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Streszczenie

Znaczace zwigkszenie lesistosci Polski jest mozliwe dzigki zalesianiu gruntow
porolnych, praktykowanemu w catej Europie. Problematyka tego dzialania polega w duzej
mierze na specyficznych uwarunkowaniach fizyko-chemicznych i zubozeniu biologicznemu
tych gruntow, jako konsekwencji dtugotrwatej uprawy rolnej. Badania nad strukturg fauny
glebowej zasiedlajacej grunty porolne byty prowadzone w Europie przez innych badaczy, ale
tylko niewielka liczba badan powigzala swoje wyniki z pelnym spektrum czynnikéw
srodowiskowych, dziatajacych na opisywane struktury edafonu. Dodatkowo, wykorzystanie
drapieznych roztoczy z rzedu Mesostigmata, jako bioindykatorow sukcesji lesSnej na gruntach
porolnych, nalezy do wyjatkowej rzadkosci. Niniejsze badania objety roznowiekowe (22, 42
i 62-letnie), jednogatunkowe drzewostany sosny zwyczajnej (Pinus sylvestris L.), debu
bezszyputkowego (Quercus petraea (Matt.), brzozy brodawkowatej (Betula pendula Roth.),
lipy drobnolistnej (Tilia cordata Mill.) i buka zwyczajnego (Fagus sylvatica L.) na gruntach
porolnych i lesnych. W kazdym z badanych wariantéw siedliskowo-drzewostanowych
okreslono typ gleby, dane taksacyjne drzewostanéw oraz szeroki zakres parametrow fizyko-
chemicznych gleby. W ciaggu dwoéch lat (2020, 2021) przeprowadzono cztery zbiory préb
glebowych, ktérych catkowita suma wyniosta 2056. Dzigki temu opracowano wyniki z 21
drzewostanow i 57 poletek badawczych. W ten sposob zaklasyfikowano tacznie 8484 roztoczy
z rzedu Mesostigmata, nalezacych do 77 taksonow. Badania wskazaty, iz zgrupowania tych
roztoczy, zasiedlajace grunty porolne, sa ubozsze pod wzgledem zaggszczenia, bogactwa
gatunkowego 1 réznorodnosci gatunkowej od tych obecnych na gruntach lesnych, ale efekt ten
zanika wraz z wiekiem drzewostanu. O réznicach tych decyduje miedzy innymi zawartos¢
sodu, azotu, cynku czy manganu w glebie. Ponadto udowodniono, ze wplyw gatunku drzewa
na zgrupowania roztoczy jest zalezny od historii uzytkowania terenu, dlatego w procesie
rekultywacji gleb porolnych istotny staje si¢ odpowiedni dobor skiladu gatunkowego
drzewostanow. Dodatkowo udowodniono, ze pordwnywanie wplywu gatunkow drzew
tworzacych drzewostany na gruntach porolnych na zasiedlajaca je faune glebowsa, powinno
odbywac si¢ z uwzglednieniem zmian por roku. Wynika to ze zmiennego wptywu konkretnego
gatunku drzewa na warunki panujgce w dnie lasu wraz ze zmiang warunkow klimatycznych

w cyklu rocznym.



Stowa kluczowe: Acari, grunty porolne, Mesostigmata, réznorodnos¢ biologiczna, zalesienia,



Abstract

A significant increase in Poland's forest cover has been achieved through afforestation
of former agricultural land, which is practised throughout Europe. The problem of this treatment
is largely due to the conditions of physical and chemical conditions and the biological
impoverishment of such land as a consequence of long-term agricultural cultivation. Studies on
the structure of soil fauna inhabiting post-agricultural land have been carried out in Europe by
other authors, but only a small number of studies have related their results to the full spectrum
of factors affecting that structures. Furthermore, the use of predatory predatory mites of the
order Mesostigmata as bioindicators of forest succession on post-agricultural land is extremely
rare in Europe. Our study included multi-aged (22-, 42- and 62-year-old), pure stands of Scots
pine (Pinus sylvestris L.), sessile oak (Quercus petraea (Matt.), silver birch (Betula pendula
Roth), small-leaved lime (Tilia cordata Mill.) and common beech (Fagus sylvatica L.) on post-
agricultural and forest land. Soil type, stand taxation data and a wide range of soil physico-
chemical parameters were identified in each of the habitat and stand variants studied. After two
years of sample collection, results from 21 stands and 57 study plots were compiled. In this
way, a total of 8484 individuals of mites of the order Mesostigmata, belonging to 77 taxa, were
described. As a result, it was shown that the groups of these mites inhabiting post-agricultural
lands are poorer in abundance and diversity than those present on forest land, but that this effect
disappears with the age of the stand. These differences are determined, among other things, by
the content of sodium, nitrogen, zinc or manganese in the wider soil. Furthermore, it has been
proven that the influence of tree species on mite assemblages is dependent on the history of
land use, so it becomes important to select an appropriate tree stand species composition when
rehabilitating post-agricultural soils. In addition, it has been shown that a comparison of the
influence of tree species in post-agricultural stands on the soil fauna should take into account
seasonal changes. This is due to the changing influence of a particular tree species on forest

floor conditions as climatic conditions change over the annual cycle.

Key words: Acari, afforestation, biodiversity, Mesostigmata, post-agricultural lands
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1. Wstep

Drzewostany rosngce na gruntach porolnych sg obecne w catej Europie (De Frenne
i in., 2011), zarowno jako efekt celowego zalesiania, jak i spontanicznej naturalnej sukces;ji
(Krawczyk, 2015; Fayet i in., 2022). W Polsce zalesianie gruntow porolnych byto prowadzone
na szeroka skal¢ w drugiej polowie XX wieku, ze szczegdlnym uwzglednieniem lat 60.
oraz ostatniej dekady minionego stulecia i wprowadzonego wowczas Krajowego Programu
Zwigkszania Lesistosci. Wiodacy udziat w tym procesie mialy grunty rolne
0 najmniejszej wartosci uzytkowej (Kaliszewski, 2016). W rezultacie w latach 1945-2016
lesistos¢ Polski wzrosta z 20,8% do 29,6% (Krawczyk, 2021). Historia uzytkowania gruntow
rolnych obejmuje wylesianie i dlugotrwatg uprawe, ktore doprowadzity do powaznej degradacji
gleby i zmniejszenia réznorodnosci biologicznej fauny glebowej (Ponge i in., 2013). O ile
odradzanie si¢ ekosystemu lesnego na gruntach porolnych w wyniku naturalnej sukcesji jest
procesem dlugotrwatym i wieloetapowym, o tyle zalesianie tychze gruntow odbywa si¢
w sposob uproszczony i kontrolowany (Krawczyk, 2015). Poprzez zwigkszenie powierzchni
le$nej, proces ten moze mie¢ istotny wklad w tagodzeniu skutkéw zmian klimatu
(Lawson i Michler, 2014), zapewniajac rownoczesnie korzysci z funkcji srodowiskotworczych
i ochronnych, zwigkszajac roznorodnos¢ biologiczng, chronigc gleby przed erozja oraz
regulujac cykl hydrologiczny, czy obieg sktadnikéw odzywczych (Pawson i in., 2013; Harta i
in., 2020). Grunty porolne sa uznawane za trudne do zalesienia ze wzglgdu na og6t
oddziatujacych na nie w przesztosci czynnikéw, jak i szereg odzwierciedlajacych ich dziatanie-
cech fizycznych, chemicznych i biologicznych gleby (Szujecki, 1990; Scheu & Schulz, 1996;
De Schrijver i in., 2012). Dokonane wylesienie pozbawilo omawiang glebe obecnosci
systemow korzeniowych drzew, prowadzac do ograniczenia wystepowania ligniny
1 wydzielin korzeniowych, kluczowych dla jej lesnego charakteru. Ich obecno$¢ determinuje
bowiem biodegradacje prochnicy (Gorzelak, 1996; Yang i in., 2021) i utrzymuje specyficzne
mikrosrodowisko (Sahani & Behera, 2001; Hinsinger i in., 2015; Xiao i in., 2024), w ktorym
gleba oraz organizmy glebowe i systemy korzeniowe drzew sg ze sobg wspotzalezne (Heiniger
i in., 2015). W takich okoliczno$ciach, mikroorganizmy rozktadajace lignine zanikaja, za$
bakterie rozktadajace celuloz¢ z roslin zielnych wystepuja licznie (Krawczyk, 2021).
Powtarzajgca si¢ w przesztosci na gruntach rolnych orka jest natomiast odpowiedzialna
za ostateczne przeksztatcenie profilu glebowego, a cyklicznie nawozenie za modyfikacjg

parametrow chemicznych gleby (Gorzelak, 1996; Rosenzweig i in., 2016; Renco i in., 2020).
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Odczyn gleby na gruntach porolnych jest wyraznie wyzszy niz na le$Snych, natomiast stosunek
wegla do azotu ulega zmniejszeniu (Holubik i in., 2014; Krawczyk, 2021) mimo, ze zwickszony
dostep do azotu zwigksza w okre§lonych warunkach sekwestracj¢ dwutlenku wegla przez
rosliny (de Vries i in., 2014; Du 1 de Vries, 2018). Jak wykazujg liczne badania, akumulacja
azotu w glebie jest jednym z czynnikow istotnie ograniczajacych biordéznorodnos¢ roslin
i zwierzat migdzy innymi poprzez intensyfikowanie konkurencji mie¢dzygatunkowej
(Schlesinger, 2009; Schwede i in., 2018; Bobbink i in., 2022) oraz niekorzystny wptyw
na niektore gatunki grzybow ektomykoryzowych (Parrent i Vilgalys, 2007). W przebiegu
zalesiania gruntoOw porolnych problematyczna jest takze obecno$¢ warstwy pluznej, przez ktérg
przenikanie wody i korzeni w glab profilu glebowego jest utrudnione (Szujecki, 1990).
Drzewostany rosnace w tak niesprzyjajacych warunkach narazone s3 na ataki grzybow
patogenicznych, a w szczegolnosci hube korzeni (Heterobasidion annosum (Fr.) Bref. sensu
lato) (Sobczak, 1990; Sierota, 2011).

Ze wzgledu na specyfike gruntéw porolnych byly one w przesziosci zalesiane przede
wszystkim pionierskimi gatunkami drzew o szerokim zakresie tolerancji ekologicznej, takimi
jak sosna zwyczajna (Pinus sylvestris L.) i brzoza brodawkowata (Betula pendula Roth.)
(Sobczak, 1990, 1996). Tworzenie monokultur sosnowych w oparciu 0 domieszki brzozowe
wiaze si¢ jednak z wysokim zagrozeniem ze strony patogenoéw grzybowych i gradacji owadow,
na co polscy badacze i le$nicy zwrocili szczeg6lng uwage w latach 90. XX wieku (Bernacki,
1990; Rykowski, 1990; Sobczak, 1996). W efekcie, znaczenia nabrata przebudowa tychze
drzewostanow w sposob zgodny z typem siedliskowym lasu i w oparciu o gatunki li§ciaste,
takie jak dab bezszyputkowy (Quercus petraea (Matt.) Liebl.), buk zwyczajny (Fagus sylvatica
L.), czy lipa drobnolistna (Tilia cordata Mill.) (Zachara, 2019), wprowadzane do tychze
drzewostanow rgbniami gniazdowymi (Mi$§ & Raczka, 2004). Ostatecznie, kazdy
z wymienionych gatunkow wywiera inny wptyw na tempo i przebieg rekultywacji gleby (Smal
& Olszewska, 2008; De Schrijver i in., 2009, 2012; Thomaes i in., 2012). Proces ten jest
w znacznym stopniu oparty na dekompozycji martwej materii (Tejada i in., 2009; Y. Zhao i in.,
2022), a wigc jej pochodzeniu i aktywnoS$ci biologicznej fauny glebowej (Huhta, 2007,
Augustyniuk-Kram & Kram, 2020; Urbanowski i in., 2021). Jak dowiedli Gergdcs i in. (2015),
sktad gatunkowy, mozliwos$ci rozrodcze oraz struktura troficzna zgrupowan roztoczy z rzedu
Oribatida (mechowce) jest posrednio uzalezniona od jakoSci $cidtki. Co wiecej, Kaneko
i Salamanca (1999), badajac proces rozktadu jednogatunkowej i mieszanej sciotki stwierdzili
dodatnig zalezno$¢ migdzy utrata masy $ciotki mieszanej a liczebnoscia kolonizujacej ja fauny
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glebowej, przy odwrotnej zaleznosci w przypadku $cidtki jednogatunkowej. Badania
nad réznorodnoscia biologiczng szeroko pojetej fauny glebowej, zasiedlajacej glebe gruntow
porolnych, byty prowadzone w Europie przy wykorzystaniu takich organizméw jak bakterie
(Bacteria) (Makeschin, 1994; Pefia 1 in., 2016; Renco i in., 2020), nicienie (Nematoda) (Han¢l,
2010; Jackson, 2012; Jaffuel i in., 2018; Renco i in., 2020), roztocze (Acari) (Scheu & Schulz,
1996; Gormsen i in., 2006; Delcourt i in., 2023), skoczogonki (Collembola) (Heiniger i in.,
2015; Harta i in., 2020), czy owady (Insecta) (Makeschin, 1994), dzdzownice (Lumbricidac)
(Sigurdsson & Gudleifsson, 2013) i wigksze stawonogi (Arthropoda) (Scheu & Schulz, 1996).
Badania Delcourt i in. (2023) wskazuja na mniejsza biomase i aktywno$¢ biologiczng
drobnoustrojow w glebach gruntéw porolnych w poréwnaniu do gleb leSnych. Pefia i in. (2016)
zbadali zgrupowania nicieni zasiedlajacych grunty porolne i le$ne, wskazujac na wigksza
liczebnos¢ nicieni zerujacych na korzeniach roslin w przypadku gleb porolnych. Swoje wyniki
wyjasnili wyzsza zawartoscig fosforu w tkankach roslin porastajacych nawozone w przesztosci
grunty, czego konsekwencja byta ich wigksza warto$¢ odzywcza. Z kolei Harta i in. (2020),
badajac drzewostany debu bezszyputkowego i robinii akacjowej (Robinia pseudoacacia L.)
rosnace na gruntach porolnych i le$nych, odnotowali wyraznie wyzsza liczebno$¢, bogactwo
gatunkowe i réznorodno$¢ skoczogonkow w przypadku gruntow le$nych. Scheu i Schulz
(1996) dowiedli natomiast, ze roznorodno$¢ roztoczy z rzgdu Oribatida wzrasta wraz
z akumulacjg wegla w wierzchniej warstwie gleby, a jej kolonizacja przez te saprofagiczne
roztocze dotyczy w pierwszym etapie przede wszystkim warstwy S$cioly. Wsrod wyzej
wymienionych badan brakuje jednak informacji na temat zgrupowan roztoczy z rze¢du
Mesostigmata (Acari, Mesostigmata), wystepujacych w réznych wariantach dominujacego
gatunku drzewa oraz wieku drzewostanu, wraz z odniesieniem ich zageszczenia, bogactwa
gatunkowego i roznorodnosci gatunkowej do poszczegdlnych parametrow glebowych.
Znaczenie roztoczy z rz¢du Mesostigmata w procesie formowania si¢ i wlasciwego
funkcjonowania gleb lesnych wynika z kluczowej roli, jaka te organizmy pelnig w glebowym
tancuchu troficznym. Jako dominujaca liczbowo grupa drapieznikow glebowych reguluja one
zageszczenie organizmoOw saprofagicznych z nizszych poziomow troficznych, takich jak
nicienie, skoczogonki, larwy owadow i inne roztocze (Koehler, 1999). Tym samym
przyczyniajg si¢ do prawidtowego obiegu energii i sktadnikow odzywczych w glebach lesnych
(Ruf & Beck, 2005), wywierajac posredni wplyw na dynamike dekompozycji
(Urbanowski i in., 2021). Ich wilasna wrazliwo$¢ fizjologiczna na zaburzenia zachodzgce
w glebie oraz zauwazalne w ich liczebnos$ci 1 bior6znorodnosci reakcje na wszelkie zmiany
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w liczebnos$ci innych grup troficznych, stanowigcych ich pokarm sprawia, ze znakomicie
sprawdzaja si¢ w roli bioindykatorow antropopresji wywieranej na siedliska lesne
(Kamczyc i in., 2019). Wobec powyzszego, warto zwrdci¢ szczegodlng uwage na drapiezne
roztocze glebowe w kontekscie roznic wystepujacych pomigdzy gruntami porolnymi a lesnymi,
z uwzglednieniem réznych gatunkow drzew oraz wieku drzewostanu. Dodatkowym aspektem
powinno by¢ powigzanie okreslonych roznic w zgrupowaniach roztoczy glebowych

z parametrami fizyko-chemicznymi gleby.
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2. Przeglad literatury

Zakres dotychczasowej wiedzy na temat §rodowiska glebowego gruntow porolnych
oraz zasiedlajacych je organizméw glebowych zostal zrewidowany w oparciu o artykuty
naukowe pozyskane z bazy danych ISI Web of Science. Wszystkie objete przegladem badania
zostaty zrealizowane w Europie w latach 1979-2020 roku. Ostatecznie wybranych zostato 15
publikacji z 13 panstw (Belgia, Czechy, Dania, Francja, Wielka Brytania, Niemcy, Wegry,
Islandia, Irlandia, Polska, Stowacja, Szwecja i Szwajcaria) dotyczacych zgrupowan fauny
glebowej zasiedlajgcej grunty porolne, podzielonych nastepnie na trzy kategorie: mikro-, mezo-
i makrofaung. Wspomniane badania objely tacznie 18 gatunkow drzew, gltéwnie liSciastych
(tacznie 14 gatunkow). Wsrod nich najczesciej analizowano buk zwyczajny (Fagus sylvatica
L.), dab szyputkowy (Quercus robur L.) i dab bezszyputkowy). Badania wykazaty, iz gatunki
drzew, w zaleznosci od sposobu wczesniejszego uzytkowania gruntow, wptywaja na sktad
chemiczny gleby, sktad gatunkowy runa lesnego, zawarto$¢ skladnikéw odzywczych
w tkankach ro$lin oraz struktur¢ zgrupowan organizmoéw glebowych. Na przyktad de la Pefia i
in. (2016) odnotowali wyzsza zawartos¢ fosforu w glebie i tkankach roslinnych oraz nizsza
zawartos¢ potasu w glebie na gruntach porolnych, porownujac je z 220. letnimi lasami
liSciastymi. Gleby te nie rdéznily si¢ jednak pod wzgledem catkowitej zawarto$ci azotu
1 biomasy roslin.

Podczas przegladu dostepnej literatury zauwazono brak odpowiedniej referencji
dla okreslenia wptywu poszczegdlnych gatunkow drzew i historii uzytkowania terenu.
Opisywane badania analizowaly bowiem przede wszystkim zgrupowania zasiedlajace
pojedyncze formy zadrzewien, drzewostany w niejednolitych fazach rozwoju lub porastajace
odmienne typy gleb. Ponadto, porownanie dla drzewostanéw rosnagcych na glebach lesnych
stanowily niejednokrotnie niezalesione pola uprawne lub taki.

