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Wybidrczos¢ siedliskowa zuka leSnego Anoplotrupes stercorosus (Scriba) i zuka wiosennego
Trypocopris vernalis (L.) (Coleoptera: Geotrupidae) w borze sosnowym §wiezym
w zaleznoSci od wieku drzewostanu

Habitat selection by two species of dung beetle, Anoplotrupes stercorosus (Scriba) and Trypocopris
vernalis (L.) (Coleoptera: Geotrupidae), changes with stand age in a fresh pine forest
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Abstract. In Poland, Anoplotrupes stercorosus (Scriba) and Trypocopris vernalis (L.), are very common throughout
the whole country and belong to the most numerous representatives of the Geotrupidae family. Research on the habitat
selectivity of Anoplotrupes stercorosus (Scriba) and Trypocopris vernalis (L.) was conducted in the years 2004-2006
in the Wipsowo Forest Inspectorate (Regional Forest Department in Olsztyn). The dung beetles were collected using
Barber traps installed in a clear-cut comprising, 2, 3, 5, 8, and 16 year old thickets and tree-stands aged 30, 45, 60, 80,
100 and 135 years. According to phytosociology these tree-stands are a plant community of fresh continental pine
forest (Peucedano-Pinetum), while typologically all sites are within the fresh coniferous forest. During the course
of this research 29197 individual dung beetles were captured, including 23137 individuals of A. stercorosus and 6060
individuals of T. vernalis. Both species were caught at each research site. At nearly all sites 4. stercorosus dominated.
Only within the clear-cut area were the number of 7. vernalis was higher than at other sites. Very many individuals
of T. vernalis were present in the clear-cut area but their numbers decreased gradually with increasing tree-stand age.
An opposite situation was noted for A. stercorosus. There was an interesting statistically-significant decrease in the
abundance of both species in the middle-aged tree-stands — 30, 45 and 60-year-old. Analyzing the seasonal dynamics
revealed one peak in the population of 7. vernalis in July, whereas there were two peaks in the population of
A. stercorosus: a small peak in July and a much larger peak in September. There was a significant negative correlation
between the numbers of 7. vernalis and tree-stand age (p<0.05, r=-0.57), and a significant positive correlation between
the A. stercorosus population size and tree-stand age (p<0.05, r = 0.48).
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1. Wstep

Zukowate (Geotrupidae) ze wzgledu na przynalez-
nos$¢ do grupy troficznej saprofagdw petnia ogromna
role¢ w ekosystemach lesnych (Rembiatkowska 1980;
Rojewski 1980). Oba gatunki, ktérym poswigcona jest
niniejsza praca sa bardzo pospolite w Polsce i naleza do
najliczniejszych w kraju przedstawicieli rodziny
zukowate (Stebnicka 1976; Burakowski et al. 1983).

Anoplotrupes stercorosus (Scriba) jest gatunkiem
lesnym, a jego larwy odzywiaja si¢ gtownie martwa
materia pochodzenia roslinnego, szczegdlnie scidtka,
ktéra doroste osobniki zakopuja w korytarzach i ko-
morach legowych (Stebnicka 1976). Tischler (1976)
oraz Erbeling L. i M. (1984) obserwowali takze Zero-
wanie tego gatunku na padlinie. Drugi gatunek —
Trypocopris vernalis (L.), takze odzywia si¢ martwa
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materig organiczna, ale preferuje raczej odchody zwie-
rzat roslinozernych (Szyszko 1983).

W literaturze naukowej poswigcono dotychczas wie-
le miejsca ekologii obu gatunkéw. Borowski (1960)
badat sktad gatunkowy oraz role gatunkéw z rodzaju zuk
w gospodarce lesnej. Szwatko (1995) analizowal mozli-
wos¢ wykorzystania zukowatych do monitoringu Pusz-
czy Biatowieskiej. Sktodowski et al. (1998) badali wy-
stgpowanie przedstawicieli rodzaju zuk na zrgbach
z pozostawionymi k¢pami sosen, a Klimaszewski i Szy-
szko (2000) analizowali zukowate drzewostandw sosno-
wych o niskim wspotczynniku zadrzewienia. Plewinska
(2007) prowadzita eksperymenty z zastosowaniem pula-
pek wabiacych, majace na celu wykazanie wptywu do-
stgpnosci pokarmu na populacje Anoplotrupes sterco-
rosus. Byk (2004, 2005) podjat si¢ przeanalizowania
wplywu zalesien na gruntach porolnych i lesnych na
zmiany liczebnos$ci zuka lesnego i wiosennego. Autor
ten prowadzit takze badania nad zmianami liczebnosci i
sktadem zgrupowan Geotrupidae wraz z wiekiem boréw
sosnowych (Byk 2011). Z kolei Byk i Semkiw (2010)
analizowali wybiorczos¢ siedliskowa zuka lesnego w
Puszczy Biatowieskie;.

