km. This is a zone in which the continuous cover
of coniferous forests in higher altitudes is missing.
Hence, the observed break in microsatellite geno-
types distribution may be due to lack of suitable
habitats in this part of the Carpathians, although
within a relatively short distance. Straka et al.
(2012) described a similar pattern of genetic differen-
tiation between the Western Carpathian brown bear
(Ursus arctos) population and the Eastern one. A
study on the Carpathian newt (Lissotriton montan-
doni), combining microsatellite data and ecological
niche modelling revealed, consistency of genetically
distinct units with the isolated last glacial refugia
within the Carpathians. The authors assumed the
Western Carpathians as an isolated unit within a
major Carpathian refugium. The Western Carpathian

newt population was identified by microsatellites as
genetically distinct during the LGM and isolated
from the refugia in the eastern and the southern
Carpathians (Zielinski et al., 2013). We postulate a
similar pattern could explain the difference between
Western Carpathian and the Eastern Carpathian
capercaillie observed in this study. The observed dif-
ferentiation is likely a consequence of long term iso-
lation since the last glaciation during which the
Western Carpathian individuals lost genetic diversity
via genetic drift due to environmental and/or demo-
graphic stochastic processes occurring in isolated
populations. Another possible scenario explaining the
genetic differentiation within the Carpathians may
be different postglacial recolonization route from the
alpine area as revealed by AFLP analyses of the
plant Pritzelago alpina (Kropf, Kadereit & Comes,
2003). For capercaillie, a microsatellite comparison
with neighbouring birds to the west (the Bohemian
Forest, Bavarian Forest and the Alps) would make it
possible to distinguish among these alternative
hypotheses.

Previously a significant IBD has been observed
among capercaillie in studies with samples from
European populations (Segelbacher & Storch 2002;
Segelbacher et al., 2003). We expected that over the
whole range of the species, the trend of isolation by
distance (IBD) would be weakly significant but that
phylogeographic processes such as different recolo-
nization routes for northern and southern habitats
may distort the signal. The weak pattern of IBD
among capercaillie populations from the boreal for-
ests, Carpathians and Bulgarian Rila and Rhodope
are surprising. While there is no significant associa-
tion between log-untransformed genetic differentia-
tion and geographical distance, the differentiation is
significantly associated with the log-transformed geo-
graphic distance. This pattern might be explained if
the log transformation emphasizes small distance
comparisons and de-emphasizes longer distances,
which is usually observed in populations where gene
flow is more influential on a small scale and genetic
drift more important at large distances (Hutchison &
Templeton, 1999; Koizumi, Yamamoto & Maekawa,
2006). The pattern of IBD seems to be minimized if
the distance separating pairs of populations exceeds
100 km (Barr et al., 2008). Removing the Bulgarian
population increased the significance. This may indi-
cate that different refugial populations, colonization
routes and long term historical isolation may
confound the pattern of IBD.

Assignment of Romanian and Ukrainian (Eastern
Carpathian) populations to the cluster with the pop-
ulations of Sweden and Russia (boreal forests) might
be a signal of preserved historical genetic structure
due to large population sizes, high quality of habitats
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as well as good genetic and social structures within
the Eastern Carpathian populations.

This study confirms ‘long term historical isolation’
rather than IBD’ at least for the Carpathians. A sig-
nificant barrier to gene flow exists between Western
and Eastern Carpathians based on microsatellite
data. Eastern Carpathian birds are genetically more
related to geographically remote populations of the
boreal forests of Russia and Sweden than to geo-
graphically close population of Western Carpathians.
A higher differentiation in the case of Balkan (Bul-
garia) vs. Eastern Carpathian populations (Romania
and Ukraine) might be the result of different histori-
cal origins for both populations as was revealed by
the phylogenetic analyses. The proposed separation
of the Bulgarian population is consistent with a gla-
cial refugium of capercaillie in the Balkans as previ-
ously suggested (Duriez et al., 2007; Bajc et al.,
2011).

TAXONOMIC COMMENTS

We did not find any evidence of genetic distinction
of the subspecies T. u. pleskei (in European Russia)
and T. u. urogallus (in Sweden). However, we sug-
gest that the smaller body size of T.u. rudolfi is an
adaptation to living in mixed forests while the lar-
ger bodied 7. u. major inhabit the high altitude
Norway spruce habitats of the Western Carpathian
mountains in Slovakia and Poland. CR I sequence
data suggest that the subspecies status of the birds
inhabiting the Eastern and Western Carpathians is
still not clear (whether they should belong to T. u.
major or not). Analyses of CR I clearly indicate
that T. u. rudolfi is not distributed across the Rho-
dope and Eastern Carpathians as was suggested by
Couturier & Couturier (1980), Kohl & Stollmann
(1968, 1971) and stated in Clements’ checklist of
birds of the world (Clements et al., 2013). CR I dif-
ferentiation of the Bulgarian Rhodope and Rila pop-
ulations might indicate presence of different
subspecies in each mountain range. However, no
genetic differentiation between Eastern and Wes-
tern Carpathians populations based on CR I indi-
cates that the above mentioned morphological
differences could be the result of phenotypic plastic-
ity of capercaillie. Based on the differences among
neutral molecular markers such as microsatellites
and CR mtDNA we cannot say if the observed dif-
ferences are due genetic drift, phenotypic plasticity
or selection and there is thus scope for further
studies using both neutral markers and genetic
variation subjected to selection. Contradicting taxo-
nomic classification in subspecies level of another
Tetraoninae species was revealed in willow grouse
(Lagopus sp.) (Hoglund et al., 2013).

CONCLUSION

We conclude that based on nDNA and mtDNA analy-
ses abundant Eastern Carpathian populations inhab-
iting the Romanian and Ukrainian well connected
habitats have been able to preserve their genetic
structure from the last glaciation period. These popu-
lations are genetically similar to populations inhabit-
ing the boreal forests and together they constitute
the northern lineage of capercaillie. Present migra-
tion among Swedish, Russian and Eastern Car-
pathian populations is excluded but in spite of this,
the genetic structure has been preserved due to both
high abundance and habitat connectivity within pop-
ulations. The Western Carpathian populations are
long term isolates with only a few migrants from the
Eastern Carpathians, and so became differentiated
from the eastern and northern populations. We
demonstrated that the Balkan population (Bulgaria)
represents a southern lineage of population expan-
sion and should be considered as a genetically dis-
tinct unit.

RECOMMENDATIONS FOR THE
CONSERVATION MANAGEMENT

Finnish capercaillie lek areas are managed by fores-
ters based on recommendations from Fennoscandina-
vian grouse experts (Pakkala, Pellikka & Lindén,
2003). It is imperative to develop similar forest man-
agement practices in capercaillie areas throughout
the entire Carpathian Mountain Range. Proper for-
est management of wide scale areas taking into
account the requirements of capercaillie plays a cru-
cial role in the long term survival of capercaillie pop-
ulations in Europe’s second largest mountain range —
the Carpathians. The revealed genetic constitution
should be taken into account in designing supple-
mentation action within the Carpathians.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the online version of this article at the publisher’s web-
site:

Figure S1.Map of Western capercaillie range (BirdLife International 2012) and subspecies distribution accord-
ing to (Couturier & Couturier 1980). Sampling sites (circles) and mtDNA haplotypes of control region CRI
downloaded from GenBank (squares).

Figure S2. Observed and expected mismatch distributions of pairwise nucleotide differences between 19
capercaillie haplotype frequencies.

Figure S3. Structure graph of Western Carpathians, Eastern Carpathians and Boreal forests populations
excluding populations in Rhodope and Rila mountains.

Table S1. Sites and sampling information for microsatellite genotypes and mtDNA sequences of western and
blackbilled capercaillie.

Table S2. Analysis of molecular variance AMOVA of mtDNA haplotypes for boreal, Carpathian and southern
group. The test of significance was assessed on 10 100 permutations.

Table S3. Analysis of molecular variance AMOVA of mtDNA haplotypes between the northern and the south-
ern lineages, among populations of Sweden, Norway, Estonia, Slovakia, Romania, Ukraine within the northern
lineage and Bulgaria, Spain within the southern lineage. The test of significance was assessed on 10 100 per-
mutations.

Table S4. Pairwise genetic distances among population groups 0gy, of mtDNA haplotypes. P-values after
10 000 permutations are above the diagonal and 0gt, values are below the diagonal.

Table S5. Pairwise genetic distances among phylogenetic lineages g7, of mtDNA haplotypes.

Table S6. Pairwise genetic (Nei 1978) vs. geographic distance matrix [km] all pairwise Fgr values P = 0.000
after 10,000 permutations.

SHARED DATA
Data deposited in the Dryad digital repository (Klinga et al., 2015).
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Summary

1. Currently, biodiversity loss is greater than ever documented, mainly due to alteration
of natural disturbance regimes caused by intensive management of biological
resources. Species assemblages have evolved under natural disturbance regimes.
Detailed information about the relationship between natural disturbance regimes and
habitat use of species in their natural settings are missing and are highly essential to

halt the rapid biodiversity declines.

2. To understand the effects of long-term multiple disturbance components on species
habitat dynamics, we collected dendrochronological data on 104 plots in the primary
forests driven by the mixed severity disturbance regime in the largest temperate forest
ecosystem in Europe — the Carpathians. Specifically, we studied the relationship
between the endangered umbrella species capercaillie (Tetrao urogallus) and

spatiotemporal dynamics of forest structure and disturbance history.

3. We applied a multi-model approach in combination with predictive modeling, in order
to obtain robust answers to following questions: (1) How does the natural mixed
severity disturbance regime shape capercaillie habitats? (2) Which disturbance
variables and primary forest structures determine the probability of capercaillie

occurrence?