Sposrod wyzej wymienionych publikacji zaledwie sze$¢ dotyczylo zgrupowan
organizméw zaliczanych do mezofauny. Obejmowaly one tacznie siedem gatunkow drzew
1 osiem typow gleb, wsrdd ktérych zabrakto popularnej w Polsce gleby rdzawej. Wigkszosé
badan zostalo opartych o waski zakres analiz fizyko-chemicznych gleby, ograniczonych
do odczynu oraz zawartosci azotu i fosforu. Odczyn glebowy byt z reguty bardziej zasadowy
na gruntach porolnych. Analizowane parametry glebowe nie byly jednak uzywane w modelach
statystycznych zawierajacych dane o liczebnosci, bogactwie gatunkowym 1 réznorodnosci

badanych grup organizmoéw, stanowigc wylacznie element opisu poletek badawczych.
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Harta i in. (2020) porownali populacje skoczogonkow zasiedlajacych dojrzaty drzewostan dgbu
bezszyputkowego, pole uprawne oraz 20. letnig plantacj¢ robinii akacjowej (Robinia
pseudoacacia L.), ktorej wprowadzenie na grunty porolne zostato poprzedzone kontrolowanym
nawozeniem. Zgodnie z przewidywaniami, zgrupowania skoczogonkéw byty najliczniejsze
1 najbardziej r6znorodne gatunkowo w przypadku drzewostanu debu bezszyputkowego, za$
najmniej w przypadku pola uprawnego.

Zgrupowania roztoczy glebowych zostaty przebadane w zaledwie trzech sposrod wyzej
wymienionych prac (Scheu i Schulz, 1996; Gormsen i in., 2006; Keith i in, 2012). Scheu i
Schulz (1996) skupili si¢ wylacznie na roztoczach z rzgdu Oribatida, badajac strukture ich
zgrupowan na réznych etapach sukcesji lesnej po wprowadzeniu buka zwyczajnego na gleby
obsiewane wczesniej pszenicg. Gormsen i in. (2006) zbadali wplyw aktywnych zabiegdéw
agrotechnicznych, spontanicznej wtoérnej sukcesji oraz wprowadzenia réoznych kompozycji
roslinnych na gruntach porolnych na zgrupowania roztoczy glebowych z rzgdéw Oribatida,
Astigmata, Prostigmata i Mesostigmata, opisujac dla ostatniego z nich wylacznie zageszczenie.
Keith i in. (2012) porownali bogactwo gatunkowe siedmiu grup organizméw (bakterie, grzyby,
grzyby endomykoryzowe, nicienie, roztocze (bez okreslenia rzedu), dzdzownice i mrowki) w
odniesieniu do pigciu typow siedlisk na terenie Irlandii. W Zadnej z wymienionych wyzej
publikacji roztocze z rzedu Mesostigmata nie stanowig roli bioindykatora sukcesji le$nej
na gruncie porolnym. Brakuje ponadto prac w pelniejszym stopniu okreslajagcych udziat
szerokiego zakresu czynnikow fizyko-chemicznych na dynamike tego procesu w kontekscie
zgrupowan mezofauny glebowe;.

Opisane powyzej publikacje postuzyly do opublikowania pracy przegladowe;,
stanowigcej zalacznik do niniejszej rozprawy doktorskiej.
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3. Cel i hipotezy

Celem badan bylo rozpoznanie réznic w zageszczeniu, bogactwie gatunkowym
1 roznorodnos$ci gatunkowej zgrupowan roztoczy z rzgdu Mesostigmata (Acari, Mesostigmata
= Gamasida) zasiedlajgcych glebe réznowickowych drzewostanoéw jednogatunkowych sosny
zwyczajnej, dgbu bezszyputkowego, brzozy brodawkowatej i lipy drobnolistnej, rosngcych
na gruntach porolnych i le$nych oraz poznanie wplywu poszczegdlnych parametrow
chemicznych gleby na struktur¢ tych zgrupowan. Badanie wykonano w ramach trzech

zaplanowanych eksperymentow w latach 2021 — 2022 na terenie Nadlesnictwa Opole.
Podjete badania stuzyty weryfikacji trzech glownych hipotez badawczych:

Hipoteza 1: Zaggszczenie, bogactwo gatunkowe i roznorodno$¢ gatunkowa zgrupowan
akarofauny glebowej z rzgdu Mesostigmata, zasiedlajacej wierzchnig warstwe gleby, sg zalezne

zarowno od gatunku drzewa, jak 1 wczeSniejszego SPosobu uzytkowania gruntu.

Uzasadnienie: Badania nad mezofaung zasiedlajaca grunty porolne i lesne, prowadzone
przez takich badaczy jak Scheu and Schulz (1996), Gormsen i in. (2006), Delcourt i in. (2023),
Harta i in. (2020), czy Heiniger i in. (2015) dowodza wyraznych r6znic w sktadzie gatunkowym
1 liczebno$ci zgrupowan tych organizméw ze wzgledu na histori¢ uzytkowania terenu.
Za nizsza biordznorodnos¢ i1 liczebnos¢ mezofauny glebowej gruntéw porolnych odpowiada
miedzy innymi wyzszy odczyn gleby i mniejsza akumulacja martwej materii (Harta i in., 2020).
Wplyw poszczegdlnych gatunkéow drzew wynika z kolei migdzy innymi z jakoSci
akumulowanej pod nimi $ciotki, co przektada si¢ na roznice w tempie dekompozycji
1 dostgpnosci skladnikéw pokarmowych, a takze z rdéznic w utrzymywaniu stabilnych
warunkoéw mikroklimatycznych i ksztattowaniu sktadu gatunkowego runa lesnego (Zhao i in.,
2014; Mueller i in., 2016; Frouz, 2018; Rola i in., 2021; Urbanowski i in., 2021). Jak dowiodt
Kamczyc i in (2019), poréwnujac zbiorowiska roztoczy z rzedu Mesostigmata w $ciole siedmiu
gatunkow drzew lisciastych (klon zwyczajny Acer platanoides L., k. jawor A. pseudoplatanus
L., grab zwyczajny Carpinus betulus L., buk zwyczajny, lipa drobnolistnadgb szyputkowy, dgb
czerwony Q. rubra) i czterech iglastych (jodta pospolita Abies alba Mill., modrzew europejski
Larix decidua Mill., swierk pospolity Picea abies [L.] Karst., sosna zwyczajna), bogactwo
gatunkowe 1 réznorodno$¢ roztoczy jest mniej zalezna od gatunku $cioty niz ich liczebnosé,

ktora byla najwyzsza w $ciole jodly zwyczajnej, sosny pospolitej 1 debu czerwonego.
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Co ciekawe, liczebno$¢ zgrupowan tych roztoczy w przypadku drzewostandw sosnowych
spadala wraz ze stopniem rozkladu martwej materii. Odrgbng kwestia jest wplyw
poszczegolnych gatunkow drzew na rekultywacje gleby, a wigc stopniowe przywracanie jej
wilasciwos$ci do stanu sprzed wylesien (Helmisaari i in., 2007; De Schrijver i in., 2009; Favas i
in., 2016; Pietrzykowski, 2019). Efekt ten powinien znalez¢ odzwierciedlenie w bogactwie
gatunkowym roztoczy glebowych, w tym Mesostigmata (Ruf & Beck, 2005; Delcourt i in.,
2023).

Hipoteza 2: Roznice w parametrach chemicznych gleby oraz zageszczeniu, bogactwie
gatunkowym 1 roznorodnosci gatunkowej roztoczy z rzedu Mesostigmata pomiedzy gruntem
porolnym a leSnym bedg zanika¢ wraz z rosngcym wiekiem drzewostandow, za§ dynamika tego

procesu bedzie r6zna ze wzgledu na dominujacy w drzewostanie gatunek drzewa.

Uzasadnienie: Grunty porolne byly w przesziosci zalesiane gldéwnie sosna zwyczajna jako
gatunkiem drzewa o charakterze pionierskim. W dalszej kolejnosci do zalesien tychze gruntow
uzywano réwniez debu (Quercus spp.) (Bernacki, 1990). Dotychczasowe badania wykazaty, iz
oba te rodzaje drzew maja nieco inny wpltyw na wierzchnig warstwe gleby. Jest to, miedzy
innymi, efekt roznej akumulacji wegla w warstwie dna lasu (Vesterdal i in., 2002; Podrazsky
i in., 2009; Cukor i in., 2017). Moze to wynika¢ nie tylko ze zréznicowania iloSciowego
1 jakosciowego $cioly drzew, ale takze z odmiennej dostgpnosci swiatta w dnie lasu. Tym
samym, w odmienny sposob ksztaltowany jest sktad podszytu i roslin runa, ktére wptywaja
zardwno na zawarto$¢ materii organicznej w glebie, jak i warunki wilgotnosciowe gleby, czy
jej zasobnos$¢ w sktadniki pokarmowe (Zhao i in., 2014; Mueller i in., 2016; Rola i in., 2021).
Efekt ten, a takze inne zmiany fizyko-chemiczne, sg rowniez zalezne od wieku drzewostanu
(Emborg, 1998; Clark & Johnson, 2011). W konsekwencji, zarowno gatunek drzewa (Kamczyc
i in., 2019), jak i wiek drzewostanu (Migge i in., 1998) ksztattuja warunki siedliskowe dla
gatunkéw tworzacych zgrupowania organizmoéw glebowych, w tym roztoczy Mesostigmata.
Przyktadowo, Delcourt i in. (2023) wykazali, ze wptyw historii uzytkowania gruntow rolnych
na zaggszczenie mikrostawonogow zalezy od warunkow pedoklimatycznych i maleje wraz

z wiekiem drzewostandow.

Hipoteza 3: Zageszczenie, bogactwo gatunkowe i roznorodno$¢ gatunkowa roztoczy
glebowych oraz udziat ich poszczegdlnych stadiow rozwojowych w zgrupowaniach bedzie

zalezny od pory roku.
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Uzasadnienie: Warunki $rodowiskowe, ksztattujagce zgrupowania mezofauny glebowe;,
w znacznej mierze zaleza od temperatury i wilgotno$ci w dnie lasu. Spadek wilgotnosci i wzrost
temperatury powinien ograniczac zaggszczenie roztoczy glebowych (Salmane, 2000; Kamczyc
i in., 2022). Takze relacja poszczegdlnych stadiow rozwojowych jest zalezna od pory roku
i warunkow klimatycznych, bowiem stadia mtodociane — larwy, protonimfy i deutonimfy — sg
stabiej sklerotyzowane, bedac tym samym bardziej wrazliwymi na wzrost temperatury i utrate
wody (Huhta & Hénninen, 2001). W zwigzku z powyzszym, ich udzial w zgrupowaniach
powinien by¢ nizszy latem 1 wzrasta¢ w okresach o umiarkowanej temperaturze i wigkszej
wilgotno$ci wierzchniej warstwy gleby, tj. na wiosng i jesienig. Takze wptyw gatunku drzewa
na fluktuacje w sktadzie gatunkowym i zageszczeniu roztoczy powinien ulega¢ zmianie wraz
ze zmiang pory roku. Na przyktadzie sosny zwyczajnej, lipy drobnolistnej i brzozy
brodawkowatej efekt ten mozna wytlumaczy¢ najwyzsza zdolno$cig pochlaniania wody przez
Sciotke sosnowg jesienia (Zhou 1 in., 2018), z najwickszymi spadkami jej wilgotnos$ci
w miesigcach suchych, co wynika z wyzszego stosunku C:N (Ilek i in., 2024). Z kolei
drzewostany brzozowe w ograniczony sposob chronig gleby przed nagrzewaniem
1 wysychaniem (Jonczak i in., 2020), podczas gdy lipa wyroznia si¢ takim wlasnie
oddziatywaniem (Rahman i in., 2017).

W kazdej z opublikowanych prac przyjeto hipotezy szczegotowe, odnoszace si¢

bezposrednio do analizowanego uktadu do§wiadczalnego.
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4. Materialy i metody

4.1. Teren badan

Badania terenowe zostaty przeprowadzone w latach 2021-2022 na terenie Nadle$nictwa
Opole (50°49'51.4"N  17°26'25.9"E). Obszar ten zostal wybrany ze wzgledu
na wielkoobszarowe zalesienia gruntoéw rolnych, przeprowadzone gtownie w latach 90. XX
wieku. Wszystkie powierzchnie sg jednorodne pod wzgledem rodzaju gleby i wlasciwosci
geologicznych. Wybrany do badan obszar obejmuje kompleks lesny Dabrowa o powierzchni
5479,07 ha. Biorac pod uwage wilgotno$¢ gleby, lasy sa zdominowane przez siedliska §wieze
(57% powierzchni), wilgotne (40%) i bagienne (3%). Srednia roczna suma opadéw wynosi 603
mm, natomiast Srednia roczna temperatura osiaga 8§°C. Sezon wegetacyjny trwa 227 dni.

Pokrycie obszaru Nadlesnictwa ros§linno$cia lesng wynosi okoto 17%. Sosna zwyczajna
jest dominujgcym gatunkiem drzew le$nych, stanowiacym 73% powierzchni i udziatu zasobow
drzewnych. Przecigtny wiek drzewostanow wynosi 62 lata, a przecigtna migzszo$¢
drzewostanow 313 m?/ha. Warstwa krzewow sktada si¢ glownie z kruszyny pospolitej
(Frangula alnus Mill.), jarzebu pospolitego (Sorbus aucuparia L.), czeremchy zwyczajnej
(Prunus padus L.) i swierka pospolitego, podczas gdy dno lasu pokrywajg gtownie takie gatunki
jak: borowka czarna (Vaccinium myrtillus L.), trzcinnik lesny (Calamagrostis arundinacea (L.)
Roth.), orlica pospolita (Pteridium aquilinum (L.) Kuhn) oraz mchy, takie jak: rokietnik
pospolity (Pleurozium schreberi (Willd. ex Brid.) Mitt.)) i ptonnik jatlowcowaty (Polytrichum
juniperinum Hedw). Przedzial wysoko$ciowy obszaru wynosi od 145 do 190 m n.p.m. (Plan
Urzadzenia Lasu dla Nadle$nictwa Opole, 2014). Gleby na badanym obszarze s zdominowane
przez gleby rdzawe (Arenosols wg IUSS Working Group WRB, (2022)) — 45,3%, ktore sa
najczesciej wystepujacymi glebami w drzewostanach zarzadzanych przez Lasy Panstwowe

w Polsce (Rutkowski i in., 2021).

4.2. Uklad doswiadczalny

Uktad doswiadczalny objal tacznie 21 drzewostanéw jednogatunkowych, pieciu
gatunkow drzew: sosny zwyczajnej, brzozy brodawkowatej, debu bezszyputkowego, buka
zwyczajnego oraz lipy drobnolistnej w wieku 22, 42 i 62 lat. W pierwszym etapie prac
w ramach kazdego drzewostanu wyznaczono po trzy powierzchnie kotowe o powierzchni 0,02

ha. Na kazdej z wyznaczonych powierzchni wykopany zostal profil glebowy o glebokosci
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jednego metra (poglebiony do dwoch metréw przy uzyciu $widra glebowego), celem
potwierdzenia historii uzytkowania terenu oraz typu gleby. Dodatkowo, z kazdego poletka
pobrane zostaly proby warstwy organicznej oraz warstwy mineralnej (ok. 200 g), stuzace
dalszym analizom fizyko-chemicznym w laboratorium Katedry Botaniki i Siedliskoznawstwa
Lesnego oraz Katedry Chemii Rolnej i Biogeochemii Srodowiska Uniwersytetu
Przyrodniczego w Poznaniu. W kolejnym etapie zrealizowano poboér prob glebowych,
przeznaczonych do analiz zgrupowan roztoczy z rzedu Mesostigmata. Do tego celu uzyto
probnika o $rednicy 5 cm i1 glebokosci 15 cm. Z kazdego poletka zebrano po 9 prob. Zbidr prob

do ww. analiz realizowano w lipcu i pazdzierniku, w latach 2021-2022 (Tabela 1).
Uklad badawczy obejmowat nastgpujace do§wiadczenia:

1. Wplyw drzewostandw sosnowych, debowych i brzozowych w wieku 22 lat rosngcych
na gruncie porolnym i le$énym (Rycina 1) oraz drzewostanu bukowego na gruncie lesnym
na wlasciwosci fizyko-chemiczne gleby i roztocze z rzedu Mesostigmata. W ramach tego
uktadu przeprowadzono trzy zbiory prob (lipiec 2021, 2022; pazdziernik 2021), w trakcie
ktérych z siedmiu poletek zebrano 567 prob glebowych przeznaczonych do analizy
zoocenologicznej.

2. Wplyw drzewostanéw sosnowych i debowych w wieku 22, 42 i 62 lat (Rycina 2)
na wiasciwosci gleby 1 faune glebowa gruntow porolnych i1 lesnych. W tym uktadzie
zebrano tacznie 1296 prob glebowych z 36 poletek w 4 powtorzeniach (lipiec 2021, 2022;
pazdziernik 2021, 2022).

3. Wplyw 22. letnich drzewostanéw sosnowych, brzozowych i lipowych (Ryciny 3, 4)
na wilasciwosci gleby 1 faung glebowa gruntéw porolnych w ujeciu zmian pér roku.
W ramach tego uktadu zebrano 288 prob z osmiu poletek w czterech terminach (lipiec 2021,
2022; pazdziernik 2021, 2022).
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Rycina 1.
Pogladowe pordwnanie profili glebowych na gruncie lesnym (A) i gruncie porolnym z widoczng
warstwg ptuzna, oznaczong biatym wskaznikiem (B) (Fot. K. Turczanski).

Rycina 2.
Poréwnanie drzewostanow w réznym wieku: sosna zwyczajna w wieku 22 (A) i 62 (B) lat oraz dgb
bezszyputkowy w wieku 22 (C) i 62 (D) lat (Fot. J. Malica).
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Rycina 3.

ow: 22 lata (lipiec 2021): A - drzewostan

drzewostan lipowy (Fot. J. Malica).

wiek drzewostan

9

Poletka badawcze na gruntach porolnych;

,C-

brzozowy, B - drzewostan sosnowy

23



Strefa przejsciowa pomiedzy 22. letnimi drzewostanami brzozy brodawkowatej i sosny zwyczajnej,

Rycina 4.

. Malica).

J

porastajacymi glebe rdzawa na gruncie porolnym (Fot.
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Tabela 1.

Zestawienie podstawowych informacji o uktadach do§wiadczalnych.