Celem pracy byta analiza wystgpowania ilo§ciowego
oraz wspotwystegpowania dwoch gatunkéw z rodziny
Geotrupidae: Anoplotrupes stercorosus i Trypocopris
vernalis w siedlisku boru sosnowego $wiezego w as-
pekcie zroznicowania wiekowego drzewostanu.

2. Teren badan

Badania prowadzono w Polsce pdtnocno-wschodnie;j
(kwadrat UTM DESS5), w wojewddztwie warminsko-
mazurskim. Powierzchnie badawcze byly zlokalizowa-
ne na terenie lesnictwa Nerwik, bedacego jednostka
Nadlesnictwa Wipsowo (ryc. 1). Powierzchnia nadles-
nictwa zajmuje 25027,23 ha, z czego na lesnictwo
Nerwik przypada 1322,4 ha. Gatunkiem dominujacym w
badanym drzewostanie jest sosna zwyczajna (Pinus
sylvestris L.), zmieszana ze $wierkiem pospolitym
(Picea abies L.), brzoza brodawkowata (Betula pendula
Roth.), dgbem (Quercus sp.), grabem pospolitym (Car-
pinus betulus L..) i modrzewiem (Larix sp.). Siedliskowo
dominuje bor mieszany swiezy — zajmuje on okoto 56%
powierzchni lesnictwa. Fitosocjologicznie drzewostany
na tym siedlisku odpowiadaja zespotowi kontynental-
nego boru sosnowego §wiezego (Peucedano-Pinetum)
(Matuszkiewicz 2001), chociaz sktad gatunkowy oraz
stosunki ilosciowe roslinnosci dna lasu ksztaltuja si¢
roznie w poszczegolnych okresach wzrostu drzewostanu
(Szujecki 1971). Pod wzglgdem typologicznym wszyst-
kie stanowiska badawcze odpowiadaty borowi swieze-
mu rosnacemu na glebach lesnych.

Rycina 1. Teren badan: 1 — uprawa w wieku 5 lat i
mlodnik w wieku 16 lat, drzewostany w wieku 30 i 60 lat;
2 —zrab, uprawa w wieku 2, 3 i 8 lat; 3 — drzewostany w
wieku 45, 80 i 135 lat

Figure 1. Study area: 1 — thickets at the age of 5 and 16 years,
stands at the age of 30 and 60 years; 2 — clearcut and, thickets
at 2, 3 and 8 years; 3 — stands at 45, 80 and 135 years

Do badan wybrano 12 powierzchni rézniacych sig¢
wiekiem rosngcego tam drzewostanu — od zrgbu zupet-
nego wykonanego w borze §wiezym po dojrzaly bor
przeznaczony do wyrebu. Mtodsze fazy rozwojowe
drzewostanu byly badane w mniejszym przedziale wie-
kowym ze wzgledu na szybkie zmiany w strukturze
podloza (wyksztalcenie $cidtki, pojawianie si¢ i zani-
kanie podtoza mszystego), co jest zwiazane ze zmianami
naswietlenia, na co najwigkszy wplyw ma wytwarzanie
si¢ nizszych partii gatezi mtodych drzewek i tworzenie
przez nie gestego zwarcia, niedopuszczajacego Swiatla.
W pierwszej klasie wieku wybrano do badan nasadzenia
sosny w wieku 2, 3, 5, 8116 lat. Kolejna klase stanowily
drzewostany Sredniowickowe, ktérych przedzial wie-
kowy byl wigkszy ze wzgledu na mniejsze zmiany, jakie
zachodza w tych drzewostanach. W klasie tej badania
przeprowadzono w drzewostanie o wieku 30, 45 1 60 lat.
Klas¢ drzewostanow starych reprezentowaly powierz-
chnie, na ktoérych wiek drzew wynosit 80, 100 i 135 Iat.

3. Material i metody pracy

Badania terenowe prowadzono w latach 2004-2006.
Do potowu chrzaszczy epigeicznych uzywano putapek
typu Barbera (Barber 1931). Metoda ta jest standardowa
i szeroko stosowana w tego typu badaniach (Thiele
1977).
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Pojedyncza putapke stanowity plastikowe kubki o
pojemnosci 500 cm’. Srednica gornej strony kubka, be-
dacej jednoczesnie wlotem do putapki, wynosita 10 cm.
Kazda putapke umieszczano w gruncie tak, zeby jej
gbérna krawedz byla réwna z poziomem podloza, co
zapewnia tatwe wpadanie chrzaszczy penetrujacych po-
wierzchni¢ gleby. W celu u§miercania i konserwowania
owadow wpadajacych do putapki wypetniano ja 200 ml
glikolu etylenowego. Aby zmniejszy¢ napigcie powierz-
chniowe glikolu dodawano kilka kropel detergentu.