4. Natural disturbance-related variables ranked among the best single predictors of
capercaillie presence in all models. Natural disturbance regimes were tightly linked
with structural characteristics of forest, including ground vegetation, age structure,
density of standing dead wood, and tree density. Presence of capercaillie was best
explained by the parsimonious GLM with four significant variables (mean diameter of
standing dead wood, regeneration cover, and diversity of disturbance severities) and
PLS-DA model with distance to the gap, density of living trees, and ground vegetation

cover as the variables with the highest importance.

5. Unimodal relationship between historical diversity of disturbance severities and
probability of capercaillie occurrence, together with the strong preference of
capercaillie to forest stand gaps showed, that wide range of disturbance severities is

required to maintain capercaillie populations in natural habitats. The mixed-severity



disturbance regime created heterogeneous and complex environment for an

endangered umbrella species, capercaillie.

Synthesis and application. Protection of ecological processes is likely the most
effective way for biodiversity and capercaillie conservation in European mountain
forests. To restore capercaillie habitats, management practices that mimic these

patterns are recommended to increase structural complexity.

Key words: natural disturbance regime, forest management; predictive modeling,

Europe; capercaillie, biodiversity, conservation planning



Introduction

Understanding the role of natural disturbance regimes on species assemblages in their primary
habitats is crucial for the effectiveness of conservation strategies (Pickett & White 1985,
Willis & Birks 2006, Turner 2010). Species extinctions are occurring at a rapid rate as a
consequence of human resource management, particularly the loss of natural habitats due to
alteration of disturbance regimes (Chapin et al. 2000; Halme et al. 2013). From an
evolutionary perspective, natural habitats have been shaped by natural disturbance regimes
and the disturbance frequency, intensity, and spatial pattern has influenced the habitat
structures and consequently the distribution of functional groups across landscapes (Frelich
2002). Despite of long-lasting research on effects of disturbances on biodiversity (eg. Sousa
1984, Angelstam 1998; Survey et al. 1999; Fontaine et al. 2009), there is still an intense
debate about the relation between disturbances and species diversity among the ecologists
(Roxburgh et al. 2004, Miller et al. 2011, Svensson et al. 2012). Effects of natural disturbance
regimes, characterized by long-term multiple disturbance components under which species
assemblages evolved are still poorly understood (Yeboah and Chen 2016).

Many studies on the species diversity-disturbance relationships were focused on effects of
either high severity stand replacing disturbances or low severity disturbances (eg. Long 20009,
Thorn et al. 2016). However, in the primary forests ecosystems (like in many other
ecosystems); natural disturbance regimes are comprised of a continuum of disturbances. They
are ranging from occasional death of canopy trees caused by pathogens or senescence, to
widespread low severity mortality caused by drought or herbivore, or moderate severity or
high severity fires, blowdowns, or insect outbreaks, and they are characterized by a variety of
patch sizes, frequencies, severity, timing, spatial pattern and extent of natural disturbances.
All these often results in mixed severity disturbance pattern that includes all disturbance
severities at different spatial scales. However, information about the interactions between
species habitat relations under the mixed severity disturbance regimes are very limited in the
literature, despite it is currently considered as one of the probably most common disturbance
regime types (eg. Perry et al. 2011, Halofsky et al. 2011, Trotsiuk et al. 2014). The
disturbance interactions over time yield a countless number of alternate developmental
pathways resulting in complex structures of primary forests (Donato, Campbell & Franklin
2012). The complex structure characteristic of primary forests is recognized as critical to the
preservation of biodiversity across multiple scales (Halme et al. 2013). We refer to “primary
forest” as forest without signs of direct human impact which structure, composition and



processes resulted from natural disturbances. In these forests a broad range of disturbance
severities influence the structure and heterogeneity, providing habitats for diverse functional
groups of many forest species (Swetnam, Allen & Betancourt 1999; Kuuluvainen 2002,
Seibold et al. 2015). Conservation planning often relies on umbrella species as a “coarse
filter” approach to preserving biodiversity; umbrella species are typically selected because
they confer protection to a wide range of naturally co-occurring species (Branton &
Richardson 2014). In the Eurasia, as an important umbrella species is considered the bird
species capercaillie (Tetrao urogallus), because of its complex habitat and large area
requirements (Storch 1995, Suter, Graf & Hesst 2002; Pakkala, Pellikka & Lindén 2003)
indicating structurally diverse mountain and boreal forest ecosystems (Cas & Adamic, 1998;
Klaus et al., 1989; Storch, 1995). Capercaillie numbers are declining rapidly, especially in
central and western Europe, resulting in being red-listed Annex 1 of the EU Birds Directive
mainly due to habitat loss (Storch 2007). Extensive studies of capercaillie habitat
requirements, mainly in managed forests, found moderate intensities of forest management
being beneficial for capercaillie habitat quality (Storch 2002; Graf et al. 2005; Bollmann,
Weibel & Graf 2005). On the other hand, extensive natural disturbances have affected
European forests recently, and have spurred a discussion and management uncertainties due to
which large areas of suitable habitats including the primary forest have been harvested by
post-disturbance logging on large spatial scales (Mikola$ et al. 2013, Knorn et al. 2012).
However, the impact of natural disturbance regime patterns on capercaillie habitat dynamics

in areas without human management has not been evaluated yet.
Therefore, we addressed two main research questions:
(1) How did the natural mixed severity disturbance regime shape capercaillie habitats?

(2) Which disturbance variables and primary forest structures determine the probability of

capercaillie occurrence?

Based on the previous studies, we expect that the low to moderate severity disturbances that
keep the canopy closure at moderate levels (40-80 %) to be optimal for the capercaillie (e.g.
Bollman et al., 2005; Graf et al., 2009, Mikolas et al. 2015).

In this study, we present the first quantitative analysis of capercaillie habitat requirements in
relation to natural forest disturbance history in the primary forests. Instead of relying on a

single "best" habitat-requirement model, we adopted multi-model strategy and assessed



several models of increasing complexity (simple, parsimonious and complex) in order to
prevent discarding any potentially important information and to ensure robustness of the
results against the choice of a single analytical method which might be rather subjective.
Moreover, we did not restrict ourselves to report statistically significant results of null
hypothesis tests, since those might be biologically irrelevant or even misleading (e.g., Berger
& Sellke 1987; Johnson 1999; Hurlbert & Lombardi 2009), but we went beyond statistical
significance and evaluated predictive performance of the models on out-of-sample data
(Shmueli 2010). Stated simply, we were concerned about the real world usefulness of the
results and the ability of the models to generalize to out-of-sample situations, such as new
sites.



Materials and methods
STUDY AREA

One of the largest remaining continuous forest ecosystems in Europe are the Carpathian
Mountains (Gurung et al., 2009), that encompass the largest remaining areas of primary
forests in temperate zone of Europe (Veen et al. 2010) and the second largest capercaillie
population in Europe (when not including Russia or Scandinavia) (Storch 2007). Hence the
Carpathians present a unique opportunity to study the effects of natural disturbance regimes
on capercaillie in otherwise very urbanized and industrialized European temperate zone. The
Carpathian primary forests driven by a mixed severity disturbance regime (Trotsiuk et al.
2014, Svoboda et al. 2014), provide the opportunity to assess the effects of natural
disturbances on capercaillie habitat across a full range of natural disturbance severities,
including the moderate severity disturbances.

This study was conducted in the core zone of capercaillie distribution of the Carpathians (in
two mountain forest landscapes of Giumalu and Calimani in the Romanian Carpathians
(Fig.1.); in each mountain range two primary Picea abies (L.) Karst. stands in the core areas
of capercaillie distribution were selected. Picea abies is the dominant tree species at elevation
between 1250 - 1650 m a. s. . with a lesser admixture (<5%) of Sorbus aucuparia L., and
Pinus cembra L., Acer pseudoplatanus L., and Betula pendula Roth. These forests have a
dense understory dominated by Vaccinium myrtillus, Calamagrostis villosa, Luzula sylvatica,
and Avenella flexuosa (own data). Average annual temperature in the study region varies from
2.4 to ca. 4.0 °C; precipitation varies between 1100 and 1650 mm annually, and increases
with altitude (Food and Agriculture Organization (FAO) Local Climate Estimator
New_LocCLim v. 1). Snow is present 139-208 days per year, and contributes up to 500 mm

of the total annual precipitation.
HABITAT STRUCTURES

We sampled structure and past disturbance history using 104 circular 1000 m2 permanent
study plots which were established using stratified random design, as described by (Svoboda
et al. 2014), that represent an area of 182 ha (in Calimani 60 ha and in Giumalau 122 ha).
All live and dead trees > 10 cm diameter at breast height (DBH) were measured and species were
recorded. Regeneration density by species was recorded in three height classes (0.5-1.3 m,

1.3-2.5 m, and > 2.5 m). Ground vegetation was described including vegetation height,



vegetation cover, and bilberry (Vaccinium myrtillus) cover, an important food source for
capercaillie (Storch 2002). Distance to the nearest canopy gap (between 0.05 and 0.85 ha,
mean 0.23 ha)), was evaluated from aerial images, and later validated during fieldwork.

CAPERCAILLIE DATA

Capercaillie presence and absence was determined by a thorough search of each plot for signs
that would indicate capercaillie habitat use (e.g. feathers, droppings, tracks in the snow etc.)

during the winter season (2013-2014) before the snow had melted.

