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Streszczenie

Martwe drewno oraz roslinno$¢ runa sStanowig wazny element strukturalny
i troficzny ekosystemow lesnych. Zwigkszajg heterogeniczno$¢ siedlisk, tworzg specyficzne
warunki mikroklimatyczne oraz dostarczajg istotnych zasobow, takich jak schronienie,
pozywienie i miejsca gniazdowania dla szerokiej grupy lesnych zwierzat. O ile znaczenie
ekologiczne roslinno$ci runa zostalo stosunkowo dobrze opisane w dostepnej literaturze
w odniesieniu do réznych grup zwierzat, w tym drobnych ssakow, o tyle znaczenie martwego
drewna dla ich wystepowania i funkcjonowania ich populacji jest tematem wcigz stabo
rozpoznanym w warunkach europejskich lasow strefy umiarkowane;.

Myszarka lesna Apodemus flavicollis i nornica ruda Clethrionomys glareolus
to pospolite, sympatryczne gatunki gryzoni wystepujace w lasach strefy umiarkowanej
Europy. Petnig kluczowa role ekologiczna: sa m. in. pokarmem dla wielu gatunkow lesnych
drapieznikéw, zywicielami dla szerokiego spektrum pasozytéw, stanowia wazny element
wplywajacy na odnowienie naturalne lasow, reguluja liczebnos¢ owadow uwazanych
za szkodniki le$ne. Poznanie czynnikow wplywajacych na wystepowanie, liczebnosé
i funkcjonowanie populacji obu tych gatunkow gryzoni stanowi wazny aspekt ochrony
ckosystemow oraz wspierania  bior6znorodno$ci. Moze tez przyczyniaé  sig
do przewidywania i przeciwdziatania zagrozeniom zwigzanym z chorobami odzwierzecymi,
co jest szczegolnie istotne w obliczu zachodzacych zmian klimatycznych.

W pracy doktorskiej zbadano wptyw martwego drewna i struktury roslinnosci runa
lesnego na preferencje mikrosiedliskowe i funkcjonowanie populacji myszarki le$nej
I nornicy rudej. Badania prowadzono na trzech powierzchniach badawczych na terenie
Puszczy Biatowieskiej w latach 2017-2019. Zastosowane metody badawcze, takie jak
intensywne polowy gryzoni w pulapki Zywotowne oraz badania radiotelemetryczne,
pozwolity uwzgledni¢ w analizowanych zalezno$ciach zaréwno aspekt populacyjny, jak
I osobniczy.

Modele regresyjne oparte o0 dane pochodzace z potowoéw gryzoni metoda capture—
mark-recapture wykazaly, ze oba badane gatunki wykazuja wyrazne preferencje siedliskowe
wzgledem dostepnosci martwego drewna oraz wysokiej roslinnos$ci runa. Nornica ruda
preferowata przy tym wysokie pokrycie powierzchni roslinnoscig runa, ktorego myszarka

le$na unikata. Ponadto, nornica ruda byta fowiona w miejscach o stosunkowo duzej objetosci



martwego drewna (przekraczajacej 0,75 m® na 100 m? powierzchni lesnej) istotnie czgsciej,
niz wskazywalaby inne czynniki Srodowiskowe, preferujgc przy tym martwe drewno
w zaawansowanych stadiach rozktadu. Z kolei myszarka lesna byla czgéciej rejestrowana
w obszarach, w ktorych powierzchnia pokryta martwym drewnem wynosita co najmnie;j
1,5 m? na 100 m?. Zaleznosci te uwidocznity sie po uwzglednieniu w analizach wplywu
struktury i sktadu gatunkowego roslinno$ci runa, co wskazuje, ze juz sama dostepnosc
martwego drewna stanowi istotny czynnik wpltywajacy na jako$¢ i wykorzystanie siedliska.

Badania telemetryczne wykonane na 21 osobnikach nornicy rudej oraz
29 osobnikach myszarki lesnej dostarczyty uzupetniajacych dowodow potwierdzajacych
w mikroskali role martwego drewna jako istotnego zasobu w obrgbie arealow osobniczych.
Dla obu gatunkow, ilos¢ martwego drewna w obrgbie areatow osobniczych oraz centrow
aktywnosci, a takze w poblizu punktow namiarow telemetrycznych, czesto przekraczata
srednig ilos¢ na powierzchniach badawczych. Ponadto, dzigki niniejszym badaniom
dostarczono cennych (bo nielicznych i trudno dostepnych w literaturze) informacji na temat
wielko$ci arealdow osobniczych obu gatunkow 0szacowanych nowoczesnych metodami
statystycznymi na podstawie danych telemetrycznych.

Uzyskane wyniki badan wskazuja, ze objeto$¢, pokrycie powierzchni oraz sposob
przestrzennego rozmieszczenia martwego drewna w drzewostanach stanowig wazny element
funkcjonowania populacji badanych gatunkow gryzoni, a w konsekwencji takze
ekosystemow lesnych. Wniosek ten wspiera ide¢ tworzenia jasnych wytycznych wzgledem
pozostawiania $cisle okre$lonej minimalnej ilosci martwego drewna szczegdlnie w lasach

gospodarczych, o0 mato rozwinigtej ro§linnosci runa.

Stowa kluczowe: areat osobniczy, CMR, Myodes glareolus, radiotelemetria, uzytkowanie

przestrzeni
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Summary

Coarse woody debris and undergrowth vegetation constitute key structural and
trophic components of forest ecosystems. They enhance habitat heterogeneity, create specific
microclimatic conditions, and provide essential resources such as shelter, food, and nesting
sites for a wide range of forest animals. While the ecological importance of undergrowth
vegetation has been relatively well documented in the literature with respect to various
animal groups, including small mammals, the role of coarse woody debris in shaping their
occurrence and population functioning remains insufficiently studied in temperate European
forests.

The yellow-necked mouse Apodemus flavicollis and the bank vole Clethrionomys
glareolus are widespread, sympatric rodent species inhabiting temperate European forests.
Both species play vital ecological roles: they serve as prey for numerous forest predators, act
as hosts for a broad spectrum of parasites, contribute to forest regeneration processes, and
help regulate populations of insects considered forest pests. Understanding the factors
influencing their occurrence, abundance, and population functioning is an important aspect
of ecosystem conservation and biodiversity maintenance. Moreover, it may help to predict
and mitigate risks associated with zoonotic diseases, which is particularly relevant under
ongoing climate change.

This doctoral thesis examines the influence of coarse woody debris and the structure
of undergrowth vegetation on the microhabitat preferences and population functioning of the
yellow-necked mouse and the bank vole. The study was conducted between 2017 and 2019
in three study sites located in the Bialowieza Forest. The applied research methods—
intensive live-trapping and radiotelemetry—allowed the analyses to encompass both
population-level and individual-level aspects.

Regression models based on capture—-mark-recapture data revealed clear habitat
preferences of both species for the availability of coarse woody debris and dense undergrowth
vegetation. The bank vole preferred areas with a high undergrowth density which the yellow-
necked mouse tended to avoid. Furthermore, the bank vole was captured in areas containing
relatively large volumes of coarse woody debris (exceeding 0.75 m* per 100 m? of forest
area) significantly more often then suggested by other environmental factors and particularly

favoring deadwood in advanced stages of decomposition. In contrast, the yellow-necked
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mouse was more often recorded in areas where the surface area covered by coarse woody
debris exceeded 1.5 m? per 100 m2. These relationships became apparent after accounting for
the influence of the structure and species composition of undergrowth vegetation, indicating
that the mere availability of coarse woody debris is an important determinant of habitat
quality and use.

Telemetry research involving 21 bank voles and 29 yellow-necked mice provided
complementary evidence confirming, at the microscale, the significance of coarse woody
debris as a key resource within individual home ranges. For both species, the amount
of coarse woody debris within individual home ranges and core areas, as well as around
telemetry locations, often exceeded the average values recorded across the study plots.
In addition, the research yielded valuable (because of their scarce availability in the literature)
information on the home range sizes of these two species, estimated using modern statistical
methods based on telemetry data.

The results demonstrate that the volume, coverage, and spatial arrangement
of coarse woody debris within forest stands are crucial components shaping the population
functioning of the studied small mammal species, and consequently, the dynamics of forest
ecosystems. This finding supports the need for clear guidelines specifying a strictly defined
minimum amount of coarse woody debris to be retained, particularly in managed forests

characterized by poorly developed undergrowth vegetation.

Keywords: home range, CMR, Myodes glareolus, radiotelemetry, space use
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1. Wstep i uzasadnienie podjecia tematu

Struktura i1 sktad gatunkowy runa oraz dostgpno$¢ martwego drewna naleza
do kluczowych czynnikow ksztattujacych roznorodno$¢ biologiczng, produktywnos¢
1 funkcjonowanie ekosystemow lesnych. Wspodlnie zwigkszaja heterogenicznos¢ siedlisk,
co przeklada si¢ na zrdéznicowanie mikrosiedlisk, zasobow pokarmowych i1 miejsc
schronienia dla wielu grup organizméw (Harmon i in. 1986; Stokland i in. 2012).
Zrbdznicowana pionowa i pozioma struktura roslinno$ci wplywa na mikroklimat dna lasu —
w szczegOlnosci na dostep Swiatta, wilgotno$¢ i temperature gleby (Rosenzweig i Winakur
1969; Mazurkiewicz 1986). Martwe drewno w postaci powalonych pni, konarow i1 pniakow
dodatkowo zwigksza urozmaicenie strukturalne i troficzne srodowiska lesnego (Maser i in.
1979; Bull 2002). Oba elementy wspolnie tworzg mozaike¢ zasobow regulujaca interakcje
migdzygatunkowe 1 przestrzenne rozmieszczenie organizmoOw w zbiorowiskach lesnych
(Leibold i McPeek 2006).

Roéznorodnosé¢ form martwego drewna — od stojgcych martwych drzew po powalone
ktody, drobne galezie, pniaki, wykroty i fragmenty w zaawansowanym rozkladzie —
decyduje o mozliwosciach jego wykorzystania przez inne organizmy zywe, W tym drobne
ssaki (Stevens 1997; Bull 2002). Martwe drewno poprzez zréznicowane wiasciwosci
fizyczne, orientacj¢ przestrzenng, obecno$¢ dziupli, jam i wnek wspiera przezywalnosé¢
I sukces rozrodczy matych ssakow, zas swoiste ,korytarze” tworzone przez powalone pnie
utatwiaja, typowe dla gryzoni, bezpieczne przemieszczanie si¢ wzdtuz pionowych $cian
(Davis i in. 2010b; Stryjek i Modlinska 2013). Réwnolegle, struktura runa lesnego —
obejmujgca jego sktad gatunkowy, gestos¢ i wysoko$¢ pokrywy roslinnej — okresla
dostepno$¢ pokarmu, stopien ostonigcia oraz ryzyko drapieznictwa (Puan i in. 2011; Bos
i Carthew 2003). Ro$linno$¢ w polaczeniu z zasobami martwego drewna determinuja
warunki Zycia drobnych ssakoéw, wplywajac na ich rozmieszczenie, zachowania
przestrzenne i dynamike populacji (Ostfeld 1990).

W polskiej teriofaunie szczegdlne znaczenie maja nornica ruda Clethrionomys
glareolus i myszarka lesna Apodemus flavicollis — dwa pospolite, sympatryczne gatunki
gryzoni lasow europejskich strefy umiarkowanej (Aulak 1970; Jedrzejewska i Jedrzejewski
2001). Pomimo cze¢$ciowego naktadania si¢ nisz ekologicznych, nornica ruda i myszarka

lesna roznig si¢ preferencjami mikrosiedliskowymi, sposobem zerowania i aktywnoscia
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przestrzenng (Montgomery 1980; Griim i Bujalska 2000). Myszarka lesna wykazuje wigkszg
mobilnos$¢ 1 konkurencyjno$¢, chetniej penetrujac otwarte przestrzenie 1 wykorzystujac
zrdznicowane zasoby pokarmowe, natomiast nornica ruda preferuje strefy o gestszym runie
i ciaglej strukturze ostony (Andrzejewski i Olszewski 1963; Griim i Bujalska 2000). Gatunki
te pelnig szereg istotnych r6l — s3 ofiarami wielu gatunkow lesnych drapieznikow
(Jedrzejewska i Jedrzejewski 2001), konsumentami nasion i zielonych czeéci roslin (Butet
I Delettre 2011), zywicielami szerokiego spektrum pasozytow i drobnoustrojow (Krol i in.
2022). Z perspektywy gospodarki lesnej gryzonie oddziatujg dwutorowo: moga powodowaé
szkody — uszkodzenia nasion i siewek, ogryzanie korzeni i pni (Borowski 2007) — ale tez
wspiera¢ procesy odnowieniowe przez przenoszenie nasion i rozsiewanie ich (Gomez i in.
2008; Zwolak i in. 2010). Z tego wzgledu, badania nad preferencjami siedliskowymi oraz
funkcjonowaniem populacji obu gatunkéw moga przynies¢ nie tylko nowag wiedze
biologiczng, ale takze konkretne wsparcie w dziataniach praktycznej ochrony ekosystemow,
wspierania bioréznorodno$ci czy w prowadzeniu gospodarki lesnej.

W dostepnej literaturze brakuje badan empirycznych opisujacych preferencje
siedliskowe myszarki lesnej i nornicy rudej z tak szczegélowym uwzglednieniem martwego
drewna. Podj¢cie niniejszego tematu uzasadnia tez ograniczona dostepnos¢ opublikowanych
badan na temat szeroko rozumianego uzytkowania przestrzeni przez oba te gatunki

jednoczesnie w tym samym siedlisku.
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2. Cele i hipotezy badawcze

Cele:

1. Ocena stanu wiedzy na temat znaczenia martwego drewna w funkcjonowaniu
populacji matych ssakow.

2. Zbadanie i wyrazenie konkretnymi wartosciami liczbowymi zwigzkéw pomiedzy
myszarkg lesng i nornicg rudg a martwym drewnem i ro$linno$cig runa w skali
mikrosiedliska.

3. Pordéwnanie czynnikow determinujacych uzytkowanie przestrzeni przez nornic¢ ruda
1 myszarke lesna.

4. Wyznaczenie progdw iloSci martwego drewna lezacego wplywajacych
na wystepowanie nornicy rudej i myszarki lesnej.

5. Oszacowanie 1 pordwnanie mi¢dzy sobg wielkosci arealdow osobniczych i1 centrow
aktywno$ci nornicy rudej i myszarki lesne;.

6. Precyzyjne okreSlenie ilosci i rozmieszczenia martwego drewna w gradiencie

przestrzennym, w obrgbie areatéw osobniczych obu gatunkow gryzoni.

Hipotezy badawcze:

1. Réznice w 1ilosci 1 rozmieszczeniu martwego drewna wplywaja na sposob
uzytkowania przestrzeni przez nornic¢ rudg 1 myszarke lesng.

2. Nornica ruda i myszarka lesna wykazuja odmienne preferencje wzglgdem iloSci
1 rozmieszczenia martwego drewna oraz struktury ro$linnosci runa lesnego

ze wzgledu na roéznice w ich przystosowaniach ekologicznych i behawioralnych.
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3. Omowienie skladu dysertacji

W sktad dysertacji wchodza:
e publikacja 1 - opublikowany artykul przegladowy,

e publikacja 2 - opublikowany artykul badawczy,

e publikacja 3 — nieopublikowany artykut badawczy, przygotowany do ztozenia do
czasopisma.

W pierwszym artykule wykonano szczegotowy przeglad literatury dotyczacej
znaczenia martwego drewna dla réoznych gatunkow drobnych ssakéw (zrealizowano cel
nr 1). Praca ta pozwolita wskaza¢ na luki badawcze oraz podkresli¢ istot¢ podejmowanego
tematu. Wobec braku takich danych z Polski analiza obejmowata wyniki badan
pochodzacych szczegdlnie z Ameryki Poétnocnej i Europy Zachodniej.

Druga publikacja omawia wyniki autorskich analiz dotyczacych wplywu réznych
elementow struktury dna lasu na wystgpowanie nornicy rudej oraz myszarki les$nej
(zrealizowano cele nr 2, 3i 4).

W trzecim artykule skupiono si¢ na organizacji przestrzennej i charakterystyce
areatow 0sobniczych obu gatunkow gryzoni w kontekscie ilo$ci i rozmieszczenia martwego

drewna (zrealizowano cele nr 5, 6).

4. Teren badan

Badania przeprowadzono w potnocno-zachodniej czesci Puszczy Bialowieskie;,
na terenie Nadle$nictwa Browsk. Lokalizacje miejsc przeznaczonych do prowadzenia badan
wybrano na podstawie struktury wiekowej i gatunkowej drzewostanu, typu siedliska oraz
obecnosci martwego drewna. Wykorzystujac technologi¢ Field-Map (IFER - Monitoring and
Mapping Solutions, Ltd., Czech Republic) zatlozono trzy 1-hektarowe powierzchnie
badawcze — ,R”, ,S” i ,,T”, wszystkie w ksztalcie kwadratu 100 m x 100 m. Wnetrze
powierzchni podzielono za pomocg drewnianych kotkéw na mniejsze kwadraty o boku
10 m. Na kazdej powierzchni wydzielono w ten sposdb 100 pdl, w obrebie ktorych odbywata
si¢ wigkszo$¢ dzialan zwigzanych z pozyskiwaniem danych. Jedynie dane na temat

roslinnosci zbierane byty w skali 5 m x 5 m.
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Powierzchnia R znajdowala si¢ na terenie rezerwatu Lasy Naturalne Puszczy
Biatowieskiej. Byt to drzewostan o zrdéznicowanej strukturze wiekowej i przestrzennej,
z bogato rozwinigta warstwa podszytu, w typie siedliskowym olsu jesionowego
przechodzacego stopniowo w las wilgotny. Wedlug fitosocjologicznej klasyfikacji
zbiorowisk roslinnych dominujgcym zespotem byl tam l¢g jesionowo-olszowy Fraxino
Alnetum (Matuszkiewicz 2001).

Powierzchnia S znajdowala si¢ w obszarze lasow gospodarczych, w typie
siedliskowym lasu $wiezego przechodzacego stopniowo w ols jesionowy. Wedlug
fitosocjologicznej klasyfikacji zbiorowisk roslinnych (Matuszkiewicz 2001) dominujacym
zespotem byt tam grad subkontynentalny 7ilio—Carpinetum przechodzacy stopniowo w teg
jesionowo-olszowy Fraxino Alnetum, z miejscowo obfitg warstwg podszytu.

Powierzchnia T byla najmniej zréznicowanym drzewostanem gospodarczym
w typie lasu $wiezego. Zespotem roslinnym porastajacym powierzchnie byt grad
subkontynentalny Tilio—Carpinetum (Matuszkiewicz 2001). Duza cz¢$¢ dna lasu pokrywat

podrost klonu Acer platanoides. Warstwa podszytu nie byta mocno rozwinigta.