Liczba poletek

termin zbioru

Numer
doswiadezenia badawczych oraz  Gatunek drzew Typ gleby prob
prob
251620115:3?3k P. sylvestris, o
. B. pendula, grunt porolny lipiec 2021, 2022
1 (+ 21 do analizy . s
fizyko- Q. petra(_%a, grunt lesny pazdziernik 2021
) . F. sylvatica
chemicznej)
36 poletek
1296 prob P. sylvestris grunt porolny lipiec 2021, 2022
2 (+ 36 do analizy : ’ . pazdziernik 2021,
fizyko- Q. petraea grunt lesny 2022
chemicznej)
8 poletek
288 prob P. sylvestris, lipiec 2021, 2022
3 (+ 8 do analizy B. pendula, grunt porolny pazdziernik 2021,
fizyko- T. cordata 2022
chemicznej)
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4.3. Zbioér danych

Faung glebowa wyptoszono z prob glebowych przy uzyciu aparatu Berlesego-Tullgrena
(Rycina 5), sktadajacego si¢ ze statego zrodta swiatta i zrodta temperatury (zarowka 40W), a
takze z lejka oraz sitka o §rednicy otwordw 2 mm i pojemnika z alkoholem etylowym o stezeniu
75%. Caty proces przebiegal przez co najmniej sze$¢ dni (przy stalej temperaturze wynoszacej
na sitku 30,0 + 0,5°C), az do calkowitego wyschnigcia prob. W wyniku oddziatywania
zmieniajgcego si¢ gradientu wilgotnosci oraz temperatury fauna glebowa przemieszczata si¢
z prob glebowych wprost do umieszczonych ponizej pojemnikéw z alkoholem etylowym.

Po ukonczonym etapie wyptaszania, sposréd calej pozyskanej w tym procesie
mezofauny glebowej, przy wykorzystaniu mikroskopu stereoskopowego oraz igly
preparacyjnej, wyselekcjonowano roztocze z rzedu Mesostigmata. Roztocze te byly utrwalane
na szkietku podstawowym w medium Hoyera, a w dalszej kolejnosci identyfikowane
i Kklasyfikowane taksonomicznie na podstawie ich cech morfologicznych do rodzaju
i/lub gatunku oraz stadium rozwojowego (Rycina 6). Identyfikacja roztoczy odbywata si¢ przy
uzyciu mikroskopu (Zeiss AxioScope.Al) oraz specjalistycznych Kkluczy do oznaczania
roztoczy z rzedu Mesostigmata, tj.: Micherdzinski (1969), Giljarova i Bregetova (1977),
Hirschmann i Wisniewski (1982), Gwiazdowicz (2007), Kaluz i Fenda (2005), Karg (1971,
1993) oraz Masan i Fenda (2004). Nazewnictwo oraz uktad systematyczny rzgdu Mesostigmata
zostal przyjety w publikacjach, stanowigcych niniejsza rozprawe doktorska, za Blaszakiem

(2008), Btoszykiem (2008) oraz Skorupskim (2008).
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Rycina 5.
Aparat Berlesego-Tullgrena w trakcie wyptaszania fauny glebowej (fot. J. Malica).

Rycina 6.
Obraz mikroskopowy: (A) osobnika zenskiego z gatunku Veiagia nemorensis oraz (B) osobnika
meskiego z gatunku Oodinychus ovalis (C.L.Koch, 1839) (fot. J. Malica).
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4.4. Analiza danych

Warto$ci bogactwa gatunkowego i roznorodnos$ci gatunkowej zostaly przeliczone
na warto$ci $rednie wraz z podaniem bledu standardowego (ang. Standard Error — SE),
w ramach przyjetych w do$wiadczeniach wariantow siedliskowo-drzewostanowych, terminu
zbioru oraz poletka. Zebrane w ten sposob dane byly analizowane przy uzyciu klasycznych
metod statystycznych, dostosowanych do wariantéw przyjetych doswiadczen. Zwigzek migdzy
czynnikami $rodowiskowymi a zageszczeniem, bogactwem gatunkowym 1 réznorodnos$cig
gatunkowg badanych zgrupowan roztoczy zostal przeanalizowany statystycznie przy uzyciu
odpowiednich modeli i testéw statystycznych, w sposdb zalezny od rozktadu danych.
W modelach przyjeto i zastosowano rozktad Tweedie'go. Ponadto, dla uzupekienia analiz,
wykorzystano uogdlnione liniowe modele mieszane (ang. generalized linear mixed models —
GLM) oraz liniowe modele mieszane (ang. linear mixed models — LMM), dopasowane
do rozktadow uzyskanych danych. W celu okreslenia wptywu badanych czynnikoéw i réznic
pomig¢dzy wariantami siedliskowo-drzewostanowymi, wszystkie modele zostaly przetestowane
za pomocg analizy wariancji (ANOVA) oraz testu Tukeya (post-hoc). Dodatkowo, celem
okreslenia rdznic i podobienstw pomiedzy badanymi zgrupowaniami roztoczy Mesostigmata,
zasiedlajacymi badang $cidtke, przeprowadzono takze kanoniczng analiz¢ korespondencji (ang.
canonical correspondence analysis of principal coordinates (CCA)) oraz analize krzywych
kumulacji bogactwa gatunkowego (ang. cumulative species richness) i analizy sieciowe (ang.
co-occurrence network for bipartite relationships). Wszystkie analizy statystyczne wykonane
zostaty przy uzyciu programu JMP Pro 13.0.0. (SAS Institute Inc. Cary, NC, USA,
https://www.jmp.com) oraz oprogramowania R Studio (R Core Team R: A Language and
Environment for Statistical Computing; https://www.Rproject.org/).

Analiza zoocenologiczna opracowanych danych objeta rozpoznanie struktury
zgrupowan roztoczy w glebie rdéznogatunkowych 1 roéznowiekowych drzewostandéw
na gruntach porolnych i lesnych oraz stopnia podobienstwa gatunkowego zgrupowan roztoczy
w analizowanych siedliskach. Ro6znorodno$¢ zgrupowan roztoczy z rzedu Mesostigmata

zostata obliczona na podstawie wskaznika Shannona-Wienera (H') o postaci:
H' = -ZpixIn(pi),

gdzie pi to udziat poszczegodlnych gatunkéw w zgrupowaniu roztoczy.
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Wartos¢ wskaznika H' ro$nie wraz ze zwigkszajacg si¢ liczbg gatunkéw
w zbiorowisku oraz stopniem wyréwnania ich liczebnos$ci. Jego wyzsza warto$¢ $wiadczy
o wigkszej stabilnosci funkcjonalnej analizowanego ekosystemu (Shannon i Weaver, 1963).
Wskaznik Shannona-Wienera jest jednym z najlepszych wskaznikéw, stuzacych
poréwnywaniu populacji organizmow funkcjonujacych w ekosystemie, dostarczajac
wiarygodnego wyniku, bez wzgledu na liczbe analizowanych prob (Odum, 1982). Najwickszy
wplyw na jego warto$¢ majg gatunki wystepujace pospolicie w badanym srodowisku, czyli
dominujgce w strukturze zgrupowania organizmoéw. Natomiast grupa gatunkéw o niewielkiej

liczebnosci wywiera na t¢ warto$¢ odwrotny wptyw (Madej, 2004).
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5. Glowne wyniki pracy

Wykazano, ze zgrupowania roztoczy glebowych z rzedu Mesostigmata sg ksztattowane
zarOwno przez histori¢ uzytkowania terenu (grunty porolne vs grunty lesne), jak i sktad
gatunkowy drzewostanu, jego wiek oraz termin zbioru prob. Efekt dziatania kazdego z tych
czynnikow byl zauwazalny w zmianie zaggszczenia oraz bogactwa gatunkowego
i roznorodnosci opisywanych zgrupowan (Tabela 2).

W ramach przeprowadzonych badan, opisano tacznie 8484 osobniki, sklasyfikowane
jako 77 taksonéw, nalezacych do wspomnianego rzgdu roztoczy (Tabela 3). Dominujacymi
gatunkami roztoczy byly: Veigaia nemorensis (C.L. Koch) (13,92% wszystkich wykazanych
osobnikow), Zercon peltatus C.L.Koch (12,45%) oraz Paragamasus conus (Karg) (7,73%).
Zarowno pod wzgledem wplywu historii uzytkowania gruntu, jak i sktadu gatunkowego
drzewostanu 1 jego wieku, najwigksze rdéznice ujawnialy si¢ na poziomie bogactwa
gatunkowego roztoczy, mniejsze za§ w przypadku ich zaggszczenia i1 roznorodnosci
gatunkowej. Efekt zroéznicowania struktury zgrupowan roztoczy ze wzgledu na histori¢
uzytkowania terenu byt najwyrazniejszy w najmtodszych drzewostanach i zanikal wraz z ich

wiekiem.
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Tabela 2.
Gtowne wyniki doswiadczen przeprowadzonych w ramach rozprawy doktorskie;j.

Liczebnos¢ catkowita: Liczebnos¢ catkowita: Liczebnos¢ catkowita:
1355 osobnikow 6730 osobnikéw 399 osobnikéow
Liczebnosé Najwigksza liczebnos$¢ zostata  Najwicksza liczebno$¢ zostata  Najwicksza liczebnos¢ zostata

roztoczy odnotowana w: odnotowana w: odnotowana w:
42-letni drzewostan P. sylvestris

B. pendula — grunt lesny Q. petraea (pazdziernik)
—grunt porolny T. cordata

(lipiec)

Najwieksza réznorodnogé Najwicksza roznorodnosé Najwigksza r()Znorodno's’é
Réznorodnosé zostata odnotowana w: zostata odnotowana w: zostata odnotowana w:
gatunkowa Q. petraea — grunt lesny 62-letni drzewostan P. ?W\{GSU!S
Q. petraea — grunt porolny (pazdziernik)

Bogactwo gatunkowe: Liczebnos¢: Liczebnos¢:

zawarto$¢ sodu w Sciole; gesto$¢ objetosciowa; pora roku,
historia uzytkowania terenu; pH Scioly, zawartoS$¢ zelaza w glebie

gatunek drzewa zawarto$¢ azotu i sodu mineralnej

w Sciole,
Roéznorodnos¢ gatunkowa: zawarto$¢ cynku Bogactwo gatunkowe:

Czynniki zawarto$¢ sodu w $ciole; w glebie mineralnej pora roku,
ksztaltujace historia uzytkowania terenu zawartos¢ zelaza w glebie

zgrupowania Bogactwo gatunkowe: mineralnej,
roztoczy Zawarto$s¢ manganu w zawarto$¢ azotu w Sciole

glebie mineralnej
Roéznorodnosé¢ gatunkowa:
pora roku,
zawartoS$¢ zelaza w glebie
mineralnej,
zawarto$¢ azotu w Sciole




Tabela 3.

Lista wykazanych taksonow roztoczy z rzedu Mesostigmata, w do§wiadczeniach wykonanych w ramach
niniejszej rozprawy doktorskiej. Obecnos¢ osobnikéw danego gatunku oznaczono za pomocg Symbolu

+.

-
e

Takson
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Doswiadczenie
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Alliphis halleri (Canestrini & Canestrini, 1881)
Amblyseius spp.

Antennoseius bacatus Athias-Henriot, 1961
Antennoseius bullitus Karg, 1969
Arctoseius eremitus (Berlese, 1918)
Arctoseius venustulus (Berlese, 1917)

Asca aphidioides (Linnaeus, 1758)

Asca bicornis (Canestrini & Fanzago, 1887)
Calaenopsis badius (C.L.Koch, 1839)
Discourella modesta (Leonardi, 1889)
Eugamasus cavernicolus Tragardh, 1912
Eviphis ostrinus (C.L.Koch, 1836)
Gamasellodes bicolor (Berlese, 1918)
Geholaspis spp.

Gamasellus montanus (Willmann, 1936)
Holoparasitus calcaratus (C.L.Koch, 1839)
Holoparasitus rotulifer (Willmann, 1940)
Hypoaspis aculeifer (Canestrini, 1883)
Hypoapsis karawaiewi (Berlese, 1903)
Hyposapis praesternalis (Willmann, 1949)
Hypoaspis vacua (Michael, 1891)
Hypoaspis spp.

Laelaspis astronomica (C.L.Koch, 1839)
Lasioseius lawrencei (Evans, 1958)
Leioseius elongatus Evans, 1958

Leioseius spp.

Leptogamasus spp. (Tragardh, 1936)
Leptogamasus succineus Witalinski, 1973
Leptogamasus suecicus (Tragardh, 1936)
Leptogamasus tectegynellus (Athias Henriot, 1967)
Macrocheles montanus (Willmann, 1951)
Macrocheles spp.

Olodiscus minima (Kramer, 1882)
Ololaelaps placentula (Berlese, 1887)
Olopachys suecicus (Sellnick, 1950)
Oodinychus ovalis (C.L.Koch, 1839)
Pachylaelaps bellicosus (Berlese, 1920)
Pachylaelaps dubius (Hirschmann&Krauss, 1965)
Pachylaelaps furcifer (Oudemans, 1903)
Pachylaelaps ineptus Hirschmann & Krauss 1965
Pachylaelaps longisetis (Halbert, 1915)
Pachylaelaps spp.
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Lp.

Takson

Doswiadczenie
1

Doswiadczenie

Doswiadczenie

3

43
44
45
46

47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

Pachyseius humeralis (Berlese, 1910)
Paragamasus conus (Karg, 1971)
Paragamasus jugincola (Athias Henriot, 1967)
Paragamasus puerilis (Karg, 1963)

Paragamasus runcatellus (Berlese, 1903 sensu Karg,

1971)

Paragamasus spp.

Paragamasus vagabundus (Karg, 1968)
Parazercon radiatus (Berlese, 1914)
Pergamasus barbarus (Berlese, 1904)
Pergamasus crassipes (Linnaeus, 1758)
Pergamasus mediocris Berlese, 1904
Pergamasus septentrionalis (Oudemans, 1902)
Pergamasus spp.

Proctolaelaps juradeus (Schweizer, 1949)
Prozercon kochi (Sellnick, 1943)
Rhodacarellus silesiacus (Willmann, 1936)
Rhodacarellus subterraneus (Willmann, 1935)
Rhodacarus coronatus (Berlese, 1921)
Rhodacarus mandibularis (Berlese, 1921)
Trachytes aegrota (C.L.Koch, 1841)
Trachytes montana Willmann, 1953
Trachytes pauperior (Berlese, 1914)
Urodiaspis tecta (Kramer, 1876)

Uropoda spp.

Veigaia cerva (Kramer, 1876)

Veigaia decurtata (Athias Henriot, 1961)
Veigaia exigua (Berlese, 1916)

Veigaia kochi (Tragérdh, 1901)

Veigaia nemorensis (C.L.Koch, 1839)
Veigaia planicola (Berlese, 1892)
Vulgarogamasus kraepelini (Berlese, 1904)
Zercon hungaricus (Sellnick, 1958)
Zercon peltatus C.L.Koch, 1836

Zercon spp.

Zercon triangularis (C.L.Koch, 1836)
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5.1. Wplyw historii uzytkowania terenu i wlasciwosci fizyko-chemicznych
gleby na zgrupowania roztoczy z rzedu Mesostigmata (Acari, Mesostigmata),
zasiedlajace drzewostany na gruntach porolnych

Publikacja 1: Malica, J., Raczka, G., Turczanski, K., Andrzejewska, A., Skorupski, M.,
Urbanowski, C.K. & Kamczyc, J. (2024). Impact of land use history and soil properties on soil
mite communities (Acari, Mesostigmata) inhabiting stands growing on post-agricultural
land. Land Degradation & Development, 35(5), 1776-1791.
https://doi.org/10.1002/1dr.5020

Analiza cech fizyko-chemicznych gleby wykazala istotne statystycznie rdznice
pomiedzy badanymi siedliskami (grunt lesny vs grunt porolny), dotyczace takich parametréw
jak: odczyn, zawarto$¢ materii organicznej, gestoS¢ objetoSciowa, zawarto$¢ wegla
organicznego oraz stezenia pierwiastkow, takich jak potas, cynk, miedz, zelazo, mangan, séd,
cynk oraz kadm. Na poziomie ogdlnym gleby gruntow porolnych charakteryzowaty sig
wyzszym odczynem gleby, gestoscia objetosciows i zawarto§cig manganu, zas gleby gruntéw
lesnych byty bardziej wilgotne 1 bogatsze w wegiel organiczny. Najnizsze pH $ciotki lesnej
odnotowano w drzewostanie sosnowym na gruncie lesnym (4,24 + 0,27). Co ciekawe,
zawarto$¢ materii organicznej byta najwyzsza w drzewostanie dgbowym na gruncie leSnym
(4,86 = 0,32%), a najnizsza w drzewostanie dgbowym na gruncie porolnym (1,93 £ 0,32). Ten
sam wzorzec odnotowano dla zawartosci wegla organicznego (odpowiednio 2,82 + 0,19%
11,12 +0,19%). Najmniejsza gestos¢ objetosciowa odnotowano w drzewostanach brzozowych
na gruntach lesnych (0,75 + 0,18 g/m®). Z kolei najwyzsza wilgotnoéé gleby stwierdzono
w drzewostanach brzozowych, rosngcych na gruntach lesnych (9,99 + 1,98%), a najnizsza
w drzewostanach sosnowych na gruntach porolnych (3,15 + 0,37).

W ramach badan nad wptywem historii uzytkowania terenu oraz warunkow
mikrosiedliskowych, ksztattowanych przez drzewostany poszczegélnych gatunkéw drzew
(sosny zwyczajnej, brzozy brodawkowatej, debu bezszyputkowego oraz buka zwyczajnego)
1 poszczegdlnych parametrow glebowych na zgrupowania roztoczy z rzedu Mesostigmata,
opisano 1355 osobnikoéw, zidentyfikowanych jako 58 taksondéw (50 gatunkéw i1 osiem
rodzajow). Wiekszos¢ osobnikow sklasyfikowano do rodziny Parasitidae (348 osobnikow; 25%

ogoblnej liczby osobnikdéw, odpowiednio), Zerconidae (205; 15,1%) i Veigaiidae (189; 14,0%)
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oraz gatunki Veigaia nemorensis (C.L. Koch) (165; 12,2%), Zercon peltatus C.L. Koch (156;
11,5%) i Paragamasus conus (Karg) (141; 10,4%). Tylko cztery opisane taksony wystepowaty
w kazdym z siedmiu wariantéw siedliskowo-drzewostanowym (sosny zwyczajnej, brzozy
brodawkowatej, debu bezszyputkowego oraz buka zwyczajnego na gruncie lesnym; sosny
zwyczajnej, brzozy brodawkowatej oraz debu bezszyputkowego na gruncie porolnym). Byty
nimi: Hypoaspis aculeifer (Canestrini), P. conus, Paragamasus spp. i V. nemorensis. Kazdy
z wyzej wymienionych gatunkow jest typowy dla siedlisk lesnych, wige ich dominacja i stato§¢
wystepowania nie jest zadziwiajaca (Skorupski, 2008; Skorupski i in., 2013; Manu, 2014).
Z kolei 17 innych gatunkéow pojawito si¢ tylko w jednym wariancie siedliskowo-
drzewostanowym. Wartym zauwazenia jest fakt, iz drugi najliczniej wystepujacy gatunek
Zercon peltatus, nie pojawit si¢ w przypadku dwoch badanych siedlisk, drzewostanu dgbowego
oraz brzozowego na gruncie porolnym. Jest to gatunek nematofagiczny (Kamczyc i in., 2019)
o wysokiej wrazliwo$ci na metale cigzkie (Seniczak i in., 1997), ktory licznie wystgpowat
na gruncie lesnym. Wskazuje t0 na powyzszy gatunek, jako potencjalnie warto$ciowy
bioindykator dawnej degradacji siedliska.