DISTURBANCE HISTORY AND AGE STRUCTURE VARIABLES

Age structure and disturbance history reconstruction was based on the study of Svoboda et al.
(2014). For each plot, they used crossdated ring-width series from 25 randomly selected living
trees that are not underneath the canopy. To get the tree age for cores that did not intersect
the pith, the number of missing rings was estimated using Duncan’s method (1989) For every
plot we calculated mean age, median age, minimum and maximum age, mean age of five

oldest trees, interquartile range of age (see Table S1).

The disturbance history was reconstructed based on two patterns of radial growth: (i) abrupt
and sustained growth increases related to the mortality of a former canopy tree, classified as
“releases”, and (ii) rapid early growth rates related to recruitment in canopy gaps, classified as
“gap recruitment” (Frelich & Lorimer 1991). Disturbance severity was evaluated by the sum
of release and gap recruitment events in each decade, as weighted by the current crown areas,
to calculate the proportion of a plot disturbed in each decade. For a more detailed description

of the reconstruction of disturbance histories, see Svoboda et al. (2014).

We created variables characterizing the disturbance history of individual plots, including the
maximum disturbance severity, the time since the maximum disturbance, and diversity of
disturbance severities represented by the disturbance index (Svoboda et al. 2014). Disturbance
index (DI) represents the overall severity of the disturbance regime per plot characterized
using the commonly used Shannon index of diversity (Svoboda et al. 2014). Low values
(minimum reaches ca. -3) indicate low severity disturbances that occurred frequently over

time, while the maximum theoretical value, 0, indicates that 100% canopy area was disturbed



during a single decade (see Svoboda et al. 2014 for more details and justifications). The
highest diversity of disturbance severities is represented by the mean values of the DI. All the

variables used are summarized in Table S1.

DATA ANALYSIS
EFFECT OF DISTURBANCES ON HABITAT CHARACTERISTICS

The effects of disturbance on habitat characteristics (forest structure) were assessed using
multivariate linear models (see Table S1 for an overview of all variables used). Habitat
characteristics were standardized to zero means and unit standard deviations to accommodate
for different units of measurement across the variables. Our application of multivariate
models deviates from traditional MANOVA approaches in two aspects. First, we applied
ridge regularization to account for correlation between habitat characteristics; this produces
numerically more stable test statistics than the classical approach (Warton 2008). Second,
calculation of probabilities was based on randomization of model residuals (10,000
permutations), which does not require multivariate normality (Anderson & Robinson 2001).
After significant multivariate tests, we utilized a series of univariate permutation tests (10,000
permutations) to determine which habitat characteristics expressed significant effects.
Probabilities in these tests have been adjusted to control the family wise error rate using

Holm’s step-down multiple testing procedure (Wang et al. 2012)

EFFECT OF DISTURBANCES AND HABITAT CHARACTERISTICS ON
CAPERCAILLIE OCCURRENCE

For complete understanding, we did not restrict ourselves to report a single “best” species
distribution model, as is usually done, but we rather explored a sequence of models of various

complexity.
Simple logistic models with single predictor variables

To ensure we did not exclude potentially important links between environmental settings and
capercaillie distribution, we fit a series of simple generalized linear models (GLM) with
binomial errors and logit link function (McCullagh & Nelder 1989) relating capercaillie



presence/absence to individual habitat characteristics. Because we hypothesized that the
highest probability of capercaillie occurrence is associated with moderate levels of
disturbance, we fitted the GLM with second-order polynomials to allow for a hump-shaped
response along the disturbance gradient. Significance of simple GLMs was tested using

permutation of regressor residuals (PRR) with 10,000 permutations (Potter 2005).
Parsimonious GLM model

We built a parsimonious GLM model relating capercaillie occurrence to habitat and
disturbance characteristics. To avoid unstable estimates of model coefficients and inflation of
their standard errors (multicollinearity problem), we screened correlation matrix of 28 habitat
and disturbance characteristics and excluded eight strongly correlated variables until all of the
remaining variables had correlation coefficients < 0.75 (Table S2). We verified that the full
model did not show considerable multicollinearity patterns using the variance inflation factor
(VIF < 10, Quinn & Keogh 2002). We built the most parsimonious GLM via sequential
deletion of the non-significant terms (p > 0.05) base on PRR tests (10,000 permutations), and
relationships between capercaillie occurrence and predictors were displayed as effect plots
(Fox 2003).

Because some plots were highly clustered in space, we constructed non-parametric spatial
correlograms (Bjgrnstad. & Falck 2001) to check for autocorrelation patterns in the residuals
of GLM models. Several models showed weak (< 0.3) but significant positive autocorrelation
at short lag distances (< 300 m). In these cases, we grouped data into 94 spatial clusters via k-
means algorithm and randomly sampled one plot from each group. The new data subset,
comprising 90% of the original data, was used to re-build models that showed autocorrelation
within the full dataset. After sub-sampling, none of these GLMs showed significant
autocorrelation pattern. We report results of these models instead of the models with

autocorrelated errors.
Partial least squares discriminant analysis

To evaluate the potential influence of all environmental characteristics simultaneously, we
constructed a more complex model. In traditional methods, such a high number of strongly
correlated predictors presents limitations for model estimation (Wehrens 2011), therefore
partial least squares discriminant analysis was performed (PLS-DA), which effectively

handles multicollinearity problems (Barker & Rayend 2003). Based on the original variables



PLS-DA constructs orthogonal components that maximises between-group separation and
finds a solution with components maximizing discrimination of capercaillie presence and
absence plots. Prior to analysis, habitat and disturbance characteristics were standardized
equalizing the weight of dimensionally heterogeneous variables. Cross-validation was used to
estimate the optimal number of components that maximized predictive performance.
Predictive performance of the final PLS-DA model was assessed using a simple
randomization test (Manly 1997) comparing the observed performance of the model with its
null distribution generated from randomly reshuffled data (10,000 randomizations). The
importance of each environmental variable for discrimination in PLS-DA was calculated
using the sum of the absolute model coefficients weighted proportionally to the reduction in
the sums of squares by each component (Kuhn 2015).

Model validation and predictive performance

We evaluated capercaillie distribution models using predictive approach (Shmueli 2010),
which allows for independent assessment of model performance and may provide useful
knowledge about the practical utility of those models. We used sensitivity (Alberg et al.
2004), i.e. probability that model correctly detects occurrence of capercaillie, as a measure of
predictive performance. To ensure unbiased estimates of predictive performance, sensitivity
of each model was calculated from 100-times repeated 10-fold cross-validation (Kuhn &
Johnson 2013). Mean sensitivity averaged across validation folds was reported along with
bootstrap 95% confidence intervals (10,000 replicates) (Efron & Tibshirani 1986).

All analyses were conducted in R (R Development Core Team 2015) using the packages boot
(Davison & Hinkley 1997), caret (Kuhn 2015), effects (Fox 2003), mvabund (Wang et al.
2014), and ncf (Bjgrnstad 2013).



Results
EFFECTS OF DISTURBANCES ON HABITAT CHARACTERISTICS

Multivariate analyses indicated that disturbances had a significant effect on habitat
characteristics, regardless of whether disturbance index (DI), maximum disturbance severity
(DIST.max), or time since maximum disturbance (DIST.time) was used as the disturbance
measure (Tab. 1). Detailed univariate analysis showed that DI and DIST.max were mainly
related to characteristics of tree age and density, both living and dead. For example, maximum
age, range of age, and number of large living trees was negatively related to DI and
DIST.max, while density of standing dead wood significantly increased with DI and
DIST.max. Ground vegetation cover, mean DBH of living trees, and mean and median age
were positively related to DIST.time, but density of living trees was negatively related to
DIST.time.

EFFECT OF DISTURBANCES AND HABITAT CHARACTERISTICS ON
CAPERCAILLIE OCCURRENCE

On 104 circular permanent study plots 41 presences were found; 26 out of 61 in Giumalau
(42.6%) and in 15 plots out of 43 in Calimani (35%) were found.

Simple logistic models with single predictor variables

Capercaillie occurrence was significantly related to six habitat and disturbance characteristics
based on simple logistic models with single predictor variables (Fig. 2). Presence was
negatively related to distance to the nearest canopy gap, density of living trees, whereas
positively related to DIST.time, ground vegetation cover and mean DBH of living trees.
Interestingly, probability of capercaillie presence showed significant unimodal response to DI
(Fig. 3). The highest probability of occurrence was observed at plots with a history of
moderate DI (DI = -1.75). Distance to the gap and density of living trees were the best single
predictors of capercaillie occurrence (sensitivity ~ 46%), followed by DI (41%), ground
vegetation cover (39%), and DIST.time (31%). Predictive performance of the other simple

models was no better than random chance.



Parsimonious GLM model

The parsimonious GLM (X2(4) = 38.65, p < 0.001) involved four significant predictors of
capercaillie occurrence: mean DBH of standing dead wood, number of trees in regeneration
higher than 2.5 m, distance to the gap, and the second-order polynomial of DI (Fig. 4). In
contrast to simple model, the peak of probability of capercaillie presence was shifted more
towards disturbances of lower severity (lower DI values), indicating that unimodal
relationship with DI was partly captured through incorporating multiple predictors. Predictive
performance of the parsimonious GLM (sensitivity ~ 66%) was much higher than the

performance of any simple model.
Partial least squares discriminant analysis

We fit the PLS-DA model with all variables combined into three components (p < 0.001);
distance to the gap, density of living trees, and ground vegetation cover were the variables
with the highest importance for discrimination between plots with and without capercaillie
(for a complete list see Fig. S1). Cross-validated predictive performance of PLS-DA model

only very slightly outperformed parsimonious GLM.