5. Material i metody badawcze
5.1. Capture-mark-recapture

Potowy gryzoni prowadzono w lipcu, w latach 2017-2019 na powierzchni S i R oraz
2018-2019 na powierzchni T. Zastosowano metode CMR (capture-mark-recapture)
uzywajac drewnianych putapek zywotownych zaopatrzonych w przynete (jabtka, owies,
thuszcz rodlinny). Putapki rozstawiano w sieci, w centralnym punkcie kazdego kwadratu
10 x 10 m, co zapewnito 10-metrowy odstep pomiedzy putapkami i tacznie 100 putapek na
powierzchni. Potowy prowadzono przez 6 kolejnych dob kontrolujac putapki 2 razy w ciggu
doby — w godzinach porannych (od 7:00) i wieczornych (od 18:00). Lacznie rejestrowano
ztowienia w trakcie 4800 pulapkonocy. Kazde schwytane zwierze¢ identyfikowano do
gatunku, okreslano jego ple¢, kondycje rozrodczg, mase ciata, a interesujgce nas gatunki
gryzoni znakowano za pomocg kolczykow z indywidualnym numerem (National Band &
Tag Company, USA).
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5.2. Radiotelemetria

Kazdego roku w lipcu i sierpniu przeprowadzono badania radiotelemetryczne na
wybranych osobnikach nornicy rudej (w latach 2017-2019) | myszarki lesnej (w latach 2018
i 2019). Osobniki odpowiednie do zatozenia nadajnikow telemetrycznych wytypowano na
podstawie wczesniejszych, wielokrotnych potowdw zwierzat metoda CMR. W tym czasie
oceniano mase ciala, ple¢, wiek oraz stan reprodukcyjny schwytanych osobnikéow, a po
oznakowaniu kolczykiem z indywidualnym numerem $ledzono losy kolejnych osobnikow
1 to, czy stale chwytane sg do putapek zlokalizowanych na powierzchni. Do zalozenia
nadajnikéw wybierano tylko doroste osobniki, pomijajagc 0sobniki niedojrzate, samice
cigzarne oraz zwierzeta o widocznie stabej kondycji fizyczne;.

Zastosowano nadajniki BD-2C (Holohil Systems Ltd., Kanada) i PIP3 (Biotrack
Ltd., Wielka Brytania) o masie 0,8-1,2 g. Masa nadajnika nie przekraczata 3% masy ciata
zwierzecia, zgodnie z wytycznymi. Nadajniki zaktadano bez uzycia $rodkow anestetycznych,
w warunkach terenowych. Po zalozeniu nadajnika zwierzgta umieszczano w terrariach
zawierajacych jablka, owies, liScie, galezie i mech, a nastgpnie przez okolo godzing
obserwowano czy nadajnik nie utrudnia zwierzeciu poruszania si¢ i pobierania pokarmu.
Po stwierdzeniu, ze nadajnik nie zaburza aktywnosci, zwierz¢ wypuszczano w miejScu
ztowienia — nornice rude niezaleznie od pory dnia, za$§ myszarki lesne przed zachodem stonca
w celu uniknigcia zaburzen w aktywnosci dobowej (Wojcik 1 Wotk 1985).

Lokalizacj¢ wyposazonych w nadajniki zwierzat oceniano za pomoca anteny
kierunkowej Yagi-AY/C (Titley Scientific, Australia) oraz odbiornika VHF R-1000
(Communication Specialist, Inc., USA). Pozycj¢ ustalano najpierw wykonujac kilka
namiaréw z oddali (triangulacja), a wraz ze zblizaniem si¢ do zrodia sygnatu lokalizacje
zwierzgcia oceniano bez anteny, wykorzystujac sam kabel antenowy.

Lokalizacje $ledzonych telemetrycznie nornic rudych okreslano przez cata dobe, zas
myszarek lesnych glownie noca, szczegdlnie w godzinach 21:00-03:00, kiedy aktywno$é
tego gatunku jest najwyzsza (Kotakowski i in. 2018). Lokalizowanie myszarek lesnych
w ciggu dnia miato na celu identyfikacje schronien dziennych i wykonywano je 1-3 krotnie

w ciagu doby.
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5.3. Ocena zasobow martwego drewna

W grudniu kazdego roku, oceniano ilo$¢, jako$¢ i rozmieszczenie martwego drewna
lezacego na dnie lasu. Martwe drewno na powierzchniach badawczych stanowito wynik
naturalnej $miertelnosci drzew, proceséw chorobowych, dziatalnosci wiatru oraz zerowania
zwierzat roslinozernych i owadow.

W pomiarach uwzgledniano wszystkie ktody o §rednicy wigkszej lub réwnej 10 cm
1 dtugosci co najmniej 1 m, oraz pniaki o $rednicy wigkszej lub réwnej 10 cm i wysokosci
nieprzekraczajgcej 2 m. Wspodtrzedne poczatku i konca ktod oraz srodka pniakow, a takze
srednice ktod w potowie dlugosci, wysokos¢ i $rednice pniakow w potowie wysokosci,
okreslano z zastosowaniem systemu laserowego Postex® Laser (Haglof Sweden). Stadium
rozktadu martwego drewna okreslano w skali pigciostopniowej (Maser i in. 1979).

Na podstawie zebranych danych opisano rozmieszczenie martwego drewna na
catych powierzchniach badawczych, w oparciu o siatke kwadratow 10 x 10 m. Ilos¢
martwego drewna w poszczegdlnych kwadratach wyrazono jako objetos¢ (m?®) obliczong
wedtug wzoru Hubera, oraz jako pokrycie powierzchni (m?), odpowiadajace procentowemu
udziatowi w powierzchni kwadratu, poniewaz kazdy kwadrat miat powierzchni¢ 100 m?.
Przy ocenie zasobnos$ci kwadratow w martwe drewno zatozono, ze jesli pniak lub ktoda
wychodza poza granice danego kwadratu, do zasobu drewna zalicza si¢ tylko t¢ czes$¢, ktora
znajduje si¢ w jego obrgbie. Rozmieszczenie kiod 1 pniakéw naniesiono na mapy
powierzchni badawczych przygotowane w pakiecie R, z wykorzystaniem biblioteki ‘ggplot2’
(Wickham 2016).

5.4. Ocena struktury runa lesnego

Kazdego roku, w lipcu opisano strukture ro§linnosci runa na kazdej z powierzchni
badawczych. Oceniano trzy parametry: dominujacy gatunek lub grupe gatunkow roslinnosci
runa, srednig wysoko$¢ roslinno$ci runa (w trzech kategoriach: 1 — <25 cm, 2 — 25-50 cm,
3 — > 50 cm) oraz procentowe pokrycie powierzchni roslinnosciag runa (1 — < 50%, 2 — 50—
75%, 3 — > 75%). Na podstawie sktadu gatunkowego roslinnosci runa obliczono wskaznik
wilgotnosci gleby wedlug metody Zarzyckiego i in. (2002), opartej na skali Ellenberga
(1974).
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Opis prowadzono w skali 5 m x 5 m, dzielgc kazdy z pierwotnie wyznaczonych 100
kwadratéw na cztery ¢wiartki w celu zwickszenia doktadnosci pomiarow. Dane z ¢wiartek
zagregowano nastgpnie do poziomu kwadratow 10 m x 10 m, uwzgledniajac najczgscie]
wystepujace kategorie wysokos$ci 1 pokrycia, a takze najliczniejsza grupe gatunkoéw runa.
W przypadku, kiedy nie dalo si¢ wskaza¢ jednoznacznie dominujacej cechy roslinnosci,
ostateczna klasyfikacja opierata si¢ na ocenie wizualnej struktury roslinnosci w najblizszym

otoczeniu opisywanego danego kwadratu.
5.5. Analiza danych
5.5.1. Publikacja nr 2

Oszacowanie liczebnosci populacji obu gatunkéw zostato wykonane przy uzyciu
metody Jolly-Seber dla populacji otwartych (Jolly 1965; Seber 1973; Williams 2002).
Obliczenia przeprowadzono korzystajac z podejscia POPAN zaimplementowanego
w bibliotece RMark (Laake 2013) w pakiecie R.

Do zbadania zwigzkow pomiedzy cechami $rodowiska a wykorzystaniem
przestrzeni przez analizowane gatunki, zastosowano dwa odregbne uogdlnione liniowe
modele mieszane, w ktorych zmienng zalezng byta liczba ztowionych dorostych osobnikéw
w danym kwadracie 10 m % 10 m. Jako zmienne objasniajace uzyte zostaty zar6wno zmienne
srodowiskowe, jak 1 interakcyjne, a takze grupa zmiennych kontrolnych. Do doboru
odpowiedniego zestawu zmiennych interakcyjnych i1 kontrolnych zastosowano wariant
kryterium informacyjnego Akaike skorygowany dla matych prob (Burnham i Anderson
2002). Ostateczna ocena jakosci dopasowania modelu odbyta si¢ z wykorzystaniem
warunkowego R?, stosowanego do tej klasy modeli w kontekscie modelowania

ekologicznego (Nakagawa i Schielzeth 2013).
5.5.2. Publikacja nr 3

Do szacowania wielko$ci areatow badanych osobnikéw wykorzystano dwie
metody. Pierwsza z nich, MCP, jest bardzo prosta metoda 1 racze] zawodng
w kontekscie danych telemetrycznych charakteryzujacych si¢ pewng autokorelacja, ale moze

by¢ przydatna w celach porownawczych (Worton 1987). Druga wykorzystana metoda,
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stosujaca jadrowy estymator gestosci (Kernel Density Estimator) uwzgledniajacy
autokorelacj¢ oraz nieregularno$¢ namiaréw telemetrycznych (WAKDECc) (Silva i in. 2022).

Dla obu metod analogicznie wykorzystano 95% najblizszych namiarow (MCP)
195% wewnetrznego obszaru estymacji (WAKDEc) do oszacowania areatu osobniczego oraz
50% dla centrow aktywnosci. Wielkosci arealéw oszacowane metoda wAKDEc byly
grupowane wedtug gatunkow 1 plci, a nastepnie poréwnywane testem t Welcha, aby znalez¢
istotne statystycznie réznice. Test t Welcha na istotnie statystyczne rdznice byt réwniez
wykonywany dla poréwnania ilo$ci martwego drewna w areatach, centrach aktywnosci oraz
w poblizu miejsc namiarow telemetrycznych z iloscig drewna na danej powierzchni

badawczej.

6. Oswiadczenie etyczne

Wejscie do rezerwatu Lasy Naturalne Puszczy Biatowieskiej (powierzchnia
badawcza R) oraz potowy zwierzat odbywaty za zgoda Regionalnej Dyrekcji Ochrony
Srodowiska w Biatymstoku — pozwolenie nr WPN.6205.42.2017.MN. Wszystkie dzialania
dotyczace zwierzat przeprowadzono zgodnie z prawem europejskim — Dyrektywag Rady
92/43/EWG oraz Dyrektywa Rady 86/609/EWG (prawo krajowe: Dz.U. 2015 poz. 266).

7. Najwazniejsze wyniki badan
7.1 Publikacja 2

W trakcie potowoéw gryzoni w putapki zywolowne metoda CMR ztowiono
236 dorostych osobnikow myszarki lesnej (w sumie 609 ztowien) oraz 173 doroste osobniki
nornicy rudej (w sumie 686 zlowien). Wedlug szacunkéw, catkowita wielkos¢ populacji
myszarki le§nej wahata si¢ w trakcie trzech sezon6w badan od 18 osobnikdw na powierzchni
S w roku 2017 do 107 osobnikéw na powierzchni T w roku 2019. Dla nornicy rudej byt to
przedzial od 17 osobnikéw na powierzchni S w 2018 roku do 99 osobnikow na powierzchni
R w 2017 roku. Populacja myszarki lesnej sktadata si¢ w wigkszosci z dorostych osobnikow,

za$ w przypadku nornicy rudej zaobserwowano wigcej osobnikéw niedojrzatych.
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Modele regresyjne dla liczby zlowien myszarki lesnej 1 nornicy rudej wykazaty
istotnos¢ statystyczng zmiennych $rodowiskowych zwigzanych przede wszystkim
z wysokoscig roslinnosci runa i stopniem pokrycia powierzchni ro§linno$cig runa, ale takze
iloscig martwego drewna. Nornica ruda ponadprzecigtnie czgsto towiona byta w miejscach
charakteryzujacych sie wysokim pokryciem i wysoka roslinnoscig runa. Unikata obszarow
w matym stopniu pokrytych roslinnoscig oraz pokrytych roslinno$cig niskg. Myszarka lesna
rowniez preferowata wysoka roslinno$¢, ale unikata miejsc w wysokim stopniu pokrytych
roslinnoscia.

Wskazania modeli §wiadczg o tym, ze zarbwno myszarka lesna, jak i nornica ruda
byly towione w miejscach z odpowiednio wysoka ilo§cig martwego drewna cze$ciej, niz
wskazywalyby na to inne czynniki srodowiskowe. Dla myszarki le$nej ten prog ilosciowy
wynosit 1,5 m? martwego drewna na 100 m? powierzchni lesnej, przy czym wigksze ilosci
drewna nie wigzaly si¢ z czestszym wystepowaniem myszarki lesnej. Z kolei dla nornicy
rudej, progiem byla objeto§¢ martwego drewna nie mniejsza niz 0,75 m® na 100 m?
powierzchni. Jeszcze wigksza ilo§¢ drewna, jak rowniez wystepowanie drewna w wyzszym

stopniu rozktadu, towarzyszyly czestszym ztowieniom nornicy rude;.

7.2 Publikacja 3

W ramach badan radiotelemetrycznych nadajnik zatozony zostat na 78 zwierzat —
44 osobnikom myszarki lesnej oraz 34 osobnikom nornicy rudej. Na skutek drapieznictwa,
zgubienia nadajnika lub oddalenia si¢ danego osobnika z powierzchni badawczej utracono
cze$¢ danych i ostateczna proba przeznaczona do analiz skladata si¢ z 29 osobnikow
myszarki lesnej (19 samcow 1 10 samic) oraz 21 osobnikdéw nornicy rudej (10 samcow
1 11 samic). W sumie dokonano 2378 namiaréw telemetrycznych.

Srednia wielko$¢ areatdéw osobniczych oszacowana metoda wAKDEc wyniosta
3847 m? dla myszarki lesnej (2535 m? w przypadku samic i 4538 m? dla samcow) oraz
2719 m? dla nornicy rudej (1350 m? dla samic i 4225 m? dla samcow). Sredni stosunek
wielkosci centrum aktywnos$ci do arealu 0sobniczego byt zblizony, niezaleznie od gatunku,

plci i powierzchni badawczej, i wynosit ok. 20% dla nornicy rudej i 18% dla myszarki lesne;.
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Najwigksza liczbe zwierzat przebadano radiotelemetrycznie na powierzchni
S. Tylko dla tej powierzchni proba byta na tyle duza, by moc na jej podstawie przeprowadzi¢
porownanie Statystyczne wielkosci areatéw pomiedzy gatunkami i plciami. Dla obu
gatunkow, arealy samcow byly istotnie wicksze od areatdow samic. Dodatkowo, areaty samic
myszarki lesnej byty istotnie wigksze od areatow samic nornicy rude;.

Zaobserwowano generalng tendencje, ze 1im blizej punktow namiaréw
telemetrycznych, tym wyzsza obserwowana ilo$¢ martwego drewna. Ponadto, dla wszystkich
zwierzat potraktowanych jako jedna grupa, $rednia ilo$¢ martwego drewna (wyrazona
zarowno pokryciem, jak i objetoscig) Stwierdzona w areatach osobniczych, centrach
aktywno$ci, a takze w otoczeniu punktow namiaréw byla istotnie wieksza niz na
powierzchniach badawczych. W obrebie areatow o0sobniczych myszarki lesnej
zarejestrowano ponadprzecigtng w stosunku do catej powierzchni badawczej ilos¢ martwego
drewna (wyrazong pokryciem i obj¢to$cia), a u nornicy rudej - jego ponadprzecietng objetos¢
w centrach aktywno$ci. Medianowa ilo$¢ drewna (pokrycie, objetos¢) w centrach aktywnosci
myszarki lesnej wyniosta 2,13 m? oraz 0,35 m® na 100 m? powierzchni, a dla nornicy rudej

byto to 3,79 m? i 1,03 m® na 100 m? powierzchni lesne;j.

8. Dyskusja wynikow

W naszym badaniu zaréwno analiza arealow osobniczych, jak 1 czynnikéw
srodowiskowych stuzyly przede wszystkim wyodrebnieniu zwigzkoéw obu analizowanych
gatunkow z martwym drewnem. Uzyskane wyniki stanowig duzg warto$¢ ze wzglgdu na
niewielkg liczbe opublikowanych badan opisujacych wielko$ci areatdéw osobniczych
myszarki lesnej i nornicy rudej szacowanych na podstawie danych telemetrycznych —
szczegblnie przy wykorzystaniu nowoczesnych metod statystycznych uwzgledniajacych
wptyw autokorelacji i obserwacji nietypowych.

Oszacowane przez nas wielkoSci arealow myszarki lesnej byly nizsze
od zaprezentowanych przez Tioli i in. (2009) dla populacji zamieszkujacych Alpy Wioskie
i Bonacchi i in. (2021) dla populacji ze srodkowych Wtoch. Wprawdzie w badaniach Tioli
1 in. (2009) nie zastosowano metody szacowania arealdéw uwzgledniajacej autokorelacje

namiaréw, ale Bonnachi 1 in. (2021) postugiwali si¢ metodg estymacji zblizong do nasze;j.
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Roznice w oszacowaniach, szczegolnie wyrazne dla samic, mogg odzwierciedla¢ réznice
w zageszczeniu populacji (Schoepfi in. 2015; Bogdziewicz i in. 2016; Balluffi i in. 2025),
miesigcu prowadzenia badan (Stradiotto i in., 2009) oraz zasobnosci siedlisk (Schradin i in.
2010; Schoepf i in. 2015; Kubiak i in. 2017). Wielkosci arealow oszacowane dla nornicy
rudej byly zblizonej do uzyskanych podobnymi metodami przez Schirmer i in. (2019)
w Brandenburgii, w Niemczech.

Preferencje nornicy rudej dotyczace wysokiej roslinno$ci i wysokiego pokrycia dna
lasu ro$linnoscig runa stwierdzone w ramach niniejszych badan, opartych na danych
z polowdw, sg spojne z wynikami innych badaczy (Dickman i Doncaster 1987; van
Apeldoorn i in. 1992; Chetnicki i Mazurkiewicz 1994; Mazurkiewicz 1994; Kotakowski i in.
2018). Obserwacje t¢ mozna wigza¢ zaréwno z kwestig dostepu do pokarmu, jak
i schronienia przed drapieznikami (Eccard i in. 2020; Jedrzejewska i Jedrzejewski 2001). Dla
myszarki lesnej najwazniejszym czynnikiem S$rodowiskowym byla wysoka roslinno$¢
(spojnie z wynikami LeSo 1 in. (2016) oraz Benedek i in. (2021)), ale unikata ona gestego
podszytu. To wilasnie ta cecha odrozniata najsilniej myszarke lesna od nornicy rudej, jesli
chodzi o stosunek do roslinnosci.

Przy wykorzystaniu modeli regresyjnych pokazano rowniez, ze zardwno myszarka
le$na, jak i nornica ruda byty czesciej towione w obszarach o pewnej minimalnej ilosci
martwego drewna. Dla myszarki lesnej istotniejsza okazala sie ilo§¢ drewna wyrazona w m?,
a dla nornicy rudej jego objetos¢, przy czym ilos¢ martwego drewno miata wigksze znaczenie
dla nornicy rudej. Dodatkowo, preferowala ona martwe drewno w wyzszych stopniach
rozktadu.