W kazdym badanym drzewostanie zainstalowano 10
putapek. Uktad pulapek mial charakter liniowy, a od-
stepy pomigdzy nimi wynosity 10 m.

Okres odtowu chrzaszczy obejmowat sezon wege-
tacyjny i trwatl od kwietnia do pierwszych mrozow na
jesieni. W kolejnych latach byty to okresy:

—05.05.2004 — 11.11.2004,

—28.04.2005 —23.10.2005,

—25.04.2006 — 16.11.2006.

Putapki byty oprézniane regularnie co okoto 10 dni.
Materiat z putapek byl sortowany i oznaczany.

Dla kazdej powierzchni wyliczono wspdtczynnik
dominacji obu gatunkéw, czyli udziat procentowy kaz-
dego gatunku w zgrupowaniu. Wykonano takze analizg¢
townosci obu taksondéw zukow na podstawie sumarycz-
nej liczby osobnikéw odtowionych we wszystkie putap-
ki w ciagu kazdego miesigca badan i przeprowadzono
analiz¢ korelacji ich liczebnosci z wiekiem drzewostanu.
Oceniono takze podobienstwo jakosciowo-ilosciowe
zgrupowan zukow zasiedlajacych badane powierzchnie
na podstawie wskaznika Bray-Curtisa (1957). Istotnos¢
statystyczna stwierdzonych roznic w liczebnosci obu
gatunkow na badanych powierzchniach sprawdzono za
pomoca testu t-Studenta (p<0,05). Obliczenia statys-
tyczne wykonano w programie Statistica oraz Biodi-
versityPro.

%

[] Anoplotrupes stercorosus

34,94 —

65,04

4. Wyniki

W trakcie badan odtowiono 29197 zukéw, w tym
23137 osobnikow A. stercorosus 1 6060 osobnikow
T. vernalis. Oba gatunki odlowiono na kazdej badanej
powierzchni.

Analiza dominacji pozwolita stwierdzi¢, iz prawie na
wszystkich powierzchniach dominowat 4. stercorosus.
Jedynie na zrgbie zauwazono wigkszy udziat T. vernalis
(ryc. 2). Struktura dominacji obu gatunkéw w mlodni-
kach z drzewkami w wieku 2, 3 1 5 lat byla dos¢ stala
i wynosita dla 7. vernalis okoto 30%, natomiast dla
A. stercorosus okoto 70%. Zuk lesny najwigkszy udziat
miat w drzewostanach dojrzatych — 80-letnich i 135 let-
nich.

Liczba odlowionych osobnikow zuka wiosennego
byta najwigksza na zrgbie i zmniejszata si¢ wraz ze
wzrostem wieku drzewostanu (ryc. 3). Jedynie w drze-
wostanach powyzej 80 lat ponownie, jednak nieznacz-
nie, nastapito zwigkszenie liczebnosci tego gatunku. Od-
wrotng sytuacje odnotowano w przypadku zuka lesnego
(ryc. 3), cho¢ w drzewostanach sredniowiekowych — 30,
45 1 60-letnich, zauwazalny byl znaczacy, istotny sta-
tystycznie spadek liczebnosci odtawianych osobnikow
obu gatunkow (ryc. 3). Zaobserwowano istotne réznice
pomigdzy liczebno$cia zuka wiosennego na poszcze-
gblnych stanowiskach. W przypadku zuka lesnego istot-
ne statystycznie roznice w liczbie odtowionych okazow
odnotowano tylko pomigdzy zrebem i drzewostanami
najmtodszymi (2, 3, 5, 8 i 16-letnim) a drzewostanami
dojrzatymi (80, 100 i 135 letnim).

Dynamika sezonowa obu gatunkow ksztattowata si¢
odmiennie: w przypadku zuka wiosennego zauwazono
jeden szczyt liczebnosci — w sierpniu, natomiast w przy-
padku zuka lesnego — dwa szczyty: mniejszy w lipcu
oraz znacznie wigkszy we wrzesniu (ryc. 4).