Discussion

Disturbance regime was the main driving factor of capercaillie habitat dynamics. Mixed
severity disturbance regime resulted in heterogeneous forest landscape that provided essential
habitat structures for this endangered umbrella species. Numerous standing dead wood, low
regeneration density, low tree density and high vegetation cover were the main structural
predictors (also related to disturbance history) of the capercaillie occurrence in the primary
forests.

CAPERCAILLIE DEPENDENT ON NATURAL ECOSYSTEM DYNAMICS

The mixed severity disturbance regime created a dynamic forest landscape and the natural
disturbances directly affected whole species assemblage. Natural disturbances did not affect
only the tree layer (i.e. age, species deadwood), but also the understory community, most
likely due to the significant effect of overstory disturbances on the forest sun light regime

(Royo & Carson 2006). The disturbance variables had a significant effect on the bilberry



cover, and the total ground vegetation cover which have been shown as the main determinants

of capercaillie habitat selection (Storch 2002).

Our results only partially supported the expectations, that moderate severity disturbances will
provide higher rates of capercaillie occurrence. The low to moderate disturbance severities
together with increasing time since maximum disturbance decreased the tree densities and
increased the standing dead wood, basal area, tree age and ground vegetation and particularly
the bilberry cover (Tab. 1). This type of disturbances resulted in the old-growth stage of the
primary forests. The unimodal relationship between historical diversity of disturbance
severities and probability of capercaillie occurrence (Fig 3) showed the importantance of
these old-growth forest stages for the capercaillie survival. However, the optimal disturbance
regime for the capercaillie could not be simply characterized by combination of frequent
moderate to low severity disturbances (Fig. 3). The positive effect of distance to forest gaps
on capercaillie that are results of recent high severity disturbances had significant contribution
in all three models (Fig. 2, Fig. 4, Fig. S1). This highlights the importance of high severity
disturbances that create the early seral stages in form of gaps for the capercaillie (Braunisch et
al. 2014). The early seral stages sustain high diversity of arthropods and provide higher
productivity of plant species (Swanson et al. 2010). Arthropods are the main food source of
capercaillie chicks and the main food source of adults are the fruits of bilberry during summer
(Storch 1993; Wegge et al. 2005).

Hence, the early seral stages created by high severity disturbances should be considered as
fundamental part of the capercaillie habitat, just like the late seral stages formed by moderate
to low severity disturbances. However, the canopy of early seral stages after 40-70 years
might get closed, and the structure and composition of the forest might become unsuitable for
some time, until another disturbance (low, moderate or high) will open the forest canopy
again (Fig. 5). Therefore, capercaillie can be considered a species dependent on disturbances
in the range of natural ecosystem dynamics (McElhinny et al. 2005).

MULTI-MODEL APPROACH IN COMBINATION WITH PREDICTIVE MODELING

The overriding importance of disturbance regime was supported by multiple modeling
techniques, indicating robustness of the results and their independence from analytical

method. Disturbance-related habitat characteristics (mean diameter of standing dead wood,



regeneration cover), that appeared unimportant in simple (marginal) models, captured
significant amount of variation in model with multiple predictors which further underlines the
role of disturbances. Therefore, we stress the use of multiple methods and not to rely on a
single analytical approach, as is usually done. This will reduce the bias and probability of

missing some important variable.

Complex PLS-DA model incorporating 27 habitat characteristics showed only negligibly
higher predictive performance than parsimonious GLM with 4 predictors. Apparently,
parsimonious GLM (Fig. 4) included the essential predictors of capercaillie distribution.
Given high predictive power of parsimonious GLM on out-of-sample data (Fig. 2), we can
confidently generalize the results to new sites (Olden & Jackson 2000; Guisan & Zimmerman
2000). Consequently, disturbance severity and related habitat characteristics should be

considered of pivotal importance in conservation planning for capercaillie in the Carpathians.

RESTORING HABITATS BY EMULATING NATURAL DISTURBANCE PROCESSES

Thousands of hectares of old-forests are currently destroyed by large-sclae logging in the
Carpathians, and the decreasing habitat connectivity threatens the capercaillie population
(Tejkal et al. under rev.). Restoration of these habitats is crutial for securing survival of this
species. Structures and disturbance history of the studied old-growth forests showed a clear
pattern that may be emulated in forest management in order to sustain capercaillie in these
stands. Based on our results, forest management should include all disturbance severities
(low, moderate and high). Emulating the optimal diversity of disturbance severities (see Fig.
S2) for the capercaillie means, that the recommended rotation period for management of
capercaillie forests should be planned in time of 150- 200 years. Ideally in the younger stands
(to the age 50 years), intervention removing ca 45 % canopy area should be carried out and
within next 100-150 years 5-15% of canopy area should be disturbed every 20-40 years to
keep the tree densities at moderate level. Low tree densities will enhance the ground
vegetation and bilberry cover. Irregularly shaped gaps or patches with sizes of ca 0.25 ha
should cover at least 4 % of the total forest area. Long recovery time and natural regeneration
should be promoted. Standing dead wood and other disturbance legacies should be left in the

forests.



CONCLUSION

In this study we used a novel approach to test the effects of long-term disturbance components
on species habitat dynamics. Based on our results we conclude that mixed-severity
disturbances created heterogeneous and complex environment for an endangered umbrella
species, capercaillie. Natural disturbance regimes can maintain suitable habitat structures of
capercaillie. All disturbance severities are required, resulting in a mosaic of different
developmental stages, including old-growth (structurally complex forests dominated by large
old trees), as well as structurally complex early-seral stands (those following severe canopy-
opening disturbances). We stress the importance of maintaining natural disturbance regime
and associated structural characteristics in the forest landscapes. Capercaillie is considered an
indicator of species rich mountain forest ecosystems (Suter et al. 2002), hence we suppose,
although we express much of our argument in terms of a single species, conclusions might be
applied to other density dependent population interactions (eg. coexistence mechanisms). We
therefore suggest conducting multi-taxon analyses in landscapes shaped by mixed severity
disturbance regime, to test weather with the offsetting proportions of all disturbance severities
the species richness in the landscape will be increasing.
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Fig. 2 Capercaillie distribution models ranked according to their predictive performance
(sensitivity). Black dots represent average cross-validated sensitivity (£ 95% bootstrap
confidence intervals). Grey area indicates the range of sensitivity expected by chance (95%
randomly reshuffled values). Models significant at a = 5% are marked with asterisk. Plus and
minus signs represent positive and negative relationships with capercaillie presence. Note that

model with DI as predictor is polynomial GLM and thus does not have any particular sign.
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Fig. 4 Effect plots demonstrating the multivariate relationship between probability of
capercaillie occurrence and its predictors in the parsimonious GLM. Lines represent partial
fitted relationships holding the other variables constant at their means (x 95% bootstrap
confidence intervals - gray areas). Results of the tests of model parameters are displayed.
Explanation of the variables: DEAD.dbh = DBH of the deadwood, REG.dend 3 = number of
trees (> 10 cm diameter) in regeneration in the height category > 2.5 m, GAP = distance of the
plot to the closes gap (>0.05 ha), DI = disturbance severity index that represent the diversity

of disturbance severities in time — the higher the index, the lower the disturbance diversity.
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Fig. 5 Mixed severity disturbance regime creates a mosaic of different developmental stages
on all spatial scales, living trees are coloured by black and dead trees by red colour. The
arrows represent the disturbances to which the values if the disturbance index are attributed.
Capercaillie is a disturbance dependent species, it is inhabiting early seral (A) and late seral
stages (C, D). However, the stages 40-70 years after the high severity disturbances become

too dense for the capercaillie untill next disturbance will open the canopy.



Tables

Tab. 1 Results of multivariate linear modeling of the effect of disturbances on all habitat
characteristics. Multivariate analyses are supplemented by the results of univariate analyses of
particular habitat characteristics. Standardized regression coefficients (p), test characteristics
(F) and permutation probabilities (p) are displayed. Probabilities for univariate test are

adjusted for family-wise error (p adj.). Significant results are highlighted in bold.

Disturbance measure: DI DIST.max DIST.time
Multivariate test: Fa102 = 124.5, p <0.001 Fa102 = 115.7, p < 0.001 F102 = 121.5, p <0.001
Habitat characteristics B F p adj. B F p adj. B F p adj.
AGE.mean -0.27 7.76 0.070 -0.17 3.05 0.513 0.59 54.59 <0.001
AGE.median -0.20 4.31 0.283 -0.08 0.58 0.862 0.57 48.57 <0.001
AGE.max -0.47  29.06 <0.001 -0.51 35.64 <0.001 0.19 3.78 0.467
AGE.min 0.31 10.71 0.023 0.29 9.68 0.038 0.06 0.40 0.961
AGE.mean5 0.03 0.11 0.982 0.12 1.39 0.797 0.37 15.92 0.002
AGE.quart -0.54  41.69 <0.001 -0.53 39.09 <0.001 0.35 14.34 0.004
VEG.h -0.10 1.10 0.809 -0.11 1.14 0.818 0.14 2.09 0.725
VEG.c -0.23 5.57 0.194 -0.21 4.70 0.261 0.39 18.70 <0.001
VEG.hil 0.28 8.57 0.049 0.27 7.77 0.079 0.02 0.03 0.995
LIVE.dbh -0.04 0.17 0.982 0.06 0.37 0.883 0.37 15.70 0.002
LIVE.basal 0.03 0.09 0.982 0.12 1.40 0.797 0.01 0.02 0.995
LIVE.dens 0.29 9.08 0.045 0.24 6.41 0.137 -041  20.62 <0.001
LIVE.dens40 -0.11 1.19 0.809 0.00 <0.01 0.971 0.24 5.97 0.177
LIVE.dens70 -0.36  15.37 0.003 -0.35 14.12 0.006 0.18 3.61 0.468
DEAD.dbh -0.22 5.32 0.207 -0.23 5.49 0.190 0.17 2.86 0.576
DEAD.basal 0.01 0.01 0.982 0.02 0.06 0.964 0.10 1.07 0.884
DEAD.dens 0.43 22.89 0.001 0.44 2424  <0.001 -0.19 3.64 0.468
DEAD.dens40 -0.15 241 0.589 -0.16 2.53 0.538 0.10 1.05 0.884
DEAD.dens70 -0.11 1.28 0.809 -0.10 1.07 0.818 0.12 1.40 0.844
REG.dens1 -0.20 4.36 0.283 -0.24 6.46 0.137 0.05 0.29 0.961
REG.dens2 -0.28 9.00 0.045 -0.27 8.17 0.070 0.08 0.58 0.937
REG.dens3 -0.15 231 0.589 -0.17 3.06 0.513 -0.14 2.14 0.725

REG.dens -0.25 6.93 0.102 -0.28 8.63 0.059 -0.02 0.04 0.995




Supporting Information

Table S1 Summary of habitat and disturbance characteristics of permanent study plots.

