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Streszczenie

Dostepnos¢ odpowiednich miejsc legowych i poziom presji drapieznikow na legi
uwazane s3 za najwazniejsze czynniki wptywajace na sukces legowy ptakow. Wptyw
drapieznikéw moze ulega¢ zmianom. Kiedy dostepnos¢ gtownych ofiar zmniejsza sig,
drapiezniki korzystaja z alternatywnego zrodta pokarmu jakim mogg by¢ jaja lub mtode
ptaki. Wielko$¢ populacji potencjalnych ofiar zmienia si¢ W zalezno$ci od roku i tym
samym wplywa na poziom drapieznictwa na legi ptakéw. Ryzyko drapieznictwa na
lggach gatunkéw ptakow gniezdzacych si¢ na ziemi zalezy réwniez od modyfikacji
parametrow siedliskowych wynikajacych z dziatalnosci cztowieka. w tym przypadku,
najwazniejszymi formami antropopresji sg gospodarka lesna i turystyka.
Obecnos$¢ i aktywno$¢ ludzi moze znaczaco wpltywac na zwierzeta poprzez zajmowanie
ich siedlisk lub ptoszenie, a z drugiej strony moze zmienia¢ ich zachowanie w kierunku
synantropizacji. Sposob prowadzenia gospodarki lesnej determinuje dostepnos¢ siedlisk
oraz roznorodno$¢ roslinnosci wokot gniazda. Do tej pory nie uzyskano jednoznacznej
odpowiedzi, ktory z wymienionych czynnikow silniej wplywa na sukces legowy ptakow.

Kuraki lesne uwazane sg za grupe ptakéw najbardziej wrazliwych na
nickorzystne oddzialywanie gospodarki lesnej i turystyki. Miedzynarodowa Unia
Ochrony Przyrody (IUCN) ocenia, ze ta grupa ptakoéw, a konkretnie gluszec, jarzabek
i cietrzew sa zagrozone wymarciem W Europie Srodkowej i Zachodniej.
Jarzabek to najmniejszy, a zarazem najliczniejszy przedstawiciel kurakow lesnych
Europy. Gatunek ten jest tatwiejszy do wykrycia niz ghluszec i cietrzew i moze zostaé
wykorzystywany jako modelowy w badaniach kurakow lesnych ze wzgledu na zblizone
preferencje siedliskowe i biologi¢ okresu legowego.

W cyklu pigciu artykutéw naukowych (Matysek et al. 2019a, 2019b, 2020,
2021a, 2021b), bedacych podstawg rozprawy doktorskiej, przedstawiono wyniki badan
skoncentrowanych na: i) okresleniu liczebnosci i zageszczenia oraz rozmieszczenia
stanowisk jarzabka w Tatrzanskim Parku Narodowym (TPN), ii) okresleniu czynnikoéw
srodowiskowych determinujacych wystgpowanie jarzabka w borach $wierkowych,
iii) okre$leniu poziomu presji drapiezniczej W roznych siedliskach lesnych
(buczyna i bor $wierkowy) oraz weryfikacji hipotezy alternatywnego zrodta pokarmu,

IV) poznaniu wptywu natezenia ruchu turystycznego na poziom presji drapiezniczej na



sztuczne gniazda imitujgce lggi jarzabka i na rozmieszczenie stanowisk tego gatunku,
V) okresleniu parametrow siedliskowych wptywajacych na poziom presji drapiezniczej
na sztuczne gniazda imitujace legi jarzabka. Uzasadniono roéwniez celowos¢ stosowania
W terenie gorskim sztucznych gniazd do badania gatunku 0 skrytym trybie zycia.

Badania przeprowadzono w latach 2010-2014 na terenie lesnym TPN (131 km?)
lub na powierzchni prébnej wynoszacej okoto 40 km? Wystepowanie gatunku
lokalizowano standardowymi metodami monitoringowymi. Metodyka odlowu gryzoni
polegala na zastosowaniu putapek zywolownych 2z przynetg nieselektywna.
Sztuczne gniazda imitujgce legi jarzgbka wykonywano w losowych miejscach zgodnie
z wiedza na temat preferencji miejsc gniazdowania gatunku, w ktérych umieszczano
5 kremowych jaj kurzych. Jaja uprzednio byly spryskane woda, w ktdrej zanurzano
martwg  przepiorke  Coturnix  coturnix, zeby nanie§¢  zapach  kuraka.
Lacznie 50% sztucznych gniazd monitorowano za pomocg fotoputapek. Natezenie ruchu
turystycznego okreslono w latach 2009-2014. Liczenia odbywaty si¢ na punktach
wejsciowych do dolin oraz w miejscach skrzyzowan szlakow. Zgromadzone dane
przeanalizowano statystycznie dla wyjasnienia pi¢ciu zagadnien wskazanych powyze;j.

Na terenie TPN stwierdzono tacznie 79 stanowisk jarzgbka. Rzeczywistg
liczebnos¢ tego gatunku oszacowano na od 96 do 104 stanowisk, uwzgledniajac skryty
tryb zycia i trudny teren badan. Zageszczenie gatunku okreslone na podstawie
rzeczywistych stwierdzen wynosito 0,60 stanowisk/km? natomiast dla szacowanej
liczebnosci od 0,73 do 0,79 stanowisk/km?. Jarzabek byt obecny w lasach regla dolnego
I gornego oraz W niecinwentaryzowanym pasmie kosodrzewiny. Wystgpowal najczesciej
na stokach o ekspozycji poludniowej, unikajac stokow potnocnych, najliczniej
zasiedlajac lasy objete ochrong czynna. Najwazniejszymi elementami wptywajacymi na
lokalizacje stanowisk jarzabka byty kierunek ekspozycji, sasiedztwo strumieni,
zarastajacych polan oraz obecno$¢ martwych drzew. Gatunek ten wystgpowat zar6wno
w milodym jak i starym drzewostanie. Ponadto kluczowym elementem byty luki
w zwartym drzewostanie wywotane gradacja owadow lub dziataniem wiatru.

Badania wykazaly, ze najwigcej sztucznych gniazd zostato zrabowanych przez
kune lesng Martes martes (54%), nastepnie przez lisa rudego Vulpes vulpes (23%),
kruka Corvus corax (15%) i niedzwiedzia brunatnego Ursus arctos (8%). W trakcie
badan okreslono liczbg zrabowanych sztucznych gniazd oraz $redni dzienny poziom
drapieznictwa. W 2012 roku zostato zrabowanych 8 sztucznych gniazd (18%, n = 45),

a s$redni dzienny poziom drapieznictwa wyniost 0,003. W latach 2013 i 2014 wartosci te



wynosity odpowiednio 29 (42%, 0,009, n = 69) i 21 sztucznych gniazd
(35%, 0,004, n = 60). Nie stwierdzono istotnych réznic w poziomie drapieznictwa
miedzy badanymi typami siedliskowymi lasoéw. Po znacznym spadku liczebnosci gryzoni
w 2013 roku nastgpit wzrost drapieznictwa na sztuczne gniazda, co potwierdza hipoteze
alternatywnego zrdodta pokarmu a tym samym znaczenie presji drapieznikow.

Wyniki badan pokazaly tez, ze prawdopodobienstwo Stwierdzenia stanowisk
jarzabka bylo wigcksze wraz ze wzrostem odleglosci od szlakow turystycznych
i spadkiem natezenia ruchu turystycznego. Jednoczesnie wraz ze spadkiem nat¢zenia
ruchu turystycznego na szlakach rést poziom presji drapiezniczej na sztuczne gniazda
imitujace lggi jarzgbka. Sztuczne gniazda imitujgce legi jarzabka byly istotnie czgsciej
rabowane przez drapiezniki w miejscach 0 nizszym udziale martwego drzewa i paproci
W runie, mniejszej réznorodnosci gatunkowej runa le$nego oraz mniejszym udziale
uczegszcezanych drog lesnych i szlakow turystycznych. Wykazane zwiazki pokazuja
znaczenie antropopresji na sukces legowy ptakow.

Trudno jednoznacznie okresli¢, ktory z czynnikéw oddziatuje mocniej na
kreowanie poziomu ryzyka presji drapiezniczej na legi gatunkow ptakow gniezdzacych
si¢ na ziemi. Czynniki te oddzialuja wzajemnie na siebie i W zaleznosci od sity
oddziatywania poszczegdlnych zmiennych poziomu ryzyka drapieznictwa moze by¢
modyfikowany 1 rézny w zaleznosci od roku. Niemniej jednak wraz ze wzrostem
natg¢zenia oddziatywania czynnikdw generowanych przez antropopresj¢ poziom ryzyka
presji drapiezniczej moze wzrastac.

Uzyskane wyniki, poza poszerzeniem wiedzy na temat biologii jarzabka, maja
aspekt praktyczny dla efektywnej ochrony tego gatunku. Dajg nastepujgce wskazowki do
zmiany sposobu zarzadzania zasobami lesnymi i ruchem turystycznym: i) popieranie
odnowienia naturalnego, ii) wigkszego udzialu gatunkow drzew i krzewow
lekkonasiennych, iii) unikanie monokultur wiekowych i gatunkowych w drzewostanie,
Iv) pozostawiania mozliwie jak najwigkszej ilo$ci martwego drewna lezgcego wraz
z wykrotami, V) ograniczenia w ruchu turystycznym lub zamykanie szlakéw

prowadzacych przez gldwne ostoje.



Summary

The availability of appropriate breeding sites and the predation rate on broods are
considered the most important factors influencing the breeding success of birds.
The influence of predators can change. When the availability of the main prey decreases,
predators use an alternative food source such as eggs or young birds. The population size
of the potential prey varies depending on the year and thus affects the level of predation
on bird broods. The risk of predation on the broods of ground-nesting birds also depends
on many habitat parameters related to human activity. One of the most important
is anthropopression, which includes forest management and tourism. Human presence
and recreational activities can significantly affect animals by occupying their habitats
or scaring them away, and on the other hand, can increase synanthropization of animals
and change their behavior. The method of forest management is responsible
for the availability of habitats as well as the diversity of vegetation around the nest.
So far, it is not known which of the above-mentioned factors has the most important
impact on the level of predation pressure on bird broods.

Forest-associated grouse are considered to be the group of birds most sensitive
to the unfavorable effects of forest management and tourism. The International Union for
Conservation of Nature (IUCN) thinks that this group of birds, namely the capercaillie,
hazel grouse and black grouse, are threatened to be extinct in Central and Western Europe.
The hazel grouse is the smallest and the most numerous representative of European forest
grouse. This species is easier to detect than the capercaillie and the black grouse, and can
be used as a model for the study of forest grouse due to similar habitat preferences
and the biology of the breeding period.

In series of the five scientific articles (Matysek et al. 2019a, 2019b, 2020, 20214,
2021b), being the basis of the doctoral dissertation, the results of research focused on:
i) determining the number, density and distribution of hazel grouse sites in the Tatra
National Park (TPN), ii) determination of environmental factors determining
the occurrence of hazel grouse in spruce forests, iii) determination of the level
of predatory pressure in various forest habitats (beech and spruce forest) and verification
of the hypothesis of alternative food source, iv) understanding the impact of tourist traffic

on the level of predatory pressure on artificial nests imitating hazel grouse broods, such



as and the distribution of sites of this species, v) determination of the habitat parameters
influencing the level of predatory pressure on artificial nests imitating hazel grouse
broods.

The purposefulness of using artificial nests in mountainous terrain to study
a species with a hidden lifestyle was also justified.

The research was carried out in 2010-2014 in the forest area of the Tatra National
Park (131 km?) or on a sample area of about 40 km?2. Searching for the places
of occurrence of the species was carried out according to standard monitoring methods.
The rodent trapping methodology was based on the use of non-killing traps with
non - selective bait. Artificial nests imitating hazel grouse broods were placed randomly
in the forest litter according to the knowledge of the species' nesting preferences where
5 cream hen eggs were placed. The eggs were previously sprinkled with water in which
a dead quail Coturnix coturnix was dipped to give the scent of the Galliformes.
Totally 50% of artificial nests were monitored by camera traps. The intensity of tourist
traffic was determined in the years 2009-2014. Counting took place at the entry points
to the valleys and at the crossing points of the routes. The collected data was analyzed
statistically to search of explanations for the five issues indicated above.

Totally 79 sites of hazel grouse were found in the area of the Tatra National Park.
The number of this species, due to its secretive lifestyle and difficult research area, was
estimated from 96 to 104 sites. The density of this species determined on the basis
of actual records was 0.60 positions/km?, while for the estimated number, the density
was determined at 0.73-0.79 positions/km?. The hazel grouse was found in the forests
of the lower and upper montane region, and in the non studied mountain pine range.
It occurred most often on the slopes with southern exposure, avoiding the northern slopes,
most frequently inhabiting forests under active protection. The most important factors
influencing the occurrence of hazel grouse sites were the direction of exposure,
the presence of a greater number of streams, overgrown glades and dead trees.
This species was found in both young and old stands. Moreover, gaps in the dense tree
stand caused by, among others, gradation of insects or the action of mountain wind
was the key-factor.

Research showed that the largest number of artificial nests was predated
by Martes martes (54%), followed by the red fox Vulpes vulpes (23%), the raven
Corvus corax (15%) and the brown bear Ursus arctos (8%). During the study, the number

of predated artificial nests and the average daily level of predation were determined
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for individual years. In 2012, 8 artificial nests were predated (18%, n = 45)
and the average daily level of predation was 0.003. In 2013 and 2014, these values were
respectively 29 artificial nests (42%, n = 69) and 21 artificial nests (35%, n = 60) as well
as 0.009 and 0.004. There were no significant differences of predation rate between
studied forest types. Predation on artificial nests increased after a significant decrease
in the number of rodents in 2013, which confirms the hypothesis of an alternative food
source (APH) and thus the importance of predator pressure.

The study showed the probability of occurrence of the hazel grouse site was
greater with increasing in the distance from the tourist routes and the decreasing
in the intensity of tourist traffic. The level of predatory pressure on artificial nests
imitating hazel grouse broods increased with the decreasing in the intensity of tourist
traffic on the trails. Artificial nests imitating hazel grouse broods were much more often
plundered by predators in places with a lower share of dead trees and ferns, less species
diversity of undergrowth and a smaller share of frequented forest roads and hiking trails.

The presented research, apart from widening of knowledge about the biology
of hazel grouse, has a practical aspect for the effective protection of this species.
They give recommendations to change the management of forest resources and tourism,
and to reintroduce the studied species. The demonstrated relationships show
the importance of anthropopressure for breeding success of birds.

It is difficult to clearly define which of the factors more strongly influences
the risk of predatory pressure on the broods of ground-nesting bird species. These factors
influence each other and depending on the strength of influence of particular variables,
the level of predation risk may be modified and different depending on the year.
Nevertheless, along with the increase in the intensity of the influence of factors generated
by anthropopressure, the level of the risk of predatory pressure may increase.

The obtained results, apart from broadening the knowledge about the biology of
the hazel grouse, have a practical aspect for the effective protection of this species.
They provide the following guidelines for changing the management of forest resources
and tourist traffic: 1) promoting natural regeneration, ii) greater share of species of trees
and light - seeded shrubs, iii) avoiding age and species monocultures in the stand,
iv) leaving as much as possible lying dead wood, v) restrictions in tourist traffic

or closing the routes leading through the main refuges.
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Wstep

Badany gatunek

Kuraki lesne nalezg do gatunkéw ptakoéw najbardziej wrazliwych na niekorzystne
oddziatywanie gospodarki lesnej i turystyki (Martin 1993, Roésner 1 in. 2013,
Storch 2013, Coppes i in. 2018). Miedzy innymi na skutek tych dziatan, postepujaca
utrate siedlisk i zwigkszone drapieznictwo uwaza si¢ za glowne przyczyny spadku
populacji kurakéow lesnych (Saniga 2002, Salek i in. 2004, Cresswell 2011,
Matysek i in. 2015, Matysek 2016, Jahren i in. 2016, Kdammerle i Storch 2019).
Migdzynarodowa Unia Ochrony Przyrody (IUCN) uwaza, ze kuraki lesne Galliformes,
a konkretnie gtuszec Tetrao urogallus, jarzabek i cietrzew Lyrurus tetrix sg zagrozone
wymarciem w Europie Srodkowej i Zachodnigj (Storch 2007).

Jarzabek jest najmniejszym, a zarazem najliczniejszym przedstawicielem
kurakoéw lesnych Europy (Johnsgaard 1983, Bergmann i in. 1996). Gatunek ten zasiedla
rozlegte jak i niewielkie, lasy oraz lokalnie pasmo  kosodrzewiny
(np. Bergmann i in. 1996, Bonczar 2004, Kajtoch i in. 2011, Kajtoch i in. 2012,
Matysek 2013, Zigba i Zwijacz — Kozica 2014, Cichocki i Matysek 2015, Matysek 2016,
Matysek i in. 2015, 2018a, 2018b, 2020). W Europie gatunek ten wystepuje gtownie od
Fennoskandii i Rosji, po zachodnig Ukraing i tuk Karpat. Drugi rejon wystepowania tego
gatunku to Alpy oraz duza czg$¢ Potwyspu Batkanskiego (np. Bergmann i in. 1996,
Hagemeijer i Blair 1997, BirdLife International 2020). w Polsce jarzabek wystepuje
gldéwnie W pigciu rejonach: potudniowo-zachodnim, obejmujagcym Sudety wraz
z Pogorzem Sudeckim (Bonczar 2004, Matysek i in. 2015, Wasiak P. — dane niepubl.),
potudniowo-wschodnim, obejmujagcym Karpaty wraz z Pogorzem Karpackim, oraz
Kotling Sandomierskg (Walasz i Mielczarek 1992, Bonczar 2004, Kajtoch i in. 2011,
Matysek i in. 2015, Matysek 2016), srodkowopolskim, obejmujagcym Gory
Swigtokrzyskie i przylegte do nich tereny na wyzynach Matopolskiej i Slaskiej
(Chmielewski i in. 2005, Koscielny, Belik 2006, Matysek i in. 2015), wschodnim,
obejmujgcym Roztocze (Piotrowska 2005) i potnocno-wschodnim, obejmujacym
rozlegte kompleksy le§ne Mazur, Warmii, Suwalszczyzny, Podlasia i Polesia (Rozycki
I in. 2007, Bonczar 2007, Fiedorowicz 2008, Kurkowski 2010, Matysek i in. 2015).

Izolowane stanowiska tego gatunku wystepuja W Kilku kompleksach lesnych Pomorza
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(Sikora i in. 2013), Wielkopolski (Zurawlew 2012) i najprawdopodobniej bardzo
nielicznie w czesci lasow Ziemi Lubuskiej (Matysek 2018) i przylegtych do niej
kompleksow lesnych wojewodztwa Zachodniopomorskiego (Kajzer i in. 2010,
M. Matysek, dane wiasne). Na terenie Polski jarzabek jest okreslany jako nieliczny lub
lokalnie srednio liczny, stabo rozpowszechniony gatunek legowy
(Tomiatoj¢ 1 Stawarczyk 2003, Bonczar 2007, Matysek i in. 2015). Jak podaje
Chodkiewicz i in. (2015) liczebnos$¢ jarzgbka w Polsce oscyluje w granicach od
15 000 - 20 000 samcow. Natomiast wg Walasza i Mielczarka (1992) na przetomie lat
80. i 90. XX wieku rozpowszechnienie jarzabka w Karpatach bylo nieco wyzsze,
a po Il wojnie $wiatowe] gatunek ten zasiedlat niemal caty obszar Polski (Marchlewski
1948). Gatunek ten jest uzytkowany towiecko w okresie od 1 wrzesnia do 30 listopada,
gdzie gtownie w Karpatach i puszczach péinocno-wschodniej Polski rocznie pozyskuje
si¢ okoto 100 osobnikéw (Kamieniarz i Panek 2008).

Jarzgbek nalezy do gatunkow terytorialnych o skrytym trybie zycia.
Jest gatunkiem trudno wykrywalnym (Swenson 1991, Bonczar 1992) i wymagajacym
zastosowania specjalnych technik monitorowania (Marion i in. 1981, Matysek i in. 2015,
Matysek 2016). Gatunek ten moze petni¢ rolg gatunku wskaznikowego dla naturalnych
I heterogenicznych obszaréw lesnych (Zawadzka i Zawadzki 2006, Miiller i in. 20009,
Matysek i in. 2020). Jarzabek jest liczniejszy i tatwiejszy do wykrycia niz ghluszec
i cietrzew, jednakze dzigki zblizonym do siebie preferencjom siedliskowym i biologii

okresu legowego moze by¢ wykorzystany jako gatunek modelowy kurakéw lesnych.

Presja drapieznicza na legi kurakow lesnych

Sukces lggowy ptakoéw uzalezniony jest od wielu czynnikow, migdzy innymi takich jak:
jakos$¢ i dostepnos¢ miejsc legowych, tatwos$é dostepu do odpowiedniego pokarmu,
poziom drapieznictwa i warunki klimatyczne w czasie inkubacji i wodzenia pisklat
(Assandri i in. 2017). Poziom presji drapiezniczej W czasie inkubacji jaj i przebywania
pisklat w gniazdach rézni si¢ miedzy latami i jest kluczowym czynnikiem sukcesu
lggowego ptakow, zwlaszcza dla gatunkow ktorych, gniazda sg tatwo dostepne dla
drapieznikéw (Martin 1993). Ryzyko drapieznictwa na lggach gatunkow ptakow
gniezdzacych si¢ na ziemi, zalezy od wielu parametrow siedliskowych, w tym od
lokalizacji gniazda (Fretwell 1980, Skutch 1985, Boyle 2008), pokrycia i r6znorodnosci
ros§linnosci wokot gniazda (np. Lahti 2001, Baines i in. 2004, Tirpak i in. 2006,
Ludwig i in. 2012, Seibold i in. 2013), sposobu prowadzenia gospodarki lesnej
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(Major i Kendal 1996, Seibold i in. 2013), zmian antropogenicznych np. poprzez
obecno$¢ drog, uprawianie turystyki i rekreacji (Watson i Moss 2004, Steen 2010) oraz
dostgpnosci innych zrodet pokarmu dla potencjalnych drapieznikow (Lack 1954;
Angelstam et. al 1984). Trudno jednoznacznie odpowiedzieé¢, ktory z wymienionych

czynnikow silniej oddziatuje na poziom presji drapiezniczej na legi ptakow.

Wplyw zageszczenia gryzoni na legi kurakow leSnych

Wigkszos¢ drapieznikdw nie poszukuje aktywnie gniazd ptasich (Angelstam 1986),
a jaja stanowig jedynie uzupelnienie ich diety (Angelstam i in. 1984). Poziom presji
drapiezniczej rézni si¢ miedzy latami | zalezy od dostgpnosci podstawowych zrodet
pokarmu. Dla drapieznikow jaj ptasich dominujagcym zroédlem pokarmu sg gryzonie.
Te z Kkolei charakteryzuja si¢ sezonowymi fluktuacjami liczebnos$ci wynikajgcymi
z nieregularnego obradzania drzew diasporami (np. bukwi) oraz presji drapiezniczej
(Jedrzejewski 1 Jedrzejewska 1993, Pucek i in. 1993, Zub i in. 2012,
Cornulier i in. 2013). Oportunistyczne drapiezniki (generali$ci) moga zmieni¢ rodzaj
ofiary z nielicznej i trudno dostepnej na bardziej liczng i dost¢png. Kiedy liczebno$é¢
populacji gtéwnych ofiar zmniejsza si¢, drapiezniki penetruja wigkszy obszar przy okazji
znajdujac alternatywne zrédlo pokarmu, z ktérego podzniej moga czesciej korzystac
(np. jaja lub mlode ptaki) (Béty i in. 2001). Hipoteza alternatywnego zrédta pokarmu
(APH) sugeruje, ze wigksze zageszczenie gtdwnej ofiary drapieznika moze zwigkszy¢
sukces legowy ptakéw legowych na ziemi, np. jarzabka, ze wzgledu na mniejszg presje
drapieznicza na jaja i piskleta (Lack 1954, Angelstam i in. 1984). Z kolei hipoteza
drapieznik-ofiara moéwi, ze liczebno$¢ drapieznikow begdzie zmieniata si¢ w odpowiedzi
na fluktuacje liczebnosci ich ofiar (Holling 1959). Wigkszo$¢ badan nad relacja
drapieznik-ofiara oraz alternatywnym zroédtem pokarmu zostata przeprowadzona
w lasach borealnych oraz tundrze, gdzie liczebno$¢ gryzoni istotnie wplywata na poziom
drapieznictwa (Tomkovich i Zharikov 1997, 1998, Béty i in. 2001,
Wilson i Bromley 2001, Saniga 2002, Sélek i in. 2004).

Wplyw turystyki na legi kurakéw lesnych

Obecno$¢ i dziatalnos¢ czlowieka moze znaczaco wpltywaé na zwierzgta poprzez
zajmowanie ich siedlisk lub ptoszenie np. podczas inkubacji jaj, a z drugiej strony moze
zwiekszy¢ synantropizacje zwierzat i zmienia¢ ich zachowanie (np. Vitousek i in. 1997,

Burger i in. 2004, Gill 2007). W Europie w ostatnich dziesi¢cioleciach rosnie poziom
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presji  turystycznej na obszary chronione (Reed i  Merenlender 2008,
Balmford i in. 2009). Wigksza liczba turystow odwiedzajacych takie tereny jak parki
narodowe wplywa negatywnie na ochrong i dobrostan zwierzat powodujac tzw.
,krajobraz strachu” (Rosner i in. 2013). Obecnos¢ szlakow turystycznych moze wplywaé
na wystepowanie i sukces legowy niektorych gatunkow ptakow naziemnych takich jak
kuraki Tetraonidaea (Storch i Leidenberger 2003, Thiel i in. 2008, Rupf i in. 2011).
Czesto zaggszczenie drapieznikow jest wyzsze W sasiedztwie obiektéw turystycznych,
ze wzgledu na mozliwos¢ tatwego zdobycia pokarmu lub utatwienie przemieszczania si¢
np. po szlakach turystycznych (Storch i Leidenberger 2003, Watson i Moss 2004,
Storch i in. 2005). Drogi i szlaki turystyczne utatwiaja dostep do wickszej powierzchni
srodowiska, a ich obrzeza sg czeSciej penetrowane przez drapiezniki (Wilcove 1985,
Storch i in. 2005). Summers i in. (2007) wykazali, ze obecnos¢ cztowicka wplywa
niekorzystnie na ghluszca, ktory unikal Zzerowania na drzewach przy szlakach
turystycznych w lasach Szkocji. Ryzyko drapieznictwa na gniazda zwykle ro$nie wraz
z odlegloscia od szlakow (Boag i in. 1984, Miller i Hobbs 2000).
Jednak Miller i in. (1998) wykazali wicksza presje drapiezniczg na naturalne gniazda
W poblizu szlakow w siedliskach lesnych i tgkowych (hrabstwo Boulder, USA). Z kolei
Seibold i in. (2013) nie stwierdzili wptywu turystyki na dzienne wskazniki drapieznictwa
na sztucznych gniazdach w Lesie Bawarskim (Niemcy). Rozbieznosci te mogg wynikac
z rbéznego poziomu nat¢zenia ruchu turystycznego oraz gatunkow potencjalnych
drapieznikow. Szlaki i miejsca o duzej aktywnosci turystycznej mogg by¢ omijane przez
gatunki bardziej plochliwe takie jak np. kuna lesna (Barja i in. 2007,
Wereszczuk i Zalewski 2015), ktorych tereny towieckie mogg si¢ znajdowac z dala od

tych miejsc.