[ Trypocopris vernalis
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Figure 2. The dominantion structure
of A. stercorosus and T. vernalis on the research sites
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Pomigdzy liczebnoscia zuka wiosennego a wiekiem zgrupowania zukow zasiedlajacych drzewostany 30,45 i
drzewostanu (p<0,05) odnotowano istotng korelacje 60-letni. W obrebie drugiego klastra, grupujacego pozo-
ujemng (-0,57), natomiast pomigdzy liczebnoscia zuka state powierzchnie, dato si¢ wyznaczy¢ dwie podgrupy.
lesnego a wiekiem drzewostanu (p<0,05) — istotng ko- Pierwsza objeta zgrupowania zukéw wystgpujace na
relacje dodatnig (0,48). zrebach i w drzewostanach najmtodszych —w wieku 2, 3,
Dendrogram podobienstw jakosciowo-ilosciowych 5, 8 i 16 lat, natomiast druga — zgrupowania w
pogrupowal badane powierzchnie na dwa klastry po- drzewostanach dojrzatych — w wieku 80, 100 i 135 lat.

dobne w okoto 60% (ryc. 5). Pierwszy klaster utworzyty
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5. Dyskusja

Gatunkiem dominujacym w kazdym z badanych
zgrupowan, z wyjatkiem zgrupowania na zrgbie, byt zuk
lesny. Udziat tego typowo lesnego chrzaszcza w zgru-
powaniach zukow wahat si¢ w granicach od 47,03% na
zrebie do 94,71% w drzewostanie w wieku 135 lat.
Bardzo duza liczebno$¢ tego gatunku w $rodowisku
lesnym jest zwiazana z powszechno$cia i dostgpnoscia
duzej ilo$ci martwej materii organicznej, ktora ten ga-
tunek si¢ odzywia (Stebnicka 1976; Burakowski et al.
1983; Byk 2004; Byk i Semkiw 2010). Udziat 4. ster-
corosus w zgrupowaniach zukéw w drzewostanach naj-
mtodszych byl mniejszy niz w zgrupowaniach w drze-
wostanach dojrzalych. Dodatni wynik korelacji liczeb-
nosci tego gatunku wraz z wiekiem drzewostanu wska-
zuje na specjalizacje siedliskowa, z preferencja star-
szych, litych drzewostanow. Podobne obserwacje po-
czynit Koch (1991). Byk (2004) w badaniach zmian
liczebnosci A. stercorosus pod wpltywem zalesien w
Puszczy Czluchowskiej takze zauwazyl, ze liczba to-
wionych osobnikow wzrasta w gradiencie wieku — od
zrgbu, przez uprawy az do dojrzatych drzewostanow.
Podobne wyniki uzyskat takze na zalesionych gruntach
porolnych. W badaniach nad zgrupowaniami Geotru-
pidae w borach sosnowych w Puszczy Czluchowskiej
Byk (2011) takze stwierdzil wyrazne zwigkszenie si¢
liczebnosci tego gatunku w starszych klasach wieko-
wych. Szyszko (1983) wykazal, ze A. stercorosus nie
wystepuje na zregbach i w uprawach, pojawia si¢ dopiero
w drzewostanach 18-letnich, a najwigksza liczebnosé
osigga w drzewostanach 60-letnich. W opisywanych ba-
daniach, A. stercorosus wystgpowal w kazdej z bada-
nych klas wiekowych, a najwigkszy udzial osiagat w
drzewostanach dojrzatych.

Wedlug Burakowskiego et al. (1983) 4. stercorosus
wystepuje jako imago wiosna (od kwietnia do czerwca)
oraz jesienig (od lipca do pazdziernika). Potwierdzaja to
takze wyniki badan innych autorow (Blazejewski 1956;
Borowski 1960; Koc¢arek 2003). Erbeling L. i M. (1984)
stwierdzaja, iz zuk ten pojawia si¢ liczniej wiosng niz
jesienia. W prezentowanych przez nich badaniach za-
notowano rowniez dwa szczyty liczebno$ci — mniejszy
w lipcu, a wiekszy we wrzesniu. Podobne wyniki w ba-
daniach w Puszczy Czluchowskiej uzyskat Byk (2004,
2011).

Drugi z gatunkow 7. vernalis najwigkszy udzial w
zgrupowaniu zukéw mial na zrgbie 52,97%, a jego li-
czebno$¢ zmniejszata si¢ wraz z wiekiem drzewosta-
néw. T. vernalis jest gatunkiem zwigzanym z mtodszymi
fazami rozwojowymi lasu, co potwierdza ujemna kore-
lacja jego liczebnosci z wiekiem drzewostanu. Wyste-
puje on w roznych srodowiskach. Wigksza liczebnosé¢
tego gatunku w uprawach niz w starym lesie, ale zara-

zem jego obecno$é w starszych drzewostanach, wska-
zuje na preferencje siedliskowe w kierunku stref eko-
tonalnych — terendw otwartych, graniczacych z lasami
(Aleksandrowicz, Pisanenko 1991). Byk (2011) takze
zauwaza zwigkszenie liczebnosci tego gatunku w mtod-
szych klasach wiekowych, jednak w jego badaniach
gatunek jest rowniez liczny w dojrzatych drzewosta-
nach. Z kolei Szyszko (1983) wskazuje, ze najwigksza
liczebno$¢ T. vernalis jest w mtodnikach 11-14 letnich.
By¢ moze jest to zwiazane z faktem, iz Szyszko (1983)
prowadzit badania na zalesionych gruntach porolnych,
gdzie proces sukcesji przebiega nieco inaczej niz na
siedliskach lesnych z gospodarkg zrebowa.