Analizy statystyczne wykazaly, ze zageszczenie roztoczy bylo ksztaltowane przez
histori¢ uzytkowania terenu oraz zawarto$¢ sodu w S$ciole, osiggajac najwyzsza wartos¢
w drzewostanie brzozowym na gruncie lesnym (1888,89 + 240,72 osobnikoéw/m?). Najwieksze
roznice statystyczne wystepowaly tu pomiedzy wymienionym powyze] wariantem
a drzewostanem brzozowym i debowym na gruncie porolnym, gdzie zageszczenie roztoczy
byto najmniejsze (odpowiednio 672,84 + 169,69 i 574,07 + 109,75 osobnikow/m?). Najwigksze
bogactwo gatunkowe zostato odnotowane w przypadku drzewostanu debowego na gruncie
leSnym (21,33 + 2,73 gatunkow), natomiast najnizsze w drzewostanie dgbowym na gruncie
porolnym (9,33 + 1,86). Ten parametr podlegat ksztaltowaniu ze strony trzech czynnikow
siedliskowych: historii uzytkowania terenu, zawarto$ci sodu w $ciole oraz dominujgcego
gatunku drzewa. Dla poréwnania, r6znorodno$¢ gatunkowa byta, podobnie jak zageszczenie,
ksztaltowana tylko przez histori¢ uzytkowania terenu i zawarto$¢ sodu w $ciole, osiggajac
najwyzsza warto$¢ w drzewostanie dgbowym na gruncie leSnym, za$ najnizsza w drzewostanie
debowym na gruncie porolnym. W przypadku bogactwa gatunkowego i1 roznorodnosci
gatunkowej roztoczy wskazniki te osiggaly zaré6wno najwyzsze, jak i najnizsze wartosci
w drzewostanach dgbowych. Glownym czynnikiem, r6znicujagcym drzewostany debowe, byta
historia uzytkowania gruntu, ktory porastaly. Wyrazna przewaga gruntow lesnych nad
porolnymi pod wzgledem zaggszczenia, bogactwa gatunkowego i roznorodnosci gatunkowe;j
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roztoczy z rzedu Mesostigmata, potwierdza przyjeta na potrzeby niniejszej rozprawy hipotezg,
stanowigca potwierdzenie tendencji opisywanych przez innych autorow. Jak zauwazyli Aponte
I in. (2012), specyfika fizyko-chemiczna gruntow porolnych moze zaburza¢ proces
dekompozycji martwej materii poprzez brak typowych dla lasow struktur grzybowych. To zas,
oddziatujac na kolejne poziomy troficzne, ogranicza zaggszczenie 1 roznorodnos$¢ zgrupowan
drapieznych roztoczy (Koehler, 1999; Schneider i in., 2005). Zgodnie z wynikami niniejszych
badan, istotna dla struktury tych zgrupowan jest rdwniez zawarto$¢ sodu w $ciole lesne;.
Zjawisko to moze znajdowaé swoje wytlumaczenie w wynikach badan Ji i in. (2020), ktorzy
dowiedli, ze umiarkowane zwigkszenie stezenia sodu w glebie sprzyja dynamice dekompozycji
oraz kolonizacji $cioly przez faun¢ glebowa, poprzez ograniczenie efektu ang. ,,Home Field
Advantage”. Hipoteza ta zaktada, ze autochtoniczna fauna glebowa jest lepiej przystosowana
do lokalnych warunkéw panujacych w danym mikrosiedlisku, w tym materiatu organicznego
zréznicowanego pod wzgledem skladu gatunkowego ro$linno$ci tworzacego $cidtke
(Horodecki 1 in., 2019). Ostatecznie, moze to wyjasnia¢ efekt skrajnych wartosci bogactwa
gatunkowego i réznorodnosci w przypadku drzewostandw debowych na gruntach o odmienne;j
historii uzytkowania. Jak bowiem pokazuja wyniki Marcosa i in. (2010), $ciota pochodzaca
z debu jest ubozsza w sod, niz $ciota sosnowa czy bukowa. W przypadku wzmozenia
dekompozycji na gruntach o mniejszym bogactwie fauny glebowej moze to mie¢ zatem

kluczowe znaczenie (Ji i in., 2020).

5.2. Wplyw wieku drzewostanu debu bezszypulkowego i sosny zwyczajnej
na zgrupowania roztoczy zasiedlajace grunty porolne

Publikacja 2: Malica, J., Urbanowski, C.K., Turczanski, K., Raczka, G.,
Andrzejewska, A., Skorupski, M. & Kamczyc, J. (2024). Environmental role of
different-aged pine and oak stands growing on post-agricultural and forest lands
in forming the Mesostigmata mites communities. Land Degradation &
Development, 1-20. https://doi.org/10.1002/Idr.5265

Badania przeprowadzone w réznowiekowych (22, 42 i 62 lata) drzewostanach dgbu
bezszyputkowego 1 sosny zwyczajnej, rosngcych na gruntach porolnych i lesnych, wykazaty
istotne zmiany, zachodzace wraz z wiekiem drzewostanu w parametrach fizyko-chemicznych
gleby. Nalezaty do nich przede wszystkim: wzrost stosunku C:N w przypadku sosny i spadek

36



w przypadku debu oraz wspdlny dla obydwu gatunkoéw i1 typdw gruntu spadek pH Scioty, ktory
jednak byl szczeg6lnie widoczny na przyktadzie drzewostandéw sosnowych. Najnizsza wartos¢
pH Scioly odnotowano w 62. letnim drzewostanie sosnowym na gruncie porolnym
(3,39 £ 0,05), zas$ najwyzszg w 22. letnim drzewostanie dgbowym, takze na gruncie porolnym
(5,18 £ 0,15). W przypadku pH gleby mineralnej wiek drzewostanu nie byt juz tak znaczacy,
bowiem skrajne jego warto$ci odnotowano w 22. letnich drzewostanach dgbowych: najnizsza
na gruncie lesnym (3,36 + 0,10), a najwyzszg na gruncie porolnym (4,33 + 0,02).

W ramach analiz zgrupowan roztoczy z rzedu Mesostigmata opisano tgcznie 6730
osobnikéw, sklasyfikowanych jako 72 taksony (60 gatunkéw, 11 rodzajéw 1 jedna rodzina).
Wigkszo$¢ roztoczy sklasyfikowano jako gatunki Veigaia nemorensis (C.L. Koch) (985
osobnikow; 14,64% wszystkich osobnikow), Zercon peltatus C.L. Koch (874; 12,99%),
Paragamasus conus (Karg) (489; 7,27%) i Rhodacarus coronatus (Berlese) (481; 7,15%).
W przypadku 31 opisanych gatunkéw ich udzial w ogodlnej liczbie wynosit mniej niz 10
osobnikow. Z kolei zaledwie osiem taksonéw wystepowato we wszystkich badanych
wariantach siedliskowo-drzewostanowych (Hypoaspis aculeifer (Canestrini), Olodiscus
minima (Kramer), Paragamasus conus, P. runcatellus, P. vagabundus, Paragamasus spp.,
Trachytes aegrota oraz V. nemorensis). Co ciekawe, R. coronatus zostat wykazany w kazdym
drzewostanie, z wyjatkiem najmtodszych drzewostanow na gruntach porolnych. Jego
liczebno$¢ wzrastata wraz z wiekiem drzewostandw na gruntach lesnych, natomiast na gruntach
porolnych byla najwyzsza w drzewostanie 42. letnim. Podobnie Rhodacarus mandibularis
Berlese i Zercon hungaricus (Sellnick) wystgpowaty wielokrotnie liczniej w miodych
drzewostanach na gruntach lesnych niz na gruntach porolnych. W kazdym wymienionym
przypadku réznice te byly mniej wyrazne w starszych drzewostanach.

Najwigksze zageszczenie roztoczy odnotowano w 42. letnim drzewostanie dgbowym
na gruncie porolnym (3847,22 + 356,14 osobnikéw/m?), natomiast najnizsza w 22. letnich
drzewostanach sosnowym (685,19 + 115,55) i debowym (699,07 + 104,20), na gruncie
porolnym. Parametr ten byt ksztalttowany przez gestos¢ objetosciowa i odczyn gleby, zawartos¢
azotu 1 sodu w Sciole oraz zawarto$¢ cynku w glebie mineralnej. Bogactwo gatunkowe
osiggneto najwyzsza warto$¢ w najstarszym drzewostanie dgbowym na gruncie porolnym
(32,33 + 3,28 gatunkow), a najnizszg w najmtodszych drzewostanach debowym (13,67 + 1,76)
i sosnowym (14,00 £+ 1,15) na gruncie porolnym. Jak wykazaly analizy, wskaznik ten byt
ksztaltowany przez zawarto§¢ manganu w glebie mineralnej. Podobnie jak
w przypadku bogactwa gatunkowego, najwyzsza rdéznorodno$¢ gatunkowa wykazano
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w najstarszym drzewostanie dgbowym na gruncie porolnym (2,92 £ 0,08), natomiast najnizszg
w miodych drzewostanach ztozonych z d¢bu (2,14 £+ 0,13) i sosny (2,29 + 0,03), rosngcych
na gruncie porolnym. Zaréwno bogactwo gatunkowe, jak i rdznorodno$¢ gatunkowa, wzrastaly
wraz z wiekiem w przypadku drzewostanu debowego na gruncie porolnym. W przypadku
drzewostanow sosnowych lub drzewostanéw debowych na gruncie leSnym nie wykazano takiej
zalezno$ci.

Najnizsze zageszczenie roztoczy Ww najmlodszych drzewostanach debowych
1 sosnowych, rosngcych na gruntach porolnych, jest spojne z wynikami badan nad wptywem
historii uzytkowania gruntow na liczebnos¢ mezofauny glebowej, prowadzonymi przez takich
badaczy jak Harta i in. (2020) oraz Delcourt i in. (2023). Najwyzsze zageszczenie
w drzewostanach w $rednim wieku (42 lata) mozna wytlumaczy¢ pozytywna reakcja fauny
glebowej na trzebieze i wzrost dostgpnosci $wiatta w dnie lasu (Kamczyc i in., 2021). Ponadto
Delcourt i in. (2023) odnotowali, ze po 60 latach od zalesienia nie obserwowano juz
negatywnego  wplywu  wczesniejszego  uzytkowania  gruntow na  zgrupowania
mikrostawonogoéw. Pod wzgledem wplywu parametrow fizyko-chemicznych, wyniki badan
stanowigcych niniejsza rozprawe roznig si¢ w pewnym stopniu od wynikéw Bedano i in.
(2006), ktorzy wykazali dodatnig korelacj¢ migdzy liczebnoscig roztoczy z rzgdu Mesostigmata
w glebie a gestoscig objetosciowa 1 pH gleby. W naszym badaniu korelacja ta byla bowiem
ujemna w obu przypadkach. Badania Keshavarz i in. (2015) oraz Manu i in. (2019) wykazaty
z kolei, ze zawarto$¢ cynku w glebie wptywa na réznorodno$¢ i bogactwo gatunkowe, ale nie
na zageszczenie roztoczy z rzedu Mesostigmata — odwrotnie, jak w przypadku wynikéw
niniejszej rozprawy. Ponadto, badania przeprowadzone przez Cao i in. (2011) oraz Wierzbicka

i in. (2019) nie potwierdzity pozytywnego wptywu azotu na zaggszczenie roztoczy w glebie.
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5.3. Wplyw pory roku na zgrupowania roztoczy glebowych z rzedu
Mesostigmata, zasiedlajace jednogatunkowe drzewostany na gruncie
porolnym

Publikacja 3: Malica, J., Urbanowski, C.K., Turczanski, K., Raczka, G.,
Andrzejewska, A., Skorupski, M. & Kamczyc, J. (2025). Soil mite communities
(Acari, Mesostigmata) in pure stands on post-agricultural lands: does season
matter? Expperimental and Applied Acarology 94, 4,
https://doi.org/10.1007/s10493-024-00

W ramach badan nad wpltywem pory roku na zgrupowania roztoczy glebowych,
zasiedlajacych grunty porolne, poréwnano ich zaggszczenie, bogactwo gatunkowe
i ro6znorodnos$¢ gatunkowag W jednogatunkowych drzewostanach sosnowych, lipowych oraz
brzozowych w lipcu 1 pazdzierniku. Lacznie wykazano 339 osobnikéw, sklasyfikowanych jako
38 taksonow (33 gatunki i pig¢ rodzajow). Wyrdzniono przy tym 266 samic i 50 samcOw oraz
83 stadia juwenilne. Najnizsze usSrednione zaggszczenie roztoczy ze zbioréw
przeprowadzonych w latach 2021 i 2022 opisane zostato w wariancie drzewostanu sosnowego
i zbioru przeprowadzonego w lipcu (285 £ 115 osobnikéw/m?), za najwyzsze w wariancie
drzewostanu sosnowego 1 zbioru przeprowadzonego w pazdzierniku (1085 + 270). Najnizsze
srednie bogactwo gatunkowe z dwoch lat zbiorow ponownie odnotowano w wariancie zbioru
przeprowadzonego w lipcu w drzewostanie sosnowym (0,52 + 0,20 gatunku), natomiast
najwyzsze w wariancie zbioru przeprowadzonego w pazdzierniku w drzewostanie sosnowym
(1,37 £ 0,27). Najwyzsza warto$¢ wskaznika réznorodnosci gatunkowej ponownie wykazano
w probach zebranych w pazdzierniku w drzewostanie sosnowym (0,40 + 0,10), za$ najnizsza
w lipcu, rowniez w drzewostanie sosnowym (0,12 + 0,06).

Wigkszos$¢ opisanych gatunkéw nalezata do rodzin Parasitidae (111 osobnikow),
Laelapidae (95) i Veigaiidae (70). Najliczniej reprezentowanymi gatunkami byly Hypoaspis
aculeifer (86 roztoczy; 21,6% wszystkich wykazanych roztoczy, odpowiednio), Veigaia
nemorensis (31; 7,8%) i Trachytes aegrota (C.L.Koch) (28; 7,0%). Kazdy z tych gatunkéw
wystepowatl najliczniej w drzewostanie lipowym w pazdzierniku. Tylko dwa gatunki
wystepowaty w kazdym badanym wariancie: Veigaia nemorensis i Hypoaspis aculeifer. Az 15
sposrdd opisanych gatunkow wystepowato tylko w jednym drzewostanie. Zgodnie z posiadang
wiedzg, roztocze z rodziny Parasitidae wystepuja we wszystkich typach lasow, a takze

na tagkach, torfowiskach i polach uprawnych. Sg obecne przede wszystkim w $ciotce 1 warstwie
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prochnicznej. Ich gldéwnymi ofiarami sg skoczogonki oraz inne roztocze, takie jak Oribatida
1 Astigmata. Z kolei rodzina Laelapidae obejmuje mi¢dzy innymi duze drapiezne gatunki
z rodzaju Hypoaspis spp. Jego przedstawicielem jest Hypoaspis aculeifer, bedacy pospolitym
gatunkiem pionierskim, wystepujacym réwniez licznie na gruntach porolnych (Skorupski,
2008). Do rodziny Veigaiidae nalezg gatunki wyspecjalizowane Ww Zerowaniu
na skoczogonkach, zasiedlajace glownie Sciotke lesna, ale wystgpujace takze na takach
i gruntach rolnych. Wraz z roztoczami z rodziny Parasitidae tworza dominujaca grupe
drapieznikéw z rzedu Mesostigmata (Btoszyk, 2008; Skorupski, 2008). Veigaia nemorensis
takze jest gatunkiem powszechnym na gruntach porolnych, a nawet na terenach
zdegradowanych lub poprzemystowych (Skorupski i in., 2013). Kolonizuje gtownie gorne
warstwy gleby: prochnicg organiczng i $cidtke. Veigaia nemorensis, w przeciwienstwie
do ogolnej cechy rodziny Veiigaidae, zeruje glownie na gatunkach nicieni bakteriofagicznych
i zywigcych si¢ korzeniami roslin (Manu i in., 2017).

Podsumowujac, w badaniach stanowigcych niniejsza rozprawe wykazano znacznie
wyzsze zageszczenie roztoczy w pazdzierniku niz w lipcu, na przestrzeni dwoch lat zbiorow.
Jest to zgodne z wynikami innych badan (Fujii & Takeda, 2017) i przyjetych przez nas hipotez,
bowiem glownym czynnikiem regulujacym liczebno$¢ roztoczy glebowych jest wilgotnosé
I temperatura (Kaczmarek i in., 2011; Kamczyc i in., 2022). W warunkach klimatycznych
Polski nizszg liczebno$¢ w lipcu mozna wytlumaczy¢ wyzsza temperaturg i szybko malejaca
wilgotnoscia gleby latem, co powoduje spadek zaggszczenia roztoczy. Wraz z koncem lata
temperatura pozostaje wysoka, ale wilgotno$¢ gleby wzrasta, co w efekcie powoduje wzrost
zageszezenia roztoczy w glebie (Wosc, 1999; Salmane, 2000). Ta sama zalezno$¢ dotyczyta
roOwniez bogactwa gatunkowego 1 réznorodnosci gatunkowej. Podobne znaczenie opadow
1 temperatury dla struktury zgrupowan roztoczy glebowych z rzgdu Mesostigmata wykazali
rowniez Kamczyc i in. (2022), wedtug ktorych $redni udziat osobnikéw dorostych w catym
zgrupowaniu roztoczy wzrastat jesienia, podczas gdy udziat osobnikéw mtodocianych wzrastat
latem. Zaro6wno latem, jak 1 jesienig udziat samcow byl najnizszy, a udziat samic najwyzszy.
Interesujagcym wynikiem niniejszych badan byt wzrost udzialu mtodych stadiow rozwojowych
latem. Sa one bowiem uwazane za bardziej wrazliwe na wzrost temperatury i spadek
wilgotnosci, co wigze si¢ z nizszym stopniem sklerotyzacji ciata (Huhta & Hénninen, 2001).
Osobniki doroste powinny by¢ jednocze$nie bardziej odporne na podobne fluktuacje pogodowe
(Urbanowski i in., 2021). Wyjasnieniem powyzszego wyniku moze by¢ naktadanie si¢ okresu
wysokiej $miertelnosci z wylggiem mlodych roztoczy. Takie wytlumaczenie mozna oprze¢
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o wyniki Kaczmarka i in. (2011), ktorzy wykazali, ze w podobnych warunkach klimatycznych
wystepuja dwa piki zaggszczenia roztoczy z rzgdu Mesostigmata - w styczniu oraz na przelomie
wiosny i lata.