Wplyw warunkow Srodowiskowych na legi kurakow lesnych

Wraz ze wzrostem wysokosci maleje liczba i zaggszczenie potencjalnych drapieznikow,
co bezposrednio przektada si¢ na mniejszg presje drapieznicza z ich strony
(Fretwell 1980, Skutch 1985, Boyle 2008). Z kolei wigksze zaggszczenie i roznorodnosé
ro$lin runa i podszytu zapewnia lepsza ostong dla gniazd, utrudniajac znalezienie ich
przez drapiezniki. Poza tym ogranicza mobilno$¢ drapieznikow i tym samym zmniejsza
ryzyko drapieznictwa (np. Martin 1993, Lahti 2001, Baines i in. 2004, Tirpak i in. 2006,
Ludwig 1 in. 2012, Seibold i in. 2013). Struktura drzewostanu jak réwniez sposob

gospodarowania znaczaco wplywa na poziom presji drapiezniczej na legi ptakow.
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Cho¢ wg Seibolda i in. (2013) lezgce martwe drzewa nie mialy istotnego wpltywu na
wskaznik drapieznictwa, to wiatrowaly | wiatrotomy spowodowane min. gradacja
kornikéw Ips ssp. pozytywnie wplywaja na zmniejszanie presji drapiezniczej na

naziemne legi.

Zastosowanie sztucznych gniazd

Wykorzystanie sztucznych gniazd w badaniach byto przedmiotem intensywnych dyskusji
(np. Major i Kendal 1996, Paton 2002, Moore i Robinson 2004, Faaborg 2004).
Najwicksze watpliwosci budzit brak aktywnosci ze strony wysiadujacej jaja kury i brak
pisklat (Haskell 1995), nienaturalne rozmieszczenie lub sztuczny wyglad gniazd
(Major i Kendal 1996), oraz r6znice w penetracji naturalnych i sztucznych gniazd przez
rozne gatunki drapieznikow (Storaas 1988, Willebrand i Marcstrom 1988,
Moore i Robinson 2004). Przyktadowo wskazniki dziennego przezycia legu byly
wyzsze W przypadku naturalnych gniazd niz w przypadku sztucznych gniazd gwizdacza
z6ltego Eopsaltria australis (Zanette 2002). Z kolei Hoset i Husby (2019) wykazali, ze
sztuczne gniazda w lasach borealnych stanowig odpowiednig miar¢ wzglgdnego ryzyka
drapieznictwa gniazd w naturalnych gniazdach otwartych. Oczywiste jest, ze wiarygodne
dane dotyczace bezwzglednego ryzyka drapieznictwa mozna uzyskac tylko na podstawie
monitorowania naturalnych gniazd. Jednak czesto trudno jest znalez¢ wystarczajaca
liczbe gniazd do analiz statystycznych (Storaas 1988, Willebrand i Marcstrom 1988),
zwlaszcza dla gatunkow prowadzacych bardzo skryty tryb zycia jakim sa kuraki lesne.
Co wigcej, poszukiwanie dzikich, rzadko wystepujacych gatunkow i ich gniazd moze
powodowac dla nich zagrozenie zwigkszajace ryzyko drapieznictwa przez pozostawienie
»Sciezki zapachowej”, czy zniszczong roslinno$¢ (Faaborg 2004, Villard i Part 2004).
Dlatego sztuczne gniazda sg skuteczng i czgsto jedyng mozliwg do wykorzystania metoda
badawczg (Part i Wretenberg 2002, Martin i Joron 2003, Villard i Part 2004,
McKinnon i in. 2010, Summers i in. 2009, Zmihorski i in. 2010, Lumpkin i in. 2012,
Svobodova i in. 2012, Ludwig i in. 2012, Seibold i in. 2013). Poza tym zastosowanie
sztucznych gniazd w trudnym terenie gorskim wydaje si¢ by¢ wlasciwym sposobem

badania poziomu drapieznictwa i czynnikow, ktore na niego wptywaja.
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Cele i hipotezy badawcze

Podjete prace byly wicloaspektowe i obejmowaly rdzne biologiczne zagadnienia
dotyczace drapieznictwa na sztucznych jajach jak i samego wystepowania gatunku na

terenie Tatrzanskiego Parku Narodowego.

Cele podjetych badan byty nast¢pujace:

1 — Okreslenie liczebnosci |1 zageszczenia Oraz potozenia stanowisk jarzabka pod

wzgledem wysokosci, kierunku ekspozycji i statusu ochronnego drzewostanu.

Osiagniecie celu 1 miato zasadniczo stanowi¢ swego rodzaju wstep, do calych badan.
Trudno nawigzywa¢ do konkretnego gatunku nie znajac jego liczebnosci
I rozmieszczenia na terenie badan. Ta praca powstata jako pierwsza, pomimo tego, ze
opublikowano jg dopiero w 2021 roku. Jej wyniki postuzyly do zaplanowania prac nad

kolejnymi tematami.

Cel 1 zrealizowano w publikacji:
Matysek M., Gwiazda R., Binkiewicz B., Szewczyk G. 2021.
Liczebno$¢ 1 rozmieszczenie jarzabka Tetrastes bonasia w Tatrzanskim Parku

Narodowym. Ornis Polonica 62: 49-59 (okreslanej dalej w rozprawie jako Publikacja I).

2 — Znalezienie odpowiedzi na pytanie, jak gatunek petnigcy role wskaznikowego dla
naturalnych i heterogenicznych obszaréw lesnych rekompensuje ubostwo $rodowiska

w borach swierkowych dominujgcych w Tatrzanskim Parku Narodowym.

Watek ten dopetnia poznanie preferencji siedliskowych gatunku w Tatrzanskim Parku
Narodowym w odniesieniu do specyficznych warunkow w jakich gatunek tam wystepuje
I gniazduje. Poznanie odpowiedzi jarzabka na ubdstwo Srodowiska postuzyto do

zaplanowania prac nad kolejnymi tematami.
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Cel 2 zrealizowano w publikac;ji:

Matysek M., Kajtoch L., Gwiazda R., Binkiewicz B., Szewczyk G. 2019. Could gaps and
diverse topography compensate for habitat deficiency by the forest-dwelling bird Hazel
Grouse Tetrastes bonasia? Avian Biology Research 12(2): 59-66 (okreSlanej dalej

w rozprawie jako Publikacja II).

3 — Okreslenie poziomu presji drapiezniczej sztucznych gniazd imitujacych legi jarzabka
w dwoch siedliskach lesnych oraz weryfikacja powigzanej z tematem hipotezy

alternatywnego zrodta pokarmu (APH; Lack 1954; Angelstam i in. 1984).

Praca ta stanowita zasadniczg cze¢$¢ badawcza majacg na celu okreslenie poziomu presji
drapiezniczej na sztuczne gniazda imitujace legi jarzabka oraz poznanie czynnikow, ktore
wplywaja na nig. Zbadano poziom zageszczenia gryzoni, CO posrednio wplywa na
wielko$¢ presji drapiezniczej na sztuczne naziemne gniazda, gdyz gryzonie stanowig baze

pokarmowsa drapieznikow.

Hipoteza (H1) (tzw. alternatywnego zrodta pokarmu) — presja drapieznicza na jaja ptakow

(alternatywne zrédto pokarmu) wzrasta W przypadku matego zageszczenia gryzoni.

Cel 3 zrealizowano w publikac;ji:

Matysek M., Zub K., Gwiazda R., Zigba F., Klimecki M., Mateja R., Krzan P. 2019.
Predation on artificial ground nests in relation to abundance of rodents in two types of
forest habitats in the Tatra Mountains (southern Poland). Wildlife Research 46: 205-211

(okreslanej dalej w rozprawie jako Publikacja I11).

4 — Poznanie wptywu natezenia ruchu turystycznego na szlakach na poziom presji
drapiezniczej na sztuczne gniazda imitujace lggi jarzgbka. Dla pelnego zrozumienia tego
zjawiska byto konieczne okreslenie wptywu nate¢zenia ruchu turystycznego na szlakach

na rozmieszczenie terytoriow jarzabka na terenie Tatrzanskiego Parku Narodowego.
To kolejna praca stanowigca zasadniczg cz¢$¢ badawczg. Praca posiadala dwa cele,

ktorym wspolnym mianownikiem jest wptyw natezenia ruchu turystycznego na szlakach

na terenie Tatrzanskiego Parku Narodowego. Zweryfikowano dwie hipotezy.
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Hipoteza (H2) - szlaki turystyczne i natezenie ruchu turystycznego negatywnie wptywaja
na liczbe stanowisk jarzabka.

Hipoteza (H3) - presja drapieznicza na sztuczne gniazda imitujace lggi jarzabka jest
negatywnie powigzana z odlegloscig od szlakow turystycznych (drapiezniki moga je
wykorzystywac¢ do przemieszczania si¢ i poszukiwania pokarmu) oraz nat¢zeniem ruchu

turystycznego (drapiezniki unikaja miejsc z wigksza liczba turystow).

Cel 4 zrealizowano w publikac;ji:

Matysek M., Gwiazda R., Zigba F., Klimecki M., Mateja R., Krzan P. 2020. High tourism
activity alters the spatial distribution of Hazel Grouse Tetrastes bonasia and predation on
artificial nests in a high-mountain habitat. Ornis Fennica 97: 53-63 (okreslanej dalej

w rozprawie jako Publikacja IV).

5 — Okreslenie parametrow siedliskowych wplywajacych na poziom presji drapiezniczej

sztucznych gniazd imitujacych lggi jarzabka.

To ostatnia praca stanowigca zasadnicza cz¢s¢ badawcza, W ktorej weryfikowane byty
dwie hipotezy dotyczace ryzyka drapieznictwa dla sztucznych gniazd.

Hipoteza (H4) - drapieznictwo jest mniej intensywne w miejscach lokalizacji gniazda
0 bogatej strukturze gatunkowej runa i podszytu w bezposrednim sgsiedztwie gniazd
w skali lokalnej (poniewaz gniazda sa trudniejsze do znalezienia z powodu zmniejszonej
widocznosci | ograniczonego przemieszania si¢ potencjalnych drapieznikow).

Hipoteza (H5) - drapieznictwo jest wigksze w skali przestrzennej o ubogiej strukturze
gatunkowej runa i podszytu oraz w poblizu szlakow turystycznych (poniewaz drapiezniki

moga swobodnie poruszac sie i tatwiej lokalizowa¢ gniazda).

Cel 5 zrealizowano w publikacji:
Matysek M., Gwiazda R., Figarski T., Zieba F., Klimecki M., Mateja R., Krzan P.
Piagtek G. (w druku) What habitat parameters are important for ground nests survival
in mountain forests? Recommendation for protection of Hazel Grouse Tetrastes bonasia
based on the experiment with artificial nests. Bird Study — w druku (okreslanej dalej
w rozprawie jako Publikacja V).
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Teren badan i metodyka

Do przeprowadzenia badan wybrano Tatrzanski Park Narodowy (TPN), ktory stanowi
miejsce licznego wystgpowania jarzabka, wielu potencjalnych drapieznikow mogacych
wplywac na jego liczebnos$¢ populacji oraz liczne szlaki turystyczne o duzym natgzeniu
ruchu turystycznego. TPN obejmuje cate polskie Tatry oraz niewiclkie czeSci Pogorza
Bukowinskiego (Pogorze Gliczarowskie) i Rowu Podtatrzanskiego (Kondracki 2013).
Jego powierzchnia wynosi okoto 212 km?. Drzewostany polskich Tatr o powierzchni
okoto 131 km?, wystepuja od pictra regla dolnego do pietra kosodrzewiny. Pietro regla
dolnego, porosnicte jest glownie przez bory Swierkowe (zbudowane przez $wierka
Picea abies), czgsto pochodzenia antropogenicznego oraz na niewielkiej powierzchni
przez buczyny, ktorych drzewostan jest zbudowany przez buka Fagus sylvatica i jodte
Abies alba, z domieszka jawora Acer pseudoplatanus. Przeksztatcenia antropogeniczne
byly spowodowane niewtasciwg gospodarka lesng prowadzong na przestrzeni XIX i XX
wieku. Polegaly one gléwnie na wprowadzeniu S$wierka na siedliska naturalnie
zajmowane przez jodle i buka. Na terenie Tatrzanskiego Parku Narodowego
powierzchnia drzewostanow zmienionych stanowi obecnie blisko 80% powierzchni
lasow dolnoreglowych. Pigtro regla gornego zdominowane jest prawie wylgcznie przez
bory $wierkowe. Miejscami  ro$nie  reliktowy bor  limbowo-$wierkowy
Pino cembrae - Piceetum. Powyzej regla gornego wystepuje si¢ pigtro subalpejskie,

porastane glownie przez kosodrzewing Pinus mugo (Pigkos-Mirkowa i Mirek 1996).
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Rys. 1. Rozmieszczenie stanowisk jarzabka w Tatrzanskim Parku Narodowym. Czarne punkty —

stanowiska jarzabka, czerwone punkty — miejsca losowe, gdzie nie stwierdzono obecnosci jarzabka, kolor
ciemno zielony — regiel dolny, kolor zielony — regiel gorny, jasno zielony — pigtro kosodrzewin, kolor szary
pozostate strefy ro$linne, czarny wielobok — obszar umieszczania sztucznych gniazd imitujacych legi

jarzabka.

Tatrzanski Park Narodowy pokryty jest gesta Siecig szlakow turystycznych,
ktorych taczna dhugos¢ wynosi 275 km. TPN odwiedza rocznie 3,5-4 min turystow,
a W ciagu jednego dnia moze by¢ nawet do 40 tys. turystow (dane Tatrzanskiego Parku
Narodowego). Pomimo tak duzego nat¢zenia ruchu turystycznego w TPN znajduja si¢
siedliska legowe wszystkich trzech gatunkow kurakow lesnych. Presj¢ drapieznicza na
populacje tych ptakéw moga wywiera¢ m.in. niedzwiedz brunatny, wilk Canus lupus, rys$
Lynx lynx, lis rudy, kuna le$na, gronostaj Mustela erminea, orzet przedni
Aquila chrysaetos, sokot wedrowny Falco peregrinus, jastrzab Accipiter gentilis i kruk.

Badania terenowe prowadzone byty w latach 2010-2014. Obejmowaty catym
obszar lesny TPN tj. okoto 131 km? (publikacje I, I, 1V) lub byly prowadzone na
powierzchni wynoszacej okoto 40 km? (szczegoly metodyczne sa przedstawione
w publikacjach 111, V) (Rys. 1).

Wyszukiwanie i opis miejsc wystepowania gatunku prowadzono w latach
2010-2012. Prace te polegaly na nastuchiwaniu odzywajacych si¢ jarzabkow

w odpowiedzi na odtwarzanie gtosu terytorialnego tego gatunku z urzadzenia
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elektronicznego w punktach wyznaczonych systematycznie co okoto 200 m (szczegdty
metodyczne sg przedstawione W publikacjach I, Il IV).

Odtowy gryzoni w dwoch siedliskach lesnych (buczyna 36 pulapek;
bor $wierkowy 18 putapek) prowadzono w pierwszej i czwartej dekadzie sierpnia
w latach 2012-2014. Do odtowu zastosowano putapki zywotowne, do ktérych wktadano
nieselektywna przynete. Odlow prowadzono przez 3 dni a wypuszczane zwierzeta

znakowano (szczegoély metodyczne sg przedstawione w publikacji 111) (Zdj. 11 2).

Zdj. 1i 2. Odtoéw i identyfikacja drobnych ssakéw (fot. Monika Ben Mrad).

Sztuczne gniazda imitujace lggi jarzabka lokowano losowo w latach 2012-2014.
W miejscu umieszczania sztucznego gniazda, w $cidtce wykonywano niewielki dotek, do
ktorego wktadano 5 kremowych jaj kurzych. Jaja uprzednio byly spryskane woda
W ktorej zanurzano martwg przepiorke zeby nanies¢ zapach kuraka. Jaja przykrywano
sktadowymi runa lesnego, tak by byly widoczne jedynie w okoto 20-30%, w celu
imitowania maskujgcego ubarwienia wysiadujgcej samicy. Za pomocg fotoputapek
(Acorn 5220) monitorowano 50% sztucznych gniazd w celu identyfikacji gatunku
drapieznika penetrujacego te gniazda. Sztuczne gniazda byly sprawdzane co tydzien

przez okoto 27 dni. W ostatnim dniu monitorowania wykonywany byt opis srodowiska
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lokalizacji sztucznego gniazda (szczegdty metodyczne sg przedstawione w publikacjach
", 1Iv, V).

Zdj. 3. Przyktadowa lokalizacja sztucznego gniazda imitujacego lgg jarzabka (przed maskowaniem)
(fot. Marcin Matysek).
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Zdj. 4. Sposdéb maskowania sztucznego gniazda imitujacego legi jarzabka (fot. Marcin Matysek).

Liczbe turystow na poszczegolnych szlakach turystycznych okreslano z pomoca
pracownikow i wolontariuszy TPN w latach 2009-2014. Liczenia odbywaty si¢ na
punktach wejsciowych do dolin oraz dodatkowo w sierpniu w miejscach krzyzowan lub
rozgalezien si¢ szlakow (szczegoly metodyczne sg przedstawione w publikacji 1V).

Wszystkie pozycje zaréwno stwierdzonych stanowisk gatunku jak
i wykonywanych gniazd, zapisywano w pamieci GPS Garmin 62s. Analizy graficzne jak
I cze$¢ obliczen, wykonywano za pomocg oprogramowania QGIS oraz ARCGIS. QGIS
postuzyt roéwniez jako generator pozycji losowych miejsc umieszczenia sztucznych

gniazd.
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Wiekszo$¢ analiz statystycznych wykonywanych byto w pakiecie STATISTICA
(version 11, 12, StatSoft 2014), ale rowniez w programach takich jak:
R (R Core Teams 2018) i PAST 4.0.

W publikacji pierwszej uzyto test Rao (ang. Rao’s spacing test) w celu okreslenia,
czy sredni kierunek potozenia stanowisk jarzabka oraz miejsc losowo wybranych rézni
si¢. Natomiast r6znice pomiedzy kierunkami ekspozycji stanowisk jarzabka i losowo
wybranych miejsc, gdzie nie stwierdzono obecno$ci gatunku obliczano testem
Mardia - Watson-Wheeler’a w programie PAST 4.0. Réznice W zaggszczeniu stanowisk
jarzabka w stosunku do powierzchni regla dolnego i gérnego oraz rdéznice w statusie
ochronnym obszarow ze stanowiskami jarzabka w stosunku do udziatu tych obszarow
w TPN okreslono z pomocg testu chi-kwadrat. W publikacji 11 w pierwszej kolejnosci
uzyto testu U Manna—Whitneya, zeby znalez¢ roznice badanych czynnikéw pomigdzy
miejscem wystgpowania jarzabka a miejscami losowymi, gdzie nie stwierdzono
obecnosci gatunku. Dalej czesé skorelowanych zmiennych taczono w komponenty dzieki
zastosowaniu analizy sktadowych gtownych (ang. principal correspondence analysis,
PCA). Nastgpnie przeprowadzono modelowanie wieloczynnikowe — og6lny model
liniowy (ang. generalized linear model, GLM) z funkcja logit jako funkcja wigzaca do
okreslenia wptywu badanych czynnikow na stanowiska jarzabka. Do rangowania modeli
zastosowano kryterium informacyjne Akaike (ang. Akaike information criterion, AIC).
Na koniec wykonano jednoczynnikowa regresje logistyczng dla najwazniejszych
zmiennych w celu okreslenia prawdopodobienstwa wystepowania jarzgbka w zaleznos$ci
od badanych czynnikéw. W publikacji III uzywano gléwnie uogélniony liniowy model
mieszany (ang. generalized linear mixed model, GLMM) dla rozktadu dwumianowego
z funkcja logit-link i rozktadem Poissona dla zbadania wptywu badanych zmiennych na
drapieznictwo na sztucznych gniazdach. Ponadto obliczono pseudo-R-kwadrat
(Nagelkerke 1991) oraz ilorazy szans (ang. Odd ratios, OR), w celu zobrazowania
zmiany prawdopodobienstwa rabowania sztucznych gniazd w zaleznosci od badanych
czynnikow. Frekwencje gatunkowg tapanych gryzoni analizowano za pomoca testu
Fishera. W IV publikacji do testowania autokorelacji przestrzennej i sztucznych gniazd
zostala uzyty indeks Morana (Moran 1950). Natomiast analiza wariancji Friedmana
(ang. analysis of variance, ANOVA) zostala uzyta przy obliczaniu zageszczenia ruchu
turystycznego na szlakach. Ponadto uzyto uogdlniony liniowy model mieszany (GLMM)
dla rozktadu dwumianowego z funkcjg logit-link do okreslenia wptywu badanych

czynnikow na stanowiska jarzabka oraz drapieznictwa na sztucznych gniazdach.
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Na koniec wykonano wieloczynnikowg regresj¢ logistyczng dla okreslenia
prawdopodobienstwa wystepowania jarzabka jak 1 presji drapiezniczej W zaleznosci od
odleglosci od szlakéw 1 nat¢zenia ruchu turystycznego. W publikacji V uzyto
testu U Manna-Whitneya do okreslenia roznic badanych czynnikow pomiedzy
gniazdami zrabowanymi i niezrabowanymi oraz korelacji Spearmana do zbadania
zalezno$ci miedzy zmiennymi. Dalej niektore zmienne, ktore okazaty si¢ skorelowane
zostaty potaczone w komponenty dzieki zastosowaniu analizy sktadowych glownych
(PCA). Nastgpnie przeprowadzono modelowanie wieloczynnikowe — ogdlny model
liniowy (GLM) dla rozkladu dwumianowego. Do rangowania modeli zastosowano
kryterium informacyjne Akaike (AIC). Ponadto wartos¢ dziennej presji drapiezniczej
wyliczano uzywajac metody Mayfielda (Mayfield 1961). Na koniec wykonano
jednoczynnikowa regresje¢ logistyczng dla zobrazowania prawdopodobienstwa
wystapienia drapieznictwa na sztucznych gniazda imitujace legi jarzabka dla

najwazniejszych zmiennych parametrow srodowiska.
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Wyniki

W efekcie prowadzonych badan nad tematem i publikacji stwierdzono, ze na terenie TPN
moze wystepowac 79 stanowisk jarzabka. Szacowana liczebno$¢ tego gatunku wynosi
najprawdopodobniej od 96 do 104 stanowisk. Zaggszczenie gatunku okreslone na
podstawie rzeczywistych stwierdzen wynosito 0,60 stanowisk/km?, natomiast dla
szacowanej liczebnosci zaggszczenie okreslono na 0,73-0,79  stanowisk/km?.
Jarzabek  wystgpowal zarbwno w reglu dolnym jak i gérnym oraz
W nieinwentaryzowanym pasmie kosodrzewiny, gdzie znaleziono dwa stanowiska.
Okoto 60 % stanowisk tego gatunku wystgpowato w przedziale wysokosci od 1100 do
1300 m n.p.m. Najczesciej na stokach o ekspozycji potudniowych, unikajac stokoéw
ponocnych. Jarzabek nieznacznie liczniej zasiedlat lasy objete ochrong czynna
W pordwnaniu z lasami obj¢tymi ochrong $cista i krajobrazowa.

Jarzabek jest uwazany za wskaznik naturalnych i heterogenicznych obszarow
lesnych. Wyniki drugiej publikacji odpowiedziaty na pytanie jakie czynniki siedliskowe
rekompensujg jarzgbkowi mato zrdéznicowane Srodowisko, jakimi jest bor swierkowy,
w wigkszosci budujacy lasy TPN. Najwazniejszymi czynnikami odpowiedzialnymi za
wystepowanie stanowisk tego gatunku okazaty si¢ ekspozycja stanowiska (preferowane
stoki poludniowe), wystgpowanie W obrebie terytorium wigkszej liczby strumieni,
zarastajacych polan oraz martwych drzew w poréwnaniu z losowymi miejscami, gdzie
nie stwierdzono obecno$ci gatunku. Jarzabek wystepowat najliczniej zardéwno
w mitodych jak i najstarszych drzewostanach, unikajac tych w $rednich klasach wieku.
Kluczowym elementem okazaty si¢ luki w zwartym drzewostanie. Jarzabek na terenie
TPN unikat zrebow i zwartych jednolitych monokultur swierkowych, czyli srodowisk
0 malym zroéznicowaniu gatunkowym. Natomiast wystepowat w miejscach rozpadania
si¢ zwartego drzewostanu wywotanego m.in. gradacja owadow, infekcjg grzybow lub
dziataniem silnych podmuchow wiatru halnego. Rozluznienie drzewostanu pozwala na
dotarcie do dna lasu wigkszej ilosci §wiatla stonecznego, co z kolei stymuluje wzrost
ro$lin, ktore stanowig pokarm jak i ostone dla badanego gatunku.

Z Kolei trzecia publikacja objasnia jeden z czynnikdw moggcych wptywac na
fluktuacje liczebnosci gatunku. Sukces legowy ptakow gniezdzacych si¢ na ziemi jest

silnie zwigzany z liczebnoS$cig drapieznikow. Wiele drapieznikow poszukujacych gniazd
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ptasich zywi si¢ gtoéwnie gryzoniami, a gdy ich zageszczenia sg niskie, zmieniajg zrodto
pokarmu (hipoteza alternatywnego zrodta pokarmu; APH) m.in. na jaja lub mtode ptaki.
Wyniki publikacji 111 pokazuja, ze sztuczne gniazda imitujace legi jarzabka penetrowane
sg gldwnie przez ssaki. Ponadto zaobserwowano roczng fluktuacje liczebnosci gryzoni,
ktoéra w 2012 roku wynosita 117 ztapanych osobnikéw, w 2013 roku 59 osobnikow
I ' w 2014 roku 35 osobnikéw. Stwierdzono, ze po znacznym spadku liczebnosci gryzoni
nastgpit wzrost drapieznictwa na sztuczne gniazda odpowiednio w roku 2012
zrabowanych zostato 8 sztucznych gniazd (18%, n = 45), kolejno w 2013 roku
29 sztucznych gniazd (42%, n = 69) w 2014 roku 21 sztucznych gniazd (35%, n = 60%).
Natomiast nie stwierdzono istotnych réznic we wskaznikach drapieznictwa miedzy
buczyna a borem swierkowym. Praca ta potwierdzita hipoteze alternatywnego zrodta
pokarmu (APH) i sugeruje, ze przezywalnos¢ legu ptakow, ktore zaktadaja gniazda na
ziemi zmienia si¢ i zalezy od zageszczenia gryzoni.

W czwartej publikacji poruszono wazny temat dla TPN, wplywu ruchu
turystycznego na szlakach na poziom presji drapiezniczej na sztuczne gniazda imitujgce
legi jarzabka oraz na rozmieszczenie stanowisk gatunku. Obecno$¢ tak duzej liczby
turystow generuje np. tzw. ,krajobraz strachu”, ktory ogranicza dostep zwierz¢tom do
srodowiska. Z danych zawartych w publikacji IV wynika, ze prawdopodobienstwo
wystepowania stanowiska jarzabka rosto wraz z zwigkszajacg si¢ odlegloscia od szlakow
turystycznych i spadkiem nat¢zenia ruchu turystycznego. Ponadto odnotowano, ze
poziom presji drapiezniczej na sztuczne gniazda imitujace legi jarzabka wzrastal wraz ze
spadkiem natgzenia ruchu turystycznego na szlakach. Natomiast nie stwierdzono by
odlegtos¢ lokalizacji sztucznych gniazd imitujacych legi jarzabka od szlakow
turystycznych byl istotny statystycznie. Badania wykazaly, ze najwigcej sztucznych
gniazd zostato zrabowanych przez kung lesng (54%), (fot. 5) nastepnie przez lisa (23%)
(fot. 6), kruka (15%) i niedzwiedzia brunatnego (8%).
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Zdj. 5i 6. Rabowanie sztucznych gniazd imitujacych legi jarzabka (zdjecia wykonane przez fotoputapke);
A —kuna lesna, B — lis rudy.