Zuk wiosenny jako saprofag zwiazany jest z odcho-
dami zwierzat. Klimaszewski i Szyszko (2000) zwracaja
uwage na zwigkszona liczebno$é, z jednej strony
T. vernalis, z drugiej zwierzyny ptowej, w nietypowo
wyksztalconych drzewostanach sosnowych. W lasach
zdegradowanych 1 przeswietlonych, gdzie bylo duzo
zwierzyny, odtowili oni o wiele wigcej T vernalis niz w
drzewostanach zwartych. Prawdopodobnie na zrgbie i
w uprawach istnieje analogiczna sytuacja: utrzymuje si¢
wigksze pogltowie zwierzyny ptowej — saren i jeleni, niz
w drzewostanach zwartych, a co za tym idzie — jest tam
wigksza baza pokarmowa tego gatunku chrzaszcza.

Szczyt liczebnosci tego gatunku przypadl na sier-
pien, nieco inaczej niz w badaniach Byka (2005, 2011)
w Puszczy Czhuchowskiej, gdzie najwigcej osobnikow
odlawiano w okresie od czerwca do sierpnia.

Analiza podobienstwa faunistycznego metoda Bray-
Curtisa wyraznie wyodrebnita klaster obejmujacy zgru-
powania zukow zasiedlajacych drzewostany srednio-
wiekowe — 30, 45 i 60-letnie. W drzewostanach tych
liczebnos¢ obu gatunkéw zukow byta wyraznie mniej-
sza. W przypadku zuka lesnego prawdopodobnie jest to
zwigzane z malg iloScia martwej materii organicznej
odlozonej w postaci $ciotki. W tym okresie wzrostu
lasow nastgpuje catkowite zacienienie podtoza, wyco-
fuja si¢ mchy, a uboga $cidtke tworzy tylko opadte
igliwie sosnowe. W zwiazku z brakiem w runie roslin-
nosci drzewostany w tym wieku sa niechgtnie pene-
trowane przez zwierzgta, stad mniejsza jest tez liczeb-
nos$¢ zuka wiosennego, uzaleznionego od odchodow du-
zych roslinozercow (Klimaszewski 1 Szyszko 2000).
W cyklu odtworzeniowym lasu drzewostany w tym wie-
ku to dos¢ krytyczny okres dla réznych grup organiz-
méw: saprofagow i drapieznikdw.

6. Whnioski

Przeprowadzone badania sktaniajg do sformutowa-
nia nastepujacych wnioskow:
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1. Liczebno$¢ zuka wiosennnego zmienia Si¢ W
gradiencie wieku drzewostanu. Na zr¢gbach i w uprawach
lesnych znajduje on optymalne warunki bytowe i jest
tam zdecydowanie liczniejszy niz w dragowinach, tycz-
kowinach i dojrzatych drzewostanach.

2. Liczebnos¢ zuka lesnego (Anoplotrupes sterco-
rosus) takze zmienia si¢ w gradiencie wieku drzewo-
stanu. Optymalne warunki do bytowania znajduje on w
drzewostanach starszych i dojrzatych, w ktérych osiaga
najwicksza liczebnosé.

3. Formy doroste obu badanych gatunkow sa naj-
liczniejsze pomigdzy lipcem a wrzesniem.

4. Wyraznie mniejsza liczebno$¢ populacji obu
gatunkow zukow w drzewostanach sredniowiekowych —
30, 45 i1 60-letnim, jest zapewne zwigzana z mniejsza
baza pokarmowa niz na zrgbach i w uprawach oraz
w dojrzatych drzewostanach.

Podzigkowania

Badania zostaty sfinansowane ze srodkéw wilasnych
Uniwersytetu Warminsko-Mazurskiego w Olsztynie.
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Abstract. In Poland, Anoplotrupes stercorosus (Scriba) and Trypocopris vernalis (L.), are very common throughout
the whole country and belong to the most numerous representatives of the Geotrupidae family. Research on the habitat
selectivity of Anoplotrupes stercorosus (Scriba) and Trypocopris vernalis (L.) was conducted in the years 2004-2006
in the Wipsowo Forest Inspectorate (Regional Forest Department in Olsztyn). The dung beetles were collected using
Barber traps installed in a clearcut comprising, 2, 3, 5, 8, and 16 year old thickets and tree-stands aged 30, 45, 60, 80,
100 and 135 years. According to phytosociology these tree-stands are a plant community of fresh continental pine
forest (Peucedano-Pinetum), while typologically all sites are within the fresh coniferous forest. During the course of
this research 29197 individual dung beetles were captured, including 23137 individuals of 4. stercorosus and 6060
individuals of T vernalis. Both species were caught at each research site. At nearly all sites 4. stercorosus dominated.
Only within the clearcut area were the number of 7. vernalis was higher than at other sites. Very many individuals
of T vernalis were present in the clearcut area but their numbers decreased gradually with increasing tree-stand
age. An opposite situation was noted for A. stercorosus. There was an interesting statistically-significant decrease
in the abundance of both species in the middle-aged tree-stands — 30, 45 and 60-year-old. Analysing the seasonal
dynamics revealed one peak in the population of 7. vernalis in July, whereas there were two peaks in the population of
A. stercorosus: a small peak in July and a much larger peak in September. There was a significant negative correlation
between the numbers of 7. vernalis and tree-stand age (p<0.05, r =-0.57), and a significant positive correlation between
the A. stercorosus population size and tree-stand age (p<0.05, r = 0.48).