Badania telemetryczne potwierdzity powyzsze wnioski, pokazujac, ze srednia ilo§¢
drewna w areatach osobniczych myszarki lesnej oraz jego $rednia objetos¢ w centrach
aktywnosci nornicy rudej byla ponadprzecigtnie duza w stosunku do ilo$ci drewna na
powierzchniach badawczych. Ponadto, mediana ilo$ci drewna w centrach aktywnosci
myszarki lesnej oraz nornicy rudej przekraczata progi oszacowane w ramach modeli
regresyjnych na podstawie danych z potowow.

Zarowno myszarka les$na, jak i nornica ruda korzystaja z pokarmu pochodzenia
zwierzecego (Gebezynska 1976; Gebezynska 1 in. 1989), dostepnego w zasobnym

w bezkrggowce martwym drewnie w rdéznych stadiach rozktadu. W przeciwienstwie do
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sktadu pokarmu myszarki le$nej, sktad pokarmu nornicy rudej sktada si¢ w duzym stopniu

z mszakow, grzybow i porostow (Butet 1 Delettre 2011) czesto zasiedlajacych roztozone

martwe drewno. Dodatkowo, z punktu widzenia dostgpnosci schronien, nornica ruda posiada

duzo stabsze umiejetnosci kopania nor niz myszarka lesna (Pucek 1983). Nie dziwi wigc fakt

silniejszego przywigzania nornicy rudej niz myszarki lesnej do obecnos$ci martwego drewna.

9. Podsumowanie i wnioski

1)

2)

3)

4)

5)

Zarowno nornica ruda, jak i myszarka le$na preferujg obszary z wysoka roslinno$cia
runa. W ich preferencjach wida¢ jedng wyrazng réznice - nornica ruda wybiera platy
siedliska o wysokim pokryciu ro$linno$cig runa, podczas gdy myszarka lesna
wyraznie ich unika. Dla obu gatunkow wysokos$¢ 1 pokrycie roslinnoscig runa sa
istotniejsze niz jego sktad gatunkowy.
Dla badanych gatunkéw gryzoni istotnym parametrem charakteryzujacym martwe
drewno jest nie tylko jego objetosé (m?), lecz takze pokrycie powierzchni dna lasu
martwym drewnem (m?).
Nornica ruda wykazuje wyrazng preferencj¢ wobec relatywnie duzej objetosci
martwego drewna - minimum 0,75 m® martwego drewna na 100 m? powierzchni dna
lasu. Dla tego gatunku wazne jest martwe drewno w zaawansowanych stadiach
rozktadu.
Preferencja myszarki le$nej wobec martwego drewna jest mniej wyrazna, a ilo$¢
drewna, ktora pozytywnie wplywa na jej wystepowanie wynosi co najmniej 1,5 m?
na 100 m? powierzchni le$nej. Dla tego gatunku stadium rozktadu martwego drewna
nie ma znaczenia.
Oba gatunki wykorzystuja jako areal osobniczy obszary o wigkszej ilo§ci martwego
drewna niz przecig¢tnie notowano na powierzchniach badawczych:

a. u myszarki le$nej wykazano istotnie ponadprzecietne pokrycie (m?)

i objetos¢ (m*) martwego drewna w calym areale osobniczym.
b. u nornicy rudej istotnie wyzsza objeto§¢ martwego drewna byla

charakterystyczna dla centrow aktywnosci.
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6)

7)

c. najwyzsza ilo§¢ martwego drewna obserwowano u obu gatunkow
w bezposrednim sgsiedztwie punktow namiarow telemetrycznych.

Uzyskane wyniki sugeruja, ze zarzadzanie martwym drewnem w oparciu o duze
powierzchnie lesne (np. skali hektara lub wigkszej) moze by¢ zbyt ogdlnikowa dla
potrzeb matych, mato mobilnych zwierzat takich jak gryzonie. Nawet przy tej same;j
catkowitej masie martwego drewna, jego rozproszenie na duzej powierzchni moze
inaczej wptywaé na populacje gryzoni niz skoncentrowanie go na mniejszych
fragmentach drzewostanu.
Proponujemy, aby zarzadzanie ilo$cig i rozmieszczeniem martwego drewna w lasach
gospodarczych odbywalo sie takze w mikroskali tj. na powierzchniach mniejszych
niz hektar oraz by zarzadzano nie tylko jego objetoscia (m®) ale i pokryciem
powierzchni (m? ~ %). Efektem mogloby by¢ tworzenie réwnomiernie
rozmieszczonych zgrupowan martwego drewna na danym obszarze badz formowanie
mniejszej liczby, lecz wiekszych nagromadzen martwego drewna. Taki sposob
zarzadzania martwym drewnem moze by¢ potencjalng strategia zarzadzania
rozmieszczeniem gryzoni w drzewostanach. Wymaga to jednak dalszych badan
opartych na eksperymentalnych manipulacjach iloscig 1 rozmieszczeniem martwego

drewna.
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Wstep

Na temat znaczenia martwego drewna w réznych ekosystemach powstato wiele opracowari [Harmon
i in. 1986; Fridman, Walheim 2000; Stokland i in. 2012], a jego ekologiczna rola byta i nadal jest
szeroko analizowana na réznych poziomach organizacji ekosystemu. W praktycznym ujeciu tematu
wielu autoréw odnosi si¢ do roli gospodarczej, tempa dekompozycji i ewentualnych skutkéw
gospodarczych wynikajgcych z zalegania martwego drewna na dnie lasu [Gore, Patterson 1986;
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Wolski 2003]. W nowoczesnym, zréwnowazonym lesnictwie, w ktérym za priorytet uznaje si¢
zachowanie mozliwie maksymalnych korzysci ekonomicznych przy jednoczesnym utrzymaniu
wysokiej réznorodnosci biologicznej, optymalnej produkeyjnosci i dobrej kondycji ekosystemu
[Angelstam, Kuuluvainen 2004], martwe drewno nie jest juz traktowane jako element niepoza-
dany i nie jest systematycznie lub catosciowo usuwane z lasu. Wprawdzie intensywna gospodarka
lesna prowadzi czg¢sto do znacznej redukcji jego ilosci [Spies i in. 1988], ale realizowany obec-
nie sposéb gospodarowania drzewostanami nakierowany jest na zabezpieczanie tych zasobéw
w stopniu co najmniej minimalnym [Bobiec, Stachura-Skierczyiiska 2007]. W lasach gospodar-
czych utrzymanie optymalnej ilosci martwego drewna przy jednoczesnym zarzgdzaniu produktami
lesnymi jest trudne i wcigz moze stanowi¢ wyzwanie dla wspétczesnego lesnictwa zaintereso-
wanego prowadzeniem zréwnowazonej gospodarki [McCay i in. 2002; Pedlar i in. 2002; Fauteux
i in. 2012]. Zréznicowane cele stawiane obecnie lesnictwu i koniecznos¢ ich realizacji skutkujg
jednak tym, ze w lasach gospodarczych zasoby martwego drewna sg duzo mniejsze niz w lasach
niezagospodarowanych [Bunnell, Houde 2010].

Pomimo wzrostu poziomu wiedzy o roli martwego drewna stojacego i lezacego w lasach
w kontekscie utrzymania réznorodnosci gatunkowej, a moze wiasnie z powodu ugruntowania tej
wiedzy, lokalne usuwanie martwego drewna z laséw gospodarczych wcigz niesie za sobg obawe
o trwalo$¢ wystgpowania gléwnie tych gatunkéw, dla ktérych kluczowym komponentem
siedliska jest wlasnie martwe drewno [Stokland i in. 2012]. Wiedza na temat sposobéw utrzymy-
wania wysokiej réznorodnosci biologicznej w lasach gospodarczych oraz wprowadzanie dobrych
praktyk w zarzgdzaniu drzewostanami nadal wymagajg rozpoznania i zachowania zwlaszcza tych
czynnikdéw siedliskowych, ktére z punktu widzenia biologii gatunku s niezb¢dne do utrzyma-
nia optymalnej kondycji populaciji.

Dla ekologéw zajmujacych si¢ badaniem ztozonosci ekosysteméw i proceséw w nich zacho-
dzacych martwe drewno jest obiektem obserwowanym/analizowanym przez pryzmat korzysci
plyngcych dla gatunkéw w jakikolwiek sposéb (bezposrednio i posrednio) z tym drewnem zwig-
zanych. Wiele prac dokumentuje rol¢ martwego drewna jako waznego komponentu srodowiska
- niezb¢dnego do zycia licznych gatunkéw (jak ma to miejsce w przypadku kilku gatunkéw
dzigciotéw, m.in. dzig¢ciola biatogrzbietego Dendrocopos leucotos [Czeszczewik, Walankiewicz
2006]; nietoperzy, m.in. borowca wielkiego Nyctalus noctula i borowca Leislera Nyctalus leisleri
[Ruczyniski, Bogdanowicz 2005; Ruczyriski 2006]; réznych gatunkéw owadéw, w szczegblnosci
saproksylicznych chrzgszezy Coleoptera [Gutowski i in. 2004; Stokland i in. 2012]; ro$lin, m.in.
glonéw, watrobowcéw, mchéw i roslin naczyniowych [Gutowski i in. 2004]; grzybéw, w tym
grzyb6w rzadkich i chronionych [Odor i in. 2006], m.in. czarki szkartatnej Sarcoscypha coccinea,
soplowki gatezistej Hericium coralloides oraz grzybéw mikoryzowych [Gutowski i in. 2004]), czy-
nigcego siedlisko gatunku bardziej zasobnym w ukrycia i pokarm (tak jest m.in. w przypadku
rysia Lynx Jynx, niekt6rych gatunkéw gadéw, w szczegélnosci wezy i jaszezurek [Davis i in. 2010a])
albo sprzyjajacego tworzeniu nowych mikrosiedlisk (np. dla réznych gatunkéw ptazéw, w tym
ropuch, zab i salamander [Whiles, Grubaugh 1996]). W przypadku wiclu gatunkéw ta wiedza
jest juz ugruntowana i skutkuje realizacjg tzw. dobrych praktyk, ale wciaz liczna jest grupa
gatunkéw, w stosunku do ktérych nie ma wystarczajacych danych o tym, jak martwe drewno
wptywa na ich funkcjonowanie i jak istotne sg rézne parametry martwego drewna — migzszosc,
struktura, wiek, orientacja przestrzenna i stopien jego rozkladu.

"Takg wazng grupg gatunkéw w lasach klimatu umiarkowanego sq mate (inaczej drobne) ssaki
Micromammalia — wedtug systematyki zaliczane do rz¢déw gryzoni Rodentia i ryjéwkoksztattnych
Soricomorpha. Charakteryzuja si¢ one stosunkowo niewielkimi rozmiarami ($rednia masa ciata
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dorostych osobnikéw najbardziej pospolitych polskich gatunkéw gryzoni nie przekracza 30 g,
a ryjéowkowatych Soricidae kilku-kilkunastu graméw [Aulak 1970; Jedrzejewska, Jedrzejewski
2001]). Ich wysokie zaggszezenie oraz caloroczna aktywnosé [Pucek i in. 1993] sprawiaja, ze sg
one — zwlaszcza gryzonie — niezwykle waznym, bo przewidywalnym Zrédtem pozywienia dra-
pieznych ptakéw i ssakéw [Jedrzejewski, Jedrzejewska 1996]. Gryzonie, same odzywiajgc si¢
zielonymi czesciami roslin, pgdami, nasionami oraz zwigzanymi bezposrednio réwnieZ z martwym
drewnem porostami i grzybami (w tym grzybami mykoryzowymi) [Maser i in. 1978; Li i in.
1986], uczestniczg w rozprzestizenianiu si¢ konsumowanych gatunkéw. Z kolei Zywigce si¢
przede wszystkim bezkregowcami ssaki ryjéwkowate, choé nie tak chetnie jak gryzonie wybie-
rane przez drapiezniki jako ofiary, mogg — wobec wysokiego poziomu metabolizmu i zwigzanego
7 tym ogromnego zapotrzebowania pokarmowego [Hanski 1984; Gliwicz, Taylor 2002; Churchfield,
Rychlik 2006; Taylor 2013a, b] — w duzym stopniu ograniczaé liczebnos¢ owadéw przyczynia-
jacych si¢ do istotnych zmian w ekosystemach lesnych [Carey, Johnson 1995]. Z tego powodu
mate ssaki sg waznym ogniwem w skomplikowanym i mocno rozbudowanym taricuchu pokar-
mowym i tym samym stanowig jeden z podstawowych komponentéw wptywajacych na rézno-
rodno$¢ gatunkows i funkcjonowanie ekosysteméw lesnych strefy klimatu umiarkowanego.
Znaczacy ich udziat w budowaniu skomplikowanych sieci troficznych wskazuje, Ze réznorodnos¢
gatunkowa, liczebnos¢ i kondycja populacji tych zwierzgt majg istotny wptyw na gatunki z innych
szczebli faricucha pokarmowego [Jedrzejewski, Jedrzejewska 1996; Krebs 1999; Jedrzejewska,
Jedrzejewski 2001]. Wobec tego faktu wydaje si¢, ze poznanie parametréw siedliska, ktére mogg
mie¢ istotny wplyw na populacje drobnych ssakéw, powinno stanowi¢ jedno z waznych zadan
lesnikéw i badaczy, by mozliwe bylo zachowanie jak najlepszej kondycji ekosysteméw w lasach
gospodarczych.

Celem niniejszej pracy jest przedstawienie w oparciu o opublikowane dane roli martwego
drewna w ksztaltowaniu liczebnosci i réznorodnosci gatunkowej zespotéw drobnych ssakéw ze
szczegblnym uwzglednieniem laséw gospodarczych strefy klimatu umiarkowanego. Praca ma
charakter przegladowy.

Materiat i metody

Opracowanie niniejszego materiatu rozpoczeto od wyszukania w bazach danych Web of Science
oraz Google Scholar publikacji naukowych traktujgcych o wplywie martwego drewna na zespoty
matych ssakéw — gryzoni i ryjéwkoksztattnych. Artykuty wyszukiwano poprzez kombinacjg
stéw-kluczy: ,,coarse woody debris”, , small mammals”, ,rodents”, ,shrews”, ,dead wood”,
»woody debris” i innych powigzanych okresler. Publikacje odnalezione w bazach bibliograficz-
nych zostaly przeanalizowane pod katem poruszanych zagadnien i cytowanej w nich literatury,
aby w miar¢ mozliwosci unikngé¢ pominigcia opracowan istotnych dla poruszanego tematu.
Sposréd wszystkich dostgpnych publikacji wybrano te, ktére bezposrednio (w tytule i stowach
kluczowych) odnosity si¢ do martwego drewna i gatunkéw drobnych ssakéw. Wyszukiwanie
artykutéw odbyto si¢ w okresie listopad-grudzieri 2015 i zostato powtérzone w lutym 2017 roku.
Znaleziono 46 artykuléw prezentujgcych wyniki réznorodnych badai bezposrednio z zakresu
powigzari martwego drewna z matymi ssakami. Do tej pory wigkszos¢ badan dotyczacych tego
zagadnienia prowadzono w USA i w Kanadzie. Opublikowano stosunkowo niewicle wynikéw
badan empirycznych prowadzonych w lesnych kompleksach Europy, zas opracowania dotyczace
krajowych gatunkéw kregowcéw majg skromny udzial w dostgpnej literaturze i nie dotycza
bezposrednio wplywu martwego drewna na populacje drobnych ssakéw. W dalszej czesci pracy
polskie nazwy gatunkéw obcych podano za Cichockim i in. [2015].
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Po co drobnym ssakom martwe drewno?

W badaniach ekologicznych zwraca si¢ szczegélng uwage na fakt, ze martwe drewno na réznych
etapach rozktadu petni wazng funkcj¢ w utrzymaniu naturalnych proceséw zachodzacych w $ro-
dowisku. Stanowi cenne mikrosiedlisko o wysoce specyficznych warunkach abiotycznych (szcze-
g6lnie wilgotnosci, temperaturze, warunkach swietlnych, uksztattowaniu powierzchni dna lasu),
optymalnych dla licznych gatunkéw organizméw zywych, w tym zwierzat krggowych [Maser i in.
1979; Bowman i in. 2000; Bull 2002]. Martwe drewno sprzyja zwi¢kszaniu heterogenicznosci
i mozaikowatosci siedlisk lesnych [Franklin i in. 1981; Lee 1995], a to z kolei ma znaczenie dla
réznorodnosci gatunkowej zyjacych tam organizméw. W zréznicowanych, niejednorodnych siedli-
skach zespoly matych ssakéw zawsze charakteryzuja si¢ wigkszym bogactwem gatunkéw i bardziej
stabilnymi parametrami populacyjnymi, co w duzej mierze wiaze si¢ ze zwigkszong dostgpnoscig
schronien przed drapieznikami [Stenseth 1980].

Takg pozytywng zaleznos¢ mig¢dzy objetoscig martwego drewna w Srodowisku i réznorod-
noscig gatunkowg kregowceéw (w tym matych ssakéw) zaobserwowano w USA w stanie Oregon
[Maguire 2002]. Co cickawe, taki zwigzek potwierdzono dla catego zespotu drobnych ssakdw,
ale w rozbiciu na grupy systematyczne — tylko dla ssakéw z rz¢du ryjéwkoksztatenych, a dla gry-
zoni (jako oddzielnej grupy) — juz nie. To koresponduje z wiedza, ze ryjéwki i gryzonie funkcjo-
nujg w odmienny sposéb i kieruja nimi inne mechanizmy ekologiczne [Gliwicz, Taylor 2002;
Jancewicz, Gliwicz 2009]. Ta swoista niezgodnos¢ reakcji na udziat martwego drewna w srodo-
wisku pokazuje, ze gryzonie wykazuja mniejszy niz ryjéwkowate zwigzek z okreslonymi cechami
srodowiska i sg w stosunku do niego mniej wymagajace.

Czy rodzaj martwego drewna i stopieni jego rozkladu majg
znaczenie?

Powstawaniu martwego drewna sprzyja wicle czynnikéw. Pozary, gradacje owadéw, choroby grzy-
bowe i pasozytnicze, dtugotrwate susze, powodzie, silne wiatry oraz konkurencja mi¢dzyosobnicza
i miedzygatunkowa stanowig naturalne czynniki sprzyjajagce powstawaniu martwego drewna
w lasach [Harmon i in. 1986]. Duze znaczenie majg tez czynniki antropogeniczne, a w szczegdl-
nosci zabiegi towarzyszace pozyskaniu surowca drzewnego, przy czym tzw. biomasa lesna w po-
staci odpadéw zrgbowych w wigkszosci zostaje zebrana, wywieziona i wykorzystana dla potrzeb
energetycznych [Bies 2006; Riffell i in. 2011; Moskalik 2013].