Code of variable ~ Description of variable and units Mean  SD Min  Max
Age characteristics
AGE.mean Mean age of the plot (years) 124 36 37 213
AGE.median  Median age of the plot (years) 116 49 25 226
AGE.max Maximum age (years) 230 55 84 371
AGE.min Minimum age (years) 58 35 16 190
AGE.mean5 Mean age of five oldest trees (years) 137 57 25 266
AGE.quart Interquartile range of age (years) 58 51 2 181
Disturbance measures
DI Disturbance severity index -1.64 051 -247 -0.39
DIST.max Proportion of canopy removed by the maximum 39 17 13 90
disturbance, i.e. severity of the maximum disturbance (%)
DIST.time Time from the maximum disturbance (years) 130 60 25 245
Distance to gap
GAP Distance to the nearest gap in forest canopy (m) 196 123 21 608
Ground vegetation
VEG.h Height of the ground vegetation (cm) 3 1 1 6
VEG.c Ground vegetation cover (%) 58 26 2 90
VEG.bhil Bilberry cover (%) 19 27 0 90
Living trees
LIVE.dbh Mean DBH of living trees with diameter >10 cm (cm) 32 8 14 53
LIVE.basal Basal area of living trees (m?/ha) 46 16 4 84
LIVE.dens Density of living trees (ind/ha) 524 243 150 1260
LIVE.dens40  Density of living trees with diameter > 40cm (ind/ha) 132 73 0 340
LIVE.dens70  Density of living trees with diameter > 70cm (ind/ha) 8 16 0 100
Standing dead wood
DEAD.dbh Mean DBH of standing dead wood >10 cm (cm) 29 14 0 77
DEAD.basal Basal area of standing dead wood (m?/ha) 8 7 0 44
DEAD.dens Density of standing dead wood (ind/ha) 127 113 0 600
DEAD.dens40 Density of standing dead wood with diameter > 40cm 21 26 0 140
ind/ha
DEAD.dens70 ]()ensit; of standing dead wood with diameter > 70cm 2 5 0 20
(ind/ha)
Regeneration
REG.densl Density of trees in regeneration with height 0.5-1.3 m 308 361 0 1760
ind/ha
REG.dens2 (Densit)z of trees in regeneration with height 1.3-2.5 m 160 211 0 1020
ind/ha
REG.dens3 ]()ensit; of trees in regeneration with height >2.5 m 167 343 0 2700
(ind/ha)

REG.dens Density of trees in regeneration (ind/ha) 636 730 0 3260




Table S2 Correlation coefficients (Pearson's r) between habitat and disturbance characteristics of permanent study plots. Collinear variables
excluded from statistical modeling are assigned by asterisks.

% o o x Q 2 < L3 % "
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VEG.c 0.51
VEG.hil 0.27 043
LIVE.dbh -0.16 0.26 -0.05
LIVE.basal* |-0.41 -0.17 0.07 0.44
LIVE.dens -0.25 -045 0.19 -0.57 0.34
LIVE.dens40 |-0.29 0.06 -0.02 0.69 0.80 -0.13
LIVE.dens70 |-0.07 0.07 -0.23 025 0.29 -0.13 0.15
DEAD.dbh 0.05 0.07 -042 -0.06 -0.31 -0.25 -0.19 0.28
DEAD.basal* | -0.02 -0.07 -0.11 -0.11 -0.24 -0.10 -0.19 0.02 0.47
DEAD.dens -0.15 -0.30 0.26 -0.11 0.5 0.33 -0.11 -0.24 -0.36 0.38
DEAD.dens40 | 0.04 0.07 -0.27 -0.08 -0.32 -0.22 -0.17 014 061 082 -0.03
DEAD.dens70 | -0.09 -0.10 -0.22 -0.08 -0.18 -0.10 -0.19 0.12 053 048 -0.11 041
AGE.mean* 0.02 045 009 076 031 -046 0.55 0.16 -0.08 -0.15 -0.19 -0.08 -0.05
AGE.max 0.01 024 -022 028 015 -0.29 0.29 039 014 -0.13 -0.39 0.00 0.06 0.43
AGE.min -0.10 0.05 023 044 036 -001 033 -011 -0.30 -0.00 034 -0.17 -0.20 047 -0.01
AGE.median | 0.02 045 011 0.71 024 -044 046 010 -0.12 -015 -0.12 -0.10 -0.06 0.92 0.27 0.36
AGE.quart 0.07 0.06 -0.26 -0.18 -0.16 -0.19 -0.02 029 023 -0.05 -0.39 0.06 0.08 000 0.29 -047 -0.06
AGE.mean5* | 0.04 040 035 065 035 -031 051 -003 -0.35 -0.23 001 -029 -0.17 076 031 041 079 -0.18
REG.dens1* 0.11 0.07 -020 -0.10 -0.14 -0.14 -0.05 007 025 -0.17 -0.37 -0.05 -0.05 -0.06 0.14 -0.29 -0.04 024 -0.16
REG.dens2* 0.12 0.08 -0.19 -0.19 -0.16 -0.04 -0.12 005 032 -0.11 -0.35 0.00 0.04 -0.15 0.17 -045 -0.10 0.17 -0.17 0.69
REG.dens3 -0.10 -0.28 -0.25 -0.44 -0.18 036 -0.23 -0.01 033 012 -022 0.28 010 -0.37 005 -040 -0.34 0.14 -044 028 0.46
REG.dens 0.04 -0.07 -0.27 -0.32 -0.20 0.09 -0.17 005 037 -006 -039 0.11 0.03 -0.25 014 -046 -0.21 0.23 -0.33 083 085 0.74
GAP -0.09 -0.11 -0.32 -0.10 0.02 0.03 -004 029 012 0.03 -004 0.01 021 006 018 -0.06 004 019 -0.18 0.10 0.10 0.09 0.12
DI -0.10 -0.23 0.28 -0.04 0.03 029 -011 -036 -0.22 001 043 -015 -0.11 -0.27 -047 031 -0.20 -054 0.03 -0.20 -0.28 -0.15 -0.25 -0.21
DIST.time -0.14 -0.39 -0.02 -0.37 -0.00 041 -0.24 -0.18 -0.17 -0.10 0.9 -0.10 -0.12 -0.59 -0.19 -0.06 -0.57 -0.35 -0.37 -0.05 -0.08 0.14 0.02 -0.02 0.31
DIST.max* -0.11 -0.21 0.27 006 012 024 000 -035 -0.23 002 044 -016 -0.10 -0.17 -051 0.29 -0.08 -0.53 0.12 -0.24 -0.27 -0.17 -0.28 -0.17 0.93 0.23



Fig. S1 List of variables in PLS-DA model ordered by the importance scores.
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Fig. S2 Disturbance chronology showing the canopy area disturbed per decade in plots with
optimal diversity of disturbance severities for the capercaillie, represented by Disturbance
index (DI) (optimal DI = -1.75). Every plot experienced different severities of disturbances
during the last 200 years. At least one moderate severity disturbance (20-45 % of canopy area
disturbed) and 3-5 low severity disturbances (5-15 % of canopy area disturbed) spanning ca
200 years period. DI of plots: GL12 ( DI =-1,76); GM14( DI = -1,75), G76 (DI = -1.76),
G190 (DI =-1,74).



6. Diskusia a manazmentoveé opatrenia pre prax

Ochrana druhov, ktorych preZitie je zavislé na prirodzenych lesoch, je k'a¢ovou vyzvou
pre manazment lesov. Hluchan horny je jeden z hlavnych ciel'ovych druhov ochrany prirody,
pretoZe je ohrozeny v mnohych krajinach a patri medzi dazdnikoveé druhy, ktorych ochranou
budu prosperovat’ aj d’alSie vzacne a ohrozené druhy. Pripravili sme komplexné udaje o tomto
druhu a stave jeho biotopov pre celé Uzemie Karpat. Vyhodnotili sme vplyv réznych typov
manazmentu lesov na stav biotopov hluchana horneho a jeho pocetnost’. Vytvorili sme model
vhodnosti biotopov hluchana horneho pre celé¢ Karpaty a analyzovali ako manazment lesov
ovplyvituje konektivitu populacie. TaktieZ prindSame informécie o genetickej Struktire
karpatskej populacie. Pomocou metdd dendroekoldgie sme ukézali, ako prirodné disturbancie

formujd Struktdru biotopov hluchana horneho v smrekovych pralesoch Karpat.