Key words: Geotrupidae, Anoplotrupes stercorosus, Trypocopris vernalis, ecology, afforestation, NW Poland

1. Introduction Anoplotrupes stercorosus (Scriba) is a forest
species; its larvae feed mainly on dead plant matter,

The Scarabaeidae (Geotrupidae), as members of the particularly litter, which the adults bury in their

group of trophic saprophages, play a critical role in forest
ecosystems (Rembiatkowska 1980; Rojewski 1980).
Both species discussed in this paper are very common
in Poland and represent the most multiple species of the
Scarabaeidae family in the country (Stebnicka 1976;
Burakowski et al. 1983).
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corridors and brooding burrows (Stebnicka 1976).
Tischler (1976), L. and M. Erbeling (1984) also
observed this species feeding on carrion. A second
species — Trypocopris vernalis (L.), also feeds on dead
organic matter, but prefers the feces of herbivores
(Szyszko 1983).
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Scientific literature has devoted much attention
to the ecology of both species. Borowski (1960)
studied the composition of the species and role of
Scarabacidae in forest management. Szwatko (1995)
analysed the possibility of using Scarabaeidae to
monitor the Bialowieza Forest. Sklodowski et al.
(1998) studied the occurrence of Scarabacidae
species in pine stump fields after clearcutting, while
Klimaszewski and Szyszko (2000) analysed the
Scarabaeidae inhabiting sparsely growing pine stands.
Plewinska (2007) conducted experiments using
attractant traps, designed to demonstrate the impact
of food availability on populations of Anoplotrupes
stercorosus. Byk (2004, 2005) undertook a study on
the impact of afforestation in former farmland and
forests on changes in the numbers of Anoplotrupes
stercorosus and Trypocopris vernalis. This author
also researched the changes in size and composition
of Geotrupidae in relation to the age of pine forests
(Byk 2011). Byk and Semkiw (2010) additionally
analysed the habitat selectivity of Anoplotrupes
stercorosus in the Bialowieza Forest.

The aim of this study was to determine the numbers
and co-occurrence of two species of Geotrupidae:
Anoplotrupes stercorosus and Trypocopris vernalis in
continental pine forest habitat in relation to differences
in the age of tree stands.

2. Study area

The study was conducted in north-eastern Poland
(UTM DES5) in the Warmia and Mazury Voivodeship;
and the research sites were located in the Nerwik
forest, part of the Wipsowo Forest District (Fig. 1).
The District is 25,027,23 hectares in size, with the
Nerwik forest occupying 1,322,4 hectares of this area.
The dominant species in the study area is pine (Pinus
sylvestris L.), mixed with Common spruce (Picea
abies L.), Silver birch (Betula pendula Roth.), oak
(Quercus sp), Common hornbeam (Carpinus betulus
L.) and larch (Larix sp.) The habitat is dominated by
mixed coniferous forests - comprising about 56% of the
area. Phytosociologically, the tree stands in this habitat
are classified as continental pine forest (Peucedano-
Pinetum) (Matuszkiewicz 2001), although the species
composition and proportions of the plant species of the
forest floor differ depending on the age of the tree stand
(Szujecki 1971). Typologically, all the study sites were
located in pine forests growing in forest soils.
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Figure 1. The study area: 1 — thickets at the age of 5 and 16
years, stands at the age of 30 and 60 years; 2 — clearcut and,
thickets at 2, 3 and 8 years; 3 — stands at 45, 80 and 135 years

Twelve sites were selected for the study, differing by
tree stand age — from a clearcut in a continental pine forest
to a mature pine stand intended to be logged. Younger
stands were studied in smaller age intervals due to the
rapid changes occurring in the structure of the substrate
(composition of the litter, appearance and disappearance
ofthe moss substrate) associated with changes in exposure
to light, which is mainly influenced by the development
of young trees’ lower branches, whose density blocks the
amount of light reaching the forest floor. The class of pine
plantations of 2, 3, 5, 8 and 16 years of age were chosen
for the study. The next class of plots included middle-
aged stands 30-, 45 and 60-years-old, chosen in larger
age intervals due to the smaller changes occurring within
these stands at these ages. The old tree stand class was
represented by 80-, 100- and 135-year-old stands.