Niniejsze wyniki wskazuja, ze na tle innych gatunkow drzew, drzewostany sosnowe
zapewniaja faunie glebowej zarowno najkorzystniejsze warunki bytowe jesienia, jak i najmnie;j
korzystne latem. Efekt ten mozna wytlhumaczy¢ najwigksza mozliwoscig pochtaniania wody
przez $ciotke sosnowg jesienia, z najwigckszymi spadkami wilgotnosci w miesigcach suchych
(Zhou i in., 2018). Rowniez w drzewostanie brzozowym zageszczenie, bogactwo gatunkowe i
roznorodno$¢ roztoczy byly istotnie nizsze latem niz w drzewostanie sosnowym jesienig. By¢
moze drzewostany brzozowe sg mniej zdolne do ochrony wierzchniej warstwy gleby latem
przed nagrzewaniem i wysychaniem (Jonczak i in., 2020). Co ciekawe, llek i in. (2024)
wykazali, ze §cidtka lesna o niskim stosunku C:N i przewazajacym udziale lisci debu, osiggneta
najwigksza zdolnos¢ magazynowania wody, podczas gdy $ciotka o wysokim stosunku C:N 1

przewazajacym udziale igiet sosnowych miata najnizszg zdolno$¢ jej magazynowania.
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6. Wnioski

Biorac pod uwage kluczowa role fauny glebowej w przebiegu proceséw glebotworczych
i dekompozycji, a wiec takze w przebiegu rekultywacji gleb przeksztatlconych
1 zdegradowanych, nasza wiedza wymaga dalszego poglebiania. W tym celu warto
kontynuowac¢ badania nad poszczegdlnymi glebowymi ogniwami troficznymi, majagcymi swoj
udziat w rozktadzie martwej materii i obiegu pierwiastkow w glebie. Wiedza ta jest szczegdlnie
uboga w kontek$cie zlozonosci zjawiska, jakim jest wtorna sukcesja le$na
na gruntach porolnych. Dzigki wynikom, uzyskanym w ramach przeprowadzonych

doswiadczen, mozna wyciggna¢ nastepujace wnioski:

1. Zgrupowania roztoczy glebowych z rzedu Mesostigmata, zasiedlajace grunty
porolne, sa ubozsze pod wzgledem zageszczenia, bogactwa gatunkowego
i réznorodnosci od tych obecnych na gruntach lesnych. Co wigcej, wplyw
poszczegblnych gatunkéw drzew na zgrupowania roztoczy rowniez jest zalezny
od historii uzytkowania terenu, dlatego w procesie rekultywacji gleb porolnych
istotny staje si¢ odpowiedni dobor sktadu gatunkowego drzewostanow.

2. Mlodsze drzewostany ksztattuja mniej korzystne warunki do bytowania i rozwoju
badanej fauny glebowej w poroOwnaniu z drzewostanami starszymi rosngcymi
na gruntach porolnych. Nalezy zatem prowadzi¢ dzialania wspierajace procesy
rekultywacyjne i1 glebotworcze w drzewostanowych mlodszych klas wieku, migdzy
innymi poprzez wprowadzanie gatunkéw domieszkowych 1 biocenotycznych
wzbogacajacych wierzchnig warstwe gleby w mikro- 1 makroelementy
w pdzniejszym etapie funkcjonowania uktadow siedliskowo-drzewostanowych.

3. W =zalezno$ci od zmian wilgotnosciowych, zwigzanych z cyklem rocznym
w klimacie umiarkowanym, drzewostany iglaste generuja wigksze fluktuacje
w warunkach mikrosiedliskowych wierzchniej warstwy gleby, a tym samym
w strukturze fauny glebowej w poréwnaniu z drzewostanami liSciastymi rosngcymi
na gruntach porolnych. Tym samym nalezy dazy¢ do zwigkszania zréznicowania
gatunkowego drzewostanéw juz rosngcych na tego typu obszarach, jak rowniez
uwzgledni¢ wigkszg liczbe gatunkéw drzew w projektowanych nasadzeniach

na gruntach porolnych w przysztych zalesieniach.
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Spis rycin i tabel

Rycina 1. Pogladowe poroéwnanie profili glebowych na gruncie leSnym (A) i gruncie porolnym
z widoczng warstwa pluzng, oznaczong biatym wskaznikiem (B) (Fot. K. Turczanski).

Rycina 2. Porownanie drzewostandw w roznym wieku: sosna zwyczajna w wieku 22 (A) i 62
(B) lat oraz dab bezszyputkowy w wieku 22 (C) i 62 (D) lat (Fot. J. Malica).

Rycina 3. Poletka badawcze na gruntach porolnych; wiek drzewostanow: 22 lata (lipiec 2021):
A - drzewostan brzozowy, B - drzewostan sosnowy, C - drzewostan lipowy (Fot. J. Malica).

Rycina 4. Strefa przejsciowa pomigdzy 22. letnimi drzewostanami brzozy brodawkowatej
1 sosny zwyczajnej, porastajacymi glebe rdzawa na gruncie porolnym (Fot. J. Malica).

Rycina 5. Aparat Berlesego-Tullgrena w trakcie wyptaszania fauny glebowej (fot. J.Malica).

Rycina 6. Obraz mikroskopowy: (A) osobnika zenskiego z gatunku Veiagia nemorensis oraz
(B) osobnika meskiego z gatunku Oodinychus ovalis (C.L.Koch, 1839) (fot. J. Malica).

Tabela 1. Podstawowe informacje o uktadach doswiadczalnych.

Tabela 2. Gtéwne wyniki doswiadczen przeprowadzonych w ramach rozprawy doktorskie;.

Tabela 3. Lista wykazanych taksonéw roztoczy z rzgdu Mesostigmata, w doswiadczeniach
wykonanych w ramach niniejszej rozprawy doktorskiej. Obecnos$¢ osobnikow danego gatunku
0znaczono za pomocg symbolu +.
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Abstract: Afforestation can make an important contribution mitigating the effects of changing climate
and provide structural and functional benefits. Afforestation also provides challenges for forest
managers connected with past land-use history; therefore, there is an urgent need to summarize
knowledge about such habitats and point out the gaps in knowledge for planning future studies.
Although post-agricultural forests cover a large forest area in Europe, our understanding of the
mechanisms governing the below-ground environment is still poor, especially when soil fauna is
considered. In this study, we revised knowledge about the soil environment and the response of
soil fauna to afforestation on former agricultural lands located in Europe based on research articles
from the ISI Web of Science database. Data came from various but distinct locations, compared
forests with different types of agricultural lands, and presented previous knowledge about soil
chemistry and accompanying soil fauna communities. Finally, we selected 15 studies, investigating
soil fauna communities on post-agricultural lands. The meta-analysis was based on response ratio
(R) for available data, although in many cases the data were incomplete. Results indicated that
post-agricultural forests differ from arable lands in reference to soil pH, but not for soil organic matter
and carbon content. Different soil animal groups were represented by a similar number of studies:
microfauna (seven studies) and mesofauna (nine), whereas macrofauna were represented by five
studies. Meta-analysis revealed that the response of soil fauna to afforestation differed between soil
fauna size classes. Additionally, in total, 18 tree species, 12 soil types, and 20 soil parameters were
provided in the literature but only a few of them were presented in a single study. Future studies
should include the impact of microclimate, detailed stand characteristics and soil conditions, which
could help to clearly describe the impact of certain tree species growing on certain soil types. In
future soil fauna ecological studies, the data should include mean values, standard deviation (SD)
and/or standard effort of means (SE) for abundance, species richness, diversity indices and number
of collected samples. Providing the above mentioned information will give the broad audience the
opportunity to include data in future comparative analyses.

Keywords: afforestation; edaphon; soil chemistry; soil biodiversity; land use; tree species

1. Introduction

Forest ecosystems make an important contribution to the global carbon budget, and
the significance of forests in the mitigation of climate change has recently gained much
attention, not only in science but also in policy discussions [1]. Currently, yearly global
deforestation, which especially occurs in tropical zones, is compensated by the formation of
forest ecosystems in non-tropical zones on a large scale, such as those located in Europe [2].
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Afforestation (formation of forests), as one of the forest management strategies [3], can
make an important contribution to mitigating the effects of climate change [4], and provides
many structural and functional benefits, including increasing biological diversity, protecting
against soil erosion, regulating the hydrologic cycle, and nutrient cycling [5,6].

Contrary to secondary succession, which is a long and complicated natural process
returning forests to post-agricultural lands, afforestation is an attempt to speed up this
process by planting trees [7]. The afforestation of post-agricultural lands differs from the af-
forestation of forest habitats and in the results, from simplified species and age composition
to specific soil and site conditions of farmlands. Forests established on post-agricultural
lands are much more like ‘agrocenosis’ with changed soil organic matter dynamic and
C:N:P stoichometry, and are often accompanied by acidification [8,9]. Therefore, the first
generation of forests on post-agricultural land present certain phases of artificially initi-
ated forest establishment processes. Further, afforestation of post-agricultural lands often
imposes the growth of a species distinct from the current conditions of that biological
community, which can also result in the presence of forest stand diseases [9]. These envi-
ronmental differences on post-agricultural lands could be related to changes in soil fauna
community structure.

Afforestation also provides challenges for forest managers connected with past land-
use history. Cultivation (tillage) which aims to turn the soil into a fine tilth to provide the
ideal environment for seeds to germinate may also result in a reduction in soil organic
matter, physical degradation and erosion [10]. Therefore, arable soils in the initial phase
of plant succession differ from forest soils and are characterized by specific chemical and
water—air conditions. The difference is caused by fertilization and plowing repeated for
many years, resulting in the so-called plow layer, i.e., a compacted layer of soil between the
arable and sub-arable layers. This layer retains water and air, which causes the soil to dry
out, and these changes may significantly affect the development of soil fauna [11]. These
changes in soils may be also reflected in the spreading of pathogens and the occurrence of
insect outbreaks in forests, and the lower quality of the wood [12,13].

Although the formation of forests on lands with an agricultural history can provide
solutions for the conservation of biological diversity, the mitigation of and adaptation to
climate change, and multiple ecosystem goods and services [14], the impact of land-use
changes, including afforestation, on terrestrial ecosystems is widespread and well docu-
mented; our understanding of the mechanisms governing the below-ground environment
is still poor, especially when soil fauna is considered. Additionally, due to the preparation
of the UN Decade of Ecosystem Restoration (2021-2030), it is timely to consider where
and how naturally regenerating forests and artificially planted forests on land previously
used for crops or grazing can contribute to massively up-scaling efforts to restore degraded
and lost ecosystems to conserve biological diversity, combat climate change, enhance
food security, and protect water supplies in a social, economic, and ecologically effective
manner [15].

We focused on the soil environment as it is one of the main global reservoirs of biologi-
cal diversity [16]. This has a specific hierarchical structure of soil biological diversity which
relates to available free space, soil animal body size fractionation, and ecosystem function
that create habitats for soil biological diversity across spatial scales [17]. This in turn im-
proves soil aggregation, which enhances soil porosity, water-holding capacity [18] and soil
carbon cycling, mediates mineral nutrition of plants in both natural and anthropogenic
ecosystems and constitutes soil structure formation and biological regulation [19]. There-
fore, comprehensive recognition of their biological diversity may expand our knowledge of
ecological mechanisms in former agricultural habitats.

In this study, we revised the knowledge about the soil environment and the response
of soil fauna to afforestation on former agricultural lands located in Europe. We focused on
European forests as (1) they have similar post-glacial history, and (2) historically, large parts
of present-day Europe had been cleared for agriculture and subsequently reforested [20].
We summarized available information regarding where soil fauna was investigated in
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forests introduced on agricultural landscapes and explored the conditions that influence
their abundance, species richness, and diversity. Moreover, we described the impact of
the above-ground environment (trees and herb species) on soil characteristics on former
agricultural lands. Finally, we examined specific cases where typical temperate tree species
were planted on former agricultural lands and how the environment they create affects soil
fauna communities.

Our review draws attention to the biological diversity and direction of changes in
soil ecosystems in the context of soil chemical composition, dominant tree species and soil
animal groups in the temperate forests of Europe. Given the global urgency and ambition
for large-scale forest restoration, resulting in mitigation of the climate crisis, our synthesis
provides a starting point for complex ecological studies on former agricultural lands and
for understanding ecological (positive and negative) consequences on such transformed
habitats in ways which promote long-term ecosystem recovery. We hypothesized that
afforestation of post-agricultural lands (1) affects soil chemistry, and (2) leads to changes
in soil fauna community structure and, regardless, to tree species and location across
temperate European forests.

2. Data Collection, Selection Criteria and Meta-Analysis
2.1. Search Methods

The literature reviewed consisted primarily of results from an ISI Web of Science
(Clarivate Analytics) database (http:/ /www.isiwebofknowledge.com, accessed on 10 May
2022) search using a combination of the following search strings: post-agricultural land,
abandoned fields, forest succession, secondary succession, and soil fauna for the period
between 1975 and 2021. Supplementary articles were included from the bibliographic lists
of these articles and the previous literature searches conducted by the authors. Articles
were only included in the review if they focused on forests in the temperate zone and met
the following criteria:

1. The article must be published, peer-reviewed and written in English.

2. The article must have provided documentation of fauna occurrence, abundance,
diversity, or other estimates of occupancy in regrowth forest habitat.

3. The article must have made a clear distinction between fauna response to regrowth
forests and mature forests or cleared and arable land.

4. The article must have explicitly identified prior cropping or grazing land use for at
least one category of regrowth forest.

We did not examine diploma and PhD theses, because we are not aware of any
international database that includes them: libraries and databases of some countries include
these works, while others do not. We decided to omit them entirely from the search in
order to avoid bias.

After excluding studies that did not meet the aforementioned criteria, 15 studies
were reviewed. The review first discusses the research on the soil of forests growing on
post-agricultural lands, focusing on differences in chemistry and physical structure. Next,
the discussion concerns the mutual relation between post-agricultural lands and planted
tree species. That part is the introduction to a discussion about the secondary succession of
herbaceous plants on abandoned fields as the effect of soil conditions, stand forms and tree
species. Finally, the discussion focuses on soil fauna occurrence (including size classes),
abundance, and diversity response to regrowth forests on post-agricultural lands, showing
the consequence of all the ecological disturbances based on differences in assemblages of
organisms on the higher trophic levels.

2.2. Data Grouping and Data Analysis

Due to the low number of articles related to soil fauna on arable lands and post-
agricultural forest, we presented the collected data in detail to show the current gaps in
knowledge. Additionally, based on the available data, we analysed the effect of afforestation
of fields on soil fauna abundance. Meta-analysis effect size was presented as the natural
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logarithm of the response ratio (InR). This effect size is most often used when the effects
being compared both have positive signs or both have negative signs. The response ratio in
this study indicated the average index (Xt and Xc), where Xt is the mean value of index
(abundance, richness or Shannon diversity in our case) recorded from post-agricultural
forest, and Xc is the mean value of the index on arable habitat.

Xt
InR = In Xo = InXt — In Xc 1

The effect size of each data pair was obtained by meta-analysis, and the weighted mean
effect size, InR,, and its 95% confidence intervals were obtained by calculating the weight
based on the standard deviation. Further, we tested the effect size using meta-regression
models with continuous or categorical variables using algorithms in R (www.r-project.org,
accessed on 10 May 2022), applying the R studio interface. We used the metafor package to
aggregate many individual effect sizes into one summary effect size and obtained results
on plots using the ggplot2 package. We considered models significant when p < 0.05.

3. Habitat Characteristics
3.1. Location and Types of Examined Habitats

Studies concerning soil fauna communities on post-agricultural lands are generally
scarce. The data came from 13 countries, i.e., Belgium [21], Czechia [22], Denmark [23],
France [24,25], the United Kingdom [26], Germany [27,28], Hungary [5], Iceland [29], Ire-
land [30], Poland [31], Slovakia [32], Sweden [33] and Switzerland [34]. Although the
study sites represent various locations, drawing a general conclusion about the impact
of post-agricultural sites on soil fauna from these locations is almost impossible, as the
studies, besides their distant locations, also include different habitat types. For instance,
the studies cover the impact of nine habitat types, such as cultivated fields [5,22], aban-
doned agricultural areas [5,23,25-28,30-32,34], meadows [22], heathlands [29], shrubs [22],
forests [5,21-25,27-34], forest plantations [5,29,31] and sand dunes [31], as well as bog-
lands [30]. Data analysis revealed that forests were the most frequently examined habitat.
Additionally, the number of habitats included in a single study varied from one habitat,
such as forests [21,33] or agricultural areas [26] to five habitats [31]. In some studies,
forests were compared with cultivated areas, meadows, and shrubs [22], or with forest
plantations [5,29], heatlands [29], and boglands [30].

Data analysis indicated that although forests were the most frequently studied habitat,
they were compared with agricultural areas (abandoned, cultivated and meadows). Data
analysis revealed that there is a lack of studies which compare forests growing on forest
soils (at least in the second generation) with forests introduced on post-agricultural sites
with known land-use history. This kind of research could help to understand the dynamic
and the direction of soil processes, and also the recovery potential of post-agricultural
lands. Moreover, future studies should include various types of habitats located in similar
climatic conditions.