Czynniki powodujgce zamieranie drzew bardzo cz¢sto determinujg form¢ wystepowania
martwego drewna. Powszechnie wyrdznia si¢: drewno stojace (cate strzaty, ztomy, pniaki), gruby
material lezgcy (dlugic pnie i klody) oraz material drobny (gat¢zie, konary, obumarte korzenie
lezace na dnie lasu) [Stevens 1997]. Orientacja przestrzenna (drewno lezace, drewno stojgce),
wiek, stopien rozktadu, wymiary (dtugosé drewna lezgcego, wysokosé drewna stojgcego, obwad
pnia), gatunek drzewa oraz miazszos¢ (tj. ilo§¢ martwej materii w przeliczeniu na jednostke
powierzchni) stanowig o sposobie wykorzystania martwego drewna przez zwierzgta kregowe
[Harmon i in. 1986; Bull 2002]. W badaniach nad pospolitym, szeroko rozprzestrzenionym gryzo-
niem amerykanskim — myszakiem lesnym Peromyscus maniculatus — zauwazono, ze na powierzch-
niach badawczych o duzym udziale martwego drewna osobniki (gléwnie samice) wykazywaty
istotnie mniejszg Srednig dtugosé wedréwki niz w miejscach ubogich w martwe drewno, przy
czym dystans ten istotnie zwigkszat si¢ w okresie rozrodczym (Srednio o okoto 16 metréw) [Lee
2004]. Z wynikéw tych mozna wnioskowad, ze wigksza ilos¢ martwego drewna zapewnia matym
ssakom korzystniejsze warunki zycia, w wigkszym stopniu zaspokajajgc ich wymagania prze-
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strzenne — przede wszystkim pokarmowe, ale i te zwigzane z dostateczng liczbg ukry¢. To po-
twierdza uniwersalng dla zwierzat kregowych teori¢, ze w srodowiskach bardziej zasobnych
arcaly osobnikéw mogg by¢ mniejsze [Powell 2000].

Wryniki niektérych badari terenowych potwierdzaja, Ze drewno wykazujgce wyzszy stopicri
rozkladu jest che¢tniej i czgsciej wykorzystywane przez mate ssaki niz drewno stabo roztozone
[Kaminski i in. 2007; Fauteux i in. 2013], przy czym nie jest to trend typowy dla wszystkich
gatunkéw i regiondw. Martwe drewno roztozone w niewielkim stopniu zapewnia matym ssakom
schronienie przed drapieznikami i ostong przed niekorzystnymi warunkami atmosferycznymi.
Drewno w zaawansowanym stadium rozkladu jest dodatkowo bogatym Zrédtem pokarmu (w szcze-
gdlnosci owadéw saproksylicznych [Lassauce i in. 2011]), miejscem zaktadania gniazd i wychowu
mtodych. Moze takze petnic¢ funkcj¢ spizarni oraz tras migracyjnych utatwiajgcych przemiesz-
czanie si¢ w terenie [Loeb 1999; Bull 2002; Davis i in. 2010b; Fauteux i in. 2012], szczegdlnie
w miejscach dostepnych dla potencjalnych drapieznikéw [Davis i in. 2010b]. Wsréd badaczy nie
ma jednak zgodnosci co do wptywu obecnosci martwego drewna w zaawansowanych stadium
rozktadu na liczebnos¢ matych ssakéw, np. wspomniany myszak lesny takg zaleznos¢ wykazuje
[Lee 2012], a nalezaca do tej samej rodziny nornica amerykariska Clethrionomys gapperi — nie
[Bowman i in. 2000]. Czy ma to zwigzek z whasciwosciami ekologicznymi gatunkéw?

W jaki spos6b ilosé i rozmieszczenie martwego drewna moze
wplywaé na liczebnosé i zageszczenie populacji matych ssak6w?
Obecnos¢ martwego drewna w srodowisku okazuje si¢ mie¢ szczegélne znaczenie dla wiosennej
i letniej liczebnosci matych ssakéw, poniewaz zwigksza szans¢ przezycia zimy i rozpoczgcia kolej-
nego sezonu rozrodezego. Ssakom-ofiarom duzo fatwiej unikngd ataku drapieznika dzigki licznym
kryjéwkom, ktére zapewnia rozktadajace si¢ drewno. Ponadto wigksza ilos¢ pokarmu, np. bez-
kregowc6w [Jabin i in. 2004] i grzybéw [Ure, Maser 1982] zwigzanych z martwym drewnem,
ulatwia nichibernujgcym gatunkom drobnych ssakéw przezycie w warunkach zimowego niedo-
boru pozywienia [Fauteux i in. 2012]. Poniewaz ryjéwkowate i gryzonie cechujg si¢ odmiennymi
whasciwosciami ekologicznymi, réznymi wymaganiami wzgledem srodowiska, réznym, czesto
odmiennym sposobem zdobywania pozywienia i réznymi strategiami postgpowania ze zdobytym
pokarmem, réznymi systemami socjalno-rozrodezymi i odmiennymi parametrami rozrodu oraz
réznym zapotrzebowaniem na przestrzeni i zwigzang z tym wielkoscig arealéw osobniczych, te

dwie grupy matych kregowcéw zostang przedstawione oddzielnie.

RYJOWKOKSZTALTNE SORICOMORPHA, RYJOWKOWATE SoRrICIDAE. Wszystkie gatunki nalezace do ro-
dziny ryjéwkowatych Soricidae charakteryzuje wysokie zapotrzebowanie pokarmowe [Churchfield
1990] oraz specyficzne wymagania wzgledem siedliska, w duzej mierze zwigzane z jego wilgot-
noscig. Dostgp do wody i wysoka wilgotnos¢ gleby sg kluczowe w srodowiskach zamieszkiwa-
nych przez gatunki ryjéwek z rodzaju Sorex [Spencer, Pettus 1966; Rychlik 2000; Churchfield
i in. 2012]. Ryjowki sg Scisle zalezne od zasobéw pokarmowych i warunkéw siedliskowych w obre-
bie ich stosunkowo niewielkich areatléw osobniczych i mogg wykazywaé wysokg wrazliwos¢é na
wszelkie zmiany wewngtrz specyficznych mikrosiedlisk dna lasu [Ochociriska, Taylor 2005].
Zaleznos¢ pomiedzy iloscig martwego drewna a liczebnoscig ryjéwek nie jest jasna, bo wyniki
amerykanskich badan nie daty jednoznacznych odpowiedzi. W dwéch réznych eksperymentach
przeprowadzonych w Appalachach na terenie USA stwierdzono, ze liczebnosé amerykanskich
gatunkdw: ryjéwki okopconej Sorex fumeus, ryjowki popielatej S. cinereus i blariny krétkoogonowe;
Blarina brevicauda jest pozytywnie skorelowana z obecnoscig martwego drewna w postaci leza-
cych na dnie lasu ktéd [Ford i in. 1997; Brannon 2000]. Z kolei w badaniach prowadzonych
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w kanadyjskiej czgsci Appalachéw nie potwierdzono tej zaleznosci dla wspomnianej blariny
krétkoogonowej, wykazujac brak zwigzku mi¢dzy iloscig i stopniem rozktadu martwego drewna
a liczebnoscig populacji [Bowman i in. 2000]. Podobnie w przypadku badari nad innymi amerykan-
skimi gatunkami ryjéwek w lasach gospodarczych Oregonu - ryjéwka daglezjowq Sorex trowbridgii,
bagienng §. bendirii, wedrowng §. vagrans i ryjéwkg pacyficzng S. pacificus — nie wykazano jed-
noznacznie, aby ilo§¢ martwego drewna miala istotne znaczenie dla obecnosci i liczebnosci
gatunkéw (ilosé martwego drewna na poréwnywanych powierzchniach badawcezych wynosita od 14
do 859 m%/ha) [Butts 1997]. U ryjéwki wedrownej stwierdzono wrecz ujemny wptyw ilosci mart-
wego drewna na liczebnosé populacji [Lee 1995, 2012], a to dlatego, ze gatunek ten preferuje
siedliska suche i mato urozmaicone pod wzglgdem pokrycia terenu [Brown 1967], a wigc od-
mienne od tych, ktére tworzg si¢ ze wspétudzialem rozktadajgcego si¢ drewna. Jednoczesnie
stwierdzono duzo wicksze fluktuacje liczebnosci populacji tego gatunku ryjéwki w miejscach
o mniejszym udziale martwego drewna, co sugeruje, Ze zasoby martwego drewna stabilizujg liczeb-
no$¢ populacji ryjéwki wedrownej [Lee 2012].

W prezentowanych badaniach analizowano tez wplyw zasobnosci i stopnia rozktadu martwego
drewna nie tylko na liczebnos¢, ale réwniez na inne parametry populacyjne, m.in. na rozrodczo$¢
matych ssakéw. W obszarach o wysokiej objetosci martwego drewna (170-325 m*/ha) udziat akeyw-
nych rozrodczo samic ryjéwki ciemnej Sorex monticolus i ryjéwki daglezjowej jest istotnie wick-
szy niz w miejscach, w ktérych objetosé martwego drewna jest niska (17-57 m3/ha) [Lee 1995].
Na powierzchniach z duzg iloscig martwego drewna aktywne rozrodczo samice ryjowki ciemnej
stanowity 30-50% wszystkich samic w populacji, podczas gdy na powierzchniach z matg iloscig
martwego drewna 0-33%. U ryjéwki daglezjowej réznice nie byly az tak wyrazne: udziat aktyw-
nych plciowo samic w grupie wszystkich samic w populacji wynosit odpowiednio 24-33% i 19-22%.
I chociaz w swoich badaniach na zachodnim wybrzezu USA Lee [1995] dowigdt roli martwego
drewna w ksztattowaniu liczebnosci ryjéwki ciemnej poprzez udzial rozradzajacych sig¢ samic, to
wedtug Careya i Johnsona [1995] ilos¢ martwego drewna nie moze by¢ dobrym wskaznikiem
liczebnosci tego gatunku ryjéwki, podobnie jak i liczebnosci ryjowki wedrownej. W literaturze
nadal nie ma wi¢c jednoznacznej odpowiedzi na temat wptywu martwego drewna na funkcjono-
wanie drobnych ssakéw ryjéwkowatych i zapewne ma to zwigzek z odmienng ekologig gatunkéw.

GRYZONIE RopENTIA. W wynikach amerykariskich badari obserwuje si¢ zaleznos¢ pomigdzy iloscig
martwego drewna a liczebnoscig i zaggszczeniem wigkszosci zbadanych do tej pory gatunkéw
gryzoni. Wykazano, ze w lasach o wysokim udziale martwego drewna dojrzate samice charakte-
ryzuje nizsza $Smiertelnosé oraz lepsza kondycja rozrodeza [Loeb 1999; Lee 2004]. Ogélna prze-
zywalnos¢ osobnikéw zamieszkujacych obszary z duzg iloscig martwego drewna jest wicksza
w sezonie rozrodezym i poza nim [Lee 2004]. Stwierdzono tez, ze w siedliskach o duzej zawartosci
martwego drewna osobniki matych ssakéw mogg tworzyé tzw. agregacje, wspélnie wykorzystujgc
przestrzen i zwigkszajac tym samym lokalne zageszczenie [Bowman i in. 2001]. Podobne zalez-
nosci wykazano w badaniach przeprowadzonych w prowincji Quebec we wschodniej Kanadzie
[Fauteux i in. 2012].

W kanadyjskiej populacji nornicy amerykarskiej wykazano pozytywny zwigzek zagesz-
czenia z duzg iloscig powalonych drzew i ztamanych gal¢zi pokrywajacych dno lasu [Bondrup-
-Nielsen 1987]. Dla innych przedstawicieli tej samej rodziny — myszaka lesnego [Lee 2004]
i nornika dtugoogonowego Microtus longicaudus [Craig i in. 2015] — udowodniono, ze istotnym
elementem siedlisk jest nie sama objgto$¢ martwego drewna, lecz ogélna liczba sztuk i kawatk6w
martwych drzew, konaréw, kiéd i galezi na uzytkowanej powierzchni. W lasach o niskich
zasobach martwego drewna zageszczenia populacji sg z reguly wysoce zmienne i mogg szybko
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spadaé do niskiego poziomu. Z kolei duza ilo$¢ martwego drewna wplywa pozytywnie na sta-
bilno$¢ populacji, tak jak stwierdzono to u myszaka lesnego, i populacje te osiggajg duzo wyzsza
liczebnos¢ niz w srodowiskach mato zasobnych w martwe drewno [Lee 2012].

Podsumowanie

Cytowana literatura przedstawia zréznicowany wptyw martwego drewna na poszczegélne gatunki
nalezgce do zespotu drobnych ssakéw. Niemniej jednak dla zdecydowanej wigkszosci badanych
gatunkéw martwe drewno, zwlaszcza lezgce, odgrywa wazng role w tworzeniu mikrosiedlisk i utrzy-
mywaniu optymalnych warunkéw srodowiska wptywajacych na parametry populacji. Co wigcej,
niektérzy autorzy postulujg nawet, ze w lasach gospodarczych mozna wreez — w oparciu o ilosé
lezacego martwego drewna — prognozowac liczebno$¢ niektdrych gatunkéw matych ssakow,
zwlaszeza tych, ktére wykazujg silny zwigzek z wysokim udzialem martwego drewna. Dotyczy
to np. kreta ryjéwkowatego Neurotrichus gibbsi, myszaka lesnego oraz nornicy amerykanskiej
[Carey, Johnson 1995]. Wobec powyzszych faktéw wzrasta troska, aby w lasach gospodarczych
ogranicza¢ zmniejszanie zasob6w martwego drewna [Fauteux i in. 2012].

Na podstawie badari terenowych przeprowadzonych w USA na Wybrzezu Pétnocno-Zachod-
nim (Pacific Northwest) wykazano, ze 15-20-procentowe pokrycie dna lasu martwym drewnem
(lezgcymi ktodami i drewnem stojgcym) byloby optymalne dla wigkszosci lokalnie wystgpu-
jacych gatunkéw matych ssakéw. Nizsza zasobnos¢é martwego drewna w lasach moglaby przy-
czynia¢ si¢ do zmniejszenia potencjalnych liczebnosci tych kregoweéw [Carey, Johnson 1995].
Zgodnie z wytycznymi dotyczgcymi retencji martwego drewna w zachodnim Oregonie w USA
minimalna ilo§¢ martwego drewna w lasach wynosi¢ powinna 37 m*ha, jednak w przypadku
naziemnych krggoweéw wykorzystujgcych martwe drewno jako niezb¢dny komponent siedliska
ilo$¢ ta jest zbyt niska [Butts 1997]. Danych dotyczacych migzszosci martwego drewna i wytycz-
nych amerykariskich nie mozna wprost przenies¢ na grunt polski ze wzgledu na inng strukturg
gatunkowg i wickowg drzewostanéw. Wobec danych zawartych w literaturze istnieje przekona-
nie, ze ustalanie wskaznikéw ilosci martwego drewna niezbednej do utrzymywania optymalnej
kondycji ekosysteméw i tym samym stuzgcej idei zréwnowazonej gospodarki lesnej powinno si¢
odbywaé z uwzglednieniem lokalnie wyst¢pujacych gatunkéw kregowcedw oraz zmiennosci
przestrzennej i czasowej ekosystemu [Czerepko i in. 2014]. W Polsce wedtug danych BULIGL
[Wielkoobszarowa... 2015] przeci¢tna migzszo$¢ martwych drzew stojacych i lezacych w lasach
wszystkich form whasnosci wynosi 5,8 m¥ha, przy czym w parkach narodowych 36,7 m>/ha,
w lasach prywatnych 4,2 m’/ha, a w PGL LP 5,3 m%/ha. Tymczasem w warunkach lasu natural-
nego Puszczy Biatowieskiej zasobnos¢é martwego drewna szacuje sie na okoto 130-140 m’/ha
[Gutowski i in. 2004]. Wynikéw badari prowadzonych w lasach poza granicami Polski nie mozna
zatem przektadac na warunki krajowe, tym bardziej ze dotyczg innych gatunkéw matych ssakéw,
preferujacych czgsto odmienne parametry siedliska. Wobec powyzszych faktéw istnieje wyrazna
potrzeba zbadania wptywu martwego drewna na poszczegélne gatunki i zespoty gatunkéw ma-
tych ssakéw Polski, co z pewnoscig przyczynic sic moze do wypracowania lepszych praktyk ochrony
ckosysteméw lesnych.
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Abstract

Importance of coarse woody debris (CWD) in habitat use of small mammals has not been thoroughly explored, especially for European
species. Moreover, despite the growing awareness about the need for protecting CWD resources in forests, their amount is usually
quantified with regard to current or desired volume. The area of forest floor covered by CWD is rarely considered, despite its potential
importance for habitat use of small mammals. Over a period of three summer seasons (4800 trap-nights), we examined the populations
of yellow-necked mouse Apodemus flavicollis and bank vole Clethrionomys glareolus through capture-mark-recapture trapping at three
1-hectare study sites, including both managed forests and a nature reserve in Bialowieza Forest, Poland. We applied generalized linear
mixed models on a sample of 236 adult individuals of yellow-necked mouse and 173 adult individuals of bank vole to establish that
the access to CWD is a significant aspect of their habitat use. Our results suggest that both species prefer a certain minimum amount
of CWD. After accounting for different aspects of forest undergrowth, we established that bank vole more frequently used areas with a
relatively large amount of CWD (threshold of 0.75 m>® CWD per 100 m?), together with a propensity to choose areas with debris in the later
stages of decay. Yellow-necked mouse was found more frequently in areas with at least 1.5 m? of CWD. We suggest that manipulating
CWD distribution, or possibly vegetation characteristics, could be a strategy for managing the abundance and distribution of rodents

in forest stands—especially when both CWD volume and coverage are taken into account.

Keywords: CWD threshold; dead wood; Myodes glareolus; microhabitat use

Introduction

The habitat structure, spatial arrangement of objects such as
fallen logs, stumps, or vegetation, and their physical and ecolog-
ical properties are crucial for species diversity and their func-
tioning within the habitat (Bell et al. 1991). From the perspective
of animals using resources, the diversity of habitat structure is
determined by factors such as vegetation structure (vertical and
horizontal arrangement, species composition, age distribution),
moisture levels, soil fertility, food, and shelter—which ultimately
contribute to resource availability (Harmon et al. 1986). The abun-
dance and distribution of resources also impact the ecological
functioning of animal populations (Ostfeld 1990). Species with
similar ecological traits may either share available resources or
compete for them (Leibold and McPeek 2006). Understanding the
habitat preferences of animals can provide valuable insights for
forest management and species conservation.

For small ground-dwelling mammals, the characteristics of
the forest floor play a particularly important role (Puan et al.
2011). Undergrowth vegetation and coarse woody debris (CWD),
such as branches, logs, and fallen trees, significantly shape their
habitat by providing shelter from predators and adverse weather
conditions (Sleep et al. 2000; Bos and Carthew 2003; Stokes et al.
2004). CWD is important for nutrient cycling and serves as a key

structural element of the habitat for many plant, fungal, and
animal species (Maser et al. 1979). It offers a rich food source
in the form of fungi (Ure and Maser 1982; Li et al. 1986) and
insects (Lassauce et al. 2011; Parisi et al. 2021) for carnivorous
and fungivorous rodents, as well as insectivorous shrews. Addi-
tionally, CWD provides sites for cache hoarding, nesting, and
short-distance migration routes (Olszewski 1963; 1968; Loeb 1999).
On the other hand, undergrowth vegetation constitutes a valu-
able food source for herbivorous mammals (Hansson 1971; 1985;
Butet and Delettre 2011). The distribution of forest rodents was
found to be influenced more by vegetation height and cover than
by plant species composition (Rosenzweig and Winakur 1969;
Mazurkiewicz 1986).