Opierajac si¢ na wynikach badan, mozna zasugerowac, ze obecno$¢ szlakow
turystycznych i natezenie ruchu turystycznego to wazne czynniki wplywajace na
rozmieszczenie i sukces legowy ptakéw gniezdzacych si¢ na ziemi na obszarach

chronionych. Dlatego w niniejszej pracy zaproponowano wprowadzenie ograniczenia
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ruchu turystycznego na szlakach przez miejsca stanowigce gléwne siedliska legowe
w celu skutecznej ochrony ptakoéw gniazdujacych na ziemi.

Ostatnia, pigta publikacja prezentuje zmienne siedliskowe, ktore moga byc¢
odpowiedzialne za minimalizacj¢ ryzyka drapieznictwa na sztuczne gniazda imitujace
legi jarzabka. O przetrwaniu lggu decyduje wiele czynnikdw, miedzy innymi miejsce
umieszczenia gniazda. Wyniki tej pracy prezentuja czynniki srodowiskowe dwoch
skalach: lokalnej (promien do 5 m od sztucznego gniazda) i przestrzennej (w promieniu
do 100 m od sztucznego gniazda). Sztuczne gniazda imitujace legi jarzabka byly znacznie
cze$ciej rabowane przez drapiezniki w miejscach 0 nizszym udziale martwego drzewa
I paproci w skali lokalnej. Prawdopodobienstwo zrabowania lggu wzrastatlo przy
mniejszej roznorodnosci gatunkowej runa lesnego w obu skalach oraz mniejszym udziale
uczeszezanych drog lesnych i szlakoéw turystycznych w skali przestrzennej.

Natomiast modelowanie wielowymiarowe wykazato, Ze najwazniejszymi
czynnikami odpowiedzialnymi za poziom presji drapiezniczej na sztuczne gniazda byly:
mniejszy udzial martwych drzew i skal, mniejszy udzial drog leSnych i szlakow
turystycznych. Ponadto modelowanie wiclowymiarowe wykazato, ze najwazniejszymi
czynnikami odpowiedzialnymi za poziom presji drapiezniczej to obecno$¢ gatunkow
takich jak buk, jodta 1 jawor oraz naturalno$¢ srodowiska i jego status ochronny.
Okreslono réwniez $redni dzienny poziom drapieznictwa na sztucznych gniazdach dla

poszczegolnych lat badan: 0.003 w 2012, 0.009 w 2013 i 0.004 w 2014 roku.
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Whnioski

Omowione powyzej wyniki badan sugerujg, ze zageszczenie jarzgbka na terenie TPN jest
nizsze od $redniej dla polskiej czesci Karpat, gdzie wystepowato 0,9 terytorium/km?
(Matysek 2016). Gatunek ten unikat obszaréw zwartego drzewostanu wystepujac W
miejscach z wigkszymi lukami w drzewostanie spowodowanymi przez gradacje
kornikéw, infekcje grzybow, czy uszkodzenia przez silne podmuchy wiatru halnego.
Ponadto, gatunck ten oprocz potudniowej ekspozycji stoku preferowal ekotony,
zarastajgce polany oraz wigkszy udziat mtodnikow i starodrzewu. Jarzabek w lasach TPN
wystepowat W miejscach, ktore charakteryzowaty si¢ wieksza roznorodnoscia gatunkowa
ro$lin jaki i siedlisk. Uzyskane wyniki badan potwierdzaja hipotez¢ 1 (H1), mowiaca, ze
presja drapieznicza na jaja ptakow (alternatywne zrodto pokarmu) wzrasta w przypadku
malego zageszczenia gryzoni. Badania wykazaty, ze po znacznym spadku zaggszczenia
gryzoni nastgpit wzrost drapieznictwa na sztuczne gniazda imitujgce legi jarzabka.
Kolejnym waznym czynnikiem oddziatujacym na zageszczenie tego gatunku to wptyw
natezenia ruchu turystycznego na szlakach. Uzyskane wyniki badan czeSciowo
potwierdzaja hipotez¢ 2 (H2) mowiagcy, ze szlaki turystyczne 1 natezenie ruchu
turystycznego negatywnie wplywaja na liczbg stanowisk jarzabka. Podczas badan
stwierdzono, ze prawdopodobienstwo wystepowania stanowisk jarzabka rosto wraz ze
wicksza odlegloscia od szlakéw turystycznych i malejacym natgzeniem ruchu
turystycznego. Duze natezenie ruchu turystycznego na szlakach wptywa réwniez
niekorzystnie na poziom presji drapiezniczej na sztuczne gniazda imitujgce legi jarzabka.
W toku badan potwierdzono czgsciowo hipotezg (H3) mowiaca, ze presja drapieznicza
na sztuczne gniazda imitujace legi jarzabka jest negatywnie powigzana z odlegloscia od
szlakow turystycznych oraz liczbg turystow. Stwierdzono, ze wraz ze spadkiem poziomu
natezenia ruchu turystycznego wzrastal poziom presji drapiezniczej na sztuczne gniazda
imitujace legi jarzabka. Najczgstszym drapieznikiem rabujagcym jaja w Sztucznych
gniazdach imitujacych legi jarzabka byla kuna lesna. Sredni dzienny poziomu
drapieznictwa dla poszczegolnych lat wynosit 0.003 dla 2012 roku, 0.009 dla 2013 roku
i 0.004 dla 2014 roku. Nie stwierdzono istotnych réznic W presji drapiezniczej migdzy
typami siedlisk lesnych (buczyna i bor).

W toku prowadzonych badan stwierdzono, ze sztuczne gniazda imitujace lggi

jarzabka byly znacznie czgéciej rabowane przez drapiezniki w miejscach o mniejszej
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réznorodno$ci gatunkowej runa leSnego, mniejszym udziale martwych drzew oraz
mniejszym udziale uczgszczanych drog lesnych i szlakow turystycznych. Wobec
powyzszego badania potwierdzajg hipoteze 4 (H4), méwiaca, ze drapieznictwo jest mniej
intensywne w miejscach lokalizacji gniazda o bogatej strukturze gatunkowej runa
I podszytu w bezposrednim sgsiedztwie gniazd w skali lokalnej oraz czesciowo
potwierdzaty hipoteze (HS) mowiaca, ze drapieznictwo jest wicksze w skali przestrzennej
0 ubogiej strukturze gatunkowej runa i podszytu oraz mniejszym udziale szlakow

turystycznych.
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Konkluzje konserwatorskie

Wyniki badan maja znaczenie dla ochrony i poprawy jakos$ci siedlisk jarzabka poprzez
zaproponowanie zmiany sposobu gospodarowania zasobami leSnymi oraz zarzgdzania
ruchem turystycznym. Wskazowki te mogg by¢ rowniez przydatne do reintrodukcji tego
gatunku.

Do najwazniejszych wnioskow zalicza si¢ (1) popieranie odnowienia
naturalnego i wigkszego udziatlu gatunkow drzew 1 krzewow lekkonasiennych,
pionierskich, (2) unikanie monokultur wiekowych i gatunkowych w drzewostanie,
(3) unikanie usuwania drzewostanu na duzych powierzchniach (r¢bni zupeinych)
a popieranie dziatan zmierzajacych do rozluznienia zwarcia koron i poprawy warunkow
$wietlnych w runie i podszycie, (4) pozostawiania jak najwigkszej ilosci martwego
drewna lezacego wraz z wykrotami, (5) popieranie wzrostu roznorodnosci gatunkowe;j
drzew i krzewoéw odpowiednich do siedliska lesnego, (6) ograniczenia w ruchu

turystycznym lub zamykanie szlakow prowadzacych przez gtéwne ostoje.

33



Bibliografia:

Angelstam P. 1986. Predation on ground-nesting birds nests in relation to predator
densities and habitat edge. Oikos 47: 365-373.

Angelstam P., Lindstrom E., Widén P. 1984. Role of predation in short-term population
fluctuations of some birds and mammals in  Fennoscandia.
Oecologia 62(2): 199-208.

ARCGIS 2020. https://www.arcgis.com.

Assandri G., Giacomazzo M., Brambilla M., Griggio M., Pedrini P. 2017. Nest density,
nest-site selection, and breeding success of birds in vineyards: Management
implications for conservation in a highly intensive farming system.
Biol. Conserv. 205: 23-33.

Baines D., Moss R., Dugan D. 2004. Capercaillie breeding success in relation to forest
habitat and predator abundance. J. Appl. Ecol. 41: 59-71.

Balmford A., Beresford J., Green J., Naidoo R., Walpole M., Manica A. 2009. A global
perspective on trends in nature-based tourism. PLoS Biology, 7 (6)
https://doi.org/10.1371/journal.pbio.1000144.

Barja 1., Silvan G., Rosellini S., Pifeiro A., Gonzalez-Gil A., Camacho L.,
llleraJ. C. 2007. Stress physiological responses to tourist pressure in a wild
population of European pine marten. J. Steroid Biochem. 104: 136-142.

Bergmann H. H., Klaus S., Miiller F., Scherzinger W., Swenson J. E., Wiesner J. 1996.
Die Haselhiihner, Bonasa bonasia und Bonasa sewerzowi. Die Neue Brehm-
Biicherei, Westrap Wissenschaften, Magdeburg.

Béty J., Gauthier G., Giroux J. F., Korpiméki E. 2001. Are goose nesting success and
lemming cycles linked? Interplay between nest density and predators.
Oikos 93: 388-400. doi:10.1034/j.1600-0706.2001.930304.x.

BirdLife International. 2020. Bonasa bonasia. The IUCN Red List of Threatened Species.

Boag D. A., Reebs S. G., Schroeder M. A. 1984. Egg loss among spruce grouse inhabiting
lodgepole pine forests. Can. J. Zool. 62: 1034-1037.

Bonczar Z. 1992. Karpacka populacja jarzgbka Bonasa bonasia (L., 1758) i mozliwos$ci
oddziatywania na nig. Zeszyty Nauk. Akademii Rolniczej w Krakowie
166: 1-97.

34



Bonczar Z. 2004. Jarzabek — Bonasa bonasia W: Gromadzki M. (red.). Ptaki (czg¢$¢ ).
Poradniki ochrony siedlisk i gatunkéw Natura 2000 — podrgcznik metodyczny.
Warszawa. Ministerstwo Srodowiska: 268—271.

Bonczar Z. 2007. Jarzagbek Bonasa bonasia. W: Sikora A., Rohde Z., Gromadzki M.,
Neubauer G., Chylarecki P. (red.). Atlas rozmieszczenia ptakow legowych
Polski 1985-2004. Bogucki Wyd. Nauk. Poznan: 88-89.

Boyle W. A. 2008. Can variation in risk of nest predation explain altitudinal migration in
tropical birds? Oecologia 155: 397-403.

Burger J., Jeitner C., Clark K., Niles L. J. 2004. The effect of human activities on migrant
shorebirds: successful adaptive management. Environmental Conservation
31: 283-288.

Chmielewski S., Fijewski Z., Nawrocki P., Polak M., Sutek J., Tabor J.,
Wilniewczyc P. 2005. Ptaki Krainy Gér Swietokrzyskich. Bogucki Wyd.
Nauk., Kielce—Poznan.

Chodkiewicz T., Kuczynski L., Sikora A., Chylarecki P., Neubauer G., Lawicki L.,
Stawarczyk T. 2015. Ocena liczebnosci ptakow legowych w Polsce w latach
2008-2012. Ornis Pol. 56: 149-189.

Cichocki J., Matysek M. 2015. O jarzabku, najmniejszym i niepoliczalnym kuraku
lesnym w Tatrach. Tatry 52: 70-75. Tatrzanski Park Narodowy.

Coppes J., Nopp-Mayr U., Griinschachner-Berger V., Storch 1., Suchant R.,
Braunish V. 2018. Habitat suitability modulates the response of wildlife to
human recreation. Biol. Conserv. 227: 56-64.

Cornulier T., Yoccoz N. G., Bretagnolle V., Brommer J. E., Butet A., Ecke F., Elston D.
A., Framstad E., Henttonen H., Hornfeldt B., Huitu O., Imholt Ch., Ims R. A.,
Jacob J., Jedrzejewska B., Millon A., Petty S. J., Pietidinen H., Tkadlec E., Zub
K., Lambin X. 2013. Europewide dampening of population cycles in keystone
herbivores. Science 340: 63-66. doi:10.1126/science.1228992.

Cresswell W. 2011. Predation in bird populations. J. Ornithol. 152: 251-263.

Faaborg J. 2004. Truly artificial nest studies. Conserv. Biol. 18: 369-370.

Fiedorowicz K. 2008. Jarzabek w potnocnej czgsci Puszczy Augustowskiej. W: Haze M.
(red.). Ochrona kurakow lesnych. i Miedzynarodowa Konferencja ,,Ochrona
kurakow  lesnych”, Janow  Lubelski, 16-18.10.2007. Monografia
pokonferencyjna: Centrum Informacyjne Laséw Panstwowych, Warszawa:
78 — 90.

35



Fretwell S., 1980. Evolution of migration in relation to factors regulating bird numbers,
W: Migrant Birds in the Neotropics: Ecology, Behavior, Distribution, and
Conservation (red.) A. Keast and E. S. Morton. Smithsonian Inst. Press,
Washington: 517-527.

Gill J. A. 2007. Approaches to measuring the effects of human disturbance on birds.
Ibis 149: 9-14.

Hagemeijer W. J. M., Blair M. J. 1997. The EBCC Atlas of European Breeding Birds:
Their Distribution and Abundance. T&AD Poyser, London.

Haskell D. G. 1995. Forest fragmentation and nest predation: Are experiments with
Japanese Quail eggs misleading? The Auk 112: 767-770.

Holling C. S. 1959. The components of predation as revealed by a study of small-mammal
predation of the European pine sawfly. The Canadian Entomologist 91(5):
293 — 320. d0i:10.4039/Ent91293-5.

Hoset K. S., Husby M. 2019. Are predation rates comparable between natural and
artificial open-cup tree nests in boreal forest landscapes? PLoS ONE 14(1):
€0210151. doi: 10.1371/journal.pone.0210151.

Jahren T., Storaas T., Willebrand T., Moa P. F., Hagrn B. R. 2016. Declining reproductive
output in capercaillie and black grouse — 16 countries and 80 years.
Animal Biol. 66: 363-400.

Jedrzejewski W., Jedrzejewska B. 1993. Predation on rodents in Biatowieza Primeval
Forest, Poland. Ecography 16: 47-64. doi:10.1111/j.1600-0587.1993.tb00058.x.

Johnsgard P. 1983. The grouse of the world. University of Nebraska, Press Lincoln.

Kajtoch L., Matysek M., Skucha P. 2011. Kuraki lesne Tetraoninae Beskidow
Wyspowego i Makowskiego oraz przylegtych pogorzy. Chronmy Przyr. Ojcz.
67(1): 27-38.

Kajtoch L., Zmihorski M., Bonczar Z. 2012. Hazel Grouse occurrence in fragmented
forest: habitat quantity and configuration is more important than quality.
European J. Forest Res. 131: 1783-1795.

Kajzer Z., Guentzel S., Jasinski M., Lawicki L., Dylawerski M. 2010. Delta Swiny. W:
Wilk T., Jujka M., Krogulec J., Chylarecki P. (red.). Ostoje ptakow 0 znaczeniu
miedzynarodowym w Polsce. OTOP, Marki: 5-6.

Kamieniarz R., Panek M. 2008. Zwierzeta fowne W Polsce na przetomie XX i XXI
wieku. Stacja Badawcza — OHZ PZt, Czempin: 1-132.

36



Kammerle J. L., Storch 1. 2019. Predation, predator control and grouse populations:
a review. Wildlife Biol (1): 1-12. https://doi.org/10.2981/wlb.00464.

Kondracki J. 2013. Geografia regionalna Polski. Wyd. Nauk. PWN, Warszawa.

Koscielny H., Belik K. 2006. Ptaki Laséw Lublinieckich. I. Przeglad gatunkow —
rozmieszczenie i liczebno$¢. Chronmy Przyr. Ojcz. 62: 47-77.

Kurkowski L. 2010. Pierwsza obserwacja jarzabka Bonasa bonasia w Gorzniensko-
Lidzbarskim Parku Krajobrazowym. Kulon 15: 108.

Lack D. 1954. The natural regulation of animal numbers. Oxford: Clarendon Press.
London: Geoffrey Cumberlege, Oxford University Pres.

Lahti D. 2001. The edge effect on nest predation hypothesis after twenty years. Biol.
Conserv. 99: 365-374.

Ludwig M., Schlinkert H., Holzschuh A., Fischer C., Scherber C., Trnkae A., Tscharntke
T., Batary P. 2012. Landscape-moderated bird nest predation in hedges and
forest edges. Acta Oecol. 45: 50-56.

Lumpkin H. A., Pearson S. M., Turner M. G. 2012. Effects of climate and exurban
development on nest predation and predator presence in the southern
Appalachian Mountains (USA). Conserv. Biol. 26: 679-688.

Major R. E., Kendal C. E. 1996. The contribution of artificial nest experiments to
understanding avian reproductive success: a review of methods and conclusions.
Ibis 138: 298-307.

Marchlewski J. 1948. Materialy do rozmieszczenia ghuszca Tetrao urogallus Linn.,
cietrzewia Lyrurus tetrix Linn. i jarzabka Tetrastes bonasia Linn. w Polsce.
Materiaty do Fizjografii Kraju 13: 1-53.

Marion W. R., O’Meara T. E., Maehr D. S. 1981. Use of playback recordings in sampling
elusive or secretive birds. Stud. Avian. Biol. 6: 81-85.

Martin J. L., Joron M. 2003. Nest predation in forest birds: influence of predator type and
predator’s habitat quality. Oikos 102: 641-653.

Martin T. E. 1993. Nest predation and nest sites. BioScience 43: 523-532.

Matysek M. 2013. Nowy rekord wysokos$ci. Tatry 43: 52-53. Tatrzanski Park Narodowy.

Matysek M. 2016. Jarzabek Tetrastes bonasia. W: Wilk T., Bobrek R., Pepkowska-Krol
A., Neubauer G., Kosicki J. Z. (red.) Ptaki polskich Karpat — stan, zagrozenia,
ochrona. OTOP, Marki: 112-120.

Matysek M. 2018. Jarzabek Tetrastes bonasia. W: Jedro G., Jerzak L., Bochenski M.,
Ciebiera O., Czechowski P., Rubacha S. (red.). Lubuski Atlas Ornitologiczny.

37



Legowe Ptaki Ziemi Lubuskiej. Oficyna Wyd. Uniwersytetu Zielonogorskiego,
Zielona Gora: 80-81.

Matysek M., Bonczar Z., Kajtoch L. 2015. Jarzabek Tetrastes bonasia. Monitoring
ptakow legowych. Poradnik Metodyczny. Wydanie II. GIOS. Warszawa:
139 - 144,

Matysek M., Gwiazda R., Bonczar Z. 2018. Seasonal changes of the Hazel Grouse
Tetrastes bonasia habitat requirements in managed mountain forests (Western
Carpathians). J. Ornithol. 159: 115-127.

Matysek M., Gwiazda R., Bonczar Z. 2020. The importance of habitat diversity and plant
species richness for hazel grouse occurrence in the mixed mountain forests of
the Western Carpathians. Eur. J. For. Res. 139: 1057-1065.
https://doi.org/10.1007/s10342-020-01307-2.

Mayfield H. 1961. Nesting success calculated from exposure. The Wilson Bulletin 73:
255-261.

McKinnon L., Smith P. A., Nol E., Martin J. L., Doyle F. I., Abraham K. F., i in. 2010.
Lower predation risk for migratory birds at high latitudes. Science 327:
326 — 327.

Miller J. R., Hobbs N. T. 2000. Recreational trails, human activity, and nest predation in
lowland riparian areas. Landscape Urban Plan. 50: 227-236.

Miller S. G., Knight R. L., Miller C. K. 1998. Influence of recreational trails on breeding
bird communities. Ecol. Appl. 8:162-169.

Moore R., Robinson W. 2004. Artificial bird nests, external validity, and bias in
ecological field studies. Ecology 85: 1562-1567.

Moran P. A. P. 1950. Notes on continuous stochastic phenomena. Biometrika 37: 17-23.
Miiller D., Schroder B., Miiller J. 2009. Modelling habitat selection of the cryptic Hazel
Grouse Bonasa bonasia in a montane forest. J. Ornithol. 150: 717-732.
Nagelkerke N. J. D. 1991. A Note on a General Definition of the
Coefficient of Determination. Biometrika, 78: 691-692.

https://doi.org/10.1093/biomet/78.3.691.

Part T., Wretenberg J. 2002. Do artificial nests reveal relative nest predation risk for real
nests? J. Avian Biol. 33: 39-46.

Paton P. 2002. The effect of edge on avian nest success: How strong is the evidence?

Conservation Biology 8: 17-26.

38



Pickos-Mirkowa H., Mirek Z. 1996. Zbiorowiska roslinne. W: Mirek Z. (red.). Przyroda
Tatrzanskiego Parku Narodowego. Tatrzanski Park Narodowy: 455-473.

Piotrowska M. 2005. Jarzagbek Bonasa bonasia. W: Wojciak J., Biadun W., Buczek T.,
Piotrowska M. (red.). Atlas ptakéw legowych Lubelszczyzny. LTO, Lublin:
118-1109.

Pucek Z., Jedrzejewski W., Jedrzejewska B., Pucek, M. 1993. Rodent population
dynamics in a primeval decidous forest (Bialowieza National Park) in relation to
weather, seed crop, and predation. Acta Theriol. 38: 199-232.
doi:10.4098/AT.arch.93-18.

QGIS 2020. https://www.qgis.org/pl.

R Core Team. 2018: R: A language and environment for statistical computing. R
Foundation for Statistical Computing. Vienna-Austri. https://www.R-pro-
ject.org/.

Reed S. E., Merenlender A. 2008. Quiet, non consumptive recreation reduces protected
area effectiveness. Conservation Letters 1(3):146-154.

Résner S., Mussard-Forster E., Lorenc T., Miiller J. 2013. Recreation shapes a landscape
of fear for a threatened forest bird species in Central Europe.
Landscape Ecology 29(1): 55-66.

Roézycki A., Keller M., Buczek T. 2007. Liczebno$¢ i preferencje siedliskowe jarzabka
Bonasa bonasia w Lasach Parczewskich. Not. Orn. 48: 151-162.

Rupf R., Wyttenbach M., Kéchli D., Hediger M., Lauber S., Ochsner P., Graf R. 2011.
Assessing the spatiotemporal pattern of winter sports activities to minimize
disturbance in capercaillie habitats. Eco.mont 3(2): 23-32.

Salek M., Svobodova J., Bejcek V., Albrecht T. 2004. Predation on artificial nests in
relation to the numbers of small mammals in the Krusné hory Mts, the Czech
Republic. Folia Zoologica 53(3): 312-318.

Saniga M. 2002. Nest loss and chick mortality in capercaillie (Tetrao urogallus) and hazel
grouse Bonasa bonasia in West Carpathians. Folia Zoologica 51: 205-214.

Seibold S., Hempel A., Piehl S., Béssler C., Brandl R., Rosner S., Miiller J. 2013. Forest
vegetation structure has more influence on predation risk of artificial ground
nests than human activities. Basic Appl. Ecol. 14(8): 687-693.

Sikora A., Lawicki L., Kajzer Z., Antczak J., Kotlarz B. 2013. Rzadkie ptaki na Pomorzu
w latach 2000-2012. Ptaki Pomorza 4: 5-81.

Skutch A. F. 1980. Avrils as food for tropical American birds. Condor 82: 31-42.

39



Skutch A. F. 1985. Clutch size, nesting success, and predation on nests of Neotropical
birds, reviewed. Ornitological Monographs No. 36. American Ornithological
Society: 575-594.

StatSoft 2014. STATISTICA (data analysis software system), version 12.
www.statsoft.pl.

Steen O. G., Wegge P., Heid S., Hjeljord O., Nellemann C. 2010. The effect of
recreational homes on willow ptarmigan Lagopus lagopus in a mountain area of
Norway. Eur. J Wild. Res. 56(5): 789-795.

Storaas T. 1988. A comparison of losses in artificial and naturally occurring Capercaillie
nests. J. Wildl. Manag. 52: 123-126.

Storch 1. 2007. Grouse: Status Survey and Conservation Action Plan 2006-2010. IUCN,
Fording bridge, UK, World Pheasant Association, Gland, Switzerland.

Storch 1. 2013. Human disturbance of grouse - why and when? Wildlife Biol. 19:
390 - 403.

Storch 1., Leidenberger C. 2003. Tourism, mountain huts and distribution of corvids in
the Bavarian Alps, Germany. Wildlife Biol. 9: 301-308.

Storch 1., Woitke E., Krieger S. 2005. Landscape-scale edge effects predation risk in
forest-farmland Mosaics of Central Europe. Landscape Ecology 20(8): 927-940.

Summers R. W., McFarlane J., Pearce-Higgins J. W. 2007. Measuring avoidance by
capercaillies of woodland close to tracks. Wildlife Biol. 13(1): 19-27.

Summers R. W., Willi J., Salvidige J. 2009. Capercaillie Tetrao urogallus nest loss and
attendance at Abernethy Forest, Scotland. Wildlife Biol. 15(3): 319-327.

Svobodova J., Koubova M., Mrstny L. 2012. Temporal variation in nest predation risk
along habitat edges between grass land and secondary forest in Central Europe.
Eur. J Wild. Res. 58: 315-323.

Swenson J. E. 1991. Evaluation of a density index for territorial male Hazel Grouse
Bonasa bonasia in spring and autumn. Ornis Fenn. 68: 57—65.

Thiel D., Jenni-Eiermann S., Braunisch V., Palme R., Jenni L. 2008. Ski tourism affects
habitat use and evokes a physiological stress response in capercaillie Tetrao
urogallus: a new methodological approach. J. Appl. Ecol. 45: 845-853.

Tirpak J. M., Giuliano W. M., Miller C. A., Allen T. J., Bittner S., Edwards J. W., Friedh
of S., Igo, W. K, Stauffer D. F., Norman G. W. 2006. Ruffed grouse nest success
and habitat selection in the «central and southern Appalachians.
J. Wildlife Manage. 70: 138-144.

40



Tomiatoj¢ L., Stawarczyk T. 2003. Awifauna Polski. Rozmieszczenie, liczebnos$¢
I zmiany. PTPP ,,pro Natura”, Wroclaw.

Tomkovich P. S., Zharikov Y. V. 1997. Wader breeding conditions in the Russian tundras
in 1996. Bulletin - Wader Study Group 83: 26-36.

Tomkovich P. S., Zharikov Y.V. 1998. Wader breeding conditions in the Russian tundras
in 1997. Bulletin - Wader Study Group 87: 30-42.

Villard M. A., Pért T. 2004. Don’t put all your eggs in real nests: a sequel to Faaborg.
Conserv. Biol. 18: 371-372.

Vitousek P. M., Mooney H. A., Lubchenco J., Melillo J. M. 1997. Human domination of
Earths Ecosystems. Science 277: 494-499.

Walasz K., Mielczarek P. (red.). 1992. Atlas ptakow legowych Matopolski 1985-1991.
Biologica Silesiae, Wroctaw: 156-157.