3.2. Forest Types on Post-Agricultural Lands

Studies concerning soil fauna in the context of post-agricultural lands include 18 tree
species, but for two locations (Ireland and Switzerland), precise data were not provided
and the study sites were generally described as ‘forests’. The spectrum of described tree
species was dominated by broadleaved species (14 species in total). Among them, European
beech (Fagus sylvatica L.) was the most frequently reported species, followed by English
oak (Quercus robur L.) and sessile oak (Quercus petraea (Matt.) Liebl.). Less-studied species
were represented by European white birch (Betula pubescens Ehrh.) and European hornbeam
(Carpinus betulus L.). On the other hand, coniferous tree species on post-agricultural sites
were represented by four taxa, i.e., Siberian larch (Larix sibirica Ledeb.), Sitka spruce (Picea
sitchensis (Bong.) Carriere), lodgepole pine (Pinus contorta Douglas ex Loudon) and Scots
pine (Pinus sylvestris L.), which represent both pure and mixed forests [19,20,28,30]. Addition-
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ally, mixed forests represent various plant communities, such as bog alder forest (Ribeso
nigri-Alnetum) and fresh coniferous forest (Querco roboris-Pinetum) [31]. The number of tree
species included in a single study also differs. For instance, five studies included only single
tree species, i.e., Fagus sylvatica [23,28,33], Quercus ilex [25], Quercus robur [22], and few
studies report three or more tree species [5,26,27,29,32]. However, direct comparison of the
published data is difficult, and it is hard to draw any pattern as analyzed forests represent
mainly mixed stands with various tree species, different age classes and distinct locations.
For instance, Hanél et al. [22] compared 60-80 y/o sub-climax and 100-120 y/o climax oak
forests (Quercus robur), never used for agriculture, with cultivated and abandoned fields.
On the other hand, Nielsen and Nielsen [23] compared 105 y/o pure beech (Fagus sylvatica
L.) with neighboring arable fields, whereas de la Pefia et al. [21] compared mixed young
(>30 y/o) forests with ancient forests (>220 y/o0) which were composed of the same tree
species (Populus x canadensis, Fraxinus excelsior, Acer campestre, and Alnus glutinosa). More-
over, some of the study descriptions do not provide the age of the forests [33]. Additionally,
another study presents age differences between experimental (plantations) and control
forests. For instance, Harta et al. [5] compared 20 y/o black locust (Robinia pseudoacacia)
and sessile oak (Quercus petraea) plantations with 38 y/o control forests and old-growth
forests (Aceri campestris-Quercetumpetraeae-roboris). Therefore, studies that include various
tree species of the same age, or the same tree species in different age classes, may help to
understand the impact of afforestation on the soil environment. The spectrum of the species
introduced on post-agricultural lands is wide, which is in line with the afforestation policy.
It is recommended that many tree species are planted, with a high range of broadleaved
species, which are considered to be more resistant to various environmental agents. They
also support the creation of forest habitats by soil biota and enhancing soil processes [13].

Published studies indicated that tree species by the land-use type affected soil chem-
istry, understory vegetation, above-ground invertebrate community, and nutrients in plants.
For instance, de la Pefia et al. [21] reported higher phosphorous content and lower potas-
sium values in forests on post-agricultural sites when compared to 220 y /o ancient forests
composed of Populus x canadensis, Fraxinus excelsior, Acer campestre and Alnus glutinosa.
Additionally, these sites did not differ in terms of the total nitrogen in the soil environment.
The cited studies also indicated that post-agricultural forests were characterized by higher
phosphorus concentration in plants whereas the plant biomass did not differ between
the forest. The comparison of old-growth relict forest (Aceri campestris-Quercetum petraeae-
roboris) with black locust (Robinia pseudoacacia) and sessile oak (Quercus petraea) plantations
indicated that old-growth relict forests were characterized by the highest soil plasticity and
the highest soil organic matter. Moreover, sessile oak plantations were characterized by
low pH values, whereas this parameter was similar between black locust plantations and
both arable fields and managed-control black locust forests [5]. Therefore, there is a need to
include in future studies many tree species, both broadleaved and coniferous, which are the
most popular tree in European forests. Such studies could help to understand and predict
recovery scenarios in post-agricultural habitats. Additionally, studies which include forests
from various age classes may provide information on the recovery dynamic in above- and
below-ground environments.

4. Effect of Afforestation on Soil Chemistry

The soils on post-agricultural lands in the initial phase of plant succession differ
from forest soils and are characterized by specific chemical and water—air conditions. The
difference is caused by the so-called plow layer, which retains water and air, and thus
causes the soil to dry out; these changes may significantly affect the development of soil
fauna [11]. The spectrum of the soils reported from post-agricultural lands is generally
wide. The articles reported that soil fauna in these habitats was investigated in a total
of 12 soil types. The soils included acrisols [24], andosols [29], cambisols [22,27,30,32,33],
chernozems [32], gleysols [27,30], histosols and leptosols [30], as well as luvisols [25],
phaeozems [5], podzols [23,30] and stagnozols [32]. The analysis indicated that cambisols
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were the most frequently reported and were included in four studies, followed by podzols,
noted in two articles. Interestingly, various tree species were reported from the same
soil type. For instance, cambisols were covered by 13 tree species, and stagnosols and
chernozems by 9 tree species. Some most common soils, such as podzols, were covered by
one species, i.e., European beech, whilst there were no data on rusty soils which dominated
in some European countries. Therefore, it seems to be important to plan in future studies
for other soil types covered with the same tree species in a single study.

Soils between post-agricultural lands and forests differ when soil physical and chemical
compounds are analyzed. Published data included the analysis of soil structure [35], soil mois-
ture [24,32], water content [28], soil pH [5,21,22,24,32,34,36,37], phosphorus (P) [5,21,25,29],
nitrogen (N) [5,25,28,32,36], carbon (C) [5,25,28,32,36], aluminum (Al), calcium (Ca), mag-
nesium (Mg) and potassium (K) [5,21] (Figure 1d). Data analysis indicated that soil acidity,
nitrogen, carbon and potassium content were frequently reported from post-agricultural
habitats (Table 1).
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Figure 1. Habitat types (a), forest types (b), tree species (c), soil types (d) and soil parameters (e)
reported from publications on post-agricultural sites. Tree species abbreviations are based on the
first three letters of the genus and species name of the tree species. Soil parameter abbreviations
indicate: pH—acidity, N—Nitrogen, C—Carbon, P—Phosphorus, Ca_carb—calcium carbonate,
SOM—soil organic matter, BD—bulk density, Ca—calcium, El_con—electric conductivity, Mg—
Magnesium, WC—water content, Al—Aluminum, C/N—carbon-to-nitrogen ratio, Clay_con—clay
content, GSD—grain size distribution, K—Potassium, SM—soil moisture, Soil_pl—soil plasticity,

Soil_st—soil structure, SPS—soil particle size.
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Table 1. Summary of the studies investigating the communities of soil fauna on post-agricultural
lands. Abbreviations indicate: SM—soil moisture, SOM—soil organic matter. Age class of forests
were applied as follows: 1-30 young forest, 31-80 middle age forest, 81 > mature forest. Summary
based on [5,22-34,36].

. . . Forest Type and Analyzed
OG:O:IEz;fs Expe;lm:ntal Af::lc‘:lllttlgze g:;oili::f Age Class of Physical Location Authors
8 M ping Stands Parameters
treated with
. Forest type:
weed-Kkiller,
Secondary broadleaved
. shallow . . . Southwood et al.
Macrofauna succession ~1.5 year Age class: - United Kingdom
. ploughed, . [26]
studies middle aged
harrowed, P t
lightly rolled ores
Forest type:
Energetic plants . broadleaved pH, Carbon, .
Macrofauna species studies Arable field 4 years Age class: young NOs Germany Makeschin [27]
forest
Forest type:
Mesofauna and Second'ary Arable field, broadleave'd . Carbon, . Scheu and
macrofauna succession sown with grain 1 year Age class: Nitrogen, Soil Germany Schulz [28]
studies middle aged and Bulk Density
mature forest
Secondary Fields fertilized, Forest type: Sweden,
. harrowed, broadleaved Gormsen et al.
Mesofauna succession 1 year pH Netherlands,
. ploughed and Age class: no . [33]
studies . Spain
cultivated data
Arable filed,
Secondar treated with Forest type:
ary pesticides, broadleaved Nielsen and
Macrofauna succession 7 years . pH Denmark .
tudics ploughed, Age class: Nielsen [23]
s cropped with mature forest
winter barley
Forest type:
Secondary broadleaved
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Microfauna, Impact of land
Mesofauna, ise vpe - - - - Ireland Keith et al. [30]
Macrofauna yP
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coniferous and
Impact of . broadleaved pH, Carbon, Sigurdsson and
Macrofauna afforestation Sheep grazing 2years Age class: young Nitrogen, C/N leeland Gudleifsson [29]
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Macrofauna - - 6 years - - Poland Szcze[gl;? etal.
Forest type:
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mature forest
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Mesofauna succession Wheatl fleldd’ 2 years - - Switzerland Jaffuel et al. [34]
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Analysis of available data indicated that soil acidity was higher on agricultural lands
(6.14 £ 0.32) than in forests (4.94 £ 0.39), and that the difference was significantly different
(p < 0.01). Additionally, soil organic matter was lower on agricultural lands (1.35 & 0.73)
than in forests (5.56 & 2.27) but did not differ significantly (p > 0.05). Further, our data
analysis revealed that agricultural lands had lower carbon content (2.73 £ 1.09) than in
forests (9.20 £ 6.79), but the difference was insignificant (p > 0.05) (Figure 2).

A B Cc T

64

Soil pH

SOM (%)
Carbon content (%)
[e2]

agricultural forests agricultural forests agricultural forests
lands lands lands

Habitats Habitats Habitats

Figure 2. Soil pH (A), soil organic matter (B), and carbon content (C) reported from agricultural
areas and from post-agricultural forests based on literature survey. Bar plots represent mean values,
whereas whiskers represent standard deviation (SD).

4.1. Soil Acidification

Soil acidification, normally indicated by the pH decline of a certain soil, is a slow
natural process that occurs during pedogenesis, which can be accelerated or slowed down
by farming practices [38]. On post-agricultural lands, soil acidification is a result of long-
term liming, which enhances crop production [39]. The majority of the published data
proved that soil pH was generally higher on former agricultural lands [22,24,29,32,34],
although some research reported similar pH values [5,25,36] or even lower pH [21] when
compared to forest habitats. Detailed analysis indicated that in some cases the tendency
differed. For instance, higher pH values were noticed in forests when they were compared
with (1) both meadows and agricultural fields [32,34], (2) both cultivated and abandoned
fields [22], (3) open heatlands [29] and (4) pasture [24]. Interestingly, similar pH values
were found in agricultural fields, forests and border zones between these habitats [25],
between arable fields an willow plantations [36] and also between forests, reforested sites
and intensively managed agricultural areas [5]. Only a single study reported lower pH
values from post-agricultural forests when compared to ancient forests (4.48 vs. 5.36) [21].

4.2. Nitrogen Content

Nitrogen is a fundamental component of living organisms which occur in two large
nitrogen pools on Earth [40,41]. Data on the total nitrogen content of post-agricultural
lands are ambiguous, and it is difficult to define any pattern. For instance, total nitrogen
content did not differ between forests and pasture [24], or was similar but significantly
different between arable fields and willow coppice [36]. Further, some studies indicated
that nitrogen content was higher in agricultural fields. For instance, two-times-higher
nitrogen content was reported in arable lands than in forests [25]. On the other hand,
some studies presented two-times-higher nitrogen values from forests and meadows than
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from agricultural fields [32]. Similarly, Harta et al. [5] recorded six-times-higher nitrogen
(NOs3) content in relict forests than in reforested sites or abandoned fields, compared to
two-times-higher nitrogen (NH4 ™) content on afforested sites than in forests or abandoned
fields (both cultivated or abandoned). Additionally, two-times-higher nitrogen values were
noticed from forests compared to abandoned fields, and the values were higher in the
top 0-3 cm layers than from 3-6 cm [28]. The nitrogen content may also differ between
heathlands and birch woodlands and spruce or pine plantations, but the trends differed
between Eastern and Western locations [29]. Total nitrogen content did not differ between
ancient forests and post-agricultural forests (2989 vs. 3065 ppm) [21].

4.3. Phosphorous Content

Phosphorus (P) is an essential nutrient element for life, and its transformation during
ecosystem development exerts a crucial influence on soil fertility and ecosystem prop-
erties [42]. Research on post-agricultural lands which include data on phosphorous are
limited. Analysis of total and bioavailable phosphorous content in published articles
indicated that the content was generally higher in post-agricultural land compared to
forest sites [5,21,25]. Total phosphorus content was at least two times higher (987 vs. 479
ppm) [21], whereas bioavailable phosphorous content was two [5,25] to seven times higher
on post-agricultural lands (67.57 vs. 9.0) [21].

4.4. Carbon Content

Soil is the largest reservoir of carbon, which exceeds the amount of carbon in the atmo-
sphere and terrestrial vegetation. Published data revealed that carbon content was generally
2x higher in forests than in cultivated or abandoned (for 11 years) post-agricultural land,
and the differences were more pronounced in the top 0-3 cm layers than in lower layers [28].
Carbon concentration reached 5.2%-6.4% on heatlands, 7.5%-12.9% on birch woodlands,
5.1%-6.9% on larch plantations, 8.2%—-11.6% on pine plantations and 10.1%-16.3% on spruce
plantations in Iceland [29]. Total carbon content was 3.5x higher in the forests than the
arable fields in a Mediterranean landscape [25]. On the other hand, carbon content did
not differ between arable fields and willow coppice, and varied from 1.56% to 1.80% [36].
Moreover, organic carbon content was two times higher in meadows and forests than in
agricultural fields [32].

4.5. Aluminum, Calcium, Potassium, and Magnesium Concentration

Aluminum, calcium, potassium, and magnesium concentrations were generally scarcely
studied on post-agricultural lands. Aluminum (65.2 vs. 69.7 ppm) and magnesium (194.9
vs. 190.4 ppm) concentration did not differ between ancient forests and post-agricultural
land, but potassium (163.0 vs. 113.2 ppm) and calcium (2946 vs. 2353 ppm) concentrations
were significantly lower on post-agricultural land [21]. Available potassium concentration
was lower in sessile forests and black locust forests in comparison to cultivated agricultural
land and managed oak forests [5]. Additionally, higher calcium concentrations were noticed
in abandoned agricultural fields [5].

4.6. Carbon to Nitrogen Ratio and Nitrogen to Phosphorous Ratio

The information on the C-to-N ratio on former agricultural lands were represented
by few studies. The ratio was ca. 50% higher in forests than on former agricultural land
(15.2 vs. 10.3) [25]. On the other hand, the C-to-N ratio did not differ according to land use
(14.6 vs. 14.8) [21]. Although the precise values of the ratio were sometimes not provided,
the stechiometry affected soil fauna abundance, richness and diversity [29]. The N-to-P
ratio was scarcely reported in studies when soil fauna was concerned. The N-to-P ratio was
clearly different in post-agricultural soils, with the values being half those found in ancient
soils (7.0 vs. 3.1) [21].
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4.7. Soil Moisture

Water availability is a major determinant of soil animal community composition
and functioning. Below-ground ecosystems are affected by soil moisture controls on
several aspects of soil chemistry, including nutrient availability and leaching rates, and
moisture availability (along with temperature) is an important driver of decomposition
rates globally [43]. Soil moisture was higher in forests than in pasture soils [24]. Water
content was positively correlated with the organic matter content in soils and was inversely
related to soil bulk density, which was the lowest in beech forests [28]. Soil moisture
differed between land use types and ranged from ~22% in agricultural fields to ~31% in
forests [32].

Although published research concerning soil fauna studies includes various habitat
types (Figure la), they are generally based on contrasts between cultivated or abandoned
fields undergoing succession processes and forests. However, there is little knowledge on
how growing forests affect soil environment, i.e., soil structure and physical or chemical
characteristics, especially when time is concerned. Analysis of the published data indicate
that some parameters, such as soil acidity, carbon and nitrogen content, are more frequently
reported than other soil parameters (Figure 1e).

5. Effect of Afforestation on Soil Fauna
5.1. Soil Fauna Classes

Soil biota plays an essential role in ecosystem functioning, especially in biogeochemical
cycles with feedback on plant diversity, abundance, succession and productivity [44]. Soil
fungi and bacteria break down organic matter using an arsenal of hydrolytic and lignolytic
enzymes that provide available nutrients for plants and other soil organisms, whereas
microfauna (<100 um diameter), mesofauna (100 um to 2 mm diameter) and macrofauna
(>2 mm diameter) [45] enhance nutrient cycling through plant litter and organic matter
comminution and by grazing microbial biomass [46]. For instance, microfauna were
included in seven studies [21,22,25,27,30,32,34] and mesofauna were reported in nine
studies [5,21,23,24,26,28,30,31,33], whereas macrofauna were noted in five studies [26-30].
However, most of the studies included soil fauna from certain size classes. The literature
survey also indicated that forests, agricultural areas and meadows were the most frequently
studied habitats, including three soil fauna classes, and that five soil types (cambisols,
gleysols, histosols, leptosols and podzols) include three soil fauna classes (Figure 2A,B).
Animals from all three groups were included in a single study [30], but the study did not
provide tree species. Therefore, for better understanding the response of soil fauna to
changes during recovery of the plant communities on post-agricultural sites, it is crucial to
conduct a comprehensive study which includes various animal groups.

Our meta-analysis indicated that the response of soil fauna on farmlands to afforesta-
tion differed between soil fauna classes. A negative response ratio was recorded for diptera
(—1.46) and no response was noted for nematodes (—0.18), whereas a positive response
was seen for nematodes (0.63) and collembolas (2.17) (Figure 3).

5.2. Soil Microfauna

Our analysis indicated that microfauna in post-agricultural studies were represented
by soil microbes [21,27,30,32] and nematodes, which were analyzed with
tardigrades [21,22,25,30,32,34]. Microfauna was reported from eight soil types, i.e., cam-
bisols, chernozem, gleysols, histosols, leptosols, luvisols, podzols, and stagnozols, which
were covered in total by 13 tree species (Figure 1c). Renco at al. [32] studied soil nematode
communities and microbial diversity and the properties of three soil types (stagnosols,
cambisols, chernozems) in forest, meadow, and agriculture habitats of the Slovak Republic.
They proved that species richness and diversity were highest in the forest soils on cher-
nozem, while the lowest in the agriculture soils on stagnosol. The forest soil also had the
highest nematode abundance within functional guilds and microbial richness and diversity.
The abundance of most nematode guilds, nematode species richness and microbial richness
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tended to be higher in soils with higher pH, N and C contents. They also proved that
sampling dates had minimal importance for most of the studied parameters. On the other
hand, Keith at al. [30] analyzed the relationships between diversity and nematodes, mites,
earthworms and ants across a general gradient of different land uses—arable, pasture,
rough-grazing, forest and bogland. For nematodes, the species richness was the highest
in pastures, for mites in rough-grazing land and in bogland for ants. Jaffuel at al. [34]
compared the communities of entomopathogenic nematodes of agriculture area, forest and
grassland. The highest abundance was recorded in the forest ecosystem, and the lowest
in the wheat field, whereas the highest abundance of free-living nematodes was recorded
in grassland, and, significantly, the lowest in forests. Hanél [22] compared secondary
succession of nematodes in 1-48-y /o abandoned fields on cambisols with cultivated fields
and sub-climax oak forests. In the cultivated fields, the bacterivores were the predominant
group. The abundance of nematodes in the abandoned field was similar to cultivated fields
for the first three years of succession. In 7-8-year-old abandoned fields, the abundance
was almost five times higher, and the plant parasites were the dominating group. The
study showed low total abundance of nematodes in the 12-13-year-old willow shrubs and
increase of abundance in the 35-48-year-old birch shrub stage. The nematode assemblages
became similar to forest communities.