3. Materials and methods

Field studies were carried out in 2004-2006. To
catch these epigeic beetles, Barber traps were used
(Barber 1931). This is a standard method and widely
used in such studies (Thiele 1977).

Plastic cups with a capacity of 500 cm?® were used
as single traps. The diameter of the upper part of the
cup was 10 cm and served as the entry into the trap.



D. Marczak / Forest Research Papers, 2013, Vol. 74 (3): 227-232.

Each trap was placed in the ground so that its upper
edge was flush with the ground level, ensuring that
the beetles could fall into them easily from the soil
surface. The traps were filled with 200 ml of ethylene
glycol to kill and preserve the insects. A few drops of
detergent were added to the ethylene glycol to reduce
surface tension.

Ten traps were installed in each tree stand studied,
placed in a linear pattern at 10 m intervals.

Beetles were collected during the growing season,
lasting from April until the first frost in the fall. The
specific dates for successive years were as follows:

— 05.05.2004 — 11.11.2004,

— 28.04.2005 —23.10.2005,

— 25.04.2006 — 16.11.2006.

The traps were emptied regularly about every 10
days. The specimens from the traps were sorted and
tagged.

For each site, the ratio of the dominance of both
species, as well as the percentage of each species in the
grouping were calculated. An analysis of the capture
of both types of the taxa beetle was performed, based
on the total number of individuals caught in all the
traps during each month of the study correlated to the
age of the tree stand. An assessment was also made
of the qualitative and quantitative similarity of beetle
assemblages inhabiting the research sites based on the
Bray-Curtis index (1957). The Student’s ¢ test was
used to determine the statistical significance of the
differences found in the numbers of both species in
the studied sites (p<0,05). The statistical analysis was
performed using the Statistica and BiodiversityPro
programs.
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4. Results

During the study, 29197 beetles were caught,
including 23137 A. stercorosus individuals and 6,060
T. vernalis individuals. Both species were caught in
each research site.

An analysis of the species’ domination confirmed
that 4. stercorosus dominated in almost all the sites.
A greater proportion of 7. vernalis was observed only
in the clearcuts (Fig. 2). The structure of the dominance
of both species in the tree thickets of 2, 3 and 5 years
of age was fairly constant, with 7. vernalis comprising
about 30% of the total and 4. stercorosus and about
70%. A. stercorosus was found in the largest proportion
in mature tree stands of 80 and 135 years of age.

The number of captured 7. vernalis was greatest in
the clearcut, and decreased with increasing tree stand
age (Fig. 3). Another increase in the numbers of this
species occurred again, but not significantly, only in
stands over 80-years-old. The opposite situation was
noted for 4. stercorosus (Fig. 3), although in middle-
aged stands, i.e. 30, 45 and 60-years-old; an important,
statistically significant decrease was noted in the number
of trapped beetles of both species (Fig. 3). There were
significant differences observed in 7. vernalis abundance
at different research sites. In the case of 4. stercorosus,
statistically significant differences were found in the
number of captured specimens between the clearcut and
thicket class (2, 3, 5, 8 and 16-year-old trees) and the
mature forest stands (80, 100 and 135-year-old trees).

Seasonal dynamics of both species differed: in the
case of T vernalis, the peak population was noted in
August, while A. stercorosus exhibited two peaks —
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Figure 3. Changes in numbers of 7. vernalis and A. stercorosus on
the research sites
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a smaller one in July and a significantly greater one in
September (Fig. 4).

A significant negative correlation (-0,57) was found for
T vernalis abundance and tree stand age (p<0,05), while
a significant positive correlation (0,48) was revealed for A.
stercorosus’ abundance and age of the forest stand (p<0,05).

A dendogram of the qualitative and quantitative
similarities grouped the research sites into two clusters of
about 60% similarity (Fig. 5). The first cluster comprised
of beetle assemblages inhabiting 30, 45 and 60-year-old
tree stands. Two sub-groups were able to be distinguished
in the second cluster, which grouped the remaining sites.
The first comprised of beetle assemblages occurring in
clearcuts and thickets of 2, 3, 5, 8 and 16 years of age,
while the second was formed by an assemblage in mature
stands of 80, 100 and 135 years of age.