Watson A., Moss, R. 2004. Impacts of ski—development on ptarmigan Lagopus muta at
Cairn Gorm, Scotland. Biol. Conserv. 116: 267-275.

Wereszczuk A., Zalewski A. 2015. Spatial Niche Segregation of Sympatric Stone Marten
and Pine Marten — Avoidance of Competition or Selection of Optimal Habitat?
PloS ONE 10(10), e0139852. doi.org/10.1371/journal.pone.0139852.

Wilcove D. 1985. Nest predation in forest tracts and the decline of migratory song birds.
Ecology 66: 1211-1214.

Willebrand T., Marcstrom V. 1988. On the danger of using dummy nests to study
predation. The Auk: 1987-1988.

Wilson D. J. Bromley R. G. 2001. Functional and numerical responses of predators to
cyclic lemming abundance: effects on loss of goose nests. Can. J. Zoology 79:
525-532. d0i:10.1139/z01-009.

Zanette L. 2002. What do artificial nests tells us about nest predation?
Biol. Conserv. 103 (3): 323-329.

Zawadzka D., Zawadzki J. 2006. Ptaki jako gatunki wskaznikowe rdznorodnos$ci
biologicznej i stopnia naturalnosci lasow. Studia i Materiaty Centrum Edukacji
Przyrodniczo-Lesnej 8(4): 249-262.

Zigba F., Zwijacz-Kozica T. 2014. Zwierzeta Tatrzanskiego Parku Narodowego w roku
2012. W: Wojcik W. A.iin. (red.). Wierchy 117: 193-200. PTTK, Krakow.

Zub K., Jedrzejewska B., Jedrzejewski W., Barton K. A. 2012. Cyclic voles and shrews
and non-cyclic mice in a marginal grassland with in European temperate forest.
Acta Theriologica 57: 205-216. doi:10.1007/s13364-012-0072-2.

41



Zmihorski M., Lewtak J., Brzezinski M., Romanowski J. 2010. Nest survival in a large
river valley: An experiment using artificial nests on an island and bank of Vistula
river. Pol. J. Ecol. 58(1): 197-203.

Zurawlew P. 2012. Ptaki Wielkopolski — aktualna lista gatunkow, ich status i zmiany.
Ptaki Wielkopolski 1: 3-17.

42



Publikacja |

Matysek M., Gwiazda R., Binkiewicz B., Szewczyk G. 2021.
Liczebno$¢ 1 rozmieszczenie jarzabka Tetrastes bonasia w Tatrzanskim Parku
Narodowym. Ornis Polonica 62: 49-59.

Impact Factor: 0; 5-letni Impact Factor: 0; punkty MNiSW: 20.

43



Omnis Polonica 2021, 62: 49-59

LiczebnoSc¢ i rozmieszczenie jarzabka Tetrastes bonasia
w Tatrzanskim Parku Narodowym

Marcin Matysek', Robert Gwiazda?, Bogustaw Binkiewicz?,
Crzegorz Szewczyk*

! Tatrzanski Park Narodowy, KuZnice 1, 34-500 Zakopane; Instytut Ochrony Przyrody PAN,
Al. Adama Mickiewicza 33, 31-120 Krakéw; mmatysek@tpn.pl

? Instytut Ochrony Przyrody PAN, Al. Adama Mickiewicza 33, 31-120 Krakéw;
gwiazda@iop.krakow.pl

*Ogréd Botaniczny, Instytut Botaniki, Uniwersytet Jagiellonski, Kopernika 27, 31-501 Krakéw;
bbinkiewicz@poczta.fm

*KRAMEKO sp. z 0.0., Mazowiecka 108, 30-023 Krakéw; szewczg@interia.pl

Abstrakt: Praca prezentuje wyniki inwentaryzacji jarzabka prowadzonej w Tatrzariskim Parku
Narodowym w latach 2010-2013. Wystepowanie jarzabka okreslono na podstawie odpowiedzi
na glos terytorialny tego gatunku odtwarzany z urzadzenia elektronicznego w punktach wyzna-
czonych systematycznie co okofo 200 m. Gatunek inwentaryzowano w lasach pomijajac pasmo
kosodrzewiny. tacznie odnotowano 79 stanowisk jarzabka, a jego catkowita liczebnosé¢ oszacowa-
no na okolo 96-104 stanowisk. Zageszczenie jarzabka wynosito 0,60 stanowisk/km? (0,73-0,79
stanowisk/km? dla szacowane] liczebnosci). Jarzabek najliczniej wystepowal w reglu dolnym (48
stanowisk), gdzie osiqgat zageszczenie 0,56 stanowisk/km?. W reglu gérnym stwierdzono 29 sta-
nowisk, a zageszczenie wynosito 0,64 stanowisk/km?. Najliczniej wystepowat w przedziale wy-
sokosci od 1100 do 1300 m n.p.m. (62% zinwentaryzowanych stanowisk). Najczescie] zasiedlat
stoki o ekspozycji potudniowo-zachodniej i potudniowo-wschodniej, unikajac stokéw pétnocnych
I péinocno-zachodnich. Jarzabek nieznacznie liczniej zasiedlat lasy objete ochrona czynna (34
stanowiska, zageszczenie 0,63 stanowisk/km?) w poréwnaniu z lasami objetymi ochrong scistq
(31 stanowisk, zageszczenie 0,58 stanowisk/km?) i krajobrazowq (14 stanowisk, zageszczenie 0,58
stanowisk/km?).

Stowa kluczowe: jarzabek, Tetrastes bonasia, Tatry, Tatrzarski Park Narodowy, liczebnosé,
rozmieszczenie

Abundance and distribution of the Hazel Grouse Tetrastes bonasia in the Tatra National Park.
Abstract: The paper summarizes the results of an inventory of the Hazel Grouse inhabiting the
Tatra National Park carried out in 2010-2013. The Hazel Grouse occurrence was detected based
on the birds response to the territorial voice of a this species played from an electronic device at
points determined systematically every 200 m. In total, 79 sites of this species were recorded and
total population size was estimated at approximately 96—104 sites. Density of this species was 0.6
sites/km? (0.73-0.79 sites/km? for the estimated population size). The Hazel Grouse was the most
numerous in the lower montane zone (48 sites), with density of 0.56 sites/km?. 29 sites were found
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in the upper montane zone, and density was 0.64 sites’km?. This species inhabited forests and
partially the dwarf mountain pine zone where it was not inventoried. It was the most numerous in
the altitude range from 1100 to 1300 m above sea level (62% of the inventoried sites). It inhabited
mostly the south-west and south-eastern slopes, avoiding the north and north-west ones. The most
numerous sites of the Hazel Grouse was in the forests under active protection (34 sites, density of
0.63 sites/km?) in comparison with the forests under strict protection (31 sites, density of 0.58 sites/
km?) and landscape protection (14 sites, density of 0.58 sites/km?).

Keywords: Hazel Grouse, Tetrastes bonasia, the Tatra Mountains, Tatra National Park, abundance,
distribution

Jarzabek Tetrastes bonasia to najmniejszy, a zarazem najliczniejszy przedstawiciel kura-
kéw lesnych Europy (Bergmann et al. 1996). Wystepuje w lasach iglastych i mieszanych
Eurazji zasiedlajac wylacznie réznowiekowe i réznogatunkowe lasy oraz lokalnie pasmo
kosodrzewiny (Bergmann et al. 1996, Bonczar 2004, Kajtoch et al. 2011, 2012, Zieba
& Zwijacz-Kozica 2014, Cichocki & Matysek 2015, Matysek et al. 2015, 2018b, 2019a,
2020a, Matysek 2016). W Europie gatunek ten wystepuje gléwnie od Fennoskandii i Ro-
sji, po zachodnig Ukraine i tuk Karpat. Drugi rejon wystepowania jarzabka to Alpy oraz
duza czes¢ Potwyspu Batkanskiego (np. Bergmann et al. 1996, Hagemeijer & Blair 1997,
BirdLife International 2020). Europejska populacje legowa, obejmujaca okoto 30% glo-
balnego zasiegu, szacuje sie na okoto 1,48-2,9 min par (BirdLife International 2020),
natomiast legowa Swiatowa populacje na 9-20 min os. (BirdLife International 2016).
W Polsce jarzabek wystepuje gléwnie w pieciu rejonach: potudniowo-zachodnim, obej-
mujacym Sudety wraz z Przedgérzem Sudeckim (Bonczar 2004, Matysek et al. 2015,
Wasiak P. — dane niepubl.), potudniowo-wschodnim, obejmujacym Karpaty oraz Kotling
Sandomierska (Walasz & Mielczarek 1992, Bonczar 2004, Kajtoch et al. 2011, Maty-
sek et al. 2015, Matysek 2016), srodkowopolskim, obejmujacym Géry Swietokrzyskie
i przylegte do nich tereny na wyzynach Matopolskiej i Slaskiej (Chmielewski et al. 2005,
Koscielny & Belik 2006, Matysek et al. 2015), wschodnim, obejmujacym Roztocze (Pio-
trowska 2005) i pétnocno-wschodnim, obejmujacym rozlegte kompleksy lesne Mazur,
Warmii, Suwalszczyzny, Podlasia i Polesia (Bonczar 2007, Rézycki et al. 2007, Fiedoro-
wicz 2008, Kurkowski 2010, Matysek et al. 2015). Izolowane stanowiska tego gatunku
wystepuja w kilku kompleksach lesnych Pomorza (Kajzer et al. 2010, Sikora et al. 2013,
M. Matysek — dane niepubl.), Wielkopolski (Zurawlew 2012) i najprawdopodobniej bar-
dzo nielicznie w czesci laséw Ziemi Lubuskiej (Matysek 2018a). Jarzabek jest gatunkiem
terytorialnym, a wielkos¢ jego terytorium uzalezniona jest od pory roku i jakosci $ro-
dowiska (np. Bergmann et al. 1996, Bonczar 2004). Terytoria zimowe sa najmniejsze,
ich wielkos¢ waha sie od 2 do 16 ha, a terytoria w okresie wodzenia pisklat moga mie¢
powierzchnie do 33 ha (Pynnénen 1954, Bergmann et al. 1978, Bonczar 1992, Swenson
etal. 1993, Kimpfer & Lauenstein 1995, Montadert & Leonard 2006).

Na terenie Polski jarzabek jest okreslany jako nieliczny lub lokalnie srednio liczny,
stabo rozpowszechniony gatunek legowy (Tomiatoj¢ & Stawarczyk 2003, Bonczar 2007,
Matysek et al. 2015). Wedtug réznych autoréw jego liczebnos¢ w Polsce oscyluje w gra-
nicach od 15 000-20 000 samcéw (Chodkiewicz et al. 2015) do okoto 70 000 os.
(w przeliczeniu 35 000 samcoéw) (Bonczar 2004). Srednie wiosenne zageszczenie popu-
lacji tego gatunku w Polsce wynosi od 0,1 do 5,3 samca/km? (Bonczar 1992, Walasz &
Mielczarek 1992, Rézycki et al. 2007, Fiedorowicz 2008, Kajtoch et al. 2011, Tumiel et
al. 2013, Matysek et al. 2015, Matysek 2016). Na innych obszarach w obrebie areatu wy-
stepowania gatunku wiosenne zageszczenie waha sie od 1 do 15 samcow/km?. W gérach
centralnej i zachodniej Europy wielkos¢ zageszczenia oscyluje w granicach od 2,4 do
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7 par/km? (Zbinden 1979, Montadert & Leonard 2003). Zageszczenie >10 samcoéw/km?
osiagaja populacje w pétnocnej Europie (Pakkala et al. 1983).

Do tej pory nie przeprowadzono kompleksowych badan dotyczacych liczebnosci
i rozmieszczenia jarzabka na catym obszarze polskich Tatr. Dostepne dane opierajq sie
na przypadkowych obserwacjach Stuzby Tatrzanskiego Parku Narodowego (np. Zieba &
Zwijacz-Kozica 2014) lub na inwentaryzacji malych obszaréw Parku i interpolacji uzy-
skanych wynikéw (Glowacinski & Profus 1992, Cichocki 2010, Matysek 2016), co moglo
prowadzi¢ do zanizania lub zawyzania liczebnosci jarzabka.

Celem niniejszej pracy byto okreslenie liczebnosci i zageszczenia jarzabka w polskiej
czesci Tatr i zbadanie polozenia stanowisk tego gatunku pod wzgledem wysokosci, eks-
pozycji oraz statusu ochronnego drzewostanu Tatrzanskiego Parku Narodowego.

Teren badan

Powierzchnia Tatrzanskiego Parku Narodowego (TPN) wynosi okoto 212 km?. Powierzch-
nia lesna TPN (bez kosodrzewiny) ma okoto 131 km?. Drzewostany polskich Tatr wy-
stepuja od pietra regla dolnego do pietra kosodrzewiny. Pietro regla dolnego, ktérego
powierzchnia wynosi w TPN okofo 86 km?, rozpoczyna sie na wysokosci ok. 800 m
n.p.m. i siega do ok. 1200-1250 m n.p.m. Pietro to porosniete jest gléwnie przez bory
swierkowe zbudowane przez Swierka Picea abies oraz na niewielkiej powierzchni przez
buczyny, ktérych drzewostan jest zbudowany przez buka Fagus sylvatica i jodte Abies
alba. Pietro regla gornego, ktérego powierzchnia wynosi ok. 45 km?, siega od gérnej
granicy regla dolnego do gérnej granicy lasu, ktéra po péinocnej stronie Tatr rozciaga sie
do ok. 1550 m n.p.m. Lasy regla gérnego zdominowane sa prawie wylacznie przez bory
swierkowe. Powyzej regla gérnego rozposciera sie pietro subalpejskie, porastane gléwnie
przez kosodrzewine Pinus mugo (Piekos-Mirkowa & Mirek 1996). Tatrzariskie lasy sg an-
tropogenicznie przeksztalcone; dotyczy to blisko 80% powierzchni laséw w strefie regla
dolnego. Drzewostany te s wrazliwe na niekorzystne dziatanie czynnikéw abiotycznych
(susze, silne wiatry, kwasne deszcze) i biotycznych (patogeniczne grzyby, gradacje owa-
déw). W zwiazku z tym powierzchnia lesna sktada sie z mozaiki zachowanych ptatéw
starodrzewu, siedlisk otwartych (tgki, pastwiska i powierzchnie dotkniete wiatrowatem)
i réznych faz rozwojowych drzewostanéw iglastych i mieszanych. W latach wykonywa-
nia badan lasy TPN podzielone byly na trzy strefy rezimu ochronnego: a) obszar ochrony
Scistej o powierzchni okofo 53 km? (40,5% powierzchni lesnej Parku), b) obszar ochrony
czynnej o powierzchni okoto 54 km? (41% powierzchni leSnej Parku), c) obszar ochrony
krajobrazowej, o powierzchni okoto 24 km? (18,5% powierzchni lesnej Parku).

Materiat i metody

Wyszukiwanie terytoriéw jarzabka prowadzono w lasach regla dolnego i gérego (bez
kosodrzewiny) w latach 2010-2013. Z uwagi na trudne warunki terenowe wykonano
jedna kontrole rocznie. W pierwszych dwéch latach wykonano inwentaryzacje w Tatrach
Wysokich, w kolejnych w Tatrach Zachodnich. W zaleznosci od dtugosci zimy i grubosci
pokrywy énieznej kontrole rozpoczynano na przefomie marca i kwietnia i prowadzono
do potowy maja. Prace prowadzono tylko w dni pogodne, bez silnego wiatru, od oko-
to godziny po wschodzie storica do okoto godziny przed zachodem storca. Poruszano
sie po transektach o dfugosci okoto 5 km dostosowanych do warunkéw terenowych,
unikajac wyznaczania ich wzdtuz ciekéw wodnych i szlakéw o duzym natezeniu ruchu
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turystycznego. Co okofo 200 m zatrzymywano sie w celu przeprowadzenia wabienia. Po
zatrzymaniu sie w punkcie wabienia i odczekaniu okoto 2 minut, za pomoca urzadzenia
elektronicznego przez okofo 1 minute odtwarzano glos terytorialny jarzabka. Nastepnie
przez okofo 2 minuty prowadzono nastuch. Czynnos¢ ta powtarzano dwukrotnie (Maty-
sek et al. 2015). Po zlokalizowaniu ptaka lub uzyskaniu dowodéw na jego wystepowanie
zapisywano wspoirzedne miejsca stwierdzenia w odbiorniku GPS oraz notowano wyso-
kos¢ n.p.m., ekspozycje oraz status ochrony obszaru, w ktérym zlokalizowano gatunek
lub $lady jego obecnosci. Za stanowisko jarzabka uwazano miejsce, w ktérym slyszano
$piew samca odzywajacego sie glosem terytorialnym w okresie tokéw wiosennych, sty-
szano trzepot skrzydet lub obserwowano ptaka. Z uwagi na skryty tryb zycia tego gatunku
(Bergman et al. 1996) oraz trudne warunki terenowe nie starano sie wyszukiwa¢ gniazd
czy par ptakéw. Przy szacowaniu liczebnosci i zageszczenia brano takze pod uwage
miejsca, gdzie znaleziono odchody lub Swieze tropy pozostawione na bfocie lub $niegu.
Z uwagi na to, ze 10-20% samcéw nie odpowiada na wabienie (Swenson 1991) oraz
z powodu objecia inwentaryzacja okoto 90% powierzchni lesnej parku ze wzgledu na
trudne warunki terenowe, uzyskany wynik moze by¢ zanizony. Dlatego oprécz wyniku
faktycznie uzyskanego podano réwniez wartos¢ szacunkowq uwzgledniajaca wspomnia-
ne niedoszacowania.

W celu okreslenia czy Sredni kierunek ekspozycji stanowisk jarzabka jest rézny od
losowego, w r6znych siedliskach w obrebie kontrolowanych transektéw wybrano loso-
wo 79 miejsc, w ktérych nie stwierdzono jarzabka. W tym celu wykorzystano generator
pozycji losowych w programie QGIS (QGIS 3.8.0). Ekspozycje miejsc, w ktérych stwier-
dzono jarzabka oraz tych, gdzie nie wystepowat przypisano do 8 kategorii (N, NE, E,
SE, S, SW, W, NW). W celu okreslenia czy sredni kierunek pofozenia stanowisk jarzab-
ka oraz miejsc losowo wybranych rézni sie od losowego rozmieszczenia wykorzystano
test Rao (ang. Rao’s spacing test) w programie PAST 4.0. R6znice w kierunkach ekspo-
zycji stanowisk jarzabka i losowo wybranych miejsc obliczono testem Mardia-Watson-
-Wheeler’a w programie PAST 4.0. R6znice w zageszczeniu stanowisk jarzabka w reglu
dolnym i reglu gérnym w stosunku do powierzchni tych pieter roslinnosci oraz réznice
w statusie ochronnym obszaréw ze stanowiskami jarzabka w stosunku do udziatu tych
obszaréw w TPN badano z pomoca testu chi-kwadrat w programie STATISTICA 12.0.

Wyniki

Podczas czterech lat badar na terenie TPN stwierdzono tacznie 79 stanowisk jarzabka
(rys. 1), a catkowitg liczebno$¢ oszacowano na 96-104 stanowisk. Srednie zageszczenie
tego gatunku na catym badanym terenie (tj. w lasach regla dolnego i gérnego) wyliczone
w oparciu o rzeczywiste stwierdzenia wynosito 0,6 stanowisk/km?(zakres: 0—4 stanowisk/
km?). Natomiast dla szacowanego przedziatu (96-104 stanowisk) zageszczenie wynosito
0,73-0,79 stanowisk/km?. Jarzabek w TPN wystepowat zaréwno w reglu dolnym i gor-
nym oraz w nieinwentaryzowanym pa$mie kosodrzewiny, gdzie przypadkowo znale-
ziono dwa stanowiska. W reglu dolnym stwierdzono 48 stanowisk, (zageszczenie 0,56
stanowisk/km?), a w reglu gérnym 29 stanowisk (zageszczenie 0,64 stanowisk/km?). Nie
stwierdzono réznic w zageszczeniu jarzabka w reglu dolnym i reglu gérnym (> = 0,23;
df = 2; P<0,630). Wiekszos¢ stanowisk (62,0%; N = 79) byta zlokalizowana w przedzia-
le wysokosci 171001300 m n.p.m. (rys. 2).

Ekspozycja stanowisk, na ktérych zarejestrowano jarzabka réznita sie istotnie od eks-
pozycji stanowisk, na ktérych gatunku nie odnotowano (W = 26,48; P<0,001; N = 158).
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Rys. 1. Rozmieszczenie stanowisk jarzgbka w Tatrzariskim Parku Narodowym

Fig. 1. Distribution of the Hazel Grouse sites in the Tatra National Park. (1) — sites, (2) — random sites,
(3) — forests lower montane zone, (4) — upper montane zone, (8) — dwarf mountain pine zone, (6) — other
mountain zones
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Rys. 2. Liczba stanowisk jarzgbka na réznych wysokosciach w Tatrzanskim Parku Narodowym

Fig. 2. Number of the Hazel Grouse sites at different altitudes in the Tatra National Park. (1) — number of
sites, (2) — altitude (m a. s. 1)
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Rys. 3. Polozenie (azymut) stanowisk jarzgbka (A) i miejsc losowych, gdzie jarzabka nie stwierdzono (B)
na terenie Tatrzanskiego Parku Narodowego. Czerwona linia oznacza sredni kierunek

Fig. 3. Location (azimuth) of the Hazel Grouse sites (A), and random sites where the Hazel Grouse was
not recorded (B) in the Tatra National Park. Red line shows mean direction

Wiekszos¢ z nich (53,2%) byta zlokalizowgna w kierunku potudniowo-wschodnim i po-
tudniowo-zachodnim (N = 79) (rys. 3). Sredni kierunek ekspozycji stanowisk jarzabka
(172,9°) i miejsc losowo wybranych (7,9°) réznity sie istotnie od rozmieszczenia losowe-
go (odpowiednio Rao’s U = 323,4; P=0; N =79 Rao’s U = 323,5; P = 0; N = 79)
(rys. 3).

I’YSStWierdzono istotny wplyw statusu ochronnego obszaru (ochrona Scista — 31 stano-
wisk, czynna — 34 stanowisk, krajobrazowa — 14 stanowisk) na wystepowanie tego ga-
tunku w stosunku do powierzchni obszaru (y* = 20,71; df = 2; P<0,001). W lasach
objetych ochrong czynng jarzabek uzyskiwat zageszczenie 0,63 stanowisk/km?, a w po-
zostatych dwoch obszarach po 0,58 stanowisk/km?.

Dyskusja

W niniejszej pracy liczebnos¢ jarzabka na terenie TPN zostata oszacowana na 96-104
stanowisk. Uzyskane wyniki koresponduja z danymi (70-120 par) podawanymi dla obsza-
ru NATURA 2000 Tatry PLC120001 (https://natura2000.eea.europa.eu/Natura2000/SDF.
aspxite=PLC120001) oraz z danymi (80 terytoriéw) uzyskanymi w projekcie , Ptaki Kar-
pat” (Matysek 2016) dla TPN. Mniej precyzyjne oszacowanie (70-200 par), ale obejmuja-
ce zakres stwierdzony w trakcie niniejszych badan, podawano dla poczatku lat 80. XX w.
(Glowacinski & Profus 1992). Niniejsze szacunki sa nieznacznie wyzsze od danych (40-60
par) podawanych przez Ziebe & Zwijacza-Kozice (2014) oraz znacznie nizsze od danych
(650-1300 par) Cichockiego (2010). Liczebnos¢ populacji jarzabka podlega naturalnym
fluktuacjom, w ktérych wartosci skrajne (minimum i maksimum liczebnosci) wystepuja co
okoto 5-7 lat i moga ré6znic sie miedzy kolejnym latami o 30-40% (Johnsgard 1983, Besh-
karev etal. 1994, Bergmann et al. 1996, Lindstrom et al. 1996, 1997, Cattadori & Hudson
2000). Jednak wysoka liczebnos¢ gatunku podana przez Cichockiego (2010) przewyzsza
wielokrotnie wielkos¢ raportowanych fluktuacji liczebnosci populacji. Tak wysoka wartosé¢
mozna tltumaczy¢ wykonaniem liczeri na malych powierzchniach w latach szczytu liczeb-
nosci gatunku i ekstrapolacji wynikéw na obszar catego Parku.
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Biorac pod uwage wystepowanie od 1250 do 1350 par jarzabka na terenie obszaru
Natura 2000 Tatry SKCHVUO030 w Stowacji (https://natura2000.eea.europa.eu/Natu-
ra2000/SDF.aspx?site=SKCHVUO030#1), cale Tatry moze zasiedla¢ od okofo 1400 do
1900 par. Wysoka liczebnos¢ tego gatunku po stowackiej stronie Tatr mozna najprawdo-
podobniej ttumaczy¢ lepszymi warunkami siedliskowymi i klimatycznymi niz po polskiej
stronie i/lub przeszacowaniem danych stowackich (brak dostepu do danych na temat
metodyki oszacowania liczebnosci).

Populacja jarzabka zasiedlajaca polskie Tatry stanowi niewielki odsetek (1,2%) popu-
lacji zasiedlajacej polskie Karpaty. Wedtug projektu ,Ptaki Karpat” gatunek ten zasiedla
najliczniej Beskidy Lesiste (4 180 terytori6w) i Beskidy Zachgdnie (2 730 terytoriéw),
mniej licznie Beskidy Srodkowe (540 terytoriéw) i Pogérze Srodkowobeskidzkie (440
terytoriéw), natomiast najmniej liczna populacje stwierdzono w Tatrach (80 terytoriéw)
oraz w Obnizeniu Orawsko-Podhalafskim, Pogérzu Zachodniobeskidzkim (dla kazdego
po 40 terytoriéw) (Matysek 2016).

Zageszczenia jarzabka w Tatrach oszacowane w niniejszej pracy (0,6 stanowisk/km?)
sa mniejsze niz uzyskane w projekcie ,Ptaki Karpat” (1,2 terytorium/km?, zakres: 0,7—
1,6), w ktérym dane uzyskano na podstawie liczeri na jedynie czterech powierzchniach
o boku 2 x 2 km. Zblizone zgeszczenia jarzabka w polskich Karpatach podawano z Be-
skidow Zachodnich (1,0 terytorium/km?) natomiast wyzsze z Beskidéw Lesistych (2,4
terytorium km?). Natomiast nizsze zageszczenia wykazano dla Beskidéw Srodkowych
(0,5 terytorium/km?), Pogérzy oraz Obnizenia Orawsko-Podhalanskiego (dla kazdego 0,2
terytorium/km?; Matysek 2016). Z kolei dla srodkowych Beskidéw wykazano znacznie
wyzsze wartosci zageszczenia (3,5-4,5 samca/km?; Bonczar 1992, Kajtoch et al. 2011)
niz uzyskane w projekcie ,Ptaki Karpat” (Matysek 2016). Uzyskane zageszczenia sq réw-
niez mniejsze w poréwnaniu z wartosciami z laséw Parczewskich, Puszczy Augustowskiej
i Puszczy Knyszynskiej (1-4 samcéw/km?; np. Rézycki et al. 2007, Fiedorowicz 2008,
Tumiel et al. 2013). Tak duze réznice w zageszczeniach mozna tlumaczy¢ odmienng
jakoscig siedlisk lesnych, duzymi wahaniami zageszczen tego gatunku, i/lub réznicami
metodycznymi inwentaryzacji. Do gléwnych czynnikéw odpowiedzialnych za ksztatto-
wanie corocznych zmian liczebnosci naleza: presja drapieznicza, niekorzystne warunki
pogodowe w okresie legéw, spos6b gospodarki lesnej oraz dziatanie czynnikéw biotycz-
nych i abiotycznych na drzewostan (Saniga 2002a, Seibold et al. 2013, Matysek et al.
2015, 2019a, 2019b, 2020a, 2020b).