The response of small mammals to the amount and structure
of CWD in their environment is complex and ambiguous (survey
by Jancewicz and Kielan 2017), as evident in both correlational
and experimental studies that manipulate the amount of CWD
in forest stands (Bunnell and Houde 2010; Riffell et al. 2011;
Larsen-Gray et al. 2021). Researchers highlight that the direction
and strength of this response depend on CWD’s orientation and
decomposition stage, as well as the environmental context, such
as the type and geographic location of the forest, the history and
management practices of the forest, the species and traits of the
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small mammal population, and the density of predators (Riffell
et al. 2011; Fauteux et al. 2012; Casula et al. 2017; Boggs et al.
2020; Larsen-Gray et al. 2021). Recognizing the multifaceted roles
of CWD in ecosystems, forest management practices increasingly
advocate for retaining a defined amount of CWD in diverse forms
and stages of decay on the forest floor (Bunnell and Houde 2010;
Vitkova et al. 2018; Bujoczek et al. 2021; Bujoczek and Bujoczek
2022). Despite the growing awareness of the need to protect CWD
resources in forests, their amount is typically measured by volume
rather than the area it covers. Research and management rarely
consider the latter aspect.

The yellow-necked mouse (Apodemus flavicollis) and the bank
vole (Clethrionomys glareolus)—sympatric species of small rodents
(Rodentia)—are common in Central European forest ecosystems
(Aulak 1970; Jedrzejewska and Jedrzejewski 2001; LeSo et al. 2016).
These species play crucial roles in the forest food chain (Gémez
et al. 2008; Zwolak et al. 2016), serving as common prey for
a wide range of predators, including owls, foxes, weasels, and
badgers (Jedrzejewska and Jedrzejewski 2001). Both species prefer
wooded areas, particularly mature deciduous and mixed forests
(Montgomery 1979; Grim and Bujalska 2000), where CWD is
abundant (Bobiec 2002). Yellow-necked mouse is the stronger
competitor and it has been shown to be aggressive towards bank
vole (Andrzejewski and Olszewski 1963). This behavior can affect
population dynamics, demographic variability, and spatial func-
tioning of bank voles (Grim and Bujalska 2000). For both species,
changes in population density and/or resource availability usually
affect home range sizes (Casula et al. 2019). Therefore, studies on
habitat preferences should be conducted during both high- and
low-population densities (Beest et al. 2014).

Our analysis focused on the use of microhabitat, which was
defined as the environmental factors affecting individual behav-
ior within the home range (Jorgensen 2004). Data collection was
conducted during the summer season over a period of 3 years to
maintain consistent vegetation conditions and capture variations
in population densities. We used generalized linear mixed models
to examine the relationship between habitat characteristics and
the habitat use of yellow-necked mouse and bank vole individuals.
By accounting for interactions between environmental variables,
we tested whether certain resources could substitute for each
other following inter- and intraspecific competition.

The purposes of our study were to (i) test and quantify the
association of yellow-necked mouse Apodemus flavicollis (hereafter
abbreviated as Af) and bank vole Clethrionomys glareolus (Cg) with
CWD and undergrowth vegetation structure at the microhabi-
tat scale, (ii) compare factors driving habitat use of these two
sympatric rodents, and (iii) identify thresholds of lying CWD that
influence the occurrence of Cg and Af.

Materials and methods
Study sites

The research was carried out in the northwestern part of the
Biatowieza Forest (N 52° 48’ 34", E 23° 43’ 58”). Three 1-hectare
study sites—"R,”"S,” and "T” (Fig. 1)—were established using Field-
Map technology (IFER—Monitoring and Mapping Solutions, Ltd.,
Czech Republic). The dominant trees in these sites were 96-108
years old. Each study site was designed as a 100 m x 100 m square,
divided into 100 squares (10 m x 10 m) for data collection.

Study site R (part of the nature reserve network “Natural
Forests”) was an ash-alder riparian Fraxino-Alnetum stand
with diverse age and spatial structure and a well-developed
undergrowth layer. Study sites S and T were located in managed

forests. Site S was primarily an oak-linden-hornbeam Tilio-
Carpinetum community transitioning into ash-alder riparian forest
Fraxino-Alnetum, with abundant local undergrowth. Site T, an oak-
linden-hornbeam Tilio-Carpinetum stand, was the least diverse,
with an underdeveloped undergrowth layer and significant
coverage by Norway maple Acer platanoides seedlings.

Entrance to strictly protected areas (study site R) and capturing
of animals were conducted under the permission of the Regional
Directorate for Environmental Protection in Biatystok (Poland)—
permit no. WPN.6205.42.2017.MN.

Small mammal trapping protocol

We sampled animals in July of 2017-2019 (study sites R and S)
and 2018-2019 (site T). The capture-mark-recapture method was
employed, using wooden live traps arranged in a grid, with one
trap placed at the center of each 10 m x 10 m square (100 traps
per site). A mixture of oats, apples, and aromatic fat was used as
bait. Animals were trapped during 6 consecutive days and nights.
The traps were checked twice a day, at 7 am and 6 pm. Captured
individuals were identified to species, body weight, approximate
age, and individually marked with ear tags (National Band &
Tag Company, USA). Individuals of the order Soricomorpha were
released unmarked. The total trapping effort was 4800 trap nights.

All animal procedures complied with the European Council
Directive 92/43EEC and with the European Council Directive
86/609/EEC (Polish law: Dz.U. 2015 poz. 266).

Resource assessment
Vegetation structure

Every July during the growing season, we surveyed the vegetation
structure at the study sites. We recorded three parameters: the
dominant plant species of undergrowth vegetation, the average
undergrowth vegetation height (three categories, 1: <25 cm, 2: 25—
50 cm, 3: >50 cm), and the percent coverage of the surface by
undergrowth vegetation (undergrowth density, three categories, 1:
<50%, 2: 50%-75%, 3: >75%). Based on the species composition of
undergrowth vegetation, we calculated the soil moisture index as
the average index for the plant species dominating each square,
using a 6-degree scale: 1—very dry, 2—dry, 3—fresh, 4—moist, 5—
wet, and 6—aquatic (Zarzycki et al. 2002 based on the method-
ology of Ellenberg 1974). We described vegetation on a 5 m x 5
m scale by dividing each of the originally designated 100 squares
into quarters, which increased measurement precision. Detailed
data from the 5 m x 5 m squares were then aggregated into 10
m x 10 m squares by selecting the most frequent undergrowth
height and density categories, as well as the most frequent group
of vegetation species. If there was no single dominant group, we
performed a visual assessment of the vegetation in the closest
neighborhood.

Lying CWD

Every December during the non-vegetative season, we evaluated
the quantity and distribution of dead stumps and logs on the
forest floor. CWD in the study sites was a consequence of natural
tree mortality, plant pathology, windthrows, and utilization by
herbivores and insects. The decomposition stage of CWD was
determined using a 5-point scale according to Maser et al. (1979).
We considered all logs with a diameter > 10 cm and length > 1 m,
and stumps with a diameter > 10 cm and a height of up to 2m. The
Postex® Laser system (Haglof Sweden) was used to determine the
coordinates and positioning of CWD pieces. The data were used
to describe lying CWD on the entire study site. Where a stump
or log extended beyond the boundaries of a square, only the part
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Figure 1. Location of study sites R, S, and T.

within the square was included in that square’s woody debris
inventory. The quantity of CWD in a single square was expressed
as both volume in m? (using Huber’s formula) and coverage in
m? (using orthogonal projection), which was equivalent to percent
coverage since each square was 100 m?. Expecting diminishing
benefits of larger CWD quantity for the occurrence of Af and Cg,
we log-transformed CWD volume and coverage to reflect this non-
linear relationship. In accordance with standard practice, small
constants (minimum non-zero values of the variables) were added
to avoid taking the logarithm of 0 for squares with no CWD.

Statistical methods
Population size estimation

The population size of Af and Cg was estimated using classi-
cal open population capture-recapture modeling. The Jolly-Seber
method (Jolly 1965; Seber 1973; Williams et al. 2002) for open pop-
ulations was used, which assumed, among other things, homo-
geneous survival probability and homogeneous catchability for
marked and unmarked animals between each trapping occasion.
Input data for the model included the complete trapping history
of all encountered individuals of both species. Calculations, using
the POPAN estimation approach, were performed in the program
Mark 9.0 (White and Burnham 1999) via the R library RMark (Laake
2013).

Regression modeling setup

We used two separate generalized linear mixed models (GLMMs),
one for Af and one for Cg, to represent the relationship between
the estimated number of rodent captures and measured habitat.
The dependent variable—the number of unique adult individuals
captured in each 10 m x 10 m square—excluded younger indi-
viduals, as they were not considered to have established home
ranges (Stamps and Swaisgood 2007). Since our responses were
count variables, we used a Poisson GLMM with a log link.

Our explanatory variables (Table 1) were of three main types: (i)
environmental variables, (ii) control variables, and (iii) interaction
terms. The environmental variables were chosen based on the
literature review and our research hypothesis. They were our
main interest for establishing habitat preferences and could vary
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between squares in a given study site for a given year. Control
variables, such as estimated adult Cg population, also had a
connection with our dependent variable but had values common
for all squaresin a given study site for a given year. These variables
were necessary for correct estimations but were not our focus.
Interaction terms, defined as products of two variables, helped
assess whether different variables interacted, e.g. by indicating
that one type of resource could substitute for another. Addition-
ally, we chose the individual IDs of all 10 m x 10 m squares (300
observation groups, 100 per study site) as a random factor in the
GLMM models. This accounted for persistent differences between
the squares not captured by other variables.

Modelling process

The whole process was independently performed for Cg and Af
capture models. We aimed to obtain the most parsimonious
model possible by comparing alternative sets of explanatory
variables using Akaike Information Criterion differences (AAICc,
with correction for small samples) as suggested by Burnham and
Anderson (2002). We used the typical AAICc value of at least 2.0
to indicate a considerable difference.

During model selection, we first determined which environ-
mental variables could be omitted based on AAICc. We then omit-
ted unnecessary control variables and interaction terms, guided
by statistical significance metrics. These choices were confirmed
by AAICc.

Having obtained a parsimonious model, we examined the rela-
tionship between its Pearson residuals and the amount of CWD for
each square. This helped us determine if a minimum threshold
level for CWD should be added as another explanatory variable
and what that level should be. Proposed thresholds were evalu-
ated using AAICc. The final, most parsimonious model was also
assessed for goodness of fit using conditional R?, as proposed
by Nakagawa and Schielzeth (2013) for Poisson GLMMs in an
ecological context.

To establish the relative importance of environmental vari-
ables, we compared the AICc value of the final model with the
AICc values of models omitting each relevant environmental
variable and its associated interaction terms. The greater the
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Table 1. List of explanatory variables including definitions, data types, and used abbreviations.

Environmental variables

Variable Definition Type
VegH Vegetation height Categorical: 1 (<25 cm), 2 (25-50 cm), 3 (>50 cm)
UndD Undergrowth density Categorical: 1 (<50%), 2 (50%—75%), 3 (>75%)
SMI Soil moisture index Categorical: 1-6
CWDc Lying coarse woody debris coverage Continuous (m?)
CWDv Lying coarse woody debris volume Continuous (m?)
CWDd45 Dummy variable indicating the presence of CWD in decay stages Dummy: 0 (no CWD in decay stages 4 and 5), 1
4and5 (presence of CWD in decay stages 4 or 5)
CWDc_T Dummy variable indicating whether the CWD coverage in a Dummy: 0 (threshold not exceeded), 1 (threshold
square exceeds the specified threshold exceeded)
CWDv_T Dummy variable indicating whether the CWD volume in a square Dummy: 0 (threshold not exceeded), 1 (threshold
exceeds the specified threshold exceeded)
Plnt Dominant plant species group Categorical: 1-15 (see Table 2)
Control variables
Variable Definition Type
PopAf Adult population size of Af (POPAN-estimated) Continuous, rescaled by 102
PopCg Adult population size of Cg (POPAN-estimated) Continuous, rescaled by 102
Yr Year Categorical: 2017, 2018, 2019
StS Study site Categorical: R, S, T
Interaction terms
Variable Definition Type
I_VegH_UndD Interaction of vegetation height and undergrowth density Categorical
I_VegH_CWDc Interaction of vegetation height and lying coarse woody debris Continuous
coverage
I_VegH_CWDv Interaction of vegetation height and lying coarse woody debris Continuous
volume
1_UndD_CWDc Interaction of undergrowth density and lying coarse woody debris Continuous
coverage
1_UndD_CWDv Interaction of undergrowth density and lying coarse woody debris Continuous
volume
1_Yr_StS Interaction of year and study site Categorical
I_PopHi_VegH Interaction of dummy variable for dense population of Af or Cg, Categorical
depending on the model, and vegetation height
I_PopHi_UndD Interaction of dummy variable for dense population of Af or Cg, Categorical
depending on the model, and undergrowth density
I_PopHi_CWDc Interaction of dummy variable for dense population of Af or Cg, Continuous
depending on the model, and lying coarse woody debris coverage
I_PopHi_CWDv Interaction of dummy variable for dense population of Af or Cg, Continuous

depending on the model, and lying coarse woody debris volume

Note: interaction terms are defined as products of 2 variables. If one of the variables has multiple categories, it is implicitly converted to multiple dummy
variables. Modelling engine in the R programming language largely takes care of such operations automatically.

increase in AICc, the larger the relative importance of the omitted
environmental variable.

Technical considerations during modeling

All data processing and modeling was conducted using R soft-
ware, with GLMM calculations performed using the lme4 library
(Bates et al. 2015). AICc was calculated using the AICcmodavg
library (Mazerolle 2020). All categorical variables were encoded
as dummy variables. Population estimates were scaled down
by a factor of 100 to ensure numerical convergence. Dispersion
parameters were calculated to check for overdispersion, which
could inflate the statistical significance of the model coeffi-
cients and distort information criteria values (Harrison 2014).

Variance inflation factors were used to detect multicollinear-
ity. In the presence of multicollinearity, only one of the corre-
lated explanatory variables was retained in the model based
on AAICc.

Results

Vegetation and lying CWD

Both the density of the undergrowth and the vegetation height
were noticeably greater at site R (Fig. 2). Sites S and T had lower
vegetation, with the undergrowth height at site T never reaching
the highest category. Soil moisture index was not recorded across
its entire 6-point scale at any site. It amounted to 3 for ca. 75% of
S and T sites, while category 4 was most common at site R. Values
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Figure 2. Proportional area of vegetation by height, undergrowth density, and soil moisture index by class at three study sites in Biatowieza Forest,

Poland; note: data aggregated for years 2017-2019.

Table 2. List of undergrowth plant species groups, the number of squares covered by each group, and the share of the plant group in

the vegetation at the specific study site.

No. Species group No. of R share S share T share
squares (%) (%) (%)

1 greater stitchwort Stellaria holostea, wood sorrel Oxalis acetosella 341 20.3 55.3 57.0

2 wood stitchwort Stellaria nemorum 88 11.7 15.7 3.0

3 common nettle Urtica dioica 32 5.3 - 8.0

4 wood stitchwort Stellaria nemorum, common nettle Urtica dioica 66 22.0 - -

5 ground elder Aegopodium podagraria, common skullcap Scutellaria galericulata, 63 19.3 - 2.5
herb-Robert Geranium robertianum

6 alpine enchanter’s nightshade Circaea alpina, gypsywort Lycopus europaeus, 17 4.3 1.3 -
common nettle Urtica dioica, hedge woundwort Stachys sylvatica

7 water violet Hottonia palustris, gypsywort Lycopus europaeus, common nettle 10 33 - -
Urtica dioica, hedge woundwort Stachys sylvatica

8 ferns (lady fern Athyrium filix-femina, common bracken Pteridium aquilinum) 39 1.0 11.3 1.0

9 grasses (Calamagrostis arundinacea, Milium effusum) 8 0.7 2.0 -

10 small balsam Impatiens parviflora 13 1.7 2.7 -

11 ground elder Aegopodium podagraria 65 4.7 5.0 18.0

12 yellow archangel Lamium galeobdolon 41 3.3 4.7 8.5

13 red raspberry Rubus idaeus 13 1.0 2.0 2.0

14 sedges Carex sp. 3 1.0 - -

15 chickweed-wintergreen Trientalis europaea 1 0.3 - -

Note: data aggregated for years 2017-2019.

of 5 were very rare (8 squares only) and therefore this category
was omitted from the regression analysis.

We identified 15 groups of dominant undergrowth plant
species within the 10 m x 10 m squares (Table 2). Some groups
were too rare (below 30 observations) to be included in the detailed
habitat preference analysis (groups 6, 7, 9, 10, 13, 14, 15).

There was relatively large variation in the amount and distribu-
tion of lying CWD among the study sites (Figs 3 and 4). Total lying
CWD coverage ranged from 1.5%-1.7% at site T, through 1.6%—
2.0% for site S, to 6.2%—6.7% for site R. For decay stages 4 and 5,
CWD coverage for years 2017-2019 amounted to 0.9-1.0% for site
R, 0.3% for site S, and 0.1% for site T. The highest total lying CWD

volume was recorded in 2019 for each study site and amounted to
128 m?, 31 m?3, and 35 m? for sites R, S, and T, respectively.

Study site R stood out strongly in every respect from sites
S and T, which were similar in all regards except for the soil
moisture index and the undergrowth density. This observation
was statistically confirmed by the results of a Welch’s t-test for
the equality of means performed for each variable and site pair.

Animal data
Captured rodents

A total of 743 captures of 314 Af individuals (including 609
captures of 236 adult individuals) and 1324 captures of 395 Cg
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Figure 3. Study site maps showing lying CWD placement in year 2019 at three study sites in Bialowieza Forest, Poland; note: lines depict logs, circles

depict stumps, red color means decomposition stages 4 and 5.
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Figure 4. Distribution of coarse woody debris coverage (m?) and volume
(m?) in 10 m x 10 m squares for three study sites in Bialowieza Forest,
Poland; note: data aggregated for years 2017-2019.

individuals (686 captures of 173 adult individuals) were made.
For both Af and Cg, most squares on the study sites had no
captures. When a capture occurred, usually only one individual
of the specific species was caught in a square. Capturing 5 or
more different individuals happened in only 7.3% or 8.0% of all
300 squares, respectively, for Af and Cg (Fig. 5).

Cg and Af population size

The largest population size of Af was observed in 2019, while
for Cg, it was in 2017 (Table 3). The Af population was mostly
composed of adult individuals, while in the case of Cg, there was
a higher proportion of immature individuals. Given the observed
population sizes, we defined a density of at least 27 indviduals
of Cg and 40 individuals of Af per hectare as relatively high,
potentially leading to intra-specific competition.

Regression model of habitat preferences

Model selection

Severe multicollinearity occurred when both CWD coverage and
volume were present in the same model (variance inflation fac-
tors above 30), which required using only one of these two metrics

Number of 10 m x 10 m squares

LA

0 i 2 >
Number of unique individuals captured

[ ]ar[] co

Figure 5. Total number of 10 m x 10 m squares with 0, 1, 2, 3, or more
captured unique individuals of Apodemus flavicollis (Af) or Clethrionomys
glareolus (Cg); note: data aggregated for study sites R, S, and T, and years
2017-2019.

at a time. CWD coverage provided much better AICc values than
volume in case of Af while volume performed better in case of Cg.