5. Discussion

The dominant species in each of the studied
assemblages, except for the clearcut, was A. stercorosus.
The proportion of this typical forest species in beetle
assemblages ranged from 47,03% in the clearcut to
94,71% in the 135-year-old tree stand. High number of
this species in the forest is associated with the prevalence
and availability of large amounts of dead organic matter
feeding on a specific diet (Stebnicka 1976; Burakowski
et al. 1983, Byk 2004, Byk and Semkiw 2010). The
proportion of 4. stercorosus in recently planted stands was
smaller than in mature tree stands. The positive result for
the correlation of abundance with tree stand age indicates
the habitat specialization of this species, with a preference
for older, uniform stands. Similar observations were made
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by Koch (1991). In his research on changes in the number
of A. stercorosus related to the extent of afforestation in
the Czhuchowski Forest, Byk (2004) also noted greater
numbers of captured beetles with an increased age
gradient of the forest - from a clearcut, through thickets,
to mature tree stands. Similar results were also obtained
in afforested former farmlands. In studies of Geotrupidae
assemblages in the Cztuchowski Forest pine stands, Byk
(2011) also found a marked increase in the numbers of
this species in the older stand age classes. Szyszko (1983)
showed that A. stercorosus was not present in clearcuts or
thickets, and only appeared in 18-year-old stands, with
its greatest numbers reaching in 60-year-old tree stands.
In the study presented here, A. stercorosus occurred in
each of the three age classes studied, with the highest
proportion reached in mature stands.

According to Burakowski et al. (1983) 4. stercorosus
appears as an imago in spring (from April-June) and
autumn (from July to October). This is confirmed by the
findings of other authors (Blazejewski 1956, Borowski
1960; Kocarek 2003). L. & M. Erbeling (1984) state
that the beetles breed more in spring than in autumn.
Their research also presents two peaks of observed
abundance, i.e. a smaller one in July and a greater one
in September. Similar results were also obtained by Byk
(2004, 2011) in his Cztuchowski Forest studies.

The second species, T vernalis, represented the largest
portion of the number of beetles captured in the clearcut
— 52,97%; this number decreased as the tree stands aged.
1. vernalis is a species associated with younger stages of
forest development, which is confirmed by the negative
correlation between its numbers and age of tree stand. It
occurs in different environments. More individuals of this
species are found in thickets than in the mature forest,
but it is also present in older stands, indicating a habitat
preference for the ecotone zones, i.e. open areas adjacent
to forests (Aleksandrovich, Pisanenko 1987). Byk (2011)
also noted the increased numbers of this species in younger
age group of trees, but in his study, the species is also
abundant in mature stands. On the other hand, Szyszko
(1983) indicated that the largest number of 7_ vernalis was
found in 11 and 14-year-old tree plantations. Perhaps this
is due to the fact that Szyszko (1983) conducted research in
afforested former farmlands, where the succession process
differs from that in forest sites used for logging.

As a saprophage, T. vernalis is associated with animal
feces. Klimaszewski and Szyszko (2000) draw attention
to the increased numbers of 7. vernalis on one hand,
and deer, on the other hand, in atypically developed
pine stands. They captured many more 7. vernalis in

degraded and sunny forests where there were many
more animals than in the dense tree stands. An analogous
situation probably exists in clearcuts and thickets: a larger
population of deer is supported, (roe and red deer) in
comparison to dense forests, and following this, a greater
food base is available for this beetle species.

The peak of abundance for this species occurred in
August, differing slightly from Byk’s studies (2005,
2011) in the Cztuchowski Forest, where most individuals
were caught from June to August.

The analysis of faunistic similarity using the Bray-
Curtis method clearly distinguished a cluster of beetle
assemblages inhabiting middle-aged tree stands (30, 45,
and 60 years of age). The numbers of both species of
beetles was clearly much smaller in these tree stands.
In the case of 4. stercorosus, this is probably due to the
small amount of dead organic matter in the litter. At this
stage of forest growth, the ground is completely shaded,
mosses withdraw and the scant litter is made up of fallen
pine needles. In the absence of undergrowth vegetation,
stands of this age are reluctantly used by animals; hence
the lesser numbers of 7. vernalis, which are dependent
on the feces of large herbivores (Klimaszewski and
Szyszko 2000). This age of tree stand is quite a critical
period in the cycle of forest reconstruction for various
groups of organisms: saprophages and predators.

6. Conclusions

The study conducted leads to the formulation of the
following conclusions:

1. The number of T. vernalis changes with the tree
stand age gradient. It finds its most optimal habitat
conditions in clearcuts and thickets, where it is observed
in decidedly greater numbers than in young pole wood,
pole wood or mature tree stands.

2. The number of Anoplotrupes stercorosus also
changes with the tree stand age gradient. Its optimal
habitat conditions are in older and mature tree stands,
where it reaches its greatest numbers.

3. The adults of both studied species are most
numerous between July and September.

4. The distinctly smaller population numbers of both
species in middle-aged tree stands (30, 45 and 60 years
of age) is most likely due to the smaller food base found
there than in clearcuts, thickets or mature tree stands.
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