Abundance changes after afforestation

Nielsen and Nielsen (2007); mesofauna 11 —1.46 [-1.54, —1.37]
Hanel et al. (2010); microfauna o 0.63 [0.35, 0.91]
Rencao et al. (2020); microfauna —_— —0.18 [-1.56, 1.20]
Harta et al. (2020); microfauna [ 2.17 [1.94, 2.40]
\ \ T \ \ i
-2 -1 0 1 2 3

In (Response Ratio)

Figure 3. Effect of afforestation of arable lands on soil fauna abundance. The error bars represent 95%
confidence intervals (CIs). The circle represents the effect size [5,22,23,32].

Our analysis indicated that microfauna studies include the analysis of 16 soil param-
eters. In general, among them, soil pH was reported in six articles, followed by carbon
and nitrogen content, represented by three studies. Soil pH was lower in broadleaved (pH:
5.4-5.7) than in coniferous forests (pH: 5.7) [22,25,32]. The carbon content was lower in
coniferous forests (2.4%) than in broadleaved forests (3%—4%). Similarly, nitrogen content
was also lower in coniferous forests (0.2%) than in broadleaved (0.36%—1.3%) [22,25,32].
Further, soil moisture was lower in coniferous forests (24.2%) than in broadleaved forests
(26.1%) [32]. Most of the parameters were provided in a single study, such as electric
conductivity (Figure 1d), therefore it is difficult to draw summarizing conclusions on them
at the habitat, forest or tree species level. Therefore, there is an urgent need to include many
soil parameters in future studies, which could allow comparison of the obtained data.

The studies on microfauna differ in the number and type of analyzed ecological
indices. Most of the studies were based mainly on abundance, which is presented as
total value [21,34], calculated per square meter [22] or per 100 g of soil [25]. For instance,
nematode densities reached 1350 x 10 per square meter [22] or 1110 ind. per 100 g of
soil [25] in broadleaved forests, but there are no data from coniferous forests. Data analyses
also present species richness, but only for broadleaved forests [22,25,30,32]. Additionally,
data analysis indicated that Shannon diversity was slightly higher in broadleaved (2.97)
than in coniferous (2.84) forests [32]. The literature indicated other ecological characteristics,
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such as basal index, plant parasite index and enrichment index [22,25,32], or functional
guilds [32], though the number of analyzed ecological parameters was large.

5.3. Soil Mesofauna

Studies concerning soil mesofauna included mites [28,30,33], springtails [5,24,30],
dipteran [23], Hymenoptera [26,31] and ants (Formicidae) [30]. A single study reported soil
fauna as an invertebrate community [21]. These animal groups were noticed from eight soil
types, i.e., acrisol [24], cambisols [30,33], gleysols, histosols, leptosols [30], phaeozem [5],
and podzol [23,30]. The reported studies include seven tree species. Scheu and Schulz [28]
proved that along with changes in plant species and soil formation, there were also changes
in the species composition and diversity of moss mites (Oribatida). Additionally, the accu-
mulation of soil carbon was accompanied by the development of the species-rich commu-
nity of moss mites (Oribatida). In the early succession stages, moss mites mostly colonized
the litter layer, while most mites inhabited the upper mineral layer. Moreover, de la Pefia
et al. [21] compared both plant communities and herbivores of stands on post-agricultural
and forest land. Their results indicated an increased number of herbivorous microorgan-
isms because of a higher phosphorus content in plants found on post-agricultural land.
Thus, it has been suggested that this relationship may be responsible for the difficulties in
the reconstruction of the forest environment in agricultural areas. Harta et al. [5] examined
springtail communities of two 20-year-old plantations of black locust and sessile oak that
had undergone long-term fertilization experiments before the afforestation. These authors
proved that the highest species richness was observed in the relict oak stand, while the
cultivated fields were characterized by the lowest species richness. Additionally, species
richness and Shannon diversity of the oak and black locust forest plantations were higher
compared to the cultivated fields. Compared to control forest habitats, the diversity of plan-
tations was significantly lower. A more diverse springtail community was described in the
oak plantation than in the plantation of black locust. The highest abundance was noticed
in the old relict oak forest, while the abundance on plantations was averaged 2.5 times
higher than in arable fields. Moreover, studies on dipteran fauna indicated that species
richness was higher in beech stands than in arable fields, and the community included
many rare species. Interestingly, the increase of mite density was noticed after abandoning
agricultural practices, but the species richness was not changed. Mite densities were not
affected by sowing plant seeds, but in response to management of plant community, the
community composition of mites was changed [33].

Our analysis indicated that mesofauna studies also include the analysis of soil param-
eters. In general, 14 soil characteristics were reported from these studies, and among them,
soil pH and nitrogen were reported in four studies [5,21,24,28,33], followed by phosphorus
content, represented by three articles [5,21,33]. Other soil parameters were less frequently
reported from post-agricultural habitats (Figure 1d). Soil pH ranged from ca. 5 to 7.3
and increased with afforestation, which may lead to great changes in springtail communi-
ties [5,33]. Springtail communities were also shaped by soil plasticity, SOM, phosphorus
content and, to a lesser extent, by N-to-P content [5] and by microclimate conditions, which
were reported as key drivers [24]. Two studies included soil microarthropods (mites) which
represent Astigmata, Mesostigmata, Oribatida, and Prostigmata. The diversity of mite
communities did not change after abandoning agriculture, and the proportion of predators
(Mesostigmata) was equally represented in all the field sites [28,33].

The studies on mesofauna differ in the number and type of analyzed ecological in-
dices. The analysed articles provide abundance [24,26,30,31], relative abundance [23,24,31],
density per square meter [5,33], relative frequency and indicator value [31], species rich-
ness [5,23,24,24,26,28,30,31], Serensen index of similarity [26], Shannon diversity [5,33],
Pielou’s evenness index and community dominance index [5], canonical correspondence
analysis (CCA) [5,28,33], principal component analysis (PCA) [24], redundancy analysis
(RDA) [30], and trophic groups [23,33]. The majority of the studies provide abundance and
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species richness; however, other ecological indices were presented in different numbers of
the studies.

5.4. Soil Macrofauna

Studies concerning soil macrofauna include various animal groups such as Cara-
bidae [27], Coleoptera [26], Diplopoda [28], Isopoda [28], Lumbricidae [27-30] and Opil-
iones [27]. They were reported form six soil types such as andosol [29], cambisols and
gleysols [27,30], histosols, podzols and leptosols [30]. Scheu and Schulz [28] revealed that
changes in plant communities and in soil formation lead to changes in species composition
and diversity of Ribeso nigri-Alnetum (Lumbricidae, Diplopoda, Isopoda). Additionally,
published data proved that afforestation (intentional and natural) of open areas and re-
moval of old abandoned wooden buildings may limit land heterogeneity, and thus diversity
of insects, in various types of habitats, including post-agricultural areas with bog alder for-
est (Ribeso nigri-Alnetum) and fresh coniferous forest [31]. Southwood et al. [26] proved that
an increase of vegetation diversity is mostly correlated with an increase of Coleoptera and
Heteroptera diversity in the early stages of secondary succession. Makeschin [27] studied
the impact of energy forestry on soil fauna. The results showed that afforestation and fertil-
ization increased abundance, biomass and species richness of Lumbricidae, but decreased
abundance of Carabidae and Opilionida [31]. Keith et al. [30] compared Limbricidae and
Formicidae communities in five land use types (arable, pasture, forest, rough-grazing, and
bogland). They observed that communities of each group in forest and rough-grazing
land were similar, but communities of other land types were significantly different [34].
Sigurdsson and Gudleifsson [29] examined the impact of afforestation on Lumbricidae
assemblages and proved that they were positively related to N, but not to C/N and pH [33].
Furthermore, Briones et al. [36] revealed that the density and biomass of earthworms were
higher in the arable land than in the plantations of Willow or Miscanthus [39]. Nielsen
and Nielsen [23] compared Diptera communities of a beech stand and arable field. They
reported that species richness of Diptera was higher in the beech stand but abundance and
biomass were higher on arable field [27].

Only four macrofauna studies reported more than one soil parameter. Soil pH in the
studies of Makeschin [27] ranged from 5.6 to 6.4, carbon from 0.7% to 1.8% and NOj3 from
0 to 40 mg/L [31]. Scheu and Schulz [28] proved that carbon and nitrogen content were
higher, but soil bulk density was lower, in the soil of beech stands than in the soil of wheat
filed and fallows [32]. Sigurdsson and Gudleifsson [29] revealed that soil pH was higher in
the heathlands than in birch, larch and pine stands but the carbon content and C/N ratio
were higher in these stands and increased with their age [33]. Briones et al. [36] reported
that soil bulk density of Miscanthus and Willow plantations were similar and higher than
in arable lands (1.48/1.45/1.25 g/cm?®). Soil pH on willow plantations (6.75) and arable
land (6.68) were similar and higher than in the Miscanthus plantation (5.97) [39].

Data analysis indicated that macrofauna communities were characterized by abun-
dance [26,27], density per square meter [29], species richness [26,27,29], Shannon diver-
sity [28,30], biomass [27,29], and canonical correspondence analysis (CCA) [28]. Similarly
to mesofauna, macrofauna was characterized mainly by abundance and species richness,
but the number of analysed indices was lower.

6. Planning Future Studies in Forest on Post-Agricultural Lands

The conducted literature survey indicated that there is a lack of studies on pure forests
with detailed characteristics of stands such as age, tree density (ha—!), canopy closure, tree
dimension at breast height (DBH), and with detailed characteristics of the undergrowth
species based on the popular Braun-Blanquet scale. Additionally, future studies should
include the impact of microclimatic and soil conditions, which could help to clearly describe
the impact of certain tree species growing on certain soil types. The analysis of organic
matter thickness could provide information on the litter input to the soil environment.
Additionally, soil chemistry, which includes several soil parameters, mainly based on soil
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moisture and the carbon-to-nitrogen and nitrogen-to-phosphorus ratios could fill the gap
in the knowledge on post-agricultural forests. The future data analyses should also be
based on abundance (m™!), species richness and Shannon diversity (H’), supported by
general linear model (GLM) analysis and community analyses (CA, CCA, RDA or PCA).
The meta-analysis also revealed that although the number of articles with certain data
(soil parameters or soil fauna characteristics) seemed to be sufficient to obtain valuable
information (from three to nine per group) based on calculated effect size, the majority
of the studies lacked important information. Therefore, in future soil fauna ecological
studies, the data should include mean values, standard deviation (SD) and/or standard
effort of means (SE) for abundance, species richness, and diversity indices and number of
collected samples. Providing the above-mentioned information will give a broad audience
the opportunity to include data in future comparative analyses.

7. Conclusions

Research on soil fauna on post-agricultural land has been conducted for many years,
but knowledge about the processes taking place in these areas is still insufficient. Some
of the published works discuss the succession processes in agricultural areas without the
analysis of soil fauna groups. Others, on the other hand, compare extremely different
habitats, such as agricultural land and forests. It is difficult to obtain information on
the dynamics and pace of processes occurring in the soil environment of forests on post-
agricultural lands, and thus in the assemblages of animals inhabiting the soil, from the
published works. The first generation of the forest growing in the post-agricultural land
very often disappears after several decades due to the changed physicochemical and
biological conditions of the soil. The detailed understanding of the mechanisms shaping
biological diversity in the soil of such forests can help in a better selection of the species
composition of the forest in the initial stage and thus ensure an increase in its stability for
many years.
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Abstract

Decades of agriculture in a former—type of ecosystem, for example, deciduous
forests—result in severe habitat degradation. The planted tree species encounter
harsh conditions due to physically and chemically transformed soil environments. In
addition, afforestation itself significantly modifies the upper soil horizons. It may
impact the soil fauna communities, including mites from the Mesostigmata order
(Mesostigmata = Gamasida). Due to their sensitivity, mesostigmatid mites are good
bioindicators of changes in the soil. A decrease in the density, species richness, and
diversity of mites indicates disturbances in the soil environment and may confirm the
impact of agricultural practice on the soil environment. Our research aim was to
examine the impact of soil properties and land use history on the mesostigmatid mite
communities in stands growing on forest and post-agricultural lands. These sites
were afforested with different tree species (Betula pendula Roth., Fagus sylvatica L.,
Pinus sylvestris L., and Quercus robur L.). Thus, 21 research plots were established on
forest and post-agricultural land, each on rusty soils considered to be one of the most
common in Central European forests. We collected a total of 567 soil samples during
three sampling sessions in spring and autumn for soil Mesostigmata investigation.
We also described the soil profile on each plot and collected soil and litter samples to
measure pH, litter thickness, soil organic matter, bulk density, soil moisture, soil
organic carbon, and elements content. Our study revealed that 16 out of 30 environ-
mental parameters differed between habitat types. A total of 1355 mites were classi-
fied into 58 taxa (50 species and 8 genera). The most numerous species were Veigaia
nemorensis (165 ind.; 12.2% of all mesostigmatid mites), Zercon peltatus (156; 11.5%),
and Paragamasus conus (141; 10.4%). The highest abundance was recorded in birch
stands on forest land, whereas the lowest abundance for oak stands growing on
post-agricultural land. Interestingly, in oak stands we recorded both the highest
diversity of mite communities (forest land) and the lowest on post-agricultural land.
Furthermore, our study showed that post-agricultural land and Na content in forest
litter affected the abundance, species richness, and diversity of mesostigmatid mite

communities. Species richness was additionally affected by tree species, that is, pine

1776 © 2024 John Wiley & Sons Ltd.
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1 | INTRODUCTION

Afforestation of post-agricultural land is one of the most challenging
undertakings in forestry due to the loss of biological diversity and
changes in biological, chemical, and physical properties (De Schrijver
et al., 2012; Scheu & Schulz, 1996). Soil properties deformation on
post-agricultural land may hamper the growth of root systems and the
physiological development of trees (Gorzelak, 1996; Sierota, 2011).
The negative impact of agriculture and food production on soils
results from (1) deforestation and (2) repeated plowing and fertiliza-
tion. Deforestation removes plant root systems and leads to the
absence of lignin and root secretions. Their presence determines the
biodegradation of humus (Gorzelak, 1996; Yang et al., 2021) and
maintains a specific micro-environment (Sahani & Behera, 2001) in
which soil, soil organisms, and tree root systems interact (Heiniger
et al., 2015). On the other hand, repeated plowing is responsible for
the final transformation of the soil profile, and repeated fertilization
leads to soil chemical modifications (Gorzelak, 1996; Renco et al.,
2020; Rosenzweig et al., 2016). All these effects may shape ecological
processes related to soil fauna communities, such as soil fauna abun-
dance, species richness, diversity, and biomass in post-agricultural
soils (Briones et al., 2019; Makeschin, 1994; Nielsen & Nielsen, 2007).
Habitat transformation from forest into agricultural lands may alter
the organic matter cycle and soil trophic relationships (Norton
et al., 1993), which increases the risk of spreading pathogens and
insect gradations on post-agricultural lands compared to forests
(Bernacki, 1990; Sobczak, 1996).

The response of soil fauna communities to environmental
changes has been widely described (Chauvat et al., 2003; Erdmann
et al., 2006; Zaitsev & van Straalen, 2001) however, only a few studies
concern afforestation as an environmental factor in post-agricultural
lands (Gormsen et al., 2006; Scheu & Schulz, 1996). Additionally,
those studies analyzed the impact of only single tree species and a
few soil and litter parameters. Only a few studies in Europe have
explored the impact of post-agricultural land afforestation on soil
mesofauna communities, including mites (Malica et al., 2022). There-
fore, there is an urgent need to explore how the afforestation of post-
agricultural lands by widely distributed European tree species affects
soil properties and soil mite communities. We used soil mesostigmatid
mites (Acari, Mesostigmata = Gamasida) as model organisms due to
their key role in the soil food web (Koehler, 1999; Wissuwa

and oak. Our research indicated that long-term agricultural practice negatively
affected the density, species richness, and diversity of Mesostigmata communities

20 years after afforestation.

Acari, afforestation, forest biodiversity, forest soils, Mesostigmata, post-agricultural land, soil

et al., 2012). Considering diverse behavioral, trophic, and ecological
traits, soil mesostigmatid mite communities are perfect bioindicators
(Urbanowski et al., 2021).

Our research aims to analyze the impact of four tree species
(Pinus sylvestris L., Betula pendula Roth., Quercus robur L., and Fagus
sylvatica L.) on soil mesostigmatid assemblages and soil and litter
properties (physical and chemical) in young (22 y/0.) stands growing
on post-agricultural and forest lands. We hypothesized that (1) post-
agricultural rusty soils differ from forest rusty soils in physical and
chemical properties, (2) abundance and diversity of Mesostigmatid
mite communities change in response to soil properties, and (3) tree

species affect soil fauna communities.

2 | MATERIALS AND METHODS

21 | Study site and experiment design

The research was conducted in the Opole Forest District (south-
western Poland; 50°83'93” N, 17°44'53” E). We chose this area
because of the large-scale afforestation of agricultural land in the
1990s. All plots were consistent in terms of soil type and geologi-
cal properties (Figure 1). The forest area selected for the studies
includes the Dabrowa forest complex with a cover of 5479.07 ha.
The mean forest age in the forest complex is 59 years. Coniferous
forests cover 60% of the forest area, whereas the forest complex
consists of Scots pine (86%), oak (5%), birch (4%), and other spe-
cies. According to the soil moisture, the forests are dominated by
fresh forest sites (57% of the area), moist forest sites (40%), and
marsh (~3%). Mean annual precipitation is ~603 mm, and the
mean annual temperature reaches ~8°C. The vegetation season
lasts ~227 days. The soils within the study area are dominated by
rusty soils (Arenosols acc. to IUSS Working Group WRB, 2015)—
45.3%, which are considered to be the most common in the For-
est States in Poland (Rutkowski et al., 2021).

A total of 21 study sites (each plot = 0.02 ha) were established
on post-agricultural (Scots pine, silver birch, and oak) and forest land
(Scots pine, silver birch, oak, and European beech) (Figure 2).
European beech on forest land was studied for a broader comparison
of deciduous species. The forests were chosen based on the following

criteria: the presence of the same soil type (rusty soil; Arenosol acc. to
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IUSS WRB, 2015), habitat type (fresh coniferous forest), and age
(22 y/o), while they undergo different land use practice (post-

agricultural lands vs. forest lands). The minimal distance between the

Az = 360°

FIGURE 1 Sampling scheme on 0.02 ha circle study plot. The red
dot means the soil sample collecting place. Az—azimuth. [Colour
figure can be viewed at wileyonlinelibrary.com]

plots was ~30 m to avoid pseudoreplication and maintain similarity
between microhabitat and soil conditions. The study site characteris-
tics were conducted in June (the climax of the growing season) to
note all plant species growing on each study site. On each study site,
we determined the total number of trees (N), the height of the trees
(m), and the dimension at breast height (cm). All vascular plants were
recorded in each vegetation plot, and the cover of each plant species
in each layer was estimated using the seven-level Braun-Blanquet
abundance scale.