W TPN jarzabek licznie wystepowatl w reglu dolnym, ale najwyzsze zageszczenie
odnotowano w reglu gérnym. By¢ moze zalezno$¢ ta ma zwiazek z borealno-goérskim
charakterem tego gatunku, lecz z drugiej strony lasy regla gérnego sa w wiekszosci two-
rzone przez Swierk, co nieco przeczy preferencjom siedliskowym gatunku w kierunku
réznowiekowego i réznogatunkowego drzewostanu (np. Bergman et al. 1996, Kajtoch
et al. 2015, Matysek et al. 2019b, 2020a). Ostatnie badania wykazaly, ze na terenie Tatr
jarzabek rekompensuje sobie brak réznorodnosci gatunkowej i wiekowej drzewostanu
wybierajac luki w zwartym drzewostanie wywotane silnymi wiatrami, czy tez gradacjq
owadéw. Zasiedla takze ekotony drzewostanéw z terenami otwartymi lub zarastajace
gatunkami pionierskimi opuszczone hale, polany czy halizny. W tych miejscach okap
drzewostanu gléwnego byt przerzedzony lub nie wystepowat, przez co do dna lasu do-
cieralo wiecej Swiatfa, ktére stymulowato wzrost Swiattolubnych roélin preferowanych
przez ten gatunek.

Jarzabek najliczniej stwierdzany byt w przedziale wysokosci od 1100-1300 m n.p.m.,
co koresponduje z wynikami projektu ,Ptaki Karpat”, gdzie frekwencja stwierdzer tego
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gatunku w przedziale wysokosci od 1200 do 1600 m n.p.m. byla najwyzsza i wynosita
25-40% (Matysek 2016). Co ciekawe, Glowaciriski & Profus (1992) wykryli ten gatunek
jedynie w buczynach regla dolnego w przedziale wysokosci od 960 do 1100 m n.p.m.
W niniejszej pracy najwyzej zlokalizowane stanowiska (masyw Suchego Wiechu Orna-
czanskiego —ok. 1660 m n.p.m., Uptaznianska Kopa — 1570 m n.p.m., N = 79) jarzabka
znajdowaly sie powyzej gérnej granicy lasu w pasmie kosodrzewiny, ktéra nie byta ob-
jeta inwentaryzacja. Najwyzej zlokalizowane $lady obecnosci (odchody) tego gatunku,
znajdowaly sie nieco wyzej, tj. na wysokosci ok. 1680 m n.p.m. (stoki Uplaznianskiej
Kopy) i ok. 1750 m n.p.m. (stoki Suchego Wierchu Ornaczanskiego). By¢ moze strefa ta
jest liczniej zasiedlana przez jarzabka (Podobiriski 1961, Zieba & Zwijacz-Kozica 2014,
Matysek 2013, Cichocki & Matysek 2015), wymaga to jednak dalszych badar. W lasach
Stowacji jarzabek wystepuje od 300 do 1850 m n.p.m. (Ladziansky & Sladek 1961, Sa-
niga 2002b). Natomiast w Alpach Szwajcarskich najwyzej obserwowano ten gatunek na
wysokosci 2160 m n.p.m. (Maumary et al. 2007).

Zinwentaryzowane stanowiska jarzabka najczesciej zlokalizowane byly na stokach
o ekspozycji potudniowo-wschodniej i pofudniowo-zachodniej. Uzyskane dane sg cze-
sciowo zgodne z danymi projektu ,Ptaki Karpat”, w ktérym odnotowano czestsze wy-
stepowanie gatunku na stokach o ekspozycji pétnocnej i potudniowej (Matysek 2016).
Preferencja tych ekspozycji w Tatrach moze mie¢ zwigzek z wiekszym nastonecznieniem
stokéw potudniowych, co wigze sie z wezesniejszym zanikiem pokrywy $nieznej i diuz-
szym okresem wegetacji roélin.

Préba calosciowej inwentaryzaciji tak skrytego gatunku jakim jest jarzabek w bardzo
trudnym gorskim terenie, pochfania duzo czasu i energii, a uzyskany efekt pracy jest
niewspo6tmierny do nakladéw. Wydaje sie, ze lepsza metodq okreslajacg stan liczebnosci
populacji sg prace na transektach na mniejszych powierzchniach prébnych na odpo-
wiednich siedliskowo obszarach (Matysek et al. 2015).

Autorzy pracy chcg serdecznie podziekowaé pracownikom TPN: Filipowi Ziebie, Maciejowi
Klimeckiemu, Radostawowi Mateji, Piotrowi Krzanowi, Michatowi Stowiriskiemu, tukaszowi Pek-
sie, Stanistawowi Wierzbanowskiemu, J6zefowi Bobakowi, Tomaszowi Zwijaczowi — Kozicy oraz
Marcinowi Bukowskiemu za pomoc w przygotowywaniu pracy.
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Abstract

The Hazel Grouse (Tetrastes bonasia) is considered an indicator of the naturalness and heterogeneity of the forest
environment. This species occurs in various woods and forages on a variety of plants. The aim of this study was to verify
the hypothesis that, in Norway spruce-dominated forest stands, the Hazel Grouse compensates for habitat poverty
using non-forest areas and harsh topography, which deliver food resources and shelter for the birds. We compared
14 environmental and topographic variables in forest patches occupied and unoccupied by the Hazel Grouse in the
Tatra Mountains (South Poland). Multivariate modelling showed that crucial factors for Hazel Grouse occurrence in
spruce-dominated high-mountain forests were southern or western exposures, the presence of streams or glades and a
multilayer forest structure with lower plant species richness in the undergrowth layer. Moreover, this species avoided
clearcuts and depended either on wild sites (with a high share of deadwood and treefall gaps in mature stands at higher
altitudes) or juvenile stands. The results of our study confirmed that gaps in forests and diverse topography could
compensate the Hazel Grouse for habitat deficiency. These findings may be important for effective protection of this
species in high-mountain spruce-only dominated forests.

Keywords
habitat homogeneity,mountain forests, spruce, Hazel Grouse, Tatra Mountains

Introduction Numerous bird species could be selected for studies on
compensation for habitat poverty, and, among them, appro-
priate indicator candidates could be designed from seden-
tary taxa. Such taxa are known to be dependent on complex
habitats and specialized food resources, especially those
that change during the year. Moreover, these taxa can be
used as keystones or surrogates, which has been demon-
strated by scientific research, but they are also relatively
abundant, which is a necessary factor when conducting
research. Grouse (7etraonidae) meet these criteria.!!
Among forest-dwelling grouses of Europe, two taxa have

Species require various resources to enable their survival
and effective reproduction. Some taxa are associated with
particular types of habitat and food resources, whereas oth-
ers depend on different environments and host plants or
prey.!2 This is particularly noticeable in the case of taxa
that depend on different habitats and food resources
depending on the season and life stage. Usually, such spe-
cies cannot survive and reproduce in areas that do not pro-
vide sufficient resources or individuals, and populations
that inhabit these areas have lower fitness, that is, survival
and effective breeding.’* However, species sometimes
attempt to compensate for a deficiency of some factors in ijnstitute of Nature Conservation, Polish Academy of Sciences, Krakéw,
their environment using other habitats or food resources.  Poland
This issue is of high importance in the light of habitat loss, ~*Tatra National Park, Zakopane, Poland
fragmemation and isolation caused by amhropogenic land 3In§titute of Syssematics and Evolution of Animals, Polish Academy of
56 H : 3 3 = Sciences, Krakéw, Poland
use.>¢ This should be investigated, especially in rare or 4 o " Bty Boesnizal Gardan; Jagiallonian Diivessie, Kiskéan,
threatened species or those that are considered indicators,  pojand
umbrellas or surrogates for some types of habitats and  asto, Poland
assemblages known to be important for conservation .
79 Corresponding author:
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been studied very intensively due to their rarity and endan-
germent: Capercaillie (7etrao urogallus) and Black Grouse
(Tetrao tetrix).”>1> The third European forest-associated
grouse, Hazel Grouse (7etrastes bonasia), has also been the
object of several studies.!'*'® Despite these studies, sub-
stantial information about its ecology and biology are still
missing (e.g. reproductive success in natural and managed
forests). Moreover, in contrast to larger grouses, the Hazel
Grouse is still quite abundant in some areas of Europe,
especially in the boreal zone and in some mountain
ranges.'?20 The Hazel Grouse is stable in its boreal popula-
tions and the Carpathians, butitis declining in most Western
European countries.2"2* This makes the Hazel Grouse a
better study subject, as it is possible to collect a large quan-
tity of data from its populations. Moreover, the Hazel
Grouse is known to be dependent on various woods, as it
utilizes both coniferous and deciduous forests during the
year, preferring mixed ones. Moreover, it forages on differ-
ent plants, including trees, shrubs and herbs, as well on
invertebrates during the juvenile stage.!>25 Several studies
on this species have shown its habitat requirements in natu-
ral-resembling and managed forests in Scandinavia, the
Alps, the Bohemian Massif and the Carpathians.!7.20-33

Hazel Grouse is considered to be an indicator of the
naturalness and heterogeneity of the forest environment.367
This species consumes a specialized plant diet and hence
requires certain structures of these plants to survive indi-
vidual phenological periods (seasons).>*35 The majority of
data about the Hazel Grouse’s habitat requirements were
collected from heterogeneous and mixed forests. In con-
trast, data from homogeneous forests are still missing,
probably caused by the assumption that homogeneous for-
ests are inappropriate for this species.! Here, we examine a
Hazel Grouse population from high-mountain spruce-only
forests of the Tatra Mountains (the Western Carpathians).
This is the highest mountain chain of the Carpathians, and
it is where a known viable population of Hazel Grouse,
estimated at approximately 80 pairs, resides in the Polish
part of the Tatras.2*38 Studies are available from other parts
of the Carpathians, where this species inhabits mixed
woods in mountain and foothill zones.?-3:3 This popula-
tion in the Tatra Mountains inhabits spruce-only stands,
which leads to the question of how these birds can survive
and successfully breed in an environment where tree layer
diversity is much lower than in heterogeneous and mixed
forests.

The main aim of this study was to verify the hypothesis
that, in spruce-dominated forest stands, the Hazel Grouse
compensates for habitat poverty using non-forest areas and
harsh topography, which provide shelter and suitable food
resources for adults, nests and broods.

Material and methods
Study area

The study was conducted in the Tatra Mountains - the
highest mountain chain of the Western Carpathians (top -
Gerlachov Peak, 2655 m a.s.l. in Tatra National Park,
Slovakia). This has been a protected area since 1955 in

POLAND

Figure |. Sites of Hazel Grouse in Tatra National Park
(circles) in the forest, marked by dark grey, and other mountain
zones marked light grey.

Poland and 1949 in Slovakia; however, protection regimes
are very different in various parts of these mountains, from
a total lack of human impact to intensive wood logging.
The study area comprised 150km? and covered the whole
forest area of TNP. The examined area was situated between
850 and 1550m a.s.l.; and approximately half of the data
(53%) were collected above 1200 m a.s.l. Forests in this
area are mainly overgrown by spruce (Picea abies) which
are present naturally in upper forest zones in the forest
types Plagiothecio-Piceetum tatricum and Polysticho-
Piceetum and in lower forest zones in the forest types
Dentario glandulosae-Fagetum, Abieti-Piceetum monta-
num and Galio-Piceetum carpaticum.’® However, in the
lower zone, the number of spruce has been artificially
increased by an anthropogenic transformation of beech-fir
forests into spruce-only woods in the 19th and the begin-
ning of the 20th century.®” This mismanagement caused a
high fragmentation of the landscape, which is currently
composed of preserved patches of old growths, open habi-
tats (meadows, pasture fields and clearcuts) and young
coniferous and mixed forests of different ages. In the lower
forest montane zone, spruce monocultures currently consti-
tute about 80% of the area.*! These forests are mainly
exposed to the unfavourable effects of abiotic and biotic
factors, which in turn cause them to dieback. Above the tree
line, mountain pine (Pinus mugo), scrub, grasslands and
screes dominate. Higher the alpine and crags zones occur.??

Bird inventory

Hazel Grouse were inventoried according to standard
methods?342 described elsewhere.3!35 In brief, these meth-
ods are used play-back of grouse voices (song of the male),
which is known to be an effective way to stimulate males
in a field. 242 Following other ecological studies on Hazel
Grouse,}!3435 here we use the term ‘site’ for a place where
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this bird was localized instead of ‘territory’, as the col-
lected data were based on Hazel Grouse calls, and we were
unable to design exact borders and centres of territories in
the field. Therefore, environmental data were collected
within a 30-ha area surrounding the ‘sites’. Bird sites were
identified in the field from April to June during 2010—
2012. Due to very harsh topography and long-lasting snow
cover, it was not possible to execute an inventory on the
whole study area. Forests in the TNP were arbitrarily
divided into two sectors, clearly separated by mountain
tops or deep valleys. Sectors were inventoried at the same
time by one independent team. Grouses were sought along
transects (200-300 m distant from each other) to cover the
whole forest and non-forested land, which also allowed for
the identification of non-occupied areas. We used a song
played from MP3 speakers as an imitation of Hazel Grouse
calls. After a few minutes of listening, the observer moved
to the next point. Each site was checked twice a year dur-
ing a peak of the spring call period. Hazel Grouse bred
successfully in the Tatra Mountains,*® but nests and broods
were not intentionally sought in this study, as their locali-
zation is difficult in mountainous areas and could lead to
the underestimation of site number. Here, we focused on
identification of areas occupied by the Hazel Grouse dur-
ing the breeding period in the large area. Sites were
recorded using GPS (Garmin 62).

Site selection

In total, 79 sites in which Hazel Grouse were present were
identified during the study (Figure 1). This number corre-
sponds well with the estimated number of birds in this pop-
ulation in the Polish TNP.238

Moreover, the same number of sites (79) was randomly
selected in areas where no signs of Hazel Grouse were
found. These unoccupied sites were designated at a dis-
tance greater than 400 m (as the crow flies) from the nearest
known sites. Due to the topography of mountain areas, the
real distance between sites was greater (at least 600m).
Therefore, selected sites do not overlap, but sites can be
adjacent to each other. Areas with a radius of 300m were
designated around the points where Hazel Grouse were
recorded and around random points in stands where Hazel
Grouse were not found (see above). In such areas, corre-
sponding to the average size of a Hazel Grouse territory
(30ha),'* environmental measurements were conducted.
All sites were recorded using GPS (Garmin 62).

Environmental variables

Atotal of 14 environmental and topographic variables were
collected for each study site within a 300 m radius around at
the centres of sites where Hazel Grouse was present and at
the centres of sites designated as unoccupied. These varia-
bles were (1) STREAMS (presence/absence); (2) GLADES
(cover; %); (3) CLEAR CUTS (cover; %); (4) TREEFALLS
(cover; %); (5) WOOD (spruce cover; %); (6) DEADWOOD
(m*ha™!); (7) RICHNESS (number of herbaceous vegeta-
tion species in the place of Hazel Grouse records presented
on a scale from 1 to 13); (8) LAYERS (number of forest

layers, 1-3: trees, understory, undergrowth); (9-12) forest
age intervals: <<50 years (y), 50-100 years, 101-150years
and 150 years; (13) ALTITUDE (m as.l) and (14)
EXPOSURE (degrees). Variables 1, 13 and 14 were meas-
ured using GPS (Garmin 62) and noted during field inven-
tories. We measured variables (2)—~(6) and (9)—(12) using a
forest habitat e-map and determined other cover variables
in QGIS 2.18.11 (http://www.qgis.org/pl/site/), ignoring
topographic irregularities. The surface areas of variables
were calculated using the geoinformation program based
on orthophoto maps (e.g. using Color Infrared Imagery)
and maps showing the structure of wood stands. The vari-
ables (7) and (8) were determined directly in the study area.

Data anadlysis

Differences between sites localized in Hazel Grouse—
occupied and Hazel Grouse—unoccupied forest patches were
studied with the use of a Mann—Whitney U test (Table 1).
Principal component analysis was used to check collinear-
ity among the environmental variables.#® The principal
component was extracted for the group of significantly
correlated variables, called component “WILDERNESS’
(TREEFALLS, DEADWOOD, >150years). This compo-
nent, together with the remaining variables and ‘Hazel
Grouse occurrence’ as the response variable, was used to
build multivariate generalized linear models (GLMs). The
resulting models were then ranked in order of increasing
Akaike information criterion (AIC) values*# and Akaike
weights (w). The model with the lowest AIC score and the
highest weight is viewed as the most parsimonious, as it
explains most of the variance with the fewest parameters.
Following Burnham and Anderson,*s models with AAIC <2
compared to the model with the lowest AIC were assumed to
have high strength of evidence, while models with AAIC > 10
have essentially no support. All models with AAIC <2 were
presented as well as a set of ‘worse’ models (with the highest
AIC) to show which variables are the most responsible for
Hazel Grouse presence. To visualize the impact of the most
important variables on Hazel Grouse occurrence, logistic
regression curves were plotted. In addition, AIC weights
were summed for models containing the given variables. The
predictor with the highest weight (AIC w) was considered as
the most important for Hazel Grouse occurrence. All analy-
ses were performed in STATISTICA 11.0 software (StatSoft).

Results

Mann—Whitney U tests (Table 1) showed that Hazel Grouse
in high-mountain spruce-dominated forests was more often
found in forest patches situated on slopes with southern,
southwestern and western exposures. Moreover, this bird
prefers to breed in areas rich in glades (share of glades was
4.5-fold higher in occupied than in unoccupied sites) and
near streams (1.6-fold higher). Sites with Hazel Grouse
were also characterized by higher shares of deadwood and
fallen trees in the oldest forest stands (>150years).
Simultaneously, this species also preferred to occupy the
youngest stands (<<50years) with a high number of vascu-
lar plants in the undergrowth layer.
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Table I. Statistical differences between environmental variables

in territories of Hazel Grouse and unoccupied sites.

Variable Hazel grouse sites Unoccupied sites Mann— p-value
Whitney
Avg Min Max SD Avg Min Max SD U test

STREAMS 0.6 0.0 1.0 0.5 0.4 0.0 1.0 0.5 2.471 0.013
GLADES 9.6 0.0 40.0 9.4 22 0.0 40.0 73 5.565  <0.001I
CLEARCUTS 34 0.0 50.0 10.0 6.3 0.0 80.0 15.8 -0.746 0.456
TREEFALLS 10.8 0.0 50.0 14.1 6.8 0.0 80.0 17.6 3.034 0.002
WOOD 76.2 50.0 100.0 16.4 84.7 20.0 100.0 21.8 -4.194  <0.001
DEADWOOD 829 25.0 250.0 83.2 44.9 25.0 250.0 49.6 2.76 0.006
RICHNESS 6.8 1.0 13.0 4.0 82 20 13.0 4.1 -2.542 0.011
LAYERS 25 1.0 3.0 0.6 22 1.0 3.0 0.8 1.617 0.106
Age <50 28.1 0.0 90.0 222 18.9 0.0 90.0 225 3.119 0.002
Age 50-100 342 0.0 100.0 27.9 46.3 0.0 100.0 342 =-2.191 0.028
Age 101-150 19.7 0.0 80.0 20.2 24.1 0.0 100.0 27.5 -0.285 0.775
Age> 150 182 0.0 90.0 24.0 10.8 0.0 100.0 21.8 2316 0.021
ALTITUDE 1221.5 900.0 1650.0 156.8 1152.5 850.0 1550.0 161.5 2.608 0.009
EXPOSURE 169.7 0.0 315.0 78.6 1282 0.0 315.0 1204 2.763 0.005

SD:standard deviation.
Significant differences between sites were given in bold.

Table 2. Sets of candidate generalized linear models explaining the important factors for occurrence of Hazel Grouse (presented

models with AAIC<2).

Model k AIC A w
Intercept only 221.0 4781 5.142E-12
Wilderness + Glades + Richness + <50 + Exposure + Streams 6 173.2 0.00 0.124
Wilderness + Glades + Wood + Richness + <50 + Exposure + Streams 7 173.8 0.62 0.091
Wilderness + Glades + Richness + <<50 + 50-100 + Exposure + Streams 74 174.8 1.59 0.056
Wilderness + Glades + Richness + <50 + Exposure + Altitude + Streams 7 175.2 1.98 0.046

Akaike information criterion (AIC), difference between the given model and the most parsimonious model (A) and Akaike weight (w) were reported

for each model.

Multivariate modelling generally supported the above-
mentioned findings (Table 2). For Hazel Grouse occur-
rence in spruce-dominated high-mountain forests, the
following variables were crucial: glades (SAIC w=0.999),
presence of streams (ZAIC w=0.900), trees < 50 years old
(juvenile stands) (XAIC w=0.881), but lower richness in
the undergrowth layer (XAIC w=0.856). Moreover, this
species depended on wilderness sites (here represented by
old woods with treefall gaps, a high deadwood amount and
the oldest stands) (ZAIC w=0.812) and exposure (XAIC
w=0.773). On the other hand, this bird apparently avoided
dense wood (2AIC w=0.381) aged 50-100 years (XAIC
w=0.323), and altitude (2AIC w=0.286) was not an
important factor.

The regression curve plots (Figure 2) showed that Hazel
Grouse reach a high probability (approximately 100%) of
occurrence if cover by glades exceeds 30%; however, the
obtained data could not show the appropriate upper thresh-
old of glade share for this species, as glades constituted no
more than 40% of the cover at the points examined. Grouse
simultaneously avoided patches affected by clearcuts and
preferred areas moderately covered by spruce woods. Hazel
Grouse occurrence was found to be dependent on either the
oldest or the youngest wood stands (Figure 2). Moreover,

these birds preferred to occupy forest patches with a high
share of deadwood and fallen trees (Figure 2).

Discussion

The habitat requirements of the Hazel Grouse are rela-
tively well known due to several studies on its boreal
(mainly Scandinavian) and mountain (from most moun-
tain ranges in Europe) populations.26-2731.34.35 This species
prefers to breed in mixed woods, which provide sufficient
cover against predators of adults, nests and broods.
Conifers have been found to be necessary in areas defi-
cient in snow during the winter period* and appropriate
food resources for chicks and adults throughout the year.
This species relies mainly on berries and seeds as well as
on invertebrates in the vegetation period and buds and
needles in the winter.!5-25

The present survey showed that the Hazel Grouse could
also survive and breed in much less diverse forests, like in
high-mountain spruce-only woods. However, to live there,
this bird must compensate for the poverty of this habitat.
Natural spruce forests in mountains are generally dense, so
the birds should not have difficulty finding shelter for
themselves and their nests. However, due to man-made
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Figure 2. Logistic regression curves showing the relationship between the occurrence of Hazel grouse and selected predictors

(environmental variables).

influences on forest structure in the Tatra Mountains,
both currently and in the past these woods are often too
uniform, even-aged and with poorly developed understory
and undergrowth layers.* This could reduce the occurrence
of the Hazel Grouse. Other factors that could limit
Hazel Grouse occurrence in such high-mountain spruce-
dominated areas is a deficiency of food. There are almost
no other trees or bush species in spruce forests, and the
deficiency of light prevents the development of tree, herb
and shrub species that prefer high insolation. These factors
lead to quite an unusual situation for typical forest-dwelling

Hazel Grouse. These birds are forced to utilize much more
open areas than they do in other forests.

The majority of Hazel Grouse sites in this study were
found to be localized either along streams or on the edges
of glades and within natural small gaps in the stand (mainly
treefall gaps). This preference of Hazel Grouse for streams
has recently been shown in another unusual population,
which inhabits fragmented woods in the Carpathian foot-
hills.3'37 There, these birds were also forced to find areas
along watercourses where remnants of other trees and
bushes could be found and where they can find better
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shelter from predators. On the other hand, Hazel Grouse
generally avoid open lands and are unable to cross larger
open areas’!32. The presence of this species on overgrown
glades as well as in areas with numerous treefall gaps in
high mountains resulted from the abundance of dense veg-
etation. This is, however, constituted by a very limited
number of plant species; often restricted by two species of
plants that grow in clumps (especially blueberries
Vaccinium sp. and bilberries Rubus sp.), which give good
shelter and excellent food resources.’'*35 However, it
should be emphasized that Hazel Grouse preferred to
inhabit glades, but a too large cover (above 40%) by this
type of open lands decreased the probability of their occur-
rence, which is concordant with the above-mentioned data
about open land avoidance by this species and with the
research of Sitzia et al.®® Hazel Grouse is able to forage in
open land at a distance of 15m from the forest edge.*’
However, this species mainly utilizes ecotones of glades
and overgrown clearings and is unable to live in tree-free
areas, even if they are covered by suitable host plants. In
such areas, the Hazel Grouse requires the presence of at
least a small group of mountain pine or spruce. Moreover,
the Hazel Grouse avoids other open lands in high moun-
tains — especially clearcuts. Clearcuts are generally too
open for this species, as, in the first years after wood log-
ging, there are no shrubs or herbs (later, if not afforested by
foresters, they should turn into glades and the forest should
return). Moreover, this bird did not show preferences for
middle-aged forests but preferred to occupy either juvenile
or veteran stands. The second finding is concordant with
the knowledge that the Hazel Grouse is a good keystone
for mature and nature-like forests.!'37 Spruce-dominated
stands in middle-aged stages do not provide the appropriate
food supply for this species, as these woods contain no or
very limited understory and undergrowth layers, unless
some treefall gaps are present. On the other hand, juvenile
spruce stages are often accompanied by some pioneer trees,
bushes and shrubs (e.g. rowan Sorbus aucuparia, junipers
Juniperus communis, willow Salix sp., blueberries and bil-
berries), at least until the tree layer becomes too dense.
There is the same concern with the oldest (above 150-year-
old) stands, which are mostly situated at higher altitudes
and are rich in treefall gaps and deadwood. Gaps in these
stands were caused by strong winds, and the destruction of
trees by bark beetles (Scolytinae) allows light to reach the
bottom of the forest, so development of undergrowth and
understory layers can occur between old spruces. Hazel
Grouse was found in tree stands damaged by spruce beetle
infestation and in tree stands damaged by winds in the
TNP.*# Somewhat conversely, Hazel Grouse were found in
forest stands with a slightly lower richness of plant species
in the undergrowth. This could probably be explained by
the presence of some plants in spruce forests, which are not
important for grouse as they do not constitute host plants
(e.g. some ferns and mosses). However, the best explana-
tion could be that the most numerous forests in the Tatra
Mountains are characterized by a low richness of plant spe-
cies because the soil is poor in nutrients. Snow cover can
last for half a year or more, and Hazel Grouse selected
mostly south- and west-facing slopes for breeding places.

This could be explained by the snow melting faster on these
slopes in the spring, when the birds begin to breed.
Moreover, plant vegetation lasts longer and the number of
potential species of host plants is greater on the slopes of
this exposure. As territory and site shifts between seasons
are known for this species,**** whether Hazel Grouse
occupy different slopes during the winter, when they need
deep snow cover for shelter and such cover is deepest on
northern slopes, could be studied in the future.

Hazel Grouse in high-mountain spruce-dominated for-
ests mostly occupied areas where gaps were present in the
woods, like the edges of glades, treefall gaps or in the vicin-
ities of streams, preferably on the upper forest zone and
on southern or western slopes. This grouse also utilized
younger spruce patches but avoided clearcuts. These find-
ings confirmed previous studies in that effective protection
of Hazel Grouse in high-mountain spruce-dominated for-
ests needs to be focused on the following: (1) preservation
of mature and natural-resembling spruce woods on higher
altitudes and along watercourses where a large number of
treefall gaps are present and where deadwood is not
removed, (2) avoidance of artificial afforestation of all
clearcuts and leaving some areas such as glades for natural
succession and (3) taking care of admixture species and
enabling growth of other trees and shrubs in places of
artificial spruce regeneration.