NaSe analyzy odhalili, Ze potencialny biotop hluchana v Karpatoch je relativne velky, av§ak
vysoko fragmentovany. Preto hluchane v Karpatoch prezija iba formou metapopulacii, a tym
sa zvySuje vyznam funkcnej konektivity medzi vhodnymi plochami biotopov. Obrovské
poukazuji aj na nelinearnost’ vzt'ahov, ktoré¢ funguju v prirode a v ekoldgii. Na krajinnej
urovni vel’koplosna tazba 30% vhodnych biotopov redukovala po¢ty hluchanov az o 76%. Pri
strate 15% biotopov celkova konektivita klesla o 33%. VysSie straty biotopov boli
identifikované v chranenych uzemiach, nefunkénost’ chranenych tizemi v Karpatoch je teda
evidentna. Zachovanie oblasti, kde ziju hluchane a mnoho d’alSich st¢asne sa vyskytujucich
druhov, ktorych preZitie zavisi na velkych plochach prirodnych lesov a pralesov, si bude

vyzadovat’ vyznamny posun a zmeny v spésobe manazmentu horskych lesov.

Celkovy koncept manazmentu lesov s vyskytom hluchana musi vychadzat’ z krajinnej Urovne
tak, aby bola zabezpeCena vysoka konektivita vhodnych lesnych komplexov aaby
metapopulacie ostali prepojené (Grimm and Storch 2000; Braunisch and Suchant 2013).
Savislé celky vhodnych lesnych komplexov by mali mat’ rozlohu 1400 ha a nemali by byt
vzdialené od seba viac ako 5 — 10 km (Bollmann et al. 2011). Takto prepojena siet’ vhodnych
biotopov by mala spolu davat rozlohu o velkosti 250 — 500 km? vhodnych lesnych
komplexov s velkostou populdcie minimélne 470 jedincov hluchéna (Grimm and Storch
2000, Bollmann et al. 2011, Braunisch and Suchant 2013). Ako vel'mi dobry priklad
metapopulacie nam moézu poslizit’ udaje 0 pocetnosti a stave biotopov, ktoré sme ziskali v

Zapadnych Karpatoch, kde ani jedno pohorie samostatne nie je schopné splnit’ minimalne
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parametre pre dlhodobé prezitie populéacie (Obr. 7). Bez celkového plosného konceptu na

urovni krajiny nie je teda mozné trvalo udrzat’ populaciu hluchana. Podobna je situdcia aj

v ostatnych cCastiach Karpat a taktiez v inych krajindch strednej a z&padnej Eurdpy (Storch
2007).
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Obr. 7 Zndzornenie sucasného stavu metapopuldacie hluchana v Zapadnych Karpatoch,

vrdtane pocetnosti, koridorov a rozsahu tazieb v potencialne vhodnych biotopov. Modra ciara
ohranicuje jadrovu (zdrojovii) populaciu pre Zapadné Karpaty. Zelena farba zmnazornuje
potencialny vhodny biotop a cervend tazbu vo vhodnych biotopoch hluchana medzi rokmi
1990-2010. Modré Sipky znazornuju koridory, ktoré je potrebné udrzat a podporit pre
zachovanie komunikacie v rdmci jadrovej populdcie. Hnedé Sipky zndzornuju zavislost
prezitia okrajovych populdcii na funkcénosti zdrojovej populdacie. Cisla priradené
K jednotlivym pohoriam vyjadrujii pocet jedincov. Priaznivy stav celkovej populdcie je mozné

udrzat iba zachovanim efektivneho prepojenia na urovni krajiny.

Opatrenia na Urovni krajiny (na Grovni metapopulécie) davaju zakladny ramec pre planovanie

opatreni na d’al$ich Girovniach (na Grovni porastu a na Urovni stromu) (Obr. 8) .
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Opatrenia na drovni krajiny - metapopulaény manaiment

Zdasady:

- rozloha suvislych komplexov vhodnych lesov = 1400 ha

- vzdialenost medzi vhodnymi komplexmi max. 5-10 km

- prepojena siet vhodnych biotopov ma spolu rozlohu 250-500 km?
- minimalna velkost prepojenejpopulécie je 470 jedincov

Praktické opatrenia:

- ochrana pralesov a prirodnych lesov

- obmedzenie fragmentacie

- zachovanie prepojenia pomocou koridorov a naslapnych kamenov
- zabranenie velkoplosnému odlesfiovaniu

- zabezpeclenie optimalnej rozlohy letného a zimného biotopu

Opatrenia na drovni porastu

Zdsady:

- praktické opatrenia aplikovat smerom von z pléch aktudlneho vyskytu, tzn. nie v porastoch
aktudlneho vyskytu ale na ich hranici

- tvorba presvetlenej$ich lesnych porastov (korunovy zépoj 0.4-0.6) s bohatou pokryvnostou
cucoriedky (Vaccinum myrtillus)

Praktické opatrenia:

- hlavné taZisko praktického manaimentu ststredené na prerezavkové az prebierkové porasty
- vychovné zdsahy s nerovnomernou intenzitou

- v dospelych porastoch zabezpecit bezzasahovy rezim

- pokial nie je moZna bezzasahovost, je nutné prejst k maloplosnému obhospodarovaniu

- nepretrzita obnovna doba a predizenie rubného veku na 150-200 rokov

- aplikovat Géelovy vyber jednotlivy, ale aj skupinovy

Opatrenia na urovni stromu

Zdsady:
- zvy$enie roznorodosti Struktiry

Praktické opatrenia:

- podporovat hlboko zavetvené stromy

- ponechdavat prirodzené zmladenie,

- primes borovice limby (Pinus cembra), jedle bielej (Abies alba),

- podporovat jarabinu (Sorbus aucuparia) a iné pionierske dreviny

- ponechdavat stojace mftve drevo, ktoré je s oblubou hluchafiom vyuZivané na
odpocinok

- ponechavat vyvraty a leZiace mftve drevo

Obr. 8 Pre uspesny manazment lesov s vyskytom populdacie hluchdna je potrebné zohladnit
3 priestorové urovne, pricom celkovy koncept manazZmentu musi vychddzat z krajinnej

Urovne.
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Opatrenia na urovni krajiny by mali zahfiiat’ prisnu ochranu pralesov a prirodzenych lesov,
obmedzenie fragmentécie vhodnych biotopov a zachovanie prepojenia pomocou koridorov
a naslapnych kamenov, zabranenie velkoplosnému odlesiiovaniu a zabezpecenie optimalnej
rozlohy letného a zimného biotopu (Braunisch & Suchant 2007). Je potrebné klast’ doraz na
ochranu a zachovanie dostato¢nej rozlohy reprodukcnych lokalit na trovni krajiny, pretoze st

zasadné pre prezitie druhu (Wegge et al. 2005).

Vysledky tejto Stadie potvrdzuju, Ze pralesy a prirodné lesy su najviac vyuzivanymi biotopmi
hluchana (Obr. 9). Bezzasahové Uzemia (prirodné rezervacie) nie su ale v sucasnosti
dostato¢ne vel'ké pre poskytnutie potrebnej rozlohy vhodného prirodného prostredia pre
zivotaschopnu populaciu hluchana v Karpatoch (Grimm & Storch 2000). Tieto poZiadavky
zretelne ukazuji, Ze ochrana hluchéia je mozna iba vo vzajomne sa dopliiajicej sieti systému
bezzasahovych rezervacii (ochrana existujucich biotopov) alesov osobitého uréenia,
v ktorych bude aplikovany tzv. hluchanovi-priatel'sky manazment lesa (Bollmann & Miuiller
2012), kde moze byt manazment doplneny o praktické lesnicke opatrenia na zachovanie tohto

vzécneho druhu.

=
- —_—
1 - r
| i
1 1
@ | i
L — 1
o i
1
3
g © |
o L]
a i
% i
= |
- =x |
5 -
i " ’
1 1
= o | |
1 PR —
o |
o 8 i
i
@ . o
1
= - :
T | |
holina les prales

Obr. 9 Index vhodnosti celorocného habitatu v zavislosti na type manazmentu (holina, les,
prales). Holina predstavuje pre hluchana horneho nevhodné stanoviste. V pralesoch a

prirodnych lesoch je vhodnost biotopov najvyssia (Mikolas et al. 2013).
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1. Ochrana existujucich vhodnych biotopov

Pre dlhodobé zabezpeCenie priaznivého stavu vhodnych biotopov je idedlnou formou
manazmentu bezzasahovy reZzim. Vyskyt prirodnych disturbancii (vietor a lykozrut) je
kl"a€ovym faktorom pri tvorbe vhodnych Struktar biotopu hluchana horneho v prirodnych
lesoch a pralesoch. Vysledky tejto Stadie potvrdzuju, ze velkoplosné holiny su nevhodny
biotop pre hluchana horneho, v ktorom tento druh nedokdze prezit. Naopak prirodné lesy a
pralesy najlepsie spiiiaji biotopové naroky hluchana hérneho v Karpatoch (Saniga 2003,
Mikolas et al. 2013). Velkoplo$né holiny v Karpatoch vznikaji v sucasnosti hlavne formou
asanacnej tazby. Je vSak potrebné poznamenat, ze les napadnuty podkornym hmyzom bez
asanacnej tazby moze mat’ na kvalitu biotopu hluchana horneho pozitivny efekt (Mikolas et
al. 2013; Teuscher et al. 2011; Rosner et al. 2014; Beudert et al. 2015). V prirodnych lesoch a
pralesoch obvykle aj pri silnych prirodnych disturbanciach dochadza k naruseniu maximalne
70% korunového zapoja na arovni porastu (Svoboda et al. 2014; Trotsiuk et al. 2014),
obvykle do 50% korunoveho zapoja. Prirodné disturbancie vytvaraju otvorené lesné Struktury

prospesné pre zivot hluchana (Storch 2002).
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Obr. 10 Index vhodnosti biotopu na asanovanych plochach je nizky. Na plochach s
nespracovanou kalamitou (suchy les) je podstatne vyssi (Mikolas et al. 2013).