Both in the case of Af and Cg capture modeling (Tables 4 and 5),
the most parsimonious models included mostly environmental
variables related to vegetation height, undergrowth density, and
CWD. We discarded the soil moisture index for both Af and Cg. The
group of dominant plant species variables was mostly detrimental
to model performance. Only in the Cg model did two of the plant
groups lead to a lower AICc value. Few interaction terms were
found to be relevant.

Pearson residuals for model 4 in Tables 4 (Af) and 5 (Cg)
revealed that in both cases, lesser amounts of CWD were
associated with clearly negative mean Pearson residuals for
large groups of observations (Figs 6 and 7). This means that both
models overestimated expected captures for squares with little
CWD. Such a situation suggested an existence of a minimum
CWD threshold influencing the occurrence of Af and Cg, in
accordance with our research hypothesis. The threshold should
then be located within the CWD range where residuals first
switch from negative to positive, shown as a gray rectangle in
Figs 6 and 7. CWD amount values associated with mean residual
groups marked with the gray rectangles (1.0 and 1.5 m? for Af,
0.75 and 1.0 m® for Cg) were added as dummy variables to the
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Table 3. The population size of Apodemus flavicollis (Af) and Clethrionomys glareolus (Cg) in sites R, S, T for years 2017-2019, estimated

using POPAN.
Population size (number of individuals)
(s.e.)
Cg
Site Year General Adult General Adult
2017 42.1 315 98.8 40.8
(3.7) (3.0) (3.2) (1.3)
R 2018 40.0 357 62.4 34.4
(2.6) (2.2) (4.0) (2.0)
2019 85.5 55.3 72.1 27.2
(5.9) (3.7) (2.4) (1.1)
2017 18.1 9.0 74.1 25.2
(1.7) (0.0) (3.9 (1.5)
S 2018 28.9 23.0 16.6 11.0
(4.2) (0.0) (2.3) (0.0)
2019 84.5 62.6 442 194
(7.6) (5.7) (3.7) (1.9)
2018 31.2 215 52.8 25.0
T (5.0) (3.4) (3.0) (2.2)
2019 107.4 60.9 37.4 7.7
(27.4) (15.8) (6.5) (2.0)

Table 4. GLMM model selection for number of captured Apodemus flavicollis individuals.

Environmental
variables

Set of explanatory variables

Control variables

Interaction terms AlCc (AAICc)

1. Baseline VegH + UndD + SMI +
CWDc 4+ CWDd45 +
Plnt

2. No plant species groups VegH + UndD + SMI +

CWDc + CWDd45

3. No plant species groups + no soil
moisture

VegH + UndD + CWDc
+ CWDd45

4. No plant species groups + no soil
moisture + only significant controls and
interactions

5. Final: no plant species groups + no
soil moisture + only significant controls
and interactions + CWD threshold

VegH + UndD + CWDc
+ CWDd45

VegH + UndD + CWDc
+ CWDd45 + CWDc_T

PopAf + PopCg +

PopAf + PopCg +

PopAf + PopCg +

[_VegH_UndD + I_VegH_CWDc
+1_UndD_CWDc + I_Yr_StS +
I_PopHi_VegH + I_PopHi_UndD
+ I_PopHi_CWDc

[_VegH_UndD + I_VegH_CWDc
+1_UndD_CWDc + I_Yr_StS +
I_PopHi_VegH + I_PopHi_UndD
+ I_PopHi_CWDc

I_VegH_UndD + I_VegH_CWDc
+1_UndD_CWDc + I_Yr_StS +
I_PopHi_VegH + I_PopHi_UndD
+ I_PopHi_CWDc

1,673.1 (28.8)

1,666.8 (22.5)

1,665.2 (20.9)

POpAf + Yr(2018) I_VegH(2)_CWDc + 1,647.2 (2.9)
1_Yr(2019)_StS(T)
POpAf + Yr(2018) I_VegH(2)_CWDc + 1,644.3 (0.0)

1_Yr(2019)_StS(T)

models. Threshold values of 1.5 m? and 0.75 m? were selected for
Af and Cg, respectively, based on the improvement in AAICc and
statistical significance.

Final models including CWD thresholds (model 5 in Tables 4
and 5) had dispersion parameters close to 0.9, so no overdispersion
was detected. For the final models, relative importance of selected
environmental variables was gauged by AAICc while removing
each of them together with associated interaction terms (Tables 6
and 7).

GLMM model results for Af

Conditional R? of the final GLMM model for Af presented
in Table 8 amounted to 27.8%. Judging both by statistical

significance from the model as well as the relative importance
analysis (Table 6), preference for vegetation height of at least 25
cm was the most important environmental factor for Af. Access
to at least some CWD coverage (>1.5 m? per 100 m?) was also
meaningful in the model, although larger quantities of CWD were
not associated with a larger number of Af captures. There was no
indication of preference for CWD in advanced decay stages.

We did not observe changes to Af preferences due to compe-
tition in densely populated areas. In year 2018, we encountered
more Af than the population size and environmental variables
would suggest. We also found Af to occur less frequently at study
site T in year 2019 than the population size and environmental
conditions would suggest.
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Table 5. GLMM model selection for number of captured Clethrionomys glareolus individuals.
Set of explanatory variables Environmental Control variables Interaction terms AlCc (AAICc)
variables

1. Baseline

2. No soil moisture

3. No soil moisture + only chosen plant
species groups

VegH + UndD + SMI +
CWDv + CWDd45 +
Plnt

VegH + UndD + CWDv

+ CWDd45 + PInt

VegH + UndD + CWDv
+ CWDd45 + Plnt(1,3)

PopAf + PopCg +
Yr

PopAf + PopCg +
Yr

PopAf + PopCg +
Yr

[_VegH_UndD + I_VegH_CWDv
+ 1_UndD_CWDv + I_Yr_StS +
I_PopHi_VegH + I_PopHi_UndD
+ I_PopHi_CWDv

[_VegH_UndD + I_VegH_CWDv
+ 1_UndD_CWDv + I_Yr_StS +
I_PopHi_VegH + I_PopHi_UndD
+ I_PopHi_CWDv

[_VegH_UndD + I_VegH_CWDv
+1_UndD_CWDvV + I_Yr_StS +
I_PopHi_VegH + I_PopHi_UndD
+ I_PopHi_CWDv

1,490.9 (26.7)

1,489.0 (24.8)

1,482.6 (18.4)

4. No soil moisture + only chosen plant VegH + UndD + CWDv PopCg 1_Yr(2019)_StS(T) + 1,466.5 (2.3)
species groups + only significant + CWDd45 + PInt(1,3) 1_UndD(3)_CWDv +
controls and interactions I_PopHi_VegH
5. Final: no soil moisture + only chosen VegH + UndD + CWDv PopCg 1_Y1(2019)_StS(T) + 1,464.2 (0.0)
plant species groups + only significant + CWDd45 + CWDv_T 1_UndD(3)_CWDv +
controls and interactions + CWD + PInt(1,3) I_PopHi_VegH
threshold
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Figure 6. Model residuals as a function of CWD amount in Af model before and after adding the CWD threshold; note: gray rectangle marks the area
of potential threshold location to be tested; residuals were aggregated within each 0.5 m? range of CWD amount, with a single group for > 10 m?;

model specifications are shown in Table 4, models 4 and 5.

GLMM model results for Cg

Conditional R? of the final GLMM model for Cg shown in Table 9
amounted to 41.6%. The relative importance analysis points to the
preference for dense undergrowth as the key variable (Table 7).
Cg exhibited a strong preference for CWD volume: at least 0.75
m?, with additional increases associated with more Cg captures
(Table 9). Cg also tended to choose areas where CWD in decay
stage 4 or 5 were present.

In highly populated areas (at least 27 individuals / 1 ha), Cg
may compete for the habitat with larger vegetation height, which
manifested itself in a significant interaction noticeable in the
GLMM model. When the Cg population was dense, then vegetation
height seemed to have less impact on their habitat choices. As
in the case of Af, we found Cg to occur less frequently than the
population size and environmental variables would suggest at
study site T in year 2019.
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of potential threshold location to be tested; residuals were aggregated within each 0.25 m? range of CWD amount; model specifications are shown in

Table 5, models 4 and 5.

Table 6. Relative importance of environmental variables in the final GLMM model for the number of captured Apodemus flavicollis

individuals as indicated by AAICc.

Set of explanatory variables Environmental Control variables Interaction terms AlCc (AAICc)
variables

1. Final model VegH + UndD + CWDc PopAf + Yr(2018) [_VegH(2)_CWDc + 1,644.3 (0.0)
+ CWDd45 + CWDc_T 1_Yr(2019)_StS(T)

2. Final model without undergrowth density VegH + CWDc + PopAf + Yr(2018) [_VegH(2)_CWDc + 1,651.7 (7.4)
CWDd45 + CWDc_T 1_Yr(2019)_StS(T)

3. Final model without CWD and related VegH + UndD PopAf + Yr(2018) 1_Yr(2019)_StS(T) 1,656.3 (12.0)

interaction term

4. Final model without vegetation height UndD + CWDc + PopAf + Yr(2018) 1_Yr(2019)_StS(T) 1,660.4 (16.1)

and related interaction term

CWDd45 + CWDc_T

Table 7. Relative importance of environmental variables in the final GLMM model for the number of captured Clethrionomys glareolus

individuals as indicated by AAICc.

Set of explanatory variables Environmental variables Control variables Interaction terms AlCc (AAICc)
1. Final model VegH + UndD + CWDv + PopCg 1_Yr(2019)_StS(T) + 1,464.2 (0.0)
CWDd45 + CWDv_T + [_UndD(3)_CWDv +
PInt(1,3) I_PopHi_VegH
2. Final model without plant species groups VegH + UndD + CWDv + PopCg 1_Yr(2019)_StS(T) + 1,470.0 (5.8)
CWDd45 4+ CWDv_T 1_UndD(3)_CWDv +
[_PopHi_VegH
3. Final model without vegetation height UndD + CWDv + CWDd45 PopCg 1.Yr(2019)_StS(T) + 1,471.0 (6.8)
and related interaction term + CWDv_T + PInt(1,3) [_UndD(3)_CWDv
4. Final model without CWD and related VegH + UndD + PInt(1,3) PopCg 1_Yr(2019)_StS(T) + 1,480.9 (16.7)
interaction term I_PopHi_VegH
5. Final model without undergrowth density VegH + CWDv + CWDd45 PopCg 1_Yr(2019)_StS(T) + 1,482.9 (18.7)

and related interaction term

+ CWDv_T + PInt(1,3)

I_PopHi_VegH
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Table 8. Final regression model results for the number of Apodemus flavicollis individuals captured in each 10 x 10 m square.

Fixed effect Estimate Std. error z value p-value
Intercept -1.37 0.25 —5.40 0.00™**
Vegetation height: 25-50 cm 0.43 0.13 3.25 0.00%**
Vegetation height: >50 cm 0.27 0.16 1.72 0.09*
Undergrowth density: 50%-75% —0.24 0.16 -1.47 0.14
Undergrowth density: >75% —-0.55 0.17 -3.22 0.00%**
CWD coverage (log) 0.02 0.02 1.21 0.23
Interaction term: vegetation height 25-50 cm x CWD -0.12 0.03 -3.94 0.00***
coverage (log)

CWD coverage >1.5 m? 0.33 0.15 2.22 0.03**
CWD decay stage: 4 and 5 —0.03 0.13 -0.23 0.82
Adult Af population size 2.03 0.33 6.14 0.00***
Year: 2018 0.44 0.11 3.85 0.00***
Interaction term: year 2019 x site T -0.78 0.17 —4.71 0.00***

Note: asterisks symbolize significance levels: <0.01***, <0.05**, <0.10*.

Table 9. Final regression model results for the number of Clethrionomys glareolus individuals captured in each 10 x 10 m square.

Fixed effect Estimate Std. error z value p-value
Intercept —2.46 0.38 —6.40 0.00***
Vegetation height: 25-50 cm 0.42 0.18 2.32 0.02%+*
Vegetation height: >50 cm 0.65 0.21 3.07 0.00%**
Interaction term (dense population x vegetation height: 25-50 cm) -0.62 0.22 -2.79 0.07%**
Interaction term (dense population x vegetation height: >50 cm) -0.61 0.24 —2.50 0.01**
Undergrowth density: 50%-75% 0.96 0.30 3.15 0.00%**
Undergrowth density: >75% 0.70 0.31 2.25 0.02**
Plant species group: 1 —0.34 0.14 —2.34 0.02**
Plant species group: 3 -0.71 0.33 —-2.13 0.03**
CWD volume (log) 0.13 0.04 2.92 0.00%*
Interaction term: undergrowth density >75% x CWD volume (log) -0.14 0.05 -2.97 0.00***
CWD volume >0.75 m? 0.30 0.14 2.10 0.04**
CWD decay stage: 4 and 5 0.21 0.12 1.77 0.08*
Adult Cg population size 3.94 0.77 5.11 0.00%**
Interaction term (Year: 2019 x Site: T) —-0.67 0.35 —1.88 0.06*

Note: asterisks symbolize significance levels: <0.01***, <0.05**, <0.10*.

Discussion
Adult population size

Habitat selection theory predicts that as population density
increases, habitat selectivity decreases (Fretwell and Lucas 1969;
Fretwell 1972; Whitham 1980; Schmidt et al. 2021). A large
proportion of individuals settle in lower-quality locations, losing
the competition for optimal habitats (e.g. Jancewicz and Gliwicz
2017). We observed a reduction in the use of locations with taller
vegetation when Cg population was dense. No analogous decline
was observed for Af. As this species has larger home ranges than
Cg (Stradiotto et al. 2009; Haapakoski and Ylénen 2010; Boratynski
et al. 2020; Bonacchi et al. 2021) and is more arboreal (Karantanis
et al. 2017), the threshold that triggers behavioral change may be
much greater than 40 individuals per hectare. It does not mean,
though, that the effect could not potentially manifest in areas
with even higher population or with more adverse environmental
conditions. However, we were unable to test this hypothesis due
to limitations of the available sample.

We captured more Af individuals in 2018 than the environ-
mental variables would suggest. This could be explained by the
fact that year 2018 was a mast year in the Biatowieza Forest
(P. Rowinski and G. Neubauer, unpublished results), with intense
masting of European hornbeam (Carpinus betulus), oak (Quercus
sp.), small-leaved linden (Tilia cordata), and maple (Acer sp.). We
suspect that the intense fruiting of hardwood tree species, whose

fruits are attractive food for Af (Butet and Delettre 2011; Selva
et al. 2012), may have impacted Af captures. We accounted for
it using an appropriate control variable.

We suspect that the large standard error (s.e.) for the very
large estimate of the Af population size on the study site T in
2019 (Table 3) is a result of disturbances during trapping in that
location and time. Based on our field observations, the nocturnal
activity of wild hoofed animals and badgers repeatedly caused the
overturning or closing of several traps. This particularly affected
the captures of Af, which are most active at night. This likely
resulted in underestimating the probability of recapture, which
in turn led to an overestimation of population size (Williams et al.
2002). The same issue applies to Cg, but the effect should be less
noticeable due to their activity being spread throughout the day
and night (Gliwicz and Dabrowski 2008; Kotakowski et al. 2018).
We controlled for these disturbances by using an interaction
term between year 2019 and study site T. It turned out to be
statistically significant for both Af and Cg, with a negative effect
size more pronounced for Af than Cg, which was consistent with
our assumptions.

Vegetation height and undergrowth density

Cg preferred areas with dense and tall vegetation, consistent
with the observations of Apeldoorn et al. (1992). However, we
noted that in the case of high population density, Cg were willing
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to abandon their preference for large vegetation height, which
Apeldoorn et al. (1992) considered as the most important feature
of their habitat. Our results are in agreement with Mazurkiewicz
(1994), who noted the importance of a protective layer composed
of dense undergrowth or a thick layer of ground vegetation for
Cg. We found that Cg avoided areas with low undergrowth den-
sity and short vegetation, which is consistent with other studies
(Dickman and Doncaster 1987; Apeldoorn et al. 1992; Chetnicki
and Mazurkiewicz 1994; Kotakowski et al. 2018). In addition to the
lack of shelter and food, the absence of vegetation means high
predation risk for small mammals (Eccard et al. 2020) from both
predatory birds and mammals (Jedrzejewska and Jedrzejewski
2001).

Af preferred large vegetation height, but strongly avoided areas
with the densest undergrowth. Based on our results, we concluded
that vegetation height was the most important characteristic for
microhabitat preferences of Af. Our result is consistent with Leso
et al. (2016) and Benedek et al. (2021). Miklés and Ziak (2002) did
not demonstrate any preference of the Af for a specific height or
density of undergrowth. We observed that the opposite attitude
toward undergrowth density was what distinguished Af and Cg
the most in terms of habitat preferences.

Lying CWD
Larsen-Gray et al. (2021) noted that studies conducted at larger
scales, such as the forest stand, often show ambiguous or weak
impact of CWD on the distribution or abundance of small mam-
mals. Our research was conducted at the microhabitat scale,
where research results often confirm a strong positive relation-
ship between habitat preferences of small mammals and the
presence of CWD (e.g. McCay 2000; Greenberg 2002; Lee 2012).

We demonstrated that for both Af and Cg, there existed a
minimum threshold quantity of lying CWD that, if present in a
given area, had a positive effect on the number of individuals
caught. For Af, CWD greater than that threshold (1.5 m? per
100 m?) seemed to bring little further advantage. For Cg, we
observed a strong positive connection between relatively large
amounts of CWD (volume at least 0.75 m? per 100 m?) and the
number of individuals caught, with an additional preference for
the presence of CWD in decay stages 4 and 5. The decay stage was
not significant for Af. Relative likelihood analysis revealed that
the variables related to CWD had a smaller impact on the model
for Af than the model for Cg. This constitutes further evidence of
Cg’s much stronger attachment to CWD.

CWD of varied forms and degrees of decay in combination with
a rich layer of forest litter provides habitats that are particularly
rich in invertebrates (Kara et al. 2008) and numerous hiding and
breeding sites. This is particularly important for Cg, which has
weak burrowing abilities (Pucek and Petrusewicz 1983). Both Cg
and Af find such habitats rich in animal-derived food sources,
which they actively utilize (Gebczynska 1976; Gebczynska et al.
1989). It is not surprising that Cg shows a stronger attachment to
CWD, given that their diet is more reliant on organisms potentially
inhabiting or overgrowing CWD, especially those in the advanced
stage of decay—e.g. mosses, lichens, and fungi, which are not
frequently consumed by Af (Butet and Delettre 2011). In the case
of Af, CWD may serve more as protection from predators or as
a migratory route, particularly as it is a more mobile species
than Cg (Szacki and Liro 1991; Apeldoorn et al. 1992; Kozakiewicz
et al. 1999). Leo et al. (2016) and Miklés and Ziak (2002) confirm
that Cg prefers habitats rich in fallen tree trunks and logs with
burrows. According to Zwolak et al. (2016), both Af and Cg select
microhabitats shielded by dead wood or dense vegetation.