These actions (or rather abandonment of actions) should
also be beneficial for other forest grouses (Capercaillie and
Black Grouse), other birds (e.g. Ring-Ouzel Turdus alpes-
tris, Pygmy Owl Glaucidium passerinum) and some mam-
mals and invertebrates which are associated with either
mature mountain coniferous woods or need gaps in forests
undergoing natural succession. This could be especially
important in areas like the Tatra Mountains, which have
been intensively transformed in the past by spruce planta-
tion establishment and should be currently restored to a
more natural state. As our sampling covered almost all ter-
ritories of the Hazel Grouse in TNP,>438 the obtained results
and conclusions should be highly reliable, not only for this
population but also for other populations from high-moun-
tain spruce forests in the Carpathians and other mountain
ranges in Central Europe.
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Abstract

Context. The breeding success of ground-nesting birds is strongly related to the predation rate. Many predators feed
primarily on rodents when the densities of rodents are high and change to alternative prey (eggs or young birds) when the

main prey populations decrease.

Aims. During a 3-year study, predation on an artificial nest was related to population dynamics of small mammals in
coniferous and deciduous forests in the Tatra Mountains (western Carpathians).

Methods. Small mammals were captured using the live traps. In deciduous forest habitats, we placed 36 traps and, in
coniferous forest habitats, we placed 18 traps. In total, 174 artificial nests imitating broods of hazel grouse (Tetrastes
bonansia) were located randomly in both types of forest habitat between 2012 and 2014. Predators of the artificial nests were

identified by camera-traps at 87 nests.

Key results. Most of the artificial nests were lost to predation by mammals. The most numerous species of rodents in both
types of forest habitat were the yellow-necked mouse (4podemus flavicollis) and the bank vole (Myodes glareolus). A
significant decrease in the number of rodents was followed by a considerable increase of predation on artificial nests. There
were no significant differences in the rates of predation between the two forest-habitat types.

Conclusions. Ourresults support the alternative prey hypothesis and suggest that the breeding success of ground-nesting
birds in the forests of the Tatra Mountains varies strongly from year to year, depending on the abundance of rodents.

Implications. Increasing ofrodents’ density may resultin lower predation pressure on eggs of ground-nesting birds. This
finding may help modify recommendations for conservationists and forest managers to optimize their effort to save

populations of Galliformes.

Additional keywords: alternative prey hypothesis, forest habitat type, predation pressure, rodent abundance, Tetrastes

bonasia.
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Introduction

The breeding success of birds depends on many factors,
including quality of nest sites, food availability, predation rate
and climatic conditions (e.g. amount of rainfall or low
temperatures during breeding seasons). Nest-site features can
influence the loss of clutches and broods (Lack 1954). The
breeding success of ground-nesting birds is strongly related to
the predation rate. It can be different in various habitats and
change between seasons. It is known that small mammals are
characterised by seasonal and multiannual fluctuations as a
reaction to predation and food availability (Pucek e al. 1993;
Zub et al. 2012; Comulier et al. 2013). The opportunistic
predators (generalists) can switch to a type of prey that is
more numerous or available. Many mammalian predators and

Joumal compilation © CSIRO 2019

birds of prey feed primarily on rodents (main prey) when the
densities of rodents are high (Jedrzejewski and Jedrzejewska
1993). When the main prey populations decrease, predators
change to alternative prey (e.g. eggs or young birds; Bty et al.
2001). The density of breeding birds may also influence the link
between rodent fluctuations and the nest predation rate (Bty e al.
2001).

The predator—prey hypothesis suggests oscillations in the
number of predators in relation to the fluctuations of their
prey (Holling 1959). The alternative prey hypothesis (APH)
suggests that a higher availability of a predator’s main prey
can increase the breeding success of ground nesting birds, such as
hazel grouse, because of a lower predation rate on eggs or chicks
(that is, altemative prey; Lack 1954; Angelstam et. al 1984).

www.publish.csiro.au/joumals/wr
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Most existing studies on predator—prey relationships have
been undertaken in guilds of predator and prey species in boreal
and tundra ecosystems, which are characterised by seasonal
oscillations in the density of small mammals. A relationship
between lemming cycles and the nesting success of geese (4nser
albifrons, A. caerulescens and Branta canadensis) was found in
the Canadian High Arctic (Béty et al. 2001; Wilson and Bromley
2001). Béty etal. (2001) reported that the predation rate on goose
nests is low when lemming abundance is at its peak and high
during the low phase of the rodent cycle. Tomkovich and
Zharikov (1997, 1998) reported results based on the
monitoring of the number of small mammals, their predators
(mainly arctic fox, Alopex lagopus) and the predation on wader
(Limicolae) nests in the tundra of Russia. Similarly, Saniga
(2002) showed the effects of small mammal cycles on the nest
survival of capercaillie (Tetrao urogallus) and hazel grouse
(Tetrastes bonasia) in forested mountains of Slovakia. A
significant decrease was observed in the number of small
mammals, followed by a considerable increase in the rate of
predation on artificial nests in the Krusné hory Mountains (Czech
Republic; Salek et al. 2004).

The International Union for Conservation of Nature has
reported that Galliformes, specifically, capercaillie, hazel
grouse and black grouse (Lyrurus tetrix), are at risk of
extinction in central and western Europe (Storch 2007).
Habitat loss and increased predation are considered the major
causes of recent decline in the populations of forest Galliformes
(e.g. Saniga 2002; Salek et al. 2004). Jahren et al. (2016) showed
declines in populations of capercaillie and black grouse incentral
Europe and in Fennoscandia. Reproductive success has
decreased and stabilised at low levels in most regions and
predation is the cause of mortality of eggs, chicks and adults
(Jahrenetal.2016). The number of predators, such as fox (Vulpes
vulpes) or marten (Martes martes, M. foina), is growing because
of vaccination against rabies and foraging on refuse left by
tourists; the increase in predation places pressure on ground-
nesting birds (Storch 2001; Saniga 2003; Watson and Moss
2008).

The Tatra National Park consists of breeding habitats for three
species of Galliformes (capercaillie, hazel grouse and black
grouse). This area is inhabited by many predators, such as, for
example, brown bear (Ursus arctos), wolf (Canus lupus), lynx
(Lynx lynx), red fox, European marten (Martes martes) and stoat
(Mustela erminea), and is characterised by high pressures caused
by high numbers of tourists (~3 million per year). Hazel grouse,
as the most abundant species, can serve as a representative of this
threatened group of birds (Matysek 2016). The aim of the study
was to determine predation rates of artificial ground nests in two
types of forest during three consecutive years in the Polish Tatra
National Park (TNP) in southern Poland. In this setting, we tested
the APH. The present study extends the previously obtained
knowledge and gives support for the APH from another
environment where this has not yet been investigated.

Study area

The Tatra Mountains are a 785-km> region, of which ~22%is in
Poland and ~78% in Slovakia. The experiment was conducted in
the western area of the Tatra Mountains in Poland

M. Matysek et al.

Poland

Tatra National Park

Fig. 1. Tatra Mountains marked with pattern on a map. Tatra National
Park is shown below, with the study area restricted by irregular figure. The
following habitats are shown: coniferous forest habitat (dark grey),
deciduous forest habitat (grey), others mountain zone (light grey).

(49°15'32.92"N, 19°54'34.61”E; Fig. 1). The Tatra Mountains
are the highest mountain range in the Carpathian Mountains. The
study area comprised 40 km?®. Forests in the TNP cover a lower
(from 650aslto 1250 asl) and an upper (from 1250 asl to 1550 asl)
mountain zones. The average age of the main forests stand is
~90 years (data of Tatra NP Authority). The lower forest
mountain zone is mostly covered by spruce forests
(dominated by Norwegian spruce (Picea abies)) and a small
area of beech forests (dominated by beech, (Fagus sylvatica), fir
(Abies alba) and a mixture of sycamore (Acer pseudoplatanus)).
Othertreespecies occurrarely. The upper forest mountain zone is
dominated by natural Norwegian spruce forests and a rare relict
of forest Swiss pine (Pinus cembra). At higher elevations
(15001800 asl), there is a mountain pine floor, which is
mainly covered by mountain pine (Pinus mugo). At the
highest elevations are the alpine and crag zones (Pigkos-
Mirkowa and Mirek 1996).

The forests have been largely transformed. A factor that
contributed to unfavourable changes in the species
composition in this area was the inappropriate management of
the forest during the 19th and 20th century, particularly with the
introduction of spruce in the habitats that were primarily
occupied by fir and beech. The mismanagement has caused
fragmentation of the landscape, which is currently composed
of preserved patches of old growth stands, open habitats
(meadows, pasture fields and clearcuts) and young coniferous
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and mixed forests of different ages. In the lower forest mountain
zone, spruce monocultures currently constitute ~80%. These
forests are mainly exposed to the unfavourable effects of abiotic
(e.g. acid rains) and biotic factors (e.g. gradations of insects),
which, in tum, cause them to dieback (Fabijanowski and
Dziewolski 1996), as is the case in other parts of the
Carpathians and Sudetes (Modrzynski 2003).

Many rare animals (e.g. brown bear, chamois (Rupicapra
rupicapra), marmot (Marmota marmota latirostris), eagle-owl
(Bubo bubo), walcreeper (Tichodroma muraria)) inhabit the
TNP, including three rare species of forest Galliformes (Wilk
et. al. 2016). Breeding populations of capercaillie, black grouse
and hazel grouse in TNP were estimated as 50-70 individuals
(Armatys and Zurek 2016), up to 38 males (Ciach 2016) and
~80 pairs (Matysek 2016) respectively. This area has been
included as part of the Natura 2000 network, and it has been
considered as one of the most important refuges of rare species
and habitats in Europe. In addition, this place is under heavy
tourist pressure; it is visited annually by 3.5 million tourists
and, in | day, up to 40 000 tourists can enter the TNP (Mokras-
Grabowska 2016; http://tpn.pl/zwiedzaj/turystyka/statystyka,
accessed accessed 2 September 2017).

Materials and methods
Nest predation

Artificial ground nests were placed in the forested areas of TNP
during May—June 2012,2013 and 2014. This period corresponds
with the main breeding period for the three species of forest
Galliformes in our climatic conditions (Johnsgard 1983;
Bergmann et al. 1996). Locations of artificial nests were
chosen randomly and, within this randomly chosen site, we
placed nests according to the preferences of nesting hazel
grouse (Johnsgard 1983; Bergmann et al. 1996). Every nest
represented an independent unit in the analyses. The artificial
nests were constructed by digging small ground depressions laid
out with small amounts of dry plant material (Salek et al. 2014).
Each nest was baited with five small (length ~54 cm, width
~4.6 cm and cream-beige colour) domestic hen (Gallus gallus
domesticus) eggs, which were earlier washed in water in which a
dead quail (Coturnix coturnix) had been rinsed before, soasto get
the smell of a wild species of the order Galliformes. Birds were
earlier legally killed and obtained from hunters. Then we masked
artificial nest by covering components undergrowth, mimicking
the coloration of incubating hens (Yahner and Mahan 1996,
modified from Burke ef al. 2004). Nests remained conspicuous,
and visible by at least 70-80% from an above vertical view of
researcher. The location of the artificial nests was recorded using
a GPS. We used rubber gloves and avoided a long walk (>2 km),
soas not to leave traces of scent (Summers et al. 2009; Jones et al.
2010). One to several artificial nests were put out and greater
distances were moved by car. Nests were checked once a week
with the greatest distance (1-5 m) possible, so as to see whether
they were penetrated by predators or not (e.g. Jones et al. 2010;
Pelech et al. 2010; Zmihorski et al. 2010). In the case of eaten
eggs, we set up another artificial clutch elsewhere, because
Galliformes do lay replacement clutches (Bergmann et al.
1996). Each clutch was monitored for 27-28 days, which is
the average length of incubation by forest Galliformes
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(Johnsgard 1983). The nest was considered as depredated if
at least one egg disappeared or if it had marks indicating a
predator visit (e.g. Martin and Joron 2003; Colombelli-Negrél
and Kleindorfer 2009). Eighty-seven (50%) of the artificial nests
were monitored using camera traps (Ltl Acom 5220M, Ltl
Acom, Shenzhen, China), so as to recognise a predator
species and the results on the proportions of species
responsible for predation were then assumed to apply to all
nests. The mean distance between adjacent nests was >650 m
(range: 150-2150 m) to minimise the probability of nearby nests
being discovered by an intensively searching predator.

Sampling of small mammals

We sampled small mammals after completing our experiment on
artificial nests. The density of small rodents in the spring was
associated with their density in autumn in the spruce forest in the
Tatra Mountains (Juchiewicz et al. 1986). To avoid potential
influence of weather conditions on trapping success, in 2012 and
2013, we trapped small mammals during two sessions, namely, at
the beginning and at the end of August. In 2014, small mammals
were trapped only once, namely, at the beginning of August.
During each session, traps were controlled for whether any
animal was trapped and baits were added daily, always for a
period of 3 days. Over 3 years, we kept on approximating the
same site, timing, exposure time and the number and placement
of traps. Small mammals were captured using live traps (wooden
boxes with metal closing system with dimensions 8 cm x
10 em x 20 cm) with non-species selective bait. Trapping
was conducted in deciduous and coniferous forest habitat,
using the quadrat method, with 5 X 5 m quadrats. In every
trapping point, nine life traps were set in a regular pattern. In
deciduous forest habitats, we placed four trapping points
(36 traps) and, in coniferous forest habitats, we placed two
trapping points (18 traps). Each captured specimen was
measured and marked by cutting a small piece of fur and
released (Pucek 1981; Gurnell and Flowerdew 1990). Predators
often avoid shrews; thus, common shrew (Sorex araneus) and
alpine shrew (Sorex alpinus) were excluded from the analyses as
potential prey.

Statistical analysis

We modelled the effect of habitat type and year on the number of
captured rodents, by using a generalised linear mixed model
(GLMM). The full model included two fixed factors,
namely, year of study and habitat type (coniferous or
deciduous forest), and two random factors (trapping site
within main habitat type and the ID of the session, either first
or second). The response variable was the number of trapped
rodents. For the response variable, we used Poisson distribution
because of finite number of individuals captured per one trapping
site. To model the effect of independent variables on the
proportion of artificial nests destroyed by predators, we used
GLMM for binomial distribution with logit-link function. The
full model included three fixed factors, namely, rodent
abundance (mean number of rodents captured during both
sessions at the trapping site nearest to the nest), year of study
and habitat type (coniferous or deciduous forest), and two
random factors (ID of trapping point and trapping site within
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Tablel. Number ofrodentspecies captured in the coniferous (two trapping points) and in the deciduous (four trapping points) forest habitats in the
Tatra National Park during 2012-2014
Species Years Total

2012 2013 2014
Coniferous Deciduous Coniferous Deciduous Coniferous Deciduous
forest forest forest forest forest forest
Myodes glareolus 18 31 12 14 5 10 90
Microtus agrestis 13 2 11 5 1 1 33
Apodemus flavicollis 15 29 0 3 3 14 64
Apodemus sylvaticus 0 1 0 0 0 0 1
Microtus subterraneus 6 2 1 3 1 0 13
and M. tatricus
Total 52 65 34 25 10 25 201

Table 2. Number of depredated artificial nests in the coniferous and deciduous forest habitats in the Tatra National Park during 2012-2014
Numbers of depredated artificial nests by particular species are given for monitored sites

Species 2012 2013 2014
Coniferous Deciduous Coniferous Deciduous Coniferous Deciduous
forest forest forest forest forest forest

Vulpes vulpes 1 3 0 2 2 4
Martes martes 1 0 2 4 0 0
Ursus arctos 1 0 1 0 0 0
Corvus corax 0 0 0 1 1 2
Not monitored 0 2 7 12 6 6

main habitat type). The response variable was the fate of every
artificial nest, represented by 0 (unpredated) or 1 (predated).
To estimate effect size, we calculated pseudo-R-squared
(Nagelkerke 1991). We also calculated odd ratios (OR) from
the GLMM model to see the change in the probability of nest
depredation in relation to different factors. Because of the low
number of individual rodent species caught, differences in
proportion of particular species was analysed using Fisher’s
exact test. Statistical analyses were performed using Ime4
package (Bates et al. 2015) and STATISTICA (version 12,
StatSoft 2014; www.statsoft.pl, accessed 8 March 2019).

Results
Abundance of small mammals

We caught six species of rodents during the present study
(Table 1). In total, 86 individuals (5 species) and 115
individuals (5 species) of rodents were captured in the
coniferous forest and deciduous forest respectively. The mean
number of captured rodents per trap site was significantly higher
in coniferous (mean = 8.60, s.d. = 4.35) than in deciduous (mean
=5.75,s5.d.=4.45; Poisson GLMM, z=-2.824, P=0.005) forest.
Mean abundance of rodents varied significantly among years,
and was highest in 2012 (mean =9.75, s.d. = 3.89) and lowest in
2013 (mean =4.08, s.d. =2.91; Poisson GLMM, z=-3.902, P <
0.001). The most numerous species in both types of forest habitat
were bank vole (41% and 48%, in coniferous and deciduous
forest habitat respectively), followed by yellow-necked mouse
(Apodemus flavicollis; 40% and 21%respectively) and field vole
(Microtus agrestis; 7% and 29% respectively). European pine
vole (Microtus subterraneus), Tatra pine vole (Microtus

Table 3. Number and percentage of depredated artificial nests in two
types of forest habitat in the Tatra National Park during 2012-2014

Year Forest type Artificial nests
Predated % Unpredated %
2012 Coniferous 3 19 13 81
Deciduous 5 17 24 83
2013 Coniferous 10 43 13 57
Deciduous 19 41 27 59
2014 Coniferous 9 38 15 62
Deciduous 12 33 24 67

tatricus) and wood mouse (Apodemus sylvaticus) were less
abundant. We did not find significant differences in
proportion of species in rodent communities between the two
forest habitats (Fisher's exact test, P = 0.057) or among years
(Fisher's exact test, P = 0.065).

Nest predation

A total of 174 artificial nests was deployed during the study
period (111 in deciduous forest and 63 in coniferous forest
habitat). Fifty-eight artificial nests were depredated
(Table 2). From 25 destroyed nests, which were monitored,
84% (21 nests) were depredated by mammals, whereas only
14% (4 nests) were depredated by avian predators. The highest
predation rate on the ground nests was in 2013 in both types of
forest habitats, but the difference among years was not significant
(binomial GLMM, z= 1.363, P =0.173, Table 3). The effect of
type of forest habitat on predation rate was also not significant
(binomial GLMM, z = 0.400, P = 0.689). Predation rates were
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Fig. 2. Probability of nest depredation in relation to the mean number of
rodents captured in a trapping site closest to the nest. Bars indicate number
of nests depredated (upper part) and not depredated (lower part). Number of
rodents was averaged across all years (2012-2014).

significantly influenced only by the abundance of rodents
(binomial GLMM, z = -2.780, P = 0.005), although this
effect was weak (Nagelkerke pseudo-R?> = 0.08). Predation
rates were lower in habitats and years of higher availability of
alternative prey, and probability of nest damage decreased by
0.89% (odds ratio 0.892, 95% CI: 0.818-0.965) when mean
number of captured rodents per trapping site increased by one
individual (Fig. 2).

Discussion

We found that rodent abundances across years and habitats
affected predation rates on artificial nests that mimicked those
of ground-nesting birds. Thus, our results support the hypothesis
that ground-nesting bird nests may provide an alternative source
of food in the Tatra National Park for mammalian predators. The
rate of predation was highest in the year of the lowest number of
rodents. Differences in the number of rodents among years is
probably explained by the production of seeds by forest trees.
European beech trees produce large quantities of seed (masts)
once every 2—6 years (Zwolak et al. 2016), and this happened in
both the fall of 2011 and the fall of 2013 in the Polish Tatra
Mountains.

The highest predation rate on eggs in artificial nests was
recorded in 2013 in deciduous forest habitat, in the year of lower
availability of rodents. Conversely, lower predation rates oneggs
were found in the year and habitat where rodents were more
abundant. Salek et al. (2004) showed that predation on artificial
nestsmay vary strongly from yearto year, depending on the cycle
phase of small mammals, which are the main prey of dominant
predators. The significant increase in artificial-nest predation
may be explained by the stronger searching activity of predators
in habitat deprived of their main prey supply (Chan et al. 2017;
Spenceretal.2017). Wider spatial activity of predators, followed
by higher incidental predation in years of low rodent abundances,
would provide a similar trend. There was a strong positive
correlation between rodent abundance and the mean tetraonid
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brood size when predators were removed in boreal forests
(Marcstrom et al. 1988). Nest losses in capercaillie and hazel
grouse followed the fluctuation in small mammals, with the
lowest losses during peak year (57%) and the highest losses
during crash year (82%) in West Carpathians (Slovakia; Saniga
2002). Similarly, Salek et al. (2004) assumed that a lower
artificial-nest survival in the Krusné hory Mountains (Czech
Republic) in years of lower population densities of small
mammals can be due to the prevalence of medium-sized
mammalian predators. However, Kauhala and Helle (2002)
showed that the abundance of mammalian predators and
grouse density are not strongly linked in Finland and the
association between predator abundance and yearly grouse
density was minimal, although predator abundance was
negatively connected with grouse breeding success. The data
of dynamics of rodent abundance and ground-nest predationrisks
in forest habitats (South Bohemia, Czech Republic) support
neither of the alternative prey hypotheses (Jezkova er al.
2014). Therefore, nest-predation risk does not increase or
decrease in periods of low rodent abundance in that study site.

More mammalian than avian predation on our artificial nests
can be explained by the different food-searching methods of
these two groups of predators. Mammals mainly use the sense of
smell and birds search eggs visually. It is more difficult to find
camouflaged nests in forest than in open area for birds. Also, in
the Krusné hory Mountains (Czech Republic) most of the
artificial nests (65%) were depredated probably by medium-
sized mammals (marten and red fox) and only 9% were predated
by avian predators (corvids; Salek et al. 2004). Moreover,
omnivorous corvids probably do not respond to fluctuating
numbers of small mammals as tightly as do mammalian
predators. Marcstrom et al. (1988), confirmed that a link
between vole and tetraonid numbers was mediated by red
foxes and pine marten on islands in northern Baltic (Sweden).
Probably predation on eggs by the same predators is an important
factor of nesting success of forests grouses, including hazel
grouse in the Polish Tatra Mountains.

The mean number of rodents was higher in coniferous than in
deciduous forest in our study. The mean abundance of rodents
varied significantly also among years. Juchiewicz et al. (1986)
showed that, in the Tatra Mountains, the density of small rodents
in the beech forest changed greatly between spring and autumn,
but was less variable in the spruce forest (Juchiewicz et al. 1986).
Generally, in temperate zone, the number of forest rodents
increases linearly from spring (lowest densities) to late
autumn (highest densities), and then decreases over winter,
when there is no reproduction (Pucek e al. 1993). Thus, our
estimates of autumn abundances of rodents should reflect the
number of potential prey available for predators during spring
and summer.

According to Jahren et al. (2016), the link between predation
and habitat remains unclear. Predation oneggs of ground-nesting
birds and small mammal abundance can vary among
environments; so, research should be conducted in different
habitats. The abundance of small mammals usually varies
more in beech woodland, on meadows and clear-cuts than in
young-age stages of spruce (Salek ef al. 2004). In Polish Tatra
Mountains, the number of rodents in the spruce and beech forest
was different among years (Juchiewicz et al. 1986). Trends in the
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abundance of particular species of rodents were different
between the two forest habitat types, which may have been
the result of habitat quality. Coniferous forest is native in this
area and it comprises only one tree species. In contrast, the
deciduous forest contains several tree species. Better food
conditions (rich undergrowth and bush, greater number of
fruits and seeds) and habitats for rodents in these forests
caused their greater biodiversity and fluctuations of different
species in different seasons. Probably, in a more heterogeneous
habitat, the impact of predators on ground-nesting birds such as
hazel grouse couldbe lower. Predators canuse many resources as
alternative prey in habitats of rich biodiversity (Jezkova et al.
2014).

Our results in forests of the Tatra Mountains support the
alternative-prey hypothesis. Our study should be seen as a
contribution to further research. The findings of the present
study may help determine recommendations for nature
conservationists and forest managers in helping their efforts to
increase the number of Galliformes; for example, maintenance of
highamount of dead wood will promote higher densities of forest
rodents (van Ginkel et al. 2013). Also, further climate warming
will cause more frequent masting of forest trees and, as a
consequence, will affect population density of rodents (Pucek
et al. 1993; Caignard et al. 2017). This may result in a lower
predation pressure on eggs of ground-nesting birds.
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Human presence can significantly reduce habitat availability for wildlife. We investi-
gated the impactof the distance from hiking trails and number of tourists on the number of
sites occupied by Hazel Grouse (Tetrastes bonasia) and on the predation rate of artificial
nests in two forest types (spruce and beech) in the Tatra Mountains (Poland). The study
was carried out in the Tatra National Park from 2009 to 2014. Presence of Hazel Grouse
males was detected in spring by playing territorial calls of this species from an electronic
device. A total of 79 sites occupied by Hazel Grouse were found, and 174 artificial ground
nests were monitored. Data on the number of tourists gathered at entry points and at trail
crossings in the Tatra National Park were used to estimate levels of tourism activity. Sites
occupied by Hazel Grouse were mostly located farther from hiking trails and in places
with low tourist numbers. Artificial nests were mainly predated by mammals (85%) in
both spruce and beech forests. Predation on artificial nests was higher in areas with
smaller numbers of tourists. The frequency of egg predation did not differ between spruce
and beech forests. Based on our results, hiking trails and the number of tourists who fre-
quent them are important factors influencing the occurrence and reproduction of ground-
breeding birds such as the Hazel Grouse.

1. Introduction

Human presence and activity can significantly im-

pact on wildlife through disturbance and by limit-

ing the use of important resources for animals

(Rosner et al. 2013). Furthermore, human pres-

ence can also increase synanthropization of ani-

mals and change their behaviour. In areas where

humans are present, access to resources such as
VERTAISARVIOITU
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food supplies and breeding or roosting sites can be
directly restricted (e.g., Vitousek et al. 1997, Bur-
ger et al. 2004, Gill 2007). Outdoor recreation and
ecotourism in protected areas can act as potential
stressors for wildlife; frequent disturbances can
also cause a decline in populations (e.g., Miillner
etal. 2004). Animals react to approaching humans
in a similar way as they do to a predator, i.e., they
hide or move away (Beale & Monaghan 2004).
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Animals can be disturbed by intensive human ac-
tivity, resulting in discontinued feeding, changes
in daily activities, altered habitat selection or in-
creased stress load (Gander & Ingold 1997, Taylor
& Knight 2003, Stankowich 2008, Thiel et al.
2008, Pgksa & Ciach 2015). Capercaillie (Tetrao
urogallus) and mountain hares (Lepus timidus)
living in areas with frequent recreational activities
by humans in winter show changes in physiology
and behaviour (Thiel ef al. 2011, Rehnus ef al.
2014).

Similarly, the stress levels of chamois (Rupi-
capra rupicapra) increased with the number of
visitors and showed peak values in summer, coin-
ciding with the highest number of visitors to the
Tatra National Park (Zwijacz-Kozicaet al. 2013).