Ako typicky prirodzeny disturbanény rezim pre karpatské smrekové pralesy bol

identifikovany tzv. disturban¢ny rezim zmieSanych severit (z anglického ,,mixed severity
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disturbance regime®) (Svoboda et al. 2014, Trotsiuk et al. 2014). Tento typ disturban¢ného
rezimu sa javi ako idealny z pohl'adu fungovania hluchana (Obr. 11). Podl'a vysledkov tejto
Studie (kapitola 5.5), hluchan potrebuje vSetky typy severit disturbancii pre tvorbu vhodnych
biotopovych struktur. Prave disturban¢ny rezim zmieSanych severit vytvara heterogénny les,
ktory poskytuje dolezité biotopové Struktiry pre zivot hluchéana. Prirodné disturbancie

ovplyviluju regeneraciu, zapoj, mitve drevo a taktieZ bylinnl vegetéciu.

LEGENDA

—=-p  siabidstuanca
——  siinadisturbancia

Obr. 11 Disturbancny rezim zmieSanych severit vytvara v smrekovych pralesoch vsetky

dolezité typy vyvojovych Stadii — od rannych po neskoré vyvojové Stadia. Nedochadza

k plynulému vyvoju a dosiahnutiu dlhodobého rovnovazneho stavu anedochadza ani k

homogenizacii na krajinnej drovni. Prirodné disturbancie v pralesoch vytvaraju mozaiku

vyvojovych Stadii lesa na vSetkych priestorovych Grovniach, atym vytvaraju Siroku paletu

vhodnych biotopov pre mnoho, dnes uz vzacnych a ohrozenych, organizmov.

Podl'a nasich vysledkov efekt historickych disturbancii, konkrétne slabych az stredne
silnych naruseni, s rastiicim ¢asom od disturbancii znizuje hustotu stromov, zvySuje kruhova
zakladiu a zvySuje pokryvnost’ bylinnej vegetacie. Slabé a stredne silné disturbancie formuju
stary a rozvol'neny les, kde hluchan nachadza potravu v bohatej bylinnej vegetacii a délezity
ukryt pod hlboko zavetvenymi stromami. V rozvol'nenom lese mdze hluchan volne lietat’, ¢o
je vel'mi dolezité pre tnik pred predaciou. Podla naSich vysledkov v3ak pre ideélny biotop
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hluchana iba slabé a stredne silné naruSenia lesa nie su postacujlice. Svoj vyznam zohravaju aj
disturbancie s vysokou severitou, ktoré vytvaraju porastové medzery roznych velkosti (Obr.
12). Ranné vyvojové Stadia, nasledujlice po disturbanciach, poskytuju vysSiu produktivitu
rastlin a vysSiu diverzitu bezstavovcov (Swanson et al. 2010). Bezstavovce sU hlavnym
zdrojom potravy hluchanich kuriatok a ¢ucoriedka je hlavnym zdrojom potravy pre dospelé
jedince (Storch 1993; Wegge et al. 2005). Preto pritomnost’ porastovych medzier v biotope
hluchéna, ktoré su vysledkom silnych disturbancii, je rovnako délezita ako pritomnost’ starych

rozvolnenych lesov, ktoré vznikaju vplyvom poésobenia stredne silnych a slabych

disturbancii.

Obr. 12 Lykozrut presvetluje tmavé lesy a vytvara vhodné podmienky pre rozmnozovanie
hluchana hérneho. V prirodzenych lesoch Karpat aj pri silnych naruSeniach nedochadza
zvyéajne k rozpadom vacsim ako niekolko desiatok hektarov. Obvykle dochddza k naruseniu
20 — 50% korunového zdpoja najmd kvoli clenitému reliéfu (Svoboda et al. 2014, Trotsiuk et
al. 2014). Foto: Jozef Fiala/Arolla film

2. Praktické lesnicke opatrenia

V poslednych desatro¢iach doslo v Karpatoch k vyraznym stratam vhodnych biotopov.
Podl'a nasich vysledkov, len za poslednych 20 rokov bolo priblizne 15% (111 000 ha)
vhodnych lesnych biotopov velkoplosne vytazenych, nasledkom ¢oho konektivita klesla o
33%. Pre prezitie karpatskej populacie hluchana je potrebné bezodkladne prinavratit’ vhodné
Struktury v degradovanych biotopoch a zvysit’ tym mieru konektivity (Obr. 13).
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Obr. 13 Byvalé vhodné biotopy hlucharna horneho, kde je dnes potrebné aplikovat aktivny
manazment. V Karpatoch sa podla nasich vysledkov v sucasnosti nachdadza v takomto stave
priblizne 111 000 ha byvalych biotopov hluchana.

Je mozné vyuzit' principy a metddy ekologického lesnictva a vytvorit' praktickymi
lesnickymi manazmentovymi opatreniami vhodné biotopy hluchana. Historicky prirodzeny
reZim disturbancii nam moze slizit’ ako priklad, ktorého napodobovanim dosiahneme ciel'ové
biotopové Struktdry tohto dazdnikového druhu (Obr. 14). Dendrochronologickym vyskumom
dynamiky pralesov sme odhalili typické Struktiry a sp6sob, akym je potrebné les narusat’ tak,

aby sme zabezpecili vysokl pocetnost’ populéacie hluchana.

1. Volné miesto na spdnok 7. Bezpecné hniezdisko

2. Cucoriedky 8. Kryté miesto na spanie

3. Tokaniskovy strom 9. Borovica a jedla (preferované kimne stromy)
4. Tokanisko 10. Pieskové prachovisko

5. Mladé smreky (krytie, zimnd potrava) 11. Mravenisko

6. Prijem kamienkov z koreriovych koldcov 12. Buk (puciky)

Obr. 14 Vhodny biotop hluchdna podla Mollet a Marti (2001).
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Napodobovanie prirodzeného disturbanéného reZimu — ekologicke lesnictvo

Ekologické lesnictvo je zaloZené na pochopeni a uplatneni prirozenych disturbancii a
prirozeného vyvoja porastu do systému manazmentu lesa (Franklin et al. 2007). Struktura
pralesov a histéria disturbancii ukdzala jasny vzor, ktory je mozné do znacnej miery
napodobnit’. Ciel'om je vytvorit’ les s bohatou Struktirou, rozvol'neny az medzernaty, podla

moZnosti silne diverzifikovany les, ktory spiiia podstatné naroky hluchana.

Korunovy zapoj je potrebné predCasne a nepretrzite narusat’, a tym vytvarat’ rozvolnené
aZz medzernaté Struktury (maximalne korunovy zapoj 50 — 70%). Zasadny doraz je potrebné
klast’ na vychovu mladych porastov, predovsetkym mladiny a porasty urené na prebierku
(Obr. 13). Tento konkrétny typ manazmentu je mozné nazyvat aj hluchanovi-priatel'sky
manazment lesa (z anglického ,,capercaillie-friendly forest management®), ktory ma za ciel’
urychlene vytvorit' biotopy s vhodnou vekovo-druhovo-priestorovou Strukturou lesnych

porastov pre hluchana.
Mladiny

V mladine by existujuce otvorené plochy mali byt’ zva¢Sené na plochy s priemerom 20
— 30 m, vzdialené od seba priblizne 30 — 40 m. Vyribané stromy by mali byt z tychto
medzier odstranené. Je dolezité, aby tieto male otvorené plochy boli rozmiestnené
nerovnomerne po celych porastoch a musia byt prepojené 3 — 8 m Sirokymi linkami (Obr.

15). Na ostatnej ploche je mozné postupovat’ klasickym spésobom.
Porasty urcené na prebierku

Pri porastoch ur¢enych na prebierku je mozné vytvorit' a zvel'adovat” buduici biotop
hluchana horneho a zaroven sa vyhnat nadmernym vydavkom. Do veku 40 rokov by
intenzivnymi zasahmi malo byt odstranené priblizne 30 — 45% korunového zapoja. Su na to
vhodné najma lokality s vekom do 20 — 30 rokov, kde sa eSte da vyznamne zmenit’ Strukttra
porastov bez vyznamného vplyvu na ich stabilitu. TaktiezZ musia mat potencial pre rychle
vytvorenie priaznivej Struktdry, tzn. po uskuto¢nenych zasahoch musi na otvorenych plochéach

rast’ ¢ucoriedka.

Pri prebierkovych zasahoch by mal byt korunovy zapoj zredukovany na 70% a menej.
Jednd sa ovychovné zésahy snerovnomernou intenzitou — prebierka by mala byt

rozmiestnena nerovnomerne na celej ploche, ale niektoré plochy by mali byt prebraté viac
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ako iné tak, aby vznikli malé otvorené plochy — porastové medzery, ktoré by boli prepojené

(Obr. 16). Prednostne intenzivnejsia prebierka by mala byt vykonana v mladSich porastoch a

na plochéch so slab§im rastom (napr. na vlhkych plochach). Vysledkom by mala byt mozaika
otvorenych prepojenych medzier a relativne tmavych hustych pléch (Obr 17, 18).