Dominant plant species

Many authors (Chetnicki and Mazurkiewicz 1994; Miklés and
Ziak 2002; Jancewicz and Gliwicz 2017) suggest that for Cg, the
structural function of vegetation (providing cover) is more impor-
tant than the trophic function (access to specific food types).
Our results show that Cg clearly avoided plant species from
groups 1 (greater stitchwort, wood sorrel) and 3 (common nettle).
Interestingly, according to Gebczynska (1976), wood sorrel is the
plant species most frequently found in the stomachs of Cg and
constitutes 15% of the consumed food mass in summer. Perhaps,
Cg avoided this plant species group in our case, because it selected
foraging sites that provided more cover in addition to the preferred
food. Neither wood sorrel, which is a low plant, nor the co-
occurring greater stitchwort provides such cover. Furthermore,
according to Gebczynska (1976), greater stitchwort and common
nettle are plants consumed by Cg only in spring or autumn.
Despite common nettle providing good shelter for Cg (Apeldoorn
et al. 1992), our results showed a negative association between its
occurrence and Cg captures. We did not observe preference for
any plant species group by Af.

Conclusion

We have demonstrated that both Cg and Af prefer areas with high
vegetation. However, while Cg clearly chooses areas with dense
undergrowth, Af strongly avoids them. For both these species,
undergrowth height and density are more important for habitat
preferences than plant species composition.

Cg clearly prefers relatively large volumes of CWD (0.75 m?
volume per 100 m?) which include CWD in late decay stages. Af’s
preference for CWD is less pronounced, with a preferred CWD
coverage threshold of at least 1.5 m? per 100 m?. The decay stage
is irrelevant for Af.

The literature indicates that many small mammal species
respond positively to a threshold amount of CWD (Bobiec 2002;
Miiller and Bitler 2010). We suggest that managing CWD amount
and distribution in forest stands can significantly influence the
occurrence of Af and Cgin specific areas. Guidelines for preferred
CWD quantity for animals are scarce and usually focus on a
specific group of species, most commonly birds and saproxylic
invertebrates (Muller and Biitler 2010). Our research shows that,
from the perspective of the studied rodents, not only volume (m?),
but also coverage (m?) is an important parameter describing CWD
in forest stands. This is an important finding of our work, as CWD
inventories carried out in current forest practices mainly focus
on the volume of CWD, and decisions regarding the quantity of
CWD left in forests are based on this characteristic. Moreover, our
research shows that CWD amounts measured over a hectare scale
may be too general. For a hectare-sized site, the same amount of
CWD spread evenly will have a very different effect on the rodent
population than concentrating the same amount in a relatively
small area.

Rodents are known to cause damage to natural regeneration
and forest plantations by damaging seeds and nibbling tree trunks
and roots (Borowski 2007), which results in economic losses. Stud-
ies on the relationship between lying CWD and stand regeneration
in the context of rodent-induced damage (Ginkel et al. 2013) show
that seeds and seedlings have the greatest chances of survival
away from CWD while saplings thrive in close proximity to CWD.
Looking at the problem from an ecological perspective, rodents
not only feed on seeds, but also by dispersing and burying seeds
in the topsoil, they support forest stand regeneration, especially in
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the case of Af (Jensen 1985; Zwolak and Crone 2012; Zwolak et al.
2016).

In light of these results, we suggest that controlling the spatial
distribution of CWD on a microscale (sub-hectare areas) could
be a strategy for managing the distribution of rodents in for-
est stands. This could be achieved by creating numerous CWD
clusters that are evenly distributed across the area or by creat-
ing fewer but larger CWD piles. Undoubtedly, the complexity of
the issues raised by us requires further large-scale experimental
research regarding the role of CWD in forest ecosystems.
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Abstract 033

Background: Coarse woody debris constitute a fundamental structural and 034

trophic component of forest ecosystems, providing key resources for many small 035

mammals. Despite its recognized ecological importance, the role of coarse woody 036

debris in shaping spatial organization and habitat use of sympatric species 037

remains poorly understood. This study investigates the connection between the 038

quantity and spatial distribution of coarse woody debris and individual space use 039
of the yellow-necked mouse (Apodemus flavicollis) and the bank vole (Clethri-

onomys glareolus) in Bialowieza Forest, Poland. We hypothesize that variation 040

in coarse woody debris availability affects home range location, resulting in an 041

above-average coarse woody debris amount in the home ranges. 042

Results: Using fine-scale radiotelemetry, 50 individuals (29 A. flavicollis, 21 043

C. glareolus) were tracked, yielding 2,378 locations. Home range and core area 044

sizes were estimated with autocorrelation-corrected kernel density estimators. 045

Mean home ranges amounted to 3,847 m? for A. flavicollis and 2,719 m? for C. 046
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glareolus, with core areas comprising about 20% of total range. Males of both
species occupied larger areas than females. Coarse woody debris coverage and
volume in the areas used by the tracked animals were higher (often significantly)
than mean values for the study sites. It was true within home ranges, core areas,
and especially near telemetry location points. We found substantial amounts of
coarse woody debris in the core areas of both A. flavicollis (median amounts of
2.13 m?2 and 0.35 m® per 100 m2?) and C. glareolus (median amounts of 3.79 m?
and 1.03 m3 per 100 m?). These findings indicate a strong spatial association
between rodent activity and coarse woody debris abundance.

Conclusions: Both A. flavicollis and C. glareolus preferentially used microhab-
itats rich in coarse woody debris, underscoring its role as a critical determinant
of spatial behavior. By linking high-resolution telemetry with precise habi-
tat mapping, this study demonstrates that coarse woody debris contributes to
spatial niche differentiation and habitat selection among sympatric small mam-
mals. These findings highlight the ecological necessity of maintaining coarse
woody debris in forest ecosystems and support its inclusion as a key element in
biodiversity-oriented forest management.

Keywords: CWD, dead wood, Myodes glareolus, radiotelemetry, radio-tracking,
space use, VHF telemetry

1 Background

Understanding the mechanisms that enable species coexistence—and, consequently,
the partitioning and sharing of resources—remains one of the central questions in spa-
tial community ecology. It is particularly important within structurally complex forest
ecosystems where key resources for growth and reproduction are heterogeneously dis-
tributed [1]. Small mammals, especially rodents, serve as valuable model organisms
for investigating spatial behavior, population dynamics, and for predicting how other
animal populations respond under similar environmental conditions [2, 3].

In temperate European forests, the yellow-necked mouse (Apodemus flavicollis)
and the bank vole (Clethrionomys glareolus) frequently coexist within the same struc-
turally diverse habitats [4]. They are prey for a wide range of predators [5], so their
presence within forest ecosystems fosters biodiversity, particularly at higher trophic
levels. As generalists that also feed on seeds and seedlings [6, 7], they can influence

tree recruitment [8, 9] and forest regeneration [10]. By consuming invertebrates [11],



they may also contribute to the reduction of forest insect populations. Therefore,
these rodent species constitute an important factor in functioning and management
of forest ecosystems. Despite their overlapping ecological niches, A. flavicollis and C.
glareolus differ in several key traits, including foraging strategies, locomotion patterns,
and microhabitat preferences [12-14]. These differences are thought to reduce direct
competition and promote stable coexistence. However, the specific mechanisms at fine
spatial scales that support coexistence remain poorly understood — especially those
associated with structural attributes of the habitat.

One of these key structural attributes whose role is still poorly understood is
coarse woody debris (CWD), which includes fallen logs, branches, stumps, and other
elements of deadwood [15, 16]. From the perspective of small mammals, CWD plays an
important structural and trophic role, providing shelter, foraging opportunities, and
nesting sites [17]. While the ecological functions of CWD are increasingly recognized,
its role in shaping the spatial organization, habitat use, and behavioral strategies of
sympatric rodent species is underexplored [15]. Given the structural heterogeneity of
the forest floor and the contrasting ecological traits of A. flavicollis and C. glareolus,
CWD and associated microhabitat structures may serve as important determinants
of their space use.

A key framework for understanding space use and spatial behavior of wild ani-
mals is the concept of the home range, traditionally defined as the area an animal
regularly traverses to meet its daily physiological and ecological needs [18]. Patterns
of home range use both shape and are influenced by a wide array of biological and
environmental factors, including population density [19, 20], sex and reproductive sta-
tus [21], seasonality [22, 23], shelter availability [24], food distribution [25], vegetation
structure [26], and both inter- and intraspecific interactions.

In the spatial ecology of small mammals, empirical research integrating radio

telemetry with fine-scale habitat measurements—especially related to CWD—is
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scarce, particularly for sympatric species in temperate European forests. In the case
of A. flavicollis and C. glareolus, such data are essential for explaining spatial mech-
anisms of coexistence and resource partitioning in shared habitats. Although both
species are widespread in Europe [27], relatively few telemetry-based studies of their
spatial organization exist (for yellow-necked mouse: [28-30]; for bank vole: [31, 32])
and none of them concern CWD. Available information on home range size and spatial
use is mostly derived from visual observations and /or capture-mark-recapture (CMR)
studies (e.g. for C. glareolus: [33-39]; for A. flavicollis: [33, 40-42]), which offer limited
spatial resolution.

It was previously shown that both CWD volume (m?) and coverage (m?) signifi-
cantly influenced the presence and abundance of yellow-necked mouse and bank vole
[43]. However, it remains unclear how these structural attributes affect space use at
the individual level, and whether they contribute to resource partitioning through spa-
tial segregation or shared-use patterns. Moreover, that study employed a grid system
of tracking animal locations and quantifying resources. This allowed reasoning about
why CWD might be used by these animals, accounting for other resources within a
regression framework, but it did not take into account the precise locations of CWD.

The main objective of the current study is to estimate the home range size and core
areas of yellow-necked mouse Apodemus flavicollis (hereafter abbreviated as Af) and
bank vole Clethrionomys glareolus (Cg), and to precisely quantify the amount and dis-
tribution of CWD across a spatial gradient—from the entire home range, through the
core areas, down to the micro-scale buffers around specific telemetry location points.
However, rather than concentrating purely on home range estimation, we leverage the
CWD metrics to investigate the relationship between individual space use and CWD
amount. We hypothesize that variation in the availability of CWD influences individ-

ual space use, and that the two species may have different preferences towards coarse



woody debris due to differences in their ecological and behavioral adaptations. We
expect to observe above-average CWD amounts in the areas utilized by both species.

By integrating scarcely available, fine-scale telemetry data with more typical
microhabitat analysis, this study offers new insights into the spatial strategies that
facilitate coexistence among structurally similar but behaviorally distinct rodent
species. It also contributes to a broader understanding of how forest structure shapes
small mammal spatial ecology and functional roles within forest ecosystems. To the
best of our knowledge, this is one of only a few telemetry-based investigations of Af
and Cg conducted within the same study site, and the first to address the impact of

CWD on rodents using a telemetry framework.

2 Methods

2.1 Study area

The study was conducted in Poland in the northwestern part of the Bialowieza Forest
(N 52° 48 347, E 23° 43’ 58”), the best-preserved and largest lowland temperate
forest in Europe exhibiting characteristics of a natural forest. Research activities were
carried out within three 1-hectare forest research plots, designated "R", "S", and "T",
each of which was uniformly subdivided into a grid of 100 squares measuring 10 m x
10 m.

Site R, part of the “Natural Forests” reserve network, was a Fraxino-Alnetum
riparian stand with heterogeneous age structure and a well-developed understory.
Site S, located in a managed forest, represented a transitional Tilio-Carpinetum to
Fraxino-Alnetum community, featuring a dense understory. Site T, a managed Tilio-
Carpinetum stand, was the least diverse, with sparse understory dominated by Acer

platanoides regeneration.
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The detailed methodology for the selection and establishment of research plots, as
well as their habitat characterization, is described in the thematically related article

by [43].

2.2 Animal data collection

In July and August of 2017 (Cg), 2018, and 2019 (Cg and Af), capture-mark-
recapture (CMR) studies and radiotelemetry investigations were conducted on selected
individuals of both rodent species.

Weekly trapping sessions preceding the radiotelemetry study [43] enabled the
appropriate selection of individuals for subsequent stages of the research. In each
study site, a single live trap was placed at the center of each 10 m x 10 m grid cell
(100 traps per plot, spaced at 10 m intervals). During each trapping check, conducted
in the morning and evening, the captured individuals were assessed for body mass,
sex, age, and reproductive condition, and individually marked with ear tags (National
Band & Tag Company, USA).

Adult individuals of both species that had been captured repeatedly within a
study plot were fitted with radiotelemetry collars. The mass of each transmitter did
not exceed 3% of the individual’s body mass. Sexually immature animals, pregnant
females, and those in visibly poor condition were excluded. BD-2C (Holohil Systems
Ltd., Canada) and PIP3 (Biotrack Ltd., UK) transmitters, each weighing 0.8-1.2 g,
were attached using plastic cable-tie collars. Collars were fitted in the field without
the use of anaesthetics. After instrumentation, animals were placed in a transparent
terrarium containing food and natural cover materials (leaves, branches, moss) and
observed from a distance for at least 1 h. Individuals that tolerated the collar, fed
normally, and displayed undisturbed locomotor activity were released at the capture
site. To avoid disturbance of diel activity patterns in Af, collared individuals of this

species were released before sunset [13].



Animals fitted with transmitters were located using a bidirectional Yagi-AY/C
antenna (Titley Scientific, Australia) and a VHF receiver R-1000 (Communication
Specialist, Inc., USA). The position of each animal was determined by triangulation
based on three to four bearings and by monitoring signal strength through a cable with
the antenna removed. Location error did not exceed 1 m, as verified in an indepen-
dent test involving repeated localization of a stationary transmitter hidden in various
locations.

The positions of Af individuals were determined primarily between dusk and dawn,
particularly between 9 pm and 3 am, when the animals exhibited peak activity [44].
During the day, one to three control bearings were taken to locate daytime shelters.
The positions of Cg individuals were determined throughout the 24-h cycle in several-
hour tracking sessions. The interval between consecutive bearings within a session
averaged 68 min (median of 45 min), which was supposed to lessen autocorrelation in

the collected data [45] while allowing continuous tracking of animal movements.

2.3 Lying CWD assessment

During each late autumn, the amount, quality, and spatial distribution of
CWD—specifically logs and stumps—present on the forest floor were systematically
assessed and mapped using the Postex® Laser (Haglof Sweden) system. The measure-
ments included all downed logs with a diameter > 10 cm and a length > 1 m, as
well as stumps with a diameter > 10 cm and a height of up to 3 m. Standing dead
trees were not included in the survey. The spatial distribution of logs and stumps was
plotted on maps of the research plots, generated in R [46] using the ’ggplot2’ library
[47]. The data facilitated the quantification of CWD abundance, expressed in terms
of volume (m?) and coverage (m?), both for the entire study site and for its individual

subplots. The resource assessment has been described in detail in [43].
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2.4 Data analysis

2.4.1 Home range size

We calculated home range and core area size using two methods — minimum convex
polygon (MCP) and Kernel Density Estimator (KDE). MCP is a simple, widely used,
but crude boundary-based estimator. It is sensitive to outliers and autocorrelation.
We used this method to make our research comparable with other published studies
utilizing MCP [48]. KDE is a method which describes utilization distribution by cre-
ating a probability surface based on the density of location points. It is less sensitive
to outliers and provides more detailed information about intensity of space use [49].
We used the wAKDEc approach [50] to account for autocorrelation in tracking data
as well as irregular sampling schedules.

In the case of MCP method we constructed the smallest convex polygon encom-
passing 95% (home range) and 50% (core area) of radiotelemetry location points, using
the ’adehabitatHR’ package in R [51]. For wAKDEc, we used the ’ctmm’ package in
R [52] to calculate estimates with 95% coverage level (home range) and 50% coverage
level (core area). Output for wAKDEc included also the 95% confidence level range
around the estimates.

Using wAKDEc values from the study site with the largest sample of animals, we
performed the Welch’s t-test for differences between home range and core area sizes

of each species and sex.

2.4.2 CWD amount

For each animal, we calculated the amount of CWD (expressed as both m? and m?
per 100 m? of area) in the home range and the core area. Additionally, we calculated
CWD amounts around all location points using circular buffers with 3 different radii:

1 m, 2 m and 3 m (area of 3.1 m?, 12.6 m? and 28.3 m?). The radii values were chosen



based on field tests, which showed our telemetry locations to exhibit measurement
error of up to 1 m.

To assess whether the tracked animals tended to utilize areas with above-average
amount of CWD, for each animal we calculated the differences between the amount of
CWD in all the various area groupings and the appropriate study site in the year we
observed that specific animal. Then we used Welch’s t-test to check if that difference
was significantly different from 0 by each species and sex as well as for all animals in

total.

3 Results

3.1 Average home range size

In total, 78 animals were fitted with collars: 44 yellow-necked mice (27 males, 17
females) and 34 bank voles (18 males, 16 females). Due to predation, transmitter loss,
or individuals moving beyond the study site, data from some animals were of insuf-
ficient quality and these individuals were excluded from the sample. Consequently,
the final dataset comprised 50 animals: 29 yellow-necked mice (19 males, 10 females)
and 21 bank voles (10 males, 11 females). A total of 2,378 locations were obtained,
ranging from 21 to 77 bearings per individual (mean of 47.6 bearings per individual).
Telemetry results for both species, broken down by sex and study site are shown in

Figures 1 and 2.
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Table 1 Home range and core area sizes (m?) estimated by MCP and wAKDEc by species, sex
and study site

Species | Study site | Se Number of Home range Core area
peet ney st * individuals | MCP | wAKDEc | MCP | wAKDEc
R Male 1] 1,935 3,840 31 491
Female 1| 1,553 2,426 113 544
Af S Male 10 | 2,360 5,340 621 998
Female 7| 1,437 3,059 278 527
T Male 8 967 3,624 319 817
Female 2 389 753 139 167
R Male 2 849 2,229 86 397
Female 3 391 1,128 97 268
Cg 5 Male 7 2,138 5,202 748 1,271
Female 7 646 1,374 121 275
T Male 1 272 747 19 114
Female 1 803 1,849 327 461

As wAKDEc-estimated home ranges and core areas are of particular interest in
this paper for CWD analysis, we also provide detailed charts comparing their size

among species and sexes, together with wAKDEc 95% confidence intervals in Figures

3 and 4.
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corner and plotted using a dotted line. Bars around values for each animal are 95% confidence intervals

from wAKDEc estimation.

Our sample size was the largest for study site S, where we collected data for the

most animals in each of the species and sex groups. This enabled us to perform a

statistical comparison of the home ranges and core areas between different groups in a
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single study site (so they would be directly comparable). We found that home ranges
of Af males (averaging at 5,340 m?) were significantly larger than Af females (3,059
m?, p-value 0.037). The home ranges for Af females were significantly larger than
for Cg females (1,374 m?, p-value 0.067). Similarly, there was a significant difference
(p-value 0.087) between the mean home range size of Cg males (5,292 m?) and Cg
females. We did not observe a significant difference between the home range sizes of
Af males and Cg males. For core areas, the only significant differences in sizes were

between Af males (998 m?) and Af females (527 m?, p-value 0.080).