The negative effects of recreational activities
on populations of ground-nesting bird species and
their breeding success have been reported in sev-
eral studies (e.g., Watson & Moss 2004, Stien et
al. 2010). Various ecological factors (e.g., habitat
structure, landscape fragmentation, availability of
prey) influence the predation risk of ground nests.
However, for ground-nesting birds, nest predation
is a major factor affecting breeding success (e.g.,
Angelstam 1986, Saniga 2002). Predator densities
are often higher in the vicinity of tourist facilities
due to the supply of discarded food (Storch &
Leidenberger 2003, Watson & Moss 2004). Fur-
thermore, foraging by predators is facilitated by
forest roads and hiking trails within large forest
tracts (Storch et al. 2005, Seibold et al. 2013).
Grouse are ground nesting birds, which are highly
susceptible to human disturbance (Storch 2000,
Storch 2007).

As shown by Storch & Leidenberger (2003),
large concentrations of tourists, e.g. around hos-
tels, attract crows (Corvus corone), which can di-
rectly affect the Galliformes colonizing the sur-
rounding forests. For Capercaillie and the Black
Grouse (7Tetrao tetrix), higher concentrations of
faecal stress hormone metabolites (corticosterone)
were found after disturbance (Arlettaz et al. 2007,
Thiel et al. 2008). There is evidence that an ele-
vated frequency of disturbance affects the habitat
use of Capercaillie (e.g., Thiel et al. 2008) and may
even cause population declines (Brenot et al.
1996). So far, the impact of tourism pressure has
only been tested for the Capercaillie and the Black
Grouse (Tetrao tetrix) (e.g., Storch & Leiden-

ORNIS FENNICA Vol. 97, 2020

berger 2003, Thiel et al. 2008, Rupf et al. 2011,
Rosner et al. 2013) and research into the impact of
tourist activity on the Hazel Grouse (Tetrastes
bonasia) is not available.

The Hazel Grouse is an extremely shy bird and
hides both in the ground layer and in dense tree
cover. This species occurs in both lowlands and
mountainous regions across Eurasia inhabiting co-
niferous and mixed forests (Cramp & Simmons
1980, Johnsgard 1983, Bergmann et al. 1996). The
Hazel Grouse is a territorial bird with specific hab-
itat and food requirements (e.g., Bergmann et al.
1996, Bonczar et al. 1998, Swenson 2006, Maty-
sek et al. 2018, Matysek et al. 2019a). The species
maintains a territory throughout the year, staying
in one place (e.g., Swenson 1991a, Swenson
1991b, Montadert & Leonard 2006). The Euro-
pean population of Hazel Grouse was estimated at
~1,480,000-2,920,000 pairs (BirdLife Interna-
tional 2018). The number and range of Hazel
Grouse populations in most European countries
has decreased moderately since 1980 (Swenson &
Danielson 1991, Storch 2000, Storch 2007). The
population is estimated to be stable in the Polish
Carpathian Mountains (Matysek 2016).

The main reason for the decreasing popula-
tions of this species elsewhere is thought to be the
negative human impact on the structure and spe-
cies composition of forests, namely the simplifica-
tion of habitat structure and the fragmentation of
forest complexes (Kajtoch et al. 2012, Seibold et
al. 2013). Moreover, disturbance of birds, espe-
cially during breeding, by foresters or tourists po-
tentially has a negative impact on reproductive
success (Kajtoch et al. 2011, Bonczar & Kajtoch
2013).

The aims of this study are to evaluate the im-
pacts of the distance from the hiking trail and num-
ber of tourists on (1) the number of sites where Ha-
zel Grouse was present, on (2) the predation rate of
artificial nests, and (3) whether forest type affects
the proportion of predated nests. We hypothesised
that hiking trails (in terms of distance and number
of tourists) would negatively affect the number of
sites where Hazel Grouse are present. Predation
rates on artificial nests might also be negatively re-
lated to the distance from the hiking trails (preda-
tors can use them for moving and food searching)
and the number of tourists (predators avoid greater
numbers of tourists).
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Fig. 1. Location of
Tatra National Park,
Poland. Forest is
marked by dark grey
and meadows and
rocks by light grey.
Sites occupied by the
Hazel Grouse are
marked by black cir-
cles. Artificial nests
were located in the
area delineated by the

polygon.

TATRA
NATIONAL

2. Material and methods
2.1. Study area

The research was conducted in the Polish Tatra
Mountains. The study area of 150 km’ was situated
within the Tatra National Park (Tatra NP)
(49°15°32.92"N, 19°54°34.61”E, Fig. 1). Forests
in the Tatra NP hold 17 tree species, but five of
them occur most commonly: Norway spruce (Pi-
cea abies), fir (Abies alba), beech (Fagus syl-
vatica), sycamore (Acer pseudoplatanus), rowan
(Sorbus aucuparia) and mountain pine (Pinus
mugo). The average age of the main forests stand is
about 90 years (data of the Tatra NP Authority).
Forests in the Tatra NP cover both a lower (from
950 a.s.l. to 1,250 a.s.1.) and an upper (from 1,250
a.s.l. to 1,550 a.s.l.) mountain zone.

The lower forest mountain zone is mostly
(80%) covered by unnatural, planted spruce fo-
rests dominated by Norway spruce whilst the rest
is covered by natural or semi-natural beech forests
dominated by beech, fir, with admixture of syca-
more and coniferous forests of Norway spruce and
fir. Other tree species (Scots pine (Pinus sil-
vestris), European larch (Larix deciduas), Poplar
(Populus sp.), Willow (Salix sp.)) occur rarely. In

contrast, the upper forest mountain zone is domi-
nated by natural Norway spruce forests and a rare
relict of Swiss pine (Pinus cembra) forest. Other
tree and shrub species can occur depending on the
altitude, habitat fertility and stand density.

Over many centuries, mainly upper forests
zones have been largely transformed. A key factor
contributing to adverse changes in the forest spe-
cies composition here was intensive forest man-
agement in the 19th and 20th centuries, and espe-
cially the introduction of spruce in natural habitats
occupied by fir and beech. This process resulted in
high landscape fragmentation, with the occurrence
of preserved patches of old growth forests alternat-
ing with open habitats (meadows, pasture fields,
clear-cuts) and different-aged young coniferous
and mixed stands. In the lower forest mountain
zone, spruce monocultures currently account for
80% of the area. These forests are mainly exposed
to the adverse effects of abiotic and biotic factors,
resulting in considerable dieback. The subsequent
mountain pine floor is mainly covered by moun-
tain pine. Above this zone there are the alpine and
crag zones (Fabijanowski & Dziewolski 1996).
The Tatra Mountains are a UNESCO World Bio-
sphere Reserve and are included in the Natura
2000 network of protected areas in Europe and the
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Tatra National Park is habitat for a large number of
rare animal species, including three species of fo-
rest Galliformes: Capercaillie, Black Grouse and
Hazel Grouse (Wilk et al. 2016). The breeding po-
pulation of Hazel Grouse in Tatra NP has been es-
timated at 80 territories (Matysek 2016). This spe-
cies is threatened in Poland and Slovakiaand is in-
cluded in the Carpathian list of endangered species
(Witkowski et al. 2003).

About 3.5 million tourists visit the park every
year (data of the Tatra NP Authority, http:/tpn.
pl/zwiedzaj/turystyka/statystyka). The forests
(Hazel Grouse occurs only in this habitat) are
crossed by about 100 km of hiking trails, differing
in length and intensity of tourist traffic (from a few
to 8,000 tourists a day) (data from the Tatra NP
Authority, http://tpn.pl/zwiedzaj/turystyka/staty-
styka). The highest tourist pressure occurs in
spring and summer, when up to 40,000 tourists
visit the park each day and move along ~270 km of
hiking trails (data from the Tatra NP Authority).
Most tourism activities (i.e., hiking) are concen-
trated in the valleys above the hostels, which are
located at the upper limit of the forest.

2.2. Tourist pressure

We calculated the monthly numbers of tourists
visiting Tatra NP from 2009 to 2014 (data from the
Tatra NP Authority, http://tpn.pl/zwiedzaj/tury-
styka/statystyka). Monitoring was performed all
year at all the entrances to the valleys in order to
obtain information about the number of tourists
throughout the year and in particular valleys. The
highest number of tourists visited in August in all
years. Detailed daily monitoring of tourist traffic
was conducted in the Tatra NP in August 2009
(data from the Tatra NP Authority). Tourist traffic
was measured at the entry points to the park, where
the tickets were sold and at points where trails
cross. Tourist numbers were counted by NP em-
ployees and volunteers. In order to accurately de-
termine the number of visitors, tourists entering
the park before the opening of the ticket points
(5.00-8.00 a.m.) were also counted. Tourists were
counted at 1-hour intervals each day, differentiat-
ing between individuals, groups and group tours to
determine the spatial and temporal distribution of
tourist traffic on particular routes. Mean daily
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tourist number in August was calculated for each
hiking trail.

2.3. Bird sites

Hazel Grouse were censused in forests with a total
area of 150 km’. We detected Hazel Grouse indi-
viduals twice a year during a peak in the spring call
period (April and May) from 2009 to 2013 by us-
ing MP3 speakers to play imitations of Hazel
Grouse calls throughout the entire forest area. Bird
presence was checked every 150-200 m, with
pauses spanning a few minutes to lure the Hazel
Grouse response calls (Swenson 1991a, Bonczar
2009).

The observer recorded whether the site was oc-
cupied by the Hazel Grouse after two minutes of
listening and then moved to the next point. Indica-
tors of the occurrence of Hazel Grouse, such as
droppings, tracks and other signs, were searched
for in April, when the study area was covered by
snow. These tracks were helpful in determining
the sites when the birds could not be detected oth-
erwise (e.g. along a loud stream or at sites with
tourists). The census was mainly performed dur-
ing the mornings and evenings because a lower re-
sponse frequency was found during midday, and
only in good weather conditions (without heavy
rain or snow and strong winds; see also Swenson
1991b).

Occupation was verified for all records of this
species at less available sites by additional check-
ing and searching for tracks. Due to the specific
life strategies of the Hazel Grouse (hidden in the
undergrowth), we did not search for nests nor de-
termine the boundaries of the territories. The re-
corded sites were mapped in the field and the posi-
tions were noted in a GPS Garmin 62. The distance
of a site where a Hazel Grouse was present was de-
termined in intervals of up to 100 meters from the
point where the bird was found. In total we ana-
lyzed 49 hiking trails for the presence of Hazel
Grouse.

2.4. Nest predation

Artificial ground nests were placed in the forestin
an area 40 km’® during May—June 2012, 2013 and
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2014. This period corresponds with the main bree-
ding season for the three species of forest Tetra-
onids in the climatic conditions of the study region
(Bergmann et al. 1996). The location for placing
artificial nests was chosen randomly within the
study area, but within this location the artificial
nests were placed near tree trunks or under hang-
ing branches, according to the preferences of Ha-
zel Grouse (Johnsgard 1983, Bergmann et al.
1996).

A total of 174 artificial nests were constructed
in the field. The artificial nests were made by dig-
ging small ground depressions (ca. 20 cm of dia-
meter and ca. 5 cm of depth) laid out with small
amounts of dry plant material (Salek et al. 2004).
Each nest was baited with 5 very small (length
~5.4 cm, width ~4.6 cm) and not white, Domestic
Hen eggs (Gallus gallus domesticus). Prior to be-
ing placed in the artificial nests, the eggs were
sprayed with the washing water of dead Quail
(Coturnix coturnix) to give them the smell of a
wild Galliformes species. Subsequently, we
masked the artificial nest components with under-
growth plant material, mimicking the female’s
coloration (Richard & Yaherabd 1996, Burke et
al. 2004, modified).

The nests remained conspicuous, i.e. the eggs
were at least 70-80% visible from an above verti-
cal view. The locations of nests were recorded us-
ing a GSP device. To avoid leaving traces of scent
during this work we used rubber gloves and
walked the smallest possible distances in the vicin-
ity of artificial nests (Summers ez al. 2009, Jones et
al. 2010). Nests were checked once a week from a
distance 2—-10 m depending on their visibility (see
also Jones et al. 2010, Zmihorski ef al. 2010). In
the case of nests with eaten eggs, the experiment
was repeated and a replacement nest was con-
structed in another randomly chosen place, to imi-
tate the repeated breeding attempts of wild birds
whose nests are predated.

Each artificial nest was monitored for about 27
days, mimicking the average period of incubation
by forest Tetraonids (Johnsgard 1983, Bergmann
etal. 1996, Kurki et al. 2000). Eighty seven artifi-
cial nests were monitored using camera traps (Ltl
Acorn 5220, lens f=3.1, infrared-lamp 940 nm, 24
diodes) to identify predator species. Nests were
considered to be predated if at least one egg disap-
peared or had marks indicating a predator’s visit
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(e.g., Martin & Joron 2003, Colombelli-Négrel &
Kleindorfer 2009). The mean distance between ar-
tificial nests was 650 m (range: 150-2,150 m) to
reduce the probability of nearby nests being dis-
covered by a predator searching intensively.

2.5. Statistical analyses

Spatial data were calculated using QGIS 2.12.3
(QGIS 2017), and distances between the nearest
artificial nests were measured in a straight line.
Spatial autocorrelation of artificial nests was
tested by Moran’s index (Moran 1950). The Fried-
man’s ANOVA was used to search for differences
in the monthly number of tourists visiting Tatra NP
among the study years (repeated variable was
month) and for differences in number of tourists
between months (repeated variable was year).
Two Generalized Linear Mixed Model (GLMMs,
Binomial distribution, logit link function) with in
turn response being (1) site occupied (n = 79) or
not occupied (n= 79) by the Hazel Grouse, and (2)
artificial nest predated (n=59) or not predated (n=
115). Random factors were year and identity of the
trail. Predictor variables were distance to hiking
trails, daily number of tourists, forest type and in-
teraction between distance to hiking trails and
daily number of tourists.

A larger number of tourists on the trail causes
predators such as martens to seek food further
from the trail. Multivariate regression was used to
obtain R2 values for all predictor variables.
Collinearity of predictor variables was checked by
calculation of the variance inflation factor (VIF)
according to formula 1/(1-R2). The predictor vari-
ables did not correlate with each other (VIF val-
ues: 1.06-1.13). Spatial autocorrelation of the re-
siduals of these models was calculated using
Moran’s index. For statistical analyses, the soft-
ware STATISTICA 12 was used (StatSoft 2014).
Logistic regressions were visualised using ggplot2
package in R (R Core Team 2018).

3. Results
3.1. Tourist numbers and Hazel Grouse sites

Differences in the numbers of tourists that visited
Tatra NP between study years were found during
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Fig. 2. Proportion of hiking trails in relation to number of tourists
per day in the Tatra National Park.
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the period of 2009-2014 (y* = 12.19, df =5,p =
0.03). Moreover, the number of tourists signifi-
cantly varied between months (%°=62.69,df=11

p < 0.001) with low values from early November
to late April. Hiking trails with 300 tourists per day
represented 48% of all trails (Fig. 2). The probabil-
ity of a site being occupied by a Hazel Grouse in-
creased with increasing distance from the hiking
trails and decreasing number of tourists (Table 1;

Fig. 3). Spatial autocorrelation of the residuals of

the GLMM model was not found (Moran’s I =
0.005, p <0.59) and showed that the spatial distri-
bution of Hazel Grouse sites did not appear to be

significantly different from random. We found no
differences in the occupation of sites by Hazel
Grouse between spruce and beech forests (Table

1).

3.2. Nest predation

Altogether 59 (34%) of 174 artificial nests were
predated, mostly by mammalian predators and
only a few by bird predators. Of the monitored
nests (by camera traps) with destroyed eggs, 54%
were predated by pine marten (Martes martes),

Table 1. Summary of generalized linear mixed models describing components of the site occupied and un-
occupied by the Hazel Grouse in the Tatra NP. Significant differences are marked in bold.

Variable Estimate Standard error Wald p-value
Intercept -1.051 0.324 9.796 0.002

Distance to trail 0.002 0.001 9.326 0.002

Number of tourists 0.002 0.001 14.624 <0.001

Distance to trail x Number tourists -0.001 0.001 15.414 <0.001

Forest type 0.124 0.115 1.1 0.29

Table 2. Summary of generalized linear mixed models describing components of the predated and
unpredated artificial nests in the Tatra NP. Significant differences was marked in bold.

Variable Estimate Standard error Wald p-value
Intercept 0.253 0.207 1.041 0.31
Distance to trail 0.001 0.001 0.344 0.56
Number of tourists 0.001 0.001 4.661 0.03
Distance to trail x Number tourists -0.001 0.001 3.246 0.07
Forest type 0.027 0.1 0.098 0.75
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23% by red fox (Vulpes vulpes), 15% by raven
(Corvus corax), and 8% by brown bear (Ursus
arctos).

The spatial distribution pattern of predated
nests did not differ from randomin 2012 (Moran’s
1=0.081, p<0.40). However, the spatial distribu-
tion of predated nests in 2013 and 2014 was more
spatially clustered than would be expected
(Moran’sI=0.350,p<0.001; Moran’sI=0.489,p
<0.03, respectively). Spatial autocorrelation of the
residuals of the GLMM model was not different
from random in 2013 and 2014 (Moran’s I =
0.051, p=0.77; Moran’s I = 0.135, p < 0.20, re-

spectively) but in 2012 the clustered pattern was
non-random (Moran’s I =0.451, p <0.001).

We found an influence of the number of tour-
ists on the predation of artificial nests (Table 2).
The number of predated nests increased with de-
creasing number of tourists (Table 2; Fig. 4). Pre-
dation on artificial nests did not differ between the
two types of forests (Table 2).

4. Discussion

Recreational trails may affect the presence and
nesting success of some bird species (Storch &
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Leidenberger 2003, Thiel ef al. 2008, Rupf et al.
2011) with human presence creating a “landscape
of fear” (Rosner et al. 2013). A significant rela-
tionship was found in the present study between
the number of sites occupied by Hazel Grouse and
the distance from hiking trails and the number of
tourists in the Tatra NP. Rosner ef al. (2013) simi-
larly reported anegative impact of recreational ac-
tivities on the distribution of the Capercaillie in the
Bohemian Forest.

Tetraonidae on the ground are exposed to a
high risk of predation (Wegge et al. 1987). The
main predator of the artificial nests in the Tatra NP
was the European pine marten, followed by the red
fox. Similarly, Bergmann et al. (1996) found that
red fox and species of mustelids (Mustela sp.)
were the main predators of Hazel Grouse eggs. In
the mountains of Central Slovakia stone marten
(Martes foina), pine marten, mustelids and red fox
(altogether 22%), along with wild boar (Sus
scrofa) (9%), and brown bear (3%) were the main
mammalian egg predators (Saniga 2002).

Predation rate on artificial nests can be related
to the population dynamics of small mammals
which, in turn, are the main prey of egg/nest preda-
tors, according to the Alternative Prey Hypothesis
(Begon et al. 1990). Small rodents in Tatra NP
were observed in large numbers in 2012 (Matysek
et al. 2019b) and we did not find that predated
nests were spatially distributed in this year. Thus
the spatial distribution of predated nests in 2013
and 2014 might be explained by more intensive
searches for nests and eggs by predators in years of
lower numbers of rodents.

In our study, nest predation was related to the
number of tourists. In some areas along the Front
Range of Colorado (USA), predation rates in-
creased with distance from the trails, and mam-
mals depredated more nests at a greater distance
from the trails and appeared to avoid nests near
trails (Miller & Hobbs 2000). High tourist pres-
sure may scare potential predators and thereby re-
duce their hunting area. Research in the Biato-
wieza Primeval Forest (NE Poland) has shown that
the European pine marten — being the main preda-
tor in the Tatra NP — avoids people and preys in
places with less human traffic (Wereszczuk &
Zalewski 2015). Pine martens show increased
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glucocorticoid concentrations in seasons and areas
with increasing tourist intensity (Barja et al. 2007).

We did not find differences in the predation
rate between the two forest types (spruce or beech)
in the Tatra NP. Similarly, predation on artificial
ground nests (using chicken eggs resembling Ca-
percaillie eggs in size and colour) did not differ be-
tween highly fragmented forests in south-eastern
Norway and in natural forests in north-western
Russia (Wegge et al. 2012). However, forest type
can affect the predation rate on bird nests (Bayne et
al. 1997). Seibold et al. (2013) showed that the
most important driver of predation risk of artificial
ground nests can be vegetation, rather than human
activity. Increasing vegetation density around a
nest reduces predation risk by concealing the nest
and by limiting the mobility of foraging predators
(e.g., Wilcove 1985, Lahti 2001, Baines et al.
2004, Tirpak et al. 2006).

The present study showed that not only dis-
tance from the hiking trails but also tourist num-
bers were important factors for the occurrence of
the Hazel Grouse. Therefore, Hazel Grouse are
likely to benefit from limiting the number of tour-
ists on intensively used hiking trails. Outdoor rec-
reation in protected areas can be a major problem
for nature conservation. It can decrease the popu-
lations of endangered species for instance (Thiel et
al. 2008, Peksa & Ciach 2015). Therefore, in order
to efficiently protect ground-nesting birds, tourist
traffic on the hiking trails through the main bree-
ding sites should be limited. Also, a lower density
of hiking trails is recommended in breeding habi-
tats of great importance for nature conservation.
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Vuoristoalueen turismin vaikutus
pyyn esiintymiseen ja keinopesien
saalistusasteeseen

Thmisen ldsnéolo, kuten vilkas turismi, voi heiken-
tdd elinymparistdjen saatavuutta ja laatua. Tutkim-
me retkeilyreittien etdisyyden ja matkailijoiden
mééran vaikutusta pyyn esiintymiseen ja keinote-
koisten pesien (174) saalistusasteeseen kahdessa
metsatyypissd (kuusi ja pyokki). Koiraiden mééré
selvitettiin soittamalla kutsudania keviisin. Pyitéd
havaittiin 79 alueella. Matkailuaktiivisuuden tasoa
arviointiin laskemalla turistien lukuméérit kansal-
lispuiston sisdankdynneilla ja polkujen ylityskoh-
dissa.

Pyité esiintyi padasiassa kauempana retkeily-
reiteistd ja paikoissa, joissa turistien lukumaéri on
alhainen. Nisikkiat olivat pidasiallisia (85 %) kei-
notekoisten pesien hévittdjia seka kuusi- ettd
pyokkimetsissd. Keinotekoisten pesien saalistus
oli suurempaa alueilla, joilla turisteja oli vihem-
mén. Munien saalistamistiheys ei eronnut kuusi- ja
pyokkimetsien vililla. Tulosten perusteella retkei-
lyreitit ja niitd usein kdyttdvien turistien lukuméa-
ra ovat tarkeitd tekijoitd, jotka vaikuttavat maassa
pesivien lintujen, kuten pyyn, esiintymiseen ja li-
sdéntymiseen.
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Abstract

Capsule: Predation of artificial nests resembling Hazel Grouse nests was determined in
different sites to understand important factors of relative nest survival in the ground-nesting
breeding birds.

Aims: To determine the importance of habitat structures and presence of roads and hiking
trails for the predation risk in the artificial ground nests.

Methods: We investigated the predation on artificial nests in the mountain spruce forests with
a high tourists numbers in the Tatra Mountains (Southern Poland) in 2012-2014. A total of
174 artificial ground nests resembling those of Hazel Grouse (Tetrastes bonasia) were set up
and monitored. For 98 artificial nests we compared the environmental variables at two area
scales and the forest structure between predated and unpredated artificial nests.

Results: The most important habitat factors explaining predation on the artificial nests at the
local scale were lower occurrence of ferns, and lying dead wood. At the spatial scale, the most
important habitat factor was lack of roads. The occurrences of tree species in the forest stand
were not significantly different between predated and unpredated artificial nests. The most
important for predation on artificial nests were presence of deadwood and rock (3. AIC w =
0.80) in local habitat scale, vegetation (3. AIC w = 0.77) in spatial habitat scale, and year (3
AIC w = 0.86) in forest stand. The mean daily nest predation rate was not high and varied
depending on the year (0.003-0.009).

Conclusion: Greater habitat diversity is an important factor for survival of the ground nests.
Presence of roads increase survival of such nests. These results are potentially important for

conservation planning for threatened ground-nesting birds such as Tetraonidae.
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Key words: Galliformes, ground-nesting birds, habitat structure, hiking trails, unpaved roads,

artificial nests, nest predation rate.

Introduction

The breeding success of birds is determined by many factors, including the quality of nesting
sites, food availability, predation and climatic conditions (Assandri et al. 2017). Nest
predation is an important factor in the breeding success of birds, particularly for species
whose nests are easily accessible to many predator species (Martin 1993). Moreover predation
on nests of shorebirds and meadow waders has rapidly increased during the last decades due
to various environmental stressors including climate change and increasing human pressure,
thus highlighting the importance of predation as key factor for breeding success of birds
(Roodbergen et al. 2012, Kubelka ef al. 2018).

The risk of the nest predation of ground nest species depends on many habitat
parameters, including elevation (Boyle 2008), the cover and diversity of the vegetation around
a nest (e.g. Lahti 2001, Baines et al. 2004, Tirpak et al. 2006, Ludwig et al. 2012, Seibold et
al. 2013), recreational activities (Watson & Moss 2004, Steen 2010, Matysek et al. 2020a),
forest management (Major & Kendal 1996) and the availability of potential food sources
(Matysek et al. 2019b). Some of these factors produce better nest cover and make nest finding
by predators more difficult. Increasing the vegetation density around a nest reduces the risk of
predation by limiting the mobility of predators searching for prey (e.g. Martin 1993, Lahti
2001, Baines er al. 2004, Tirpak et al. 2006, Ludwig et al. 2012). Moreover, predator
densities are often higher in the vicinities of tourist facilities due to the supply of discarded
food or improved predator movement (Storch & Leidenberger 2003, Watson & Moss 2004,
Storch ef al. 2005). However, trails and places with high tourist activity can be detrimental to

some predator species (Barja et al. 2007, Wereszczuk & Zalewski 2015).
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Habitat loss and increased predation are considered the major causes of decreases in
forest grouse populations (Saniga 2002, Salek ef al. 2004, Cresswell 2011, Jahren et al. 2016).
Kammerle & Storch (2019) found support for the hypothesis that grouse populations are
reduced by their predators. Among Capercaillie (Zetrao urogallus), predation can account for
90% of the chick mortality (Wegge & Kastdalen 2007). Bird species that breed on the ground,
such as grouses Tetraonidae (subfamily), might be among the species most sensitive to
tourism and highly susceptible to human disturbances (Martin 1993, Rosner et al. 2013,
Storch 2013, Coppes et al. 2018, Matysek et al. 2020a). Risks of the ground nests in the high
mountain ecosystems with spruce forests and a dense road and trails network have not
sufficiently studied. Understanding habitat factors affecting the survival of ground nests is
important for the protection of grouses.