Mladina

30m Siroké,
odstranit’ smrek,
jedl'u a buk)

iy

8m Siroké)

mmmmmmmm

Obr. 15 ManaZment v porastoch mladin.
(podla Suchant, R. & Braunisch V., 2008)

Otvorené plochy (20-

Priblizovacie linky (3-

Porasty urcené
na prebierku

Legende

.a Listnaté stromy
: Thliénaté stromy

Plocha na ktorej je
vykonavan4 prebierka

Obr. 16 Manazment porastov urcenych na

prebierku.

Obr. 17 Intentzivne prebierky musia byt vykonané nepravidelne, cielom je vytvarat

rozvolnené az medzernaté porasty so stromami zavetvenymi az po zem.

Obr. 18 Vychovné zasahy s nerovnomernou intenzitou. Cielom je maximdlne napodobnit

prirodzené procesy, ktoré prebiehaju v lesnych ekosystémoch.
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Dospelé porasty

Na zéklade udajov z pralesov (kapitola 5.5) je mozné odporucit’ prechod na maloplosné
obhospodarovanie s kontinudlnym udrziavanim starych porastov. Je potrebné prejst’ na
nepretrziti obnovnii dobu a prediZenie rubného veku na 150 — 200 rokov. Pocas nasledujicich
100 — 150 rokov, zasahy s nizSou intenzitou (5 — 15% naruSeného zépoja), by mali byt
vykonané nickol'kokrat (tri az Styrikrat) na celej ploche formou vyberkového rubu, a tym bude
udrziavana hustota stromov na dostatocne rozvolnenej urovni (v pripade rumunskych
pralesov to bolo priemerne= 423 stromov/ha, max = 840 stromov/ha). UdrZanie nizkej hustoty
stromov podpori bylinnu vegetaciu a pokryvnost’ ¢ucoriedky. Okrem toho pocas celej doby je
potrebné zabezpecit’ dostatocnu rozlohu porastovych medzier, tzn. aplikovat’ ucelovy vyber
jednotlivy, ale aj skupinovy v ramci jedného porastu. Vzniknuté porastové medzery by mali
mat’ nepravidelny tvar a nemali by prekro¢it’ rozlohu 0.85 ha (miniméalna plocha porastovych
medzier v skimanych pralesoch bola 0.057 ha; maximalna velkost’ porastovych medzier bola
0.85 ha, priemerna plocha bola 0.23 ha). Minimalna plocha porastovych medzier v ramci
uzemia by nemala klesnut’ pod 4% pocas celej doby. Do porastu sa nezasahuje cCastejSie ako

raz za 3 decénia.

Zmladenie

S prirodzenym zmladenim treba narabat’ dosledne. Mala by byt podporovana
prirodzena obnova, aby nedoSlo k prehusteniu regeneracie. Pokial' pokryvnost' zmladenia
presiahne 25%, vhodnost’ biotopu hluchana sa znizuje a pokial’ prekro¢i 75%, biotop sa stava
nevhodnym (Storch 2002). Preto je potrebné vyhnat sa velkoplosnému prehustenému
zmladeniu. Lesné &istiny je potrebné udrzat’ otvorené. Dalej je dolezité vyhnat' sa pouZivaniu
oplotkov. Pokial’ je ich pouZzitie nutné, oplotky je potrebné dostatocne oznacit’, aby do nich
hluchdne nemohli narazit’ a zahynut. Podporenie velkych Seliem je moZznost, ako udrzat

populaciu raticovej zveri na udrzatel'nej urovni.

Obohatenie Struktary

Nade vysledky zo skimanych pralesov potvrdzuju, Ze stojace mitve drevo je vhodné
V porastoch pre hluchane ponechat’. Stojace mftve stromy hluchane vyuzivaji na odpocinok,
pretoZe takéto stromy sa nekoliSu vo vetre a hluchane z nich maju dobry vyhl'ad, potrebny na
vCasny unik pred predaciou. Ddlezitou sucastou Struktiry vhodného biotopu su hlboko
zavetvené stromy (ide najm& o smrek), ktoré su dolezité pre hluchéne ako Ukryt pred

predaciou. Pod hlboko zavetvené stromy sa hluchan 'ahko ukryje, napriklad pred néletom
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jastraba lesného (Accipiter gentilis) alebo orla skalného (Aquila chrysaetos). HIboko
zavetvené stromy sa formuju uz pocas vychovnych zéasahov dlhodobym udrZiavanim
otvoreného zapoja na okrajoch liniek a &istin. Struktaru je taktiez mozné obohatit
udrZziavanim jarabiny a primesovych drevin (borovica limba, jedla, javor, buk). Malo
produktivne stanoviska je vhodné v poraste ponechat’ na samovyvoj (skalnaté dtvary, haldy
balvanov, oblasti mocarisk a mokradi), pretoze prirodzene vytvaraju dolezité porastové

medzery, ktoré ostavaju dlhodobo otvorené.

7. Zhrnutie

V Karpatoch sa nachadza tazisko vyskytu hluchana hoérneho v Eurdpe, ale doposial
neexistovali pre tuto oblast’” dostatoéné podklady pre jeho ochranu a definovanie vhodnych
lesnickych manazmentovych opatreni. V tejto praci sme vyuZili Styri metodické pristupy
(populacny monitoring, modely druhovej distribtcie, analyzu genetickej Struktiry, metody
dendroekolégie), ktorych vysledky su plne vyuzitelné k planovaniu vhodnych lesnickych
manazmentovych opatreni, ktoré umoznia prezit' hluchanovi hérnemu v smrekovych lesoch
Karpat. Manazment horskych lesov Karpat, ureny na zvelad’ovanie biotopu hluchana,
mobzeme rozdelit’ do troch skupin podl'a trovne, na ktorej bude uskuto¢neny — na Urovni
krajiny, porastu a stromu (Obr. 8). Cely koncept manazmentu by mal vychadzat’ z krajinnej
arovne, pretoze len udrZzanim komunikacie v ramci metapopulacii je mozné dlhodobé preZitie

tohto druhu v Karpatoch.

Opatrenia na urovni krajiny by mali zahffiat’ ochranu pralesov a prirodnych lesov,
obmedzenie fragmentacie vhodného biotopu a zachovanie prepojenia pomocou koridorov,
zabranenie vel’koplosnému odlesiiovaniu, zabezpecenie optimalnej rozlohy letného a zimného
biotopu. Je potrebné klast’ doraz na ochranu a zachovanie dostato¢nej rozlohy reprodukénych
lokalit, pretoZze su zésadné pre prezitie druhu (Wegge et al. 2005). Savislé celky vhodnych
biotopov by mali mat’ rozlohu 1400 ha a nemali by byt’ vzdialenejSie od seba viac ako 5 —
10 km. Takto prepojend siet’ vhodnych biotopov by mala spolu dévat’ rozlohu 0 velkosti 250
— 500 km? vhodnych lesnych komplexov, kde velkost’ populdcie musi byt miniméalne 470
jedincov hluchana (Grimm and Storch 2000, Bollamnn et al. 2011, Braunisch and Suchant
2013). Na duarovni porastu vylepSenie hluchanieho biotopu znamena hlavne vychovu
presvetlenejSich lesnych porastov azvysenie rdznorodosti Struktury porastov. V dnesnej
situacii je nutné aplikovat’ vhodné opatrenia smerom von z ploch aktuélneho vyskytu, tzn. nie

Vv lokalite aktudlneho vyskytu. Hlavné tazisko praktického manazmentu mé byt’ ststredené na

-163 -



prerezavkove az prebierkove porasty (najdlhSie trvajici efekt). V dospelych porastoch je
odporuc¢ané prejst na bezzasahovy rezim. Pokial to nie je mozné, je potrebné pristapit
k nepretrZitej obnovnej dobe a aplikacii jednotlivého, ale aj skupinového tucelového vyberu
v ramci jednotlivych porastov. Daliie opatrenia zahffiaju udrZiavanie a vytvéaranie &istin,
zdokonal'ovanie lesnych okrajov, ponechavanie mitveho dreva a pod. Na Urovni stromu je
vhodné podporovat’ hlboko zavetvené stromy na lesnych okrajoch, v smrekovych porastoch
primes borovice limby (Pinus cembra), jedle bielej (Abies alba), ponechavat’ prirodzené
zmladenie, podporovat’ aj jarabinu vtaciu (Sorbus aucuparia) a iné pionierske dreviny.
Obzvlast v Cisto smrekovych porastoch vyznamnu tlohu zohrava stojace mftve drevo, ktoré

je s obl'ubou hluchanom vyuzivané na odpocinok.

V Karpatoch sme preukazali stratu biotopov 0 15% a nasledny pokles konektivity
0 30% medzi rokmi 1985 — 2010. Tieto informacie st vel'mi znepokojujuce, nielen pre
prezitie populacie hluchana v Karpatoch, ale aj pre dalSie druhy viazané na staré
a Strukturovane lesy. Navrhnuta stratégia manazmentu horskych lesov s vyskytom hluchana,
vychédzajlca z krajinnej drovne, by pomohla mnohym d’al§im druhom, napriklad d’atlovi
trojprstému (Picoides tridactylus), kuvickovi vrabiemu (Glaucidium passerinum) (Suter et
al. 2002), vel’kym Selmam (Dorrestein et al. 2014), saproxilickym organizmom (Seibold et al.
2015) a mnohym d’al$im. Verime, Ze vysledky tejto Stadie poskytna zéklady pre vytvorenie

rovnovahy medzi vyuZivanim lesov a ochranou biodiverzity v Karpatoch.
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