3.2 Coarse woody debris — assessment of habitat use

A relatively high variability in the amount of CWD was recorded across the study
sites. CWD coverage ranged from 1.4 m? per 100 m? in site T in 2018 to 6.7 m? per
100 m? in site R in 2019, whereas the range of CWD volume was between 0.2 m? per
100 m? in site S in 2017 and 1.2 m?3 per 100 m? in site R in 2019 [43].

Figure 5 shows the amount of CWD in home ranges and core areas of Af and Cg,
while Figures 6-9 show the mean CWD amount differences between the specified area
grouping and the appropriate study site. Detailed data associated with these figures
can be found in the Appendix (Tables A3-A6).
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Fig. 5 CWD coverage and volume in home ranges and core areas of Af and Cg
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Note: median values given to the left of the box plots.

Almost universally we see the tendency that the amount of CWD found in the
area grouping gets progressively higher the closer to the location points we get and
the more granular grouping we use (Figures 6-9). For all animals together (Figure 6),

we see that in the home ranges, core areas, and within the location point buffers, the
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mean amount of CWD (both m? and m?) was significantly larger than in the study

sites.

Fig. 6 Difference between mean CWD coverage and volume in each area grouping vs. study site for

all animals
Mean CWD coverage Mean CWD volume
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~
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Note: Positive values denote that the amount of CWD in the specified area grouping was larger than for
the study sites. Ranges shown are 90% confidence intervals. Dotted line denotes 0 difference (i.e. study

site mean).

As we perform comparisons using smaller subgroups of animals, the sample sizes
get smaller and the confidence intervals around the means become broader, making it
harder to confirm statistical significance of the differences we found. Nevertheless we
find significantly larger amounts of CWD (both coverage and volume) in the buffers
around the location points for Af and Cg, without breaking these groups down into
sexes. We also see a significant difference for both CWD volume and coverage in home

ranges of Af and for CWD volume in case of Cg core areas (Figure 7).
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Fig. 7 Difference between mean CWD coverage and volume in each area grouping vs. study site

grouped by animal species
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site mean).

For Af males we see some statistically significant differences within the smaller

buffers around the location points both for CWD volume and coverage. For females,
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it is the coverage that shows as more important, both in the buffers, as well as in the

home ranges and core areas (Figure 8).

Fig. 8 Difference between mean CWD coverage and volume in each area grouping vs. study site for

Af, grouped by sex
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the study sites. Ranges shown are 90% confidence intervals. Dotted line denotes 0 difference (i.e. study

site mean).
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For Cg, we clearly find above-average CWD amounts in the buffers around location
points of males. The case of Cg females is similar, but the differences are less apparent.

The general tendency of more CWD being observed in more granular areas holds in

almost all cases (Figure 9).
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Fig. 9 Difference between mean CWD coverage and volume in each area grouping vs. study site for

Cg, grouped by sex
Mean CWD coverage

Mean CWD coverage

10.04 10.04
7.54 7.54
- E
o ° o
S 5.0 S 5.04
. .
[7 [0
Q a
~ ~
€ €
254 254
0.0 eeeedeee 0.04----- + .....................................................
T T T T T T T T T T
Home range Core area  3-m buffer  2-m buffer  1-m buffer Home range Core area  3-m buffer  2-m buffer  1-m buffer
Cg males Cg females
Mean CWD volume Mean CWD volume
1.5 1.5
1.04 1.04
E * E
o o
o o [ ]
= L4 =
g g
- 0.5 o 0.5 ®
€ €
0.0 @ e 0.0 weemmdi
T T T T T T T T T T
Home range Core area 3-m buffer  2-m buffer  1-m buffer Home range Core area  3-m buffer ~ 2-m buffer ~ 1-m buffer
Cg males Cg females

Note: Positive values denote that the amount of CWD in the specified area grouping was larger than for

the study sites. Ranges shown are 90% confidence intervals. Dotted line denotes 0 difference (i.e. study

site mean).

20




4 Discussion

4.1 Home range size

In this study, we treat home ranges instrumentally—as a spatial framework—to test
the hypothesis that the amount and spatial arrangement of CWD drive microscale
space-use decisions. Nevertheless, the telemetry-based home range estimates are a
valuable outcome in itself. Only a small portion of the available literature on the spa-
tial organization of Af and Cg is based on radiotelemetry data, and an even smaller
subset employs KDE estimators to delineate individual home ranges. For this reason,
in the present study we report both MCP estimates [49], commonly used in CMR
studies, and KDE-based estimates [53], which, although more data-demanding, are
more informative for fine-scale analyses. While MCP-estimated values are provided
to facilitate comparability with earlier work, they are adversely affected by autocor-
relation and our interpretation primarily relies on wAKDEc estimates, which better
capture fine-scale intensity of space use—critical for evaluating links with CWD.
Among radiotelemetry studies, our wAKDEc-based estimates of home-range size
for Af (0.38 ha mean for all Af, 0.45 ha for males and 0.25 ha for females) are clearly
lower than those reported by [54] and [30]. In the Italian Alps, [54] estimated home-
range sizes at 0.51 or 0.71 ha in July and 0.63 or 0.90 ha in August, depending on the
exact KDE method used in estimation. Neither of these methods explicitly controlled
for autocorrelation. Studies by [30] conducted in central Italy showed mean male and
female home ranges of 0.83 ha and 0.82 ha, respectively, using a home range estimation
method similar to ours. The discrepancies between our results and those studies—most
pronounced for females, where our values were at least two times lower—may reflect
multiple factors, including differences in population density [42, 55, 56|, the month in
which tracking was conducted [29], and the resource availability of habitats occupied

by Af populations. In resource-rich habitats (e.g., with abundant food), individual
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967 home ranges are typically smaller than in resource-poor habitats [25, 26, 55], which
968

9gg has been confirmed for other small-mammal species as well (e.g. [57].

970
971
972 ranges than females [28]. In our study, conducted in mature riparian oak-hornbeam
973

974 forests during the growing (and breeding) season, males of both species had larger
975
976
977 obtained with KDE in Italian mature deciduous forest [29], whereas findings from
978

979 young oak thickets did not corroborate this pattern [30].

980
981
982 m?2, respectively, were reported based on radiotelemetry and KDE in the agricultural
983

9g4 landscape of Brandenburg (Germany) [32]. These values appear comparable to our
985
986
987 m in our study and at about 10 m for the German study). This suggests similarity

988
9gg ©f spatial behaviour in Cg across temperate regions, without pronounced effect of

Based on radiotelemetry with MCP, it was found that Af males had larger home

home ranges than females regardless of the estimator used. Similar results were

For Cg, mean home range size and mean core area size of 2,029 m? and 549

estimates of 2,719 m? and 619 m? (notwithstanding the location error estimated at 1

990 environment at a macroscale.

991

992 In our data, the ratio of core area size to total home-range area was similar in both
993

994 Species—on average 20.0% for Cg and 18.4% for Af. For Af, slightly higher values
332 (21.9% for males and 23.6% for females) were reported in [30]. This simple comparison

997 suggests that the proportional contribution of core areas to the home range may be
998

999 broadly similar irrespective of stand productivity, age, and structural characteristics.
1000

1001 e o .

1002 42 CWD distribution

1003
1004 The amounts of CWD we observed in our sample support the observation put forward

1882 in [43] of both Af and Cg frequently using areas with a relatively large amount of

1007 CWD. Indeed, the median CWD volume of 1.03 m? per 100 m? within the core areas
1008

1009 of Cg was higher than the threshold of 0.75 m® per 100 m? estimated by [43]. Similarly,
1010
1011
1012

the median CWD coverage in the core areas of Af calculated at 2.13 m? per 100 m?
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was higher than the estimated threshold of 1.5 m? per 100 m?. Since core areas are
strategic locations from an animal’s perspective, most often used for essential activities
such as feeding, breeding, and shelter, the presence of an adequate amount of CWD
in this zone is crucial. Both species use CWD as refugia and/or foraging sites, and its
importance increases in areas lacking dense or tall vegetation [42, 43], where animals
are more exposed to predation.

For virtually all analyzed groupings, mean CWD coverage and volume were the
largest within the buffers around telemetry location points, and usually larger in core
areas than in home ranges. For more detailed breakdowns with smaller sample sizes,
it was not possible to obtain statistical significance in every comparison, but the trend
of encountering the animals most frequently in the vicinity of CWD was evident. This
confirms that both Af and Cg tend to use space with an above-average CWD amount.
Af exhibited significantly larger CWD volume and coverage in their home ranges
than in the study sites, whereas Cg showed significantly more volume in their core
areas than in the study sites. The buffers around the telemetry location points had
much more CWD (both volume and coverage) than study sites. These observations
are consistent with recent research that highlights the importance of CWD as a key
resource in microhabitats of many animal groups [15, 58-60], including small forest

mammals [17, 43, 61-65].

4.3 Rodent telemetry study design

According to the recommendations of other authors, when planning telemetry stud-
ies, due to the unforeseen loss of data, the number of tested animals, and therefore
the number of transmitters, should be increased by 10-20% [66—68]. In our study, we
had to drop 36% of the tracked individuals. This should be considered when design-

ing future rodent telemetry research, as smaller sample size may cause difficulties
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1059 in obtaining statistically significant results for all pursued research questions. This
1060

1061 Practical consideration is rarely mentioned in publications.

1062

1063 .

1064 5 Conclusions

1065
182? Our study is the first to provide insights into the spatial organization of A. flavicollis

1068 and C. glareolus in the same area by leveraging fine-scale telemetry data to examine
1069
1070 coarse woody debris amounts in the areas utilized by these species. Our results include

1071 5 set of detailed metrics regarding home range sizes as well as CWD coverage and
1073 amount within these areas.

1074
1075 The analysis showed that both studied species utilized areas with amounts of CWD

18;? higher than in the study sites. For Af, significantly above-average CWD coverage

1078 and volume occurred in the entire home range, while for Cg, significantly higher

1079
1080 CWD volume characterized core areas. The highest CWD amounts were observed near

182; telemetry location points. These findings support our hypothesis of a strong spatial

1083 association between the activity of both analyzed species and coarse woody debris
1084

1085 abundance.

1086
1087
1088 and spatial distribution of CWD, especially in relation to species that play a funda-
1089

1090 mental role in forest stability and biodiversity. The findings from such analyses should

1091

The results indicate the need for further, in-depth research on the quantity, quality,

form the basis for developing guidelines on deadwood management in production

1093 forests, particularly in areas with poorly developed undergrowth vegetation.
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Appendix A

Table Al
individual

Home range and core area sizes (m?) estimated by MCP and wAKDEc for each Af

Number of

Home range

Core area

Sex | Study site | ID locations | MCP | wAKDEc | MCP | wAKDEc
\ | R AfFROL | 42 | 1,553 | 2,426 | 113 | 544
AfFS01 55 614 2,503 0 366

AfFS02 54 | 1,565 1,816 46 271

AfFS03 47 982 2,435 887 604

Female | g AfFS04 57 | 1,001 2,561 154 497
AfFS05 41 | 2,011 4,890 457 861

AfFS06 42 | 1,249 3,187 403 674

AfFS07 52 | 2,641 4,024 0 415

T AfFTO1 50 320 632 202 172

AfFTO02 55 459 873 76 163

| R | AIMRO1 | 49 | 1,935 | 3,840 | 31 | 491
AfMS01 41 | 3,883 8,470 | 1,402 1957

AfMS02 50 | 2,029 6,512 | 1,130 1,228

AfMS03 55 | 2,214 5,620 2 551

AfMS04 56 | 1,146 3,371 635 807

S AfMS05 57 | 5,545 9,980 | 1,942 2,306

AfMS06 47 | 3,081 6,867 896 1,548

AfMS07 53 921 2,342 114 313

Male AfMS08 51 620 2,275 73 342
AfMS09 37 | 1,087 1,751 7 184

AfMS10 40 | 3,072 6,213 7 741

AfMTO1 44 | 1,904 3,506 121 824

AfMTO02 50 | 1,171 3,078 330 718

AfMTO3 42 560 4,581 376 1,166

T AfMTO04 42 | 2,379 12,554 | 1,436 2,997

AfMTO5 34 341 1,885 40 271

AfMTO06 77 720 1,181 44 176

AfMTO7 67 302 762 46 95

AfMTO08 50 362 1,443 164 285
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1611

1612 Table A2

1613 individual

1614
1615
1616
1617
1618
1619
1620
1621
1622
1623
1624
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1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1656

Home range and core area sizes (m?) estimated by MCP and wAKDEc for each Cg

. Number of Home range Core area
Sex | Study site | ID locations | MCP | wAKDEc | MCP | wAKDEc
CgFRO1 25 332 867 52 234
R CgFR02 48 546 1,446 171 347
CgFRO03 23 297 1,071 69 222
CgFS01 42 259 596 31 112
Female CgFS02 38 | 2,298 5,577 672 1,227
CgFs03 71 206 355 23 52
S CgFs04 56 447 726 20 101
CgFS05 54 173 383 15 50
CgFS06 50 446 704 62 162
CgFs07 42 692 1,276 26 219
| | T | CgFTOL | 47 803 1,849 327 461
R CgMRO1 37 403 1,249 80 213
CgMR02 21 | 1,295 3,209 93 581
CgMS01 38 | 1,211 2,987 152 492
CgMS02 58 | 3,906 6,352 473 1,101
Male CgMS03 32 397 1,597 163 281
S CgMS04 70 | 1,013 2,656 473 720
CgMS05 57 | 1,956 4,439 926 1,100
CgMS06 64 | 4,040 15,939 | 2,879 4,652
CgMS07 41 | 2,443 3,073 173 554
| T | CgMTOL | 27 272 747 19 114

Table A3 Difference between CWD amount in different area types vs. study sites
— summary metrics for all tracked animals

. 90% confidence interval
CWD metric | Area type | Mean Min ‘ Max p-value
Home range 0.40 0.12 0.68 0.02
Core area 0.89 0.18 1.59 0.04
Coverage (m?) | 3-m buffer 1.27 | 0.71 1.83 0
2-m buffer 1.89 1.17 2.61 0
1-m buffer 2.73 1.57 3.88 0
Home range 0.08 0.02 0.14 0.03
Core area 0.24 0.07 0.40 0.02
Volume (m?) 3-m buffer 0.28 | 0.15 0.41 0
2-m buffer 0.38 0.22 0.54 0
1-m buffer 0.52 0.31 0.72 0
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Table A4 Difference between CWD amount in different area types vs. study sites — summary

metrics per species

90% confidence interval

Species | CWD metric | Area type | Mean Min ‘ Max p-value
Home range 0.34 0.07 0.61 0.04
Core area 0.49 | -0.05 1.03 0.13
Coverage (m?) | 3-m buffer 0.76 | 0.15 1.38 0.04
2-m buffer 1.40 0.53 2.28 0.01
Af 1-m buffer 1.96 0.82 3.09 0.01
Home range 0.06 0 0.13 0.10
Core area 0.13 | -0.04 0.30 0.21
Volume (m?) 3-m buffer 0.17 | 0.02 0.31 0.06
2-m buffer 0.26 0.07 0.45 0.03
1-m buffer 0.35 0.12 0.59 0.02
Home range 0.48 | -0.12 1.07 0.18
Core area 1.31 | -0.10 2.72 0.12
Coverage (m?) | 3-m buffer 1.97 | 0.93 3.00 0
2-m buffer 2.56 1.31 3.81 0
1-m buffer 3.79 1.48 6.11 0.01
Cg
Home range 0.11 | -0.01 0.23 0.13
Core area 0.35 0.05 0.66 0.06
Volume (m?) 3-m buffer 0.43 | 0.20 0.67 0
2-m buffer 0.55 0.28 0.82 0
1-m buffer 0.74 0.37 1.12 0
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Table A5 Difference between CWD amount
metrics for Af per sex

in different area types vs. study sites — summary

Species CWD metric | Area type | Mean igz‘i (‘:onﬁdence mtel\l;I\;a): p-value
Home range 0.13 | -0.10 0.36 0.34
Core area 0.09 | -0.63 0.82 0.81
Coverage (m?) | 3-m buffer 0.59 | -0.22 1.41 0.22
2-m buffer 1.12 0.02 2.23 0.10
1-m buffer 1.54 0.17 2.90 0.07
Af males
Home range 0.01 | -0.04 0.07 0.64
Core area 0.05 | -0.15 0.24 0.67
Volume (m?) 3-m buffer 0.16 | -0.03 0.35 0.16
2-m buffer 0.26 0.02 0.51 0.08
1-m buffer 0.37 0.06 0.67 0.05
Home range 0.60 0.05 1.15 0.08
Core area 1.02 0.13 1.91 0.07
Coverage (m?) | 3-m buffer 1.09 0.06 2.12 0.09
2-m buffer 1.94 0.29 3.59 0.06
Af females 1-m buffer 2.76 0.48 5.03 0.05
Home range 0.12 | -0.01 0.25 0.12
Core area 0.23 | -0.13 0.60 0.25
Volume (m?) 3-m buffer 0.18 | -0.09 0.45 0.25
2-m buffer 0.26 | -0.10 0.63 0.22
1-m buffer 0.33 | -0.09 0.75 0.19
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Table A6 Difference between CWD amount in different area types vs. study sites — summary
metrics for Cg per sex

Species CWD metric | Area type | Mean ?\22 c‘onﬁdence mt?\l/‘[‘;a)i p-value
Home range 0.37 | -0.67 1.41 0.51
Core area 0.50 | -0.57 1.58 0.38
Coverage (m?) | 3-m buffer 2.62 | 1.33 3.90 0
2-m buffer 3.47 1.52 5.41 0.01
1-m buffer 5.23 0.73 9.73 0.06
Cg males
Home range 0.01 | -0.18 0.20 0.90
Core area 0.18 | -0.16 0.51 0.32
Volume (m?) 3-m buffer 0.47 | 0.10 0.83 0.04
2-m buffer 0.63 0.17 1.08 0.03
1-m buffer 0.81 0.16 1.46 0.05
Home range 0.55 | -0.33 1.42 0.28
Core area 1.81 | -0.55 4.18 0.19
Coverage (m?) | 3-m buffer 1.37 | -0.34 3.09 0.18
2-m buffer 1.73 | -0.03 3.48 0.10
1-m buffer 2.48 0.19 4.78 0.08
Cg females
Home range 0.18 0 0.35 0.10
Core area 0.46 | -0.04 0.97 0.12
Volume (m?) 3-m buffer 0.41 | 0.05 0.77 0.07
2-m buffer 0.48 0.10 0.85 0.05
1-m buffer 0.68 0.17 1.19 0.04
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Niniejszym o$wiadczam, ze w pracy:
Zegadlo E., Zegadlo P., Jancewicz E. The role of coarse woody debris distribution for the spatial

organization of the yellow-necked mouse (4dpodemus flavicollis) and the bank vole (Clethrionomys
glareolus) in Bialowieza Forests

- artykutu przygotowanego do zlozenia do czasopisma,

mdj indywidualny udziat w jej powstaniu polegat na zdobyciu funduszy na prowadzenie badan,
opracowanie koncepcji projektu, obstudze formalnej projektu finansowanego z ramienia
Narodowego Centrum Nauki, zebraniu danych terenowych, opracowaniu koncepcji artykuhu,
zgromadzeniu, analizie i opracowaniu zebranej literatury naukowej, przygotowaniu manuskryptu.
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edycji manuskryptu.
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