Atrtificial nests are a widely used method to study predation in birds’ nests (Summers
et al. 2009, Jones et al. 2010, Zmihorski ez al. 2010, Martin & Joron 2003, Colombelli-Négrel
& Kleindorfer 2009, Ludwig et al. 2012, Matysek ef al. 2019b, Matysek et al. 2020a). Major
& Kendal (1996) call the utility of artificial nests into question as a tool to explain factors
influencing the success of natural nests. Moore & Robinson (2004) showed that validity of the
artificial nest methodology is poor. Generally, predation of artificial nests differs from that of
real nests, which attract different predators (Moore & Robinson 2004). For example daily
survival rates were higher for natural than for artificial nests of eastern yellow robins
(Eopsaltria australis) (Zanette 2002). Despite criticism of this method, it can be useful to
study factors affecting the risk for real nests (Part & Wretenberg 2002). Hoset & Husby
(2019) showed that artificial nests in boreal forests represent an adequate measure of relative
nest predation risk in open-cup natural nests. The use of artificial nests is the easiest method

that allows determining the degree of predation of ground nests in the mountains.
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The goal of this study was to determine the factors that are important for nest
predation risks of ground-nesting birds in mountain forests. We studied predation on artificial
nests resembling Hazel Grouse (Zetrastes bonasia) nests in a field experiment. Hazel Grouse
was used as a model species because its reproductive biology is similar to other Tetraonids,
but it is more numerous than Capercaillie and Black Grouse (Lyrurus tetrix). We hypothesised
the following about the predation risk for artificial nests: (1) it would be lower in richer
habitat structures in the immediate vicinity of the nests in local scale (because the nests are
more difficult to find due to the reduced visibility of the nests and reduced movement of
potential predators) (2) and it would be greater in lower habitat structures on a spatial scale

and in proximity to hiking trails (because predators can move easily and search for food).

Material and Methods

Study area

The study was conducted in the Tatra Mountains (Western Carpathians), the highest mountain
chain in the Carpathian Mountains. The study area included 40 km? and was situated in the
part of the Tatra National Park (TNP) in Poland (49°15'N, 19°56'E, 950—1550 a.s.1.; Figure 1)
[Figure 1 near here]. Forests are located both in the lower and upper mountain zones, and
Norway spruce (Picea abies) is the main tree species. There is also a small area of forest
dominated by beech (Fagus sylvatica), fir (4dbies alba) and sycamore (Acer pseudoplatanus).
The lower elevation forest mountain zone has been largely transformed. The management of
the forest during the 19 and 20% centuries was particularly driven by the introduction of
spruce into sites that were previously occupied by fir and beech. This caused a high degree of
fragmentation of the landscape, which is currently composed of preserved patches of old-
growth forests open vegetation types (i.e., meadows, pastures and clearcut areas) and forests

(coniferous and mixed) of different ages. In the lower elevation forest mountain zone, spruce
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monocultures currently constitute approximately 80% of the area. These forests are strongly
exposed to the unfavourable effects of different factors that ultimately cause dieback. Next to
the lower elevation forest mountain zone is the higher elevation zone, which is primarily
dominated by natural spruce forests (Plagiothecio-Piceetum) and spruce—pine forests (Pino
cembrae-Piceetum) on the upper treeline. Above that point is a subalpine zone that is
primarily covered with mountain pine (Pinus mugo), and still above that, there is an alpine
and crag zone (Fabijanowski & Dziewolski 1996). Tatra National Park has been included in
the Natura 2000 network, and it has been considered to be one of the most important refuges
of rare habitats and species in Europe. However, there is a dense net of hiking trails in the
Tatra National Park. Additionally, this area is under heavy tourist pressure (3.5-4 million
tourists visit annually, and, in a single day, up to forty thousand tourists can enter the Tatra
National Park) (data of the Tatra National Park Authority).

The Tatra National Park consists of suitable breeding habitats for three Galliformes
species (Capercaillie, Black Grouse and Hazel Grouse) and is inhabited by many predator
species, e.g., the Brown Bear (Ursus arctos), Wolf (Canus lupus), Lynx (Lynx Iynx), Red Fox
(Vulpes vulpes), European Pine Marten (Martes martes) and Stoat (Mustela erminea), Golden
Eagle (Aquila chrysaetos), Peregrine Falcon (Falco peregrinus) Goshawk (4ccipiter gentilis).
Matysek et al. (2019b) presented that artificial nests were depredated mostly by mammals
(84%) represented by Red Fox, European Pine Marten, Brown Bear in the forest habitats in
the Tatra NP. However, avian predators, for example Raven (Corvus corax), were less

common predators of the artificial nest in the Tatra NP (Matysek ez al. 2019b).

Nest location
The artificial ground nests were placed in an area of 40 km? in May-June in 2012, 2013 and

2014. This period is an incubation time for forest grouses in the climatic conditions of high
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mountains (Johnsgard 1983, Bergmann et al. 1996). The locations of artificial nests were
chosen randomly using GIS software (QGIS 3.8.0) in the forest area. In this locations we tried
to place nests according to the preferences of similar to those of Hazel Grouse nests
(Johnsgard 1983, Bergman et al. 1996). A total of 174 artificial nests (including replacement
nests) were created. The artificial nests were constructed by digging small ground depressions
that were then filled with small amounts of dry plant material (Salek ez al. 2004). Five small
(length ca. 5.4 cm, width ca. 4.6 cm and cream-beige colour) eggs of the domestic hen
(Gallus gallus domesticus) were placed in each artificial nest. The eggs had previously been
sprayed with the wash water of dead Quail (Coturnix coturnix) to imbue the smell of a wild
species of the order Galliformes. This scent is an important signal for mammalian predators.
Next, the artificial nests were masked with undergrowth components that mimicked the
colouration masking of the Hazel Grouse (Yachner & Mahan 1996, Burtke et al. 2004,
modified). The nests were allowed to remain conspicuous, i.e., they were at least 70-80%
visible. The locations of the nests were recorded using a GPS (Garmin 62S) device. During
the field work, we used rubber gloves and avoided long walks to avoid leaving traces of
human scent (Summers et al. 2009, Jones et al. 2010). Each clutch was monitored once a
week from the greatest possible distance from the nest (e.g. Jones et al. 2010, Zmihorski et al.
2010) for approximately 27 days, which is the average time of incubation for forest grouses
(Johnsgard 1983, Bergman et al. 1996). The nests were considered to be predated if at least
one egg disappeared or had marks indicating a predator’s visit (e.g. Martin & Joron 2003,
Colombelli-Negrel & Kleindorfer 2009). The mean distance between neighbouring nests was
650 m (the minimum distance was 150 m, and the maximum distance was 2150 m) to
minimise the probability of nearby nests being discovered by a searching predator. Twenty
artificial nests (20%, n = 98) were located in a distance less than 200 m apart in a straight line.

However, the real distances between them were greater due to the nature of the environment
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(mountains). In cases of eaten eggs, new artificial nests with eggs in new randomly chosen
places using GIS software (QGIS 3.8.0) were again created to imitate the replacement

clutches of the birds.

Collection of environmental parameters

We collected the habitat variables for 98 of 174 artificial nests (Table 1). The positions of
them were determined to be “by a tree” (n = 63), “ in a root plate of uproot trees (n = 13), “by
dead wood” (n =13), “by rocks” (n = 6) and “in the undergrowth” (n = 3). For each predated
and unpredated artificial nest, variables were collected at two area scales; i.e., the local scale
(areas with radii of 5 m from the artificial nest to illustrate the immediate vicinity of the nest)
and the spatial scale (areas with radii of 100 m from the artificial nest to illustrate the
surrounding forest (Table 1). The particular variables in the studied areas were rocks, uproot
trees, lying dead wood, trees/shrubs with heights <50 cm, trees/shrubs with heights >50 cm,
but not higher than 6 meters, blueberries (Vaccinium sp.), ferns (Polypodiopsida), raspberries
(Rubus sp.) and other plants in the undergrowth, hiking trails and unpaved roads were
determined as absences (0) or presences (1). Site diversity (HABDIV) was taken as the sum
of the presences of rocks, uproot trees, lying dead wood, trees/shrubs with heights <50 cm,
trees/shrubs with heights >50 cm, blueberries, ferns, raspberries and other plants). The slopes
rating were categorised as <15%, 16-30%, >30%. The proportions of canopy cover,
undergrowth cover, spruce, fir, beech, sycamore (Sorbus aucuparia), willow (Salix spp.),
rowan (Sorbus aucuparia), were determined with an accuracy of 10%. The forest stand
including canopy cover, forest naturalness were determined for predated and unpredated
artificial nests (Table 1). Conservation status was determined as strictly or partially protected.
Forest naturalness was determined to be unchanged if the natural integrity of forest ecosystem

was preserved, when the biotic diversity and ecological complexity were the result of natural
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processes and if there were no significant anthropogenic changes (McRoberts et al. 2012).

[Table I near here].

Statistical analysis

The statistical differences in the environmental variables with respect to the predation on the
artificial nests at the two area scales were assessed using the Mann-Whitney test. Principal
component analysis (PCA) and Spearman correlation tests were used to check for collinearity
among the environmental variables (Freckleton 2011). Multivariate models using generalised
linear models (GLMs) with binomial distributions were built to assess the importance of the
habitat variables on the predation of the artificial nests (response variable). To reduce the
number of variables used in the GLM models, some variables were aggregated into groups.
Based on PCA, we joined the variables: uproot trees + lying dead wood = DEADWOOD,
tourist trails + unpaved roads = ROADS, beech + fir + sycamore = FOREST COMPLEX and
forest naturalness + conservation status = NAT CONS. Presence of blueberries, ferns,
raspberries and other plants was aggregated as one factor: VEGETATION. Presence of rocks
was joined with DEADWOOD as DEADWOOD_ROCK and proportion of willow and rowan
was joined as ADMIXTURE SPECIES. Models for habitat structure were built at both scales.
The model of habitat structure included the following variables: year, DEADWOOD_ ROCK,
VEGETATION, undergrowth cover, slope, and ROADS. The model of the forest stand
included year, percentage of spruce, FOREST COMPLEX, ADMIXTURE SPECIES, canopy
cover and NAT CONS. The resulting models were then ranked by increasing Akaike
information criterion (AIC) values and Akaike weights (w). The model with the lowest AIC
score and the highest weight explained the most variance with the fewest parameters. The
models with a A AIC < 2 compared with the model with the lowest AIC were assumed to

have high strengths-of-evidence. Additionally, the AIC weights were summed for all models
9
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containing a given variable. The predictor with the highest weight (AIC w) was considered to
be the most important for predation on artificial nests (Burnham & Anderson 2004). Finally,
logistic regression was implemented to evaluate how the habitat diversity and presence of
roads and paths could change the probability of predation on artificial nests. All analyses were
performed in STATISTICA 12.0 software (StatSoft 2014).

Proportion of predated artificial nests was calculated for 174 artificial nests. The daily
nest predation rate was determined using Mayfield methods (Mayfield 1961) as the proportion
of predated nests per number of days of eggs exposure. This method assumed that for
predated nests the event occurred at the midpoint between two controls. Standard errors were

calculated following (Johnson 1979).

Results
Differences in some of the factors between the areas with predated and unpredated artificial
nests were found (Table 2) [Table 2 near here]. Artificial nests were predated significantly
more frequently in areas of lower proportions of lying dead wood and ferns in the local scale.
The probability of predation was greater at lower vegetation diversity at both scales (Fig. 2)
and without roads and paths at the spatial scale (Fig. 3). The occurrences of tree species in the
forest stand were not significantly different between predated and unpredated artificial nests
(Table 2) [Figure 2 near here] [Figure 3 near here].

Multivariate modelling revealed that the best models in terms of explaining predation
risk to the artificial nests in the mountain forest included 1 (local scale), 3 (spatial scale) and 5
(forest stand) different factors (Table 3). The most important factors for explaining the
survival of the artificial nests at the local scale were the presences of the following:
DEADWOOD_ROCK (¥ AIC w = 0.80), ROADS (3. AIC w=0.47) and Year (3, AIC w=

0.41). At the spatial scale, the most important variables were VEGETATION (3. AIC w =
10
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0.77), SLOPE (3, AIC w = 0.64) and ROADS (3. AIC w = 0.51). The higher categories of
YEAR (3 AIC w = 0.86), FOREST COMPLEX (3 AIC w=0.48) and NAT CONS (3 AIC
w = 0.44) were found to be important for survival at the forest stand scale.

Eight artificial nests were predated in 2012 (18%, n = 45), twenty nine artificial nests
in 2013 (42%, n = 69) and twenty one nests in 2014 (35%, n = 60). The mean daily predation
rate in 2012, 2013 and 2014 was 0-0.025 in the first 7 days, 0.002-0.006 from 8 to 14 day,
0.002-0.007 from 15 to 21 day and 0-0.002 from 22 to 27 day (Table 4). The overall daily nest
predation rate in 2012, 2013 and 2014 was 0.003 (n = 45), 0.009 (n = 65) and 0.004 (n = 60)

respectively [Table 4 near here].

Discussion

The probability of predation on artificial nests was higher at lower habitat diversity. Artificial
nests were predated significantly more frequently in areas without tourists trails and unpaved
roads. Moreover the slope rate and year of study were an important factors for predation on
artificial nests.

In our study, we demonstrated the influences of the habitat structure on the survival of
the artificial nests in local and spatial scales. We found the presence lying wood to be factor
explaining lower predation on the artificial nests. The occurrence of lying dead wood and
uproot trees were important for the Hazel Grouse in the managed forests of the Western
Carpathians (Kajtoch et al. 2012, 2015, Matysek et al. 2018). These structures provide shelter
from predators or provide sites in which to build nests. Klaus & Ludwig (2018) showed that
presence of dead wood was positively associated with Hazel Grouse site occupancy in the
mountain forest (Bohemian Forest, Czech Republic). However, Seibold et al. (2013) reported
that lying dead wood did not have an important influence on daily nest predation rates on

artificial nests. Predation of the artificial nests increased with the absence of the undergrowth
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factors. Moreover the lower proportion of plant explained the greater predation of the
artificial nests in our study. High species richness in the undergrowth and understory in the
mixed forest in the Carpathians was an important factor that influenced the occurrence of
predation of the Hazel Grouse (Matysek et al. 2018, Matysek et al. 2019a).

We found that greater habitat diversity produced better ground nest survival. Generally
habitat diversity seems to be very important for the breeding of ground-nesting birds and
provides them with improved abilities to hide from predators (Martin 1993). Dense
vegetation, often provides good shelter (e.g. ferns) (Ludwig & Klaus 2017, Matysek et al.
2018, Matysek et al. 2019a). Seibold er al. (2013) demonstrated that vegetation was the most
important driver of the predation risk of artificial ground nests. Similarly, a high slope and
lying dead tree can act as a mechanical barrier that limits the mobility of mammal predators
and reduces predation on the artificial nests.

In our study, the proximity of tourist trails and unpaved roads was a significant factor
for the survival of artificial nests. Tourist trails and human activity may affect the presence
and breeding success of some species (Storch & Leidenberger 2003, Thiel ef al. 2008, Rupf ez
al. 2011). Summers et al. (2007) showed that human activity disturbs Capercaillie in Scotch
pine (Pinus silvestris) forests in Scotland. Sites occupied by Hazel Grouse in the Tatra
Mountains were mostly located near hiking trails with low tourist numbers and at a greater
distance from hiking trails with large tourist numbers (Matysek er al. 2020a). Artificial nests
in the Tatra Mountains were predated mostly by the pine marten (Matysek er al. 2019b),
which is a core-sensitive mammal that avoids people (Wereszczuk & Zalewski 2015). The
risk of predation tends to increase with distance from trails in lowland riparian areas in
Colorado (USA) (Miller & Hobbs 2000). In contrast, Miller et al. (1998) reported greater
predation pressure on natural nests near trails in forested and grassland habitats (Boulder

County, USA). Seibold et al. (2013) found no impact of recreational activities on the daily
12
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predation rates on artificial nests in the Bavarian Forest (Germany). Predation on artificial
nests was lower near trails in lodgepole pine (Pinus contorta) forests in an area lacking
extensive shrub coverage (Boag et al. 1984).

We found that year can be important factor for predation of artificial nests. The
predation rates on ground-nesting birds can vary between seasons and can also be affected by
rodent abundances (Matysek et al. 2019b). Most predators do not actively search for nests
(Angelstam 1986), and eggs are only a supplementary part of the diet (Angelstam et al. 1984).
In the Tatra NP lower predation on artificial nests was found in 2012 when rodents were more
abundant (Matysek er al. 2019b). Predation rates in our study were lower than that given by
Seibold ef al. (2013), which was 0.045 in the Bohemian Forest (Germany). Similarly Part &
Wretenberg (2002) and Storch (1991) showed greater predation rates of artificial nests than in
our study (0.015 and 0.020, respectively). For comparison daily predation rate of natural nests
of Capercaillie in Bavarian Alps and West Carpathians was given as 0.009 and 0.024 (Storch
1994, Saniga 2002). Sélek et al. (2004) showed lower nest survival rates among ground-
nesting birds in years of lower population densities of small mammals in the Krusné Hory
Mountains (Czech Republic). Similarly, nest losses in Capercaillie and Hazel Grouse
followed the fluctuations in small mammals in the Western Carpathians (Slovakia) (Saniga
2002).

Limitations of the study were smaller sample size, many predictors and using of
artificial nests. Artificial nests are not real nests with incubating parents. Probably predation
of the artificial nests can be higher than real nests but artificial nests can be useful in research
for data standardization and easier comparison of nest predation risk across different
locations. Our results indicate that the probability of the predation on eggs was primarily a
function of habitat features and environmental conditions. We conclude that the risk of nest

predation of artificial nests depends on the habitat structure and vegetation cover in mountain
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spruce forests. Rich vegetation provides sufficient cover for ground nests against predators.
The tolerance of the differentiation of forest structure by management authorities decreases
the predation risk for ground-nesting breeding birds and is important for the conservation of
endangered species. In economically important forests, monocultures and planting of one-
species and one-century forests should be avoided. Low habitat diversity and a simplified
forest structure decrease the availability of shelter and food for Hazel Grouse (Matysek et al.
2020Db). Natural regeneration of the forest should be supported. These results are potentially
important for conservation planning for threatened ground-nesting birds such as Tetraonidae

especially Hazel Grouse in its reintroducing or supported local population.
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Figure captions

Figure 1 - Map of the study area. The spruce forest is marked in dark grey. The artificial nests
were located in the area restricted by the continuous line.

Figure 2 - Logistic regression of the probability of predation on artificial nests and vegetation
diversity (sum of presence of ferns, blueberries, raspberries and other plants) at the local scale
(areas with radii of 5 m from the artificial nest) (A) and the spatial scale (areas with radii of
100 m from the artificial nest) (B) in the spruce forest in the Tatra Mountains.

Figure 3. Logistic regression of the probability of predation of artificial nests and the presence
of tourists trials and unpaved roads at the local scale (areas with radii of 5 m from the
artificial nest) (A) and at the spatial scale (areas with radii of 100 m from the artificial nest)

(B) in the spruce forest in the Tatra Mountains.

Table captions

Table 1. Habitat parameters and their codes, descriptions and scales for describing the areas in
which the artificial nests were located in the spruce forest in the Tatra Mountains used in the
analyses.

Table 2. Basic statistics (Mann-Whitney tests) showing the differences between the predated
(n = 58) and unpredated (n = 40) artificial nests due to location, the variables of habitat at the
two area scales; 1.e., the local scale (areas with radii of 5 m from the artificial nests) and the
spatial scale (areas with radii of 100 m from the artificial nests) and the variables of wood
stand in the spatial scale in the spruce forest in the Tatra Mountains. Significant differences

are given in bold.
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524  Table 3. Sets of candidate GLM models (the 5 best models with delta A values < 2.0 were
525  selected) explaining the important factors for predation on artificial nests in the spruce forest
526 in the Tatra Mountains at the local scale (i.e., areas with radii of 5 m from the artificial nests)
527 and spatial scale (i.e., areas with radii of 100 m from the artificial nests). The Akaike’s
528 information criterion (AIC), the difference between the given model and the most
529  parsimonious model (A) and the Akaike weight (w) are reported for each model.

530 Table 4. Number of exposed and predated artificial nests and daily predation of artificial nests
531  in the studied years and periods of exposition (I — 1-7 day, Il — 8-14 day, III — 15-21 day, IV —

532  22-27 day).

23

URL: https://mc.manuscriptcentral.com/bto Email: TRAM-peerreview@journals.tandf.co.uk

131



Bird Study/Ringing & Migration Page 24 of 31

Poland

Sloyakia

N

Tatra National Park
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Table 1. Habitat parameters and their codes, descriptions and scales for describing the areas in which the

artificial nests were located in the spruce forest in the Tatra Mountains used in the analyses.

Parameter Code Description Scale

Trees/shrubs of height <50 cm SHRUB<50 Presence: 0, 1 habitat - local
Trees/shrubs of height >50 cm SHRUB>50 Presence: 0, 1 habitat - local

Rocks ROCK Presence: 0, 1 habitat - local, spatial
Uproot trees CAV Presence: 0, 1 habitat - local, spatial
Lying dead wood DEADWOOD  Presence: 0, 1 habitat - local, spatial
Undergrowth cover in 5 m UNDERCOVS5  Categories of proportion every 10% habitat - local

Undergrowth cover in 100 m
Blueberries

Fems

Raspberries

Other plants

Site diversity

Unpaved roads
Tourists trails
Slope rating
Spruce, Pine, Fir,
Beech, Sycamore,
Rowan, Willow
Canopy cover
Forest naturalness

Conservation status

UNDERCOV100 Categories of proportion every 10% habitat - spatial

BBER

PLANTS

HABDIV

UNROADS
TRAILS
SLOPE

SPR, PIN, FIR
BEE, SYC
ROW, WILL
CANCOV
NAT

CON

Presence: 0, 1
Presence: 0, 1
Presence: 0, 1
Presence: 0, 1

Sum of SHRUB<50+ SHRUB>50+

habitat - local, spatial
habitat - local, spatial
habitat - local, spatial

habitat - local, spatial

ROCK+CAV+ DEADWOOD+ BBER+

FERNS+ PLANTS

Presence: 0, 1

Presence: 0, 1

Categorical: <15%, 16-30%, >30%
Categories of proportion every 10%
Categories of proportion every 10%
Categories of proportion every 10%
Categories of proportion every 10%
Changed/unchanged

Category: 1 —strictly, 2 — partly

habitat - local, spatial
habitat - local, spatial
habitat - spatial
habitat - spatial

stand - spatial

stand - spatial

stand - spatial

stand - spatial

stand - spatial

stand - spatial
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Table 2. Basic statistics (Mann-Whitney tests) showing the differences between the predated (n = 58) and
unpredated (n = 40) artificial nests due to location, the variables of habitat at the two area scales; i.e., the local
scale (areas with radii of 5 m from the artificial nests) and the spatial scale (areas with radii of 100 m from the
artificial nests) and the variables of wood stand in the spatial scale in the spruce forest in the Tatra Mountains.

Significant differences are given in bold.

Habitat factor Mean + SD 7 p
Predated Unpredated
Year 2013.48 2013.57 -0.29 0.77

Habitat - Local scale

Trees and shrubs of height < 50 cm 0.60+0.50 0.56+0.50 0,26 0.80
Trees and shrubs of height >50 cm 0.70+0.46 0.81+0.40 -0.92 0.36
Rocks 0.15+0.36 0.24+0.43 -0.76 045
Uproot trees 0.32+0.47 0.40+0.49 -0.61 0.54
Lying dead wood 0.40+0.50 0.69+0.47 -2.42 0.01
Undergrowth cover in 5 m 52.2+27.69 52.2+£31.67 0.23 0.82
Blueberries 0.35+0.48 0.43+0.50 -0.68 0.50
Ferns 0.30+0.46 0.53+0.50 -1.96 0.05
Raspberries 0.20+0.41 0.19+0.40 0.08 0.93
Other plants 0.72+0.45 0.74+0.44 -0.13 0.89
Site diversity 3.75+1.82 4.60+1.54 -2,31 0,02
Tourist trails 0 0.03+0.18 -0.29 0.78
Unpaved roads 0.23+0.42 0.33+£0.47 -0.86 0,39

Habitat - Spatial scale
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Slope rating
Rocks
Uproot trees

Lying dead wood

Undergrowth cover in 100 m

Blueberries
Fems
Raspberries
Other plants
Site diversity
Tourists trails

Unpaved roads

Beech
Sycamore
Willow
Rowan

Fir

Spruce
Canopy cover

Forest naturalness

Conservation status

Bird Study/Ringing & Migration

18.76+12.13
0.37+£0.47
0.85+0.36
0.70+0.46

55.75+27.91
0.65+0.48
0.65+0.48
0.45+0.50
0.90+0.30
4.58+1.47
0.20+0.41

0.40+0.50

Stand - Spatial scale
12.30+20.97
1.55+5.03
1.02+3.61
1.58+4.09
9.25+14.12
73.40+35.39
67.37+27.32
0.48+0.51

1.08+0.27

13.97+10.17

0.45£0.50

0.88+0.33

0.86+0.35

64.83+28.97

0.69+0.47

0.78+0.42

0.55+0.50

0.98+0.13

5.19+1.53

0.31+ 0.47

0.64+0.48

19.59+30.44

0.95+2.34

1.45+9.21

0.86+3.88

5.66+10.67

71.62+35.87

70.00+27.98

0.38+0.49

1.29+0.46

1.91

-0.61

-0.55

1.36

-1.53

-0.33

-1.05

-0.85

-0.69

-1.74

-0.92

-1.99

-0.64

0.80

-1.68

0.06

0.54

0.18

0.13

0.74

0.29

0.40

0.49

0.08

0.36

0.04

0.81

0,94

0.16

0.70

0.91
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Table 3. Sets of candidate GLM models (the 5 best models with delta A values <2.0 were selected) explaining
the important factors for predation on artificial nests in the spruce forest in the Tatra Mountains at the local scale
(i.e., areas with radii of 5 m from the artificial nests) and spatial scale (i.e., areas with radii of 100 m from the
artificial nests). The Akaike’s information criterion (AIC), the difference between the given model and the most

parsimonious model (A) and the Akaike weight (w) are reported for each model.

Models k AIC A w

Habitat - Local scale

DEADWOOD_ROCK 3 131.46 0.000 0.199
DEADWOOD_ROCK+ROADS 4 132.35 0.889 0.128
YEAR+DEADWOOD_ROCK 5 132.67 1.204 0.109
YEAR+DEADWOOD_ROCK+ROADS 6 133.02 1.559 0.091
UNCOVERS5+DEADWOOD_ROCK 4 133.35 1.886 0.078

Habitat - Spatial scale

SLOPE+VEGETATION+ROADS 5 127.80 0.000 0.102
VEGETATION+ROADS 4 128.12 0.321  0.087
SLOPE+VEGETATION 4 128.79 0.984 0.062
SLOPE+YEAR+VEGETATION+ROADS 7 128.80 0.998 0.062
SLOPE+YEAR+VEGETATION 6 129.14 1.336  0.052

Stand - Spatial scale

FOREST COMPLEX+YEAR 3 100.84 0.000 0.095
SPR+YEAR 3 101.35 0.512 0.073
FOREST COMPLEX+YEAR+NAT_CONS 4 101.67 0.835 0.063
YEAR+NAT_CONS 3 102.10 1.265 0.051
SPR+YEAR+NAT_CONS 4 102.11 1.274 0.050

URL: https://mc.manuscriptcentral.com/bto Email: TRAM-peerreview@journals.tandf.co.uk

Page 30 of 31

138



Page 31 of 31

Table 4. Number of exposed and predated artificial nests and daily predation of artificial nests
in the studied years and periods of exposition (I — 1-7 day, IT — 8-14 day, III — 15-21 day, IV —

Bird Study/Ringing & Migration

22-27 day).
Year Period Number of Predated Daily predation of
artificial nests artificial nests | artificial nests + SE
2012 I 45 0 0
11 45 4 0.006+0.003
I 45 2 0.002+0.003
v 45 2 0.002+0.003
2013 1 69 12 0.025+0.007
I 69 5 0.005+0.002
1T 69 10 0.007+0.002
v 69 2 0.001+0.001
2014 1 60 12 0.010+0.008
11 60 5 0.002+0.002
I 60 4 0.001+0.001
v 60 0 0
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