2.2 | Soil analyses

In the middle of each study plot, a soil pit to a depth of 1 m was dug
and then deepened with a soil drill up to 2 m. Subsequently, we exam-
ined the soil profile and sampled c.a. 200 g of soil from each genetic
horizon to assess the reference soil group following the IUSS Working
Group WRB (2015). During this survey, we investigated the presence
or absence of plowing horizon to confirm the land use history taken
from the Forest Inspectorate data (Figure 2). Afterward, we collected
soil samples (ca. 200 g, up to 5 cm depth) and forest litter (FL) in the
direct vicinity (c.a. 2 cm) of places where soil samples for mesostigma-
tid mite investigation were collected (one sample per plot, in total
21 x 2 samples). In each sample, we assessed soil texture

FIGURE 2 Study sites on post-agricultural lands: (a) birch stands, (b) oak stands, (c) pine stands, soil profiles: (d) rusty soil in post-agricultural
land under Scots pine, (e) rusty soil in forest land under Scots Pine, soil sample—(f). [Colour figure can be viewed at wileyonlinelibrary.com]
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(Casagrande's aerometric method modified by Prészynski); soil organic
matter (%), SOM (loss on ignition method); CaCO3; (%) content
(Scheibler's method); pH of soil and forest litter in distilled water in a
1:2.5 dry soil:water solution ratio (potentiometric method); total nitro-
gen (%), N in soil and forest litter (Kjeldahl's method using sulfuric acid
and K,50,4:CuSO, catalyst); as well as soil organic carbon (%), SOC
(Turin's method) (Hoogsteen et al., 2015; Litynski et al., 1976;
Nelson & Sommers, 2018; Warzynski et al., 2018). Furthermore, in soil
and litter samples, we investigated the total contents of sodium (%),
Na, potassium (%), K, magnesium (%), Mg, calcium (%), Ca, ferrum
(mg/kg), Fe, cadmium (mg/kg), Cd, lead (mg/kg), Pb, manganese
(mg/kg), Mn, zinc (mg/kg), Zn, and copper (mg/kg), Cu (atomic absorp-
tion spectrometry analysis—AAS Varian 55B). Additionally, 21 samples
of intact soil (100 cm®) were taken to assess bulk density (g/cm?), BD

(core method), and soil moisture (%), SM (gravimetric method).

2.3 | Soil fauna studies

In total, 567 soil samples (21 plots x 9 samples x 3 replications)
were collected using metal soil corer (g 5 cm) to a depth of 15 cm.
Sampling was carried out in May 2021, October 2021, and May
2022. In the laboratory, soil samples were placed on a Berlese-
Tullgren apparatus for 7 days at 30°C. This extraction chamber
forces living soil organisms to move away from the heat source to
avoid desiccation and fall into ethanol beakers placed below the soil
samples. Mesostigmatid mite individuals were removed from the
alcohol solution and placed under a binocular microscope and placed
in the Hoyer's medium. We identified the specimens using a micro-
scope Zeiss (Zeiss Axio Scope.Al). On this basis, each individual was
classified into the appropriate species level or higher taxonomic unit
based on the latest specialist literature (Ghilyarov &
Bregetova, 1977; Gwiazdowicz, 2007; Karg, 1971, 1993; Masan &
Halliday, 2014; Micherdzinski, 1969; Moraes et al., 2022). Rare mite
species and their developmental stages were preserved on perma-

nent slides in a liquid medium.

2.4 | Data analysis

Abundance was presented as the mean value per square meter, while
species richness was the mean value per plot in each habitat type
(land type and tree species) followed by the standard error (SE). Diver-
sity was calculated per plot based on Shannon-Wiener's index;
H' = —Zpiln(p;), where p; is the proportion of a particular species in
the mite community. We applied generalized linear models (GLM),
assuming a Tweedie distribution for all examined variables. We used
tweedie() function from the statmod package, where the index of
power variance function (var.power) and index of power link function
(link. power; where 0 produces a log-link, while 1 produces the iden-

tity link) were used. Tweedie distribution belongs to the exponential

family and is recommended for the variables that are positive values
and zeros mixture (Dunn & Smyth, 2018). We applied predictors in
models with low variance inflation factors (VIF < 3). Moreover, we
conducted Tukey posteriori tests (post-hoc) for each model to deter-
mine the differences between the studied habitat types and soil fac-
tors. The statistical significance of variables used in GLM was
calculated using t-values (results were treated as significant when
p < 0.05). Statistical analyses were done in R software (R Core
Team, 2018).

To show the relationships between mesostigmatid mite communi-
ties, soil properties, and habitat types (land type and tree species), we
conducted canonical correspondence analysis (CCA) implemented in
the vegan package. The variables included in the conducted CCA final
model were based on AIC. Environmental variables were selected on
VIF < 2. We conducted a permutational analysis of variance
(PERMANOVA) to test the factors. Additionally, we plotted a cumula-
tive species number using the vegan::specaccum() function (Oksanen
et al., 2018). We used the bipartite package to describe the relation-
ship between each mite taxa and habitats (Dormann et al., 2008),
assuming habitat types as lower, whereas mesostigmatid mite taxa as
higher-level groups. The taxa-level response to certain habitats was
described by the specialization index d', which expresses whether a
given taxon is a non-specialist or a perfect specialist (range from
0 (non-specialist) to 1 (perfect specialist)) and is derived from the
Kulback-Leibler distance. In addition, index d' describes how strongly
specific taxa differ from a random sampling of available interacting

partners (Dormann, 2011).

3 | RESULTS

3.1 | Soil properties among habitats

Our study revealed that the pH and thickness of forest litter, SOM,
BD, SM, SOC, contents of elements in the soil (K, Zn, Cu, and Mn), as
well as in forest litter (Na, K, Fe, Zn, Cu, and Cd) differed among habi-
tats. The lowest pH of forest litter was recorded in pine stands on for-
est land (4.24 + 0.27). Interestingly, the content of SOM reached the
highest value in the oak stands growing on forest land (4.86 + 0.32%)
and the lowest in oak stands on post-agricultural land (1.93 + 0.32).
The same pattern was noted for SOC content (2.82 + 0.19% and
1.12 + 0.19, respectively). The lowest BD was recorded in birch
stands on forest land (0.75 + 0.18). The highest SM was revealed in
birch stands growing on forest land (9.99% + 1.98), while the lowest
in pine stands on post-agricultural land (3.15 *+ 0.37). The most signifi-
cant differences were recorded between Fe content in forest litter of
beech stands on forest land (the lowest content) and oak on post-
agricultural land—the highest content (df = 6, F = 7.215, p = 0.001).
Also, Na content in forest litter of pine (highest) and beech (lowest)
stands growing on forest land (df = 6, F = 3.371, p = 0.029) differed

significantly. Mn content in soil within pine and oak stands on post-
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agricultural lands were significantly higher than in other examined
habitats (df = 6, F = 37.86, p < 0.0001) (Table 1).

3.2 |
diversity

Mite abundance, species richness, and

In total, 1355 mesostigmatid mites were classified into 58 taxa
(50 taxa identified as species and 8 as genera). Mite abundance was
affected by post-agricultural land (Table 2; p = 0.019; model details:
var.power = 1.8, link.power =0) and Na content in the forest
(p = 0.042). Overall, the highest mean abundance was recorded in
birch stands growing on forest land (1888.89 + 240.72 ind./m?)
(Figure 3). Interestingly, the most significant difference in mean abun-
dance was observed between birch stands on forest land and oak
stands on post-agricultural land or birch stands on post-agricultural
land (df = 6, F = 7.44, p < 0.0001).

The diversity of mite communities was affected by post-
agricultural land (Table 2; p = 0.004; model details: var.power = 1.0;
link.power = 0) and Na content in the forest litter (p = 0.005). Spe-
cies richness was affected by post-agricultural land (p > 0.001; model
details: var.power = 1.8, link.power = 0), Na content in forest litter
(p = 0.001), pine (p = 0.007), and oak tree (p = 0.050). The highest
mean species richness was recorded in oak stands growing on forest
land (21.33 species +2.73). In contrast, the lowest value was found in
oak stands on post-agricultural land (9.33 + 1.86). Similarly, mean
diversity was the highest in oak stands on forest land (2.60 + 0.16)
and the lowest in oak stands on post-agricultural land (1.78 + 0.25).
Tukey posteriori test showed that species richness significantly dif-
fered between oak stands on post-agricultural land and oak and beech
stands growing on forest land (df = 6, F = 268.6, p < 0.0001). More-
over, the species diversity of mesostigmatid mite communities was
significantly different between oak stands growing on forest land and
post-agricultural land (df = 6, F = 130.9, p < 0.0001). Cumulative spe-
cies richness analysis conducted for studied habitats showed a flatter-
ing trend of species accrual with increased sampling effort. The curve
line for beech stands growing on forest land, and oak stands on post-
agricultural land exceeded the curve lines for other examined habitats
(Figure 5).

3.3 | Structure of mite communities

Most mites were represented by Veigaia nemorensis (C.L. Koch)
(165 ind.; 12.2% of all recorded mites), Zercon peltatus C.L. Koch (156;
11.5%), and Paragamasus conus (Karg) (141; 10.4%). Most mites repre-
sented Parasitide (348 ind.; 25.7%), Zerconidae (205; 15.1%), and Vei-
gaiidae (189; 14.0%) families. Thirty-two species were classified as
rare (<10 ind.). The co-occurrence network for bipartite relationships
between mesostigmatid mite taxa and studied habitat types revealed
that only four mesostigmatid mite taxa—Hypoaspis aculeifer

(Canestrini), P. conus (Karg), Paragamasus spp. Athias-Henriot,

V. nemorensis (C.L. Koch)—were recorded from all seven habitat types,
whereas 17 taxa were unique species for a single habitat (Figure 4)
(for more details, see Appendix B).

The CCA revealed significant (Table 3) differences in mite taxa
distribution along with constrained components. Axes 1 and
2 explained 29.36% and 14.81% of variance, respectively. Moreover,
analysis of variance conducted for the model showed that Mg in the

litter, pH of the soil, soil K, and soil Pb were significant (Figure 6).

4 | DISCUSSION

Our outcomes can be analyzed and discussed at least in two aspects
which include (1) the impact of land use history (long-term agricultural
practice in our case) and (2) the impact of tree species on, both soil
properties and mesostigmatid mites communities.

Our study revealed that soil properties differ between agricultural
and forest rusty soils. We have noticed that five among almost 30 soil
parameters (i.e., pH of forest litter, SOC, BD, SM, and Mn content) sig-
nificantly differed among stands with the same tree species growing
on different lands. Agricultural rusty soil had significantly higher
values of soil pH, BD, and Mn content, whereas forest rusty soils had
higher values of SOC and SM. Our study is in line with Olszewska and
Smal (2008) who also revealed that the pH of soil and forest litter in
30 y/o Scots pine stands on post-agricultural sandy soils (Dystric Are-
nosol) reached higher values. Similarly to our study, they also found
higher SOC, but lower N content on forest lands, when compared to
agricultural lands. It is worth mentioning that SOC increased with
increasing soil acidity in our study. For instance, post-agricultural land
had less acidic soil, SOC varied between 1.12% and 1.48%, whereas
forest lands had more acidic soil, and SOC varied from 1.66% to
2.82%. This suggests that in a more acidified environment the amount
of SOC increases, which is in line with other studies (Kogel-Knabner
et al., 2008; Litzow et al., 2006; MclIntosh & Allen, 1993). The
changes are driven by the plant species which shapes the soil pH by
its litter which finally leads to the accumulation of the SOM. This pat-
tern was described for other types of habitats such as coniferous,
broadleaved, and mixed forests on various soil types (Devi, 2021;
Mcintosh & Allen, 1993; Oostra et al., 2006). Therefore our expecta-
tions considering the rapid increase of SOC after the afforestation of
post-agricultural lands was confirmed. Additionally, Cukor et al. (2017)
and Gaweda et al. (2019) proved that the increase in SOC stock and a
decrease in soil pH on post-agricultural land is related to increasing
stand age. We have recorded that Mn content had the highest value
in oak stands growing on post-agricultural land. This is in line with
other studies which proved that Mn content in soil may increase in
the early phases of afforestation and that oaks have a relatively high
accumulation of that micro-element in bark and leaves (Jiménez
et al,, 2007; Kula et al., 2013; Laskowski et al., 1995).

Considering the impact of certain tree species on the soil environ-
ment, we have noticed that eight soil properties (i.e., pH of forest lit-

ter, forest litter thickness, Mn in soil, Na, Cd, Fe, Zn, and Cu content
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FIGURE 3 Mesostigmatid mite abundance per square meter (a),
species richness (b), and diversity (c) were recorded for four tree
species between two examined land use types (data presented as
mean values). White dots indicate mean values, while black dots in
figure A are data points. [Colour figure can be viewed at
wileyonlinelibrary.com]

in forest litter) differed among examined stands growing on the same
land type. For example, the pH of forest litter in beech stands was
higher than in oak and pine stands growing on forest lands (Table 1).
Overall, forest litter thickness was the highest in beech when

compared to birch stands. Additionally, the content of Zn and Cu was
from 3 to 4.7 times higher in the forest litter of the birch stands when
compared to other forests growing on forest lands. Moreover, Na
content in forest litter differs only between pine and beech stands
growing on forest land (Table 1). This may indicate that the impact of
tree species is more important for Na content in forest land than pre-
vious agricultural practices. The increase of Na concentration in the
soil is related to the dispersion of soil colloids and the deterioration of
soil structure. This hinders the development of roots and nutrient
uptake which is crucial for their growth (Stearns et al., 2005). This out-
come can be explained by Marcos et al. (2010), who revealed that the
content of Na in the litterfall of oak was lower than in the litterfall of
beech and pine.

Our results proved that tree species and agricultural practice
shaped the abundance, species richness, and diversity of mesostigma-
tid mites communities. All mentioned parameters were the highest in
forest lands (Figure 3a-c), which was expected. For instance, the high-
est abundance was recorded in birch stands, while species richness
and diversity reached the highest values in oak stands growing on for-
est land. Further, our study revealed the highest species richness in
oak and pine stands on forest land. Surprisingly, abundance, species
richness, and diversity were the lowest in oak stands growing on post-
agricultural land. This may suggest that the response of certain tree
species (oak in our case) may be habitat-specific. Aponte et al. (2012)
proved that changes in soil chemistry (pH and Ca content) led to
changes in ectomycorrhizal community structure, which may be asso-
ciated with the structure of decomposed mites communities
(Schneider et al., 2005) which play the role of base food for predatory
Mesostigmata (Koehler, 1999). Our research on rusty soils revealed
that some soil parameters such as Na content in forest litter shaped
abundance, species richness, and diversity of mite assemblages. Ji
et al. (2020) proved that a slight increase (0.005%) of Na content in
the soil may enhance soil fauna abundance and soil extracellular
enzyme activity, and finally support the litter decomposition process.
However, a larger sodium content increase (0.5%) reduces microbial
activity but attracts more soil fauna. Additionally, these authors also
proved that an increase in Na content may eliminate the “Home Field
Advantage” effect by decreasing selective foraging of soil fauna for
different forest litters (Ji et al., 2020). The impact of sodium content
on soil fauna may also depend on soil type. For instance. Léskova
et al. (2013) reported that decomposer mite communities (Oribatid
mites) inhabiting Dystric Cambisol were resistant to sodium content.

The mite communities in our study were dominated by
V. nemorensis (~12% of all recorded mites), Z. peltatus (~11%), and
P. conus (~10%). The presence of these species was expected as they
are typical forest species (Manu, 2014; Skorupski, 2008; Skorupski
et al., 2013). Only four mesostigmatid mite taxa including Hypoaspis
aculeifer, P. conus, Paragamasus spp., V. nemorensis were noted from all
habitat types. H. aculeifer is a common pioneer species, occurring in
post-agricultural lands and in buffer strips. On the other hand,
V. nemorensis is also a species commonly found on post-agricultural
land and in degraded or post-industrial areas (Skorupski et al., 2013),
predominantly in upper soil layers—organic humus and litter. Trophic
preferences of V. nemorensis are mainly composed of bacterial and
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TABLE 3 PERMANOVA test of the influence of environmental
variables on mite species communities in CCA reduced space. NAL e
11 -
Predictors Df ChiSquare F Pr (>F) Par_rin O-34¢ Par_jug
Vei_dec Rho_manDLae_as!
MGL 1 0.19141 3388 0.001 B gy oo ©
#1VeL"eM  Pro_koc

PHS 1 012316 2180 0.010 04 ks . h%;‘f: T veor> PBS

NS 1 0.06542 1158 0.291 (. An\Dregas taw

FES 1 0.08382 1484 0.147 N MGl " foflew |PrarEs

| ac_fur a

KS 1 0.14726 2606 0.002 & I oo Zer o

BD 1 0.05942 1052 0.376 @ o

CAS 1 0.05191 0,919 0.518 B

-2 -

PBS 1 0.11930 2112 0.010 art e foc

NAL 1 0.08669 1534 0.085 PHS

PHL 1 0.09300 1646 0.068

Residual 10 0.56499 AIC 108.03 =] FHE e

o}
Note: Bold values present results treated as significant (with p < 0.05). . . . . . i
Abbreviations: BD, bulk density; CAS, calcium content in the soil; FES, =3 -2 -1 0 1 2
ferrum content in the soil; KS, potassium content in the soil; MGL, CCA1
magnesium content in forest litter; NAL, sodium content in the soil; NS,
nitrogen content in the soil; PBS, lead content in the soil; PHL, pH of Legend agri_birch © agri_pine © for_birch for_pine
g agri_oak © for_beech for_oak

forest litter; PHS, pH of the sail.

root-feeding nematode species (Manu et al., 2017). Additionally, P.
conus and Paragamasus spp. belong to the cosmopolitan family Parasi-
tidae, feeding on eggs and immature stages of other soil-inhabiting
microarthropods and nematodes (Kazemi et al., 2013). The presence
of these species in post-agricultural soil indicates that the soil started
to develop into typical forest soil. However, Z. peltatus, as the second
most abundantly reported species, was not reported in two habitats—
birch and oak stands on post-agricultural lands. This species is nema-
tophagous (Kamczyc et al., 2019), sensitive to heavy metals (Seniczak
et al., 1997), and in our study was abundant on forest lands. All these,
suggest that this species may be considered as a good bioindicator of

the agricultural practice.

5 | CONCLUSIONS

In conclusion, we proved that over 20 years after afforestation, the
land use history of the post-agricultural lands is still noticeable in
the properties of the soil environment. Chemical and ecological
parameters significantly differ between forest and post-agricultural lit-
ter and soils (16/30 of studied parameters). Moreover, various tree
species may create different conditions for the succession of soil
Mesostigmata, which is typical for forest habitats. The highest abun-
dance was recorded in birch stands on forest land, whereas the lowest
abundance for oak stands growing on post-agricultural land. A higher
diversity of mesostigmatid mites is characteristic of forest land and
good evidence of the course of forest succession on post-agricultural
land. Interestingly, in oak stands we recorded both the highest diver-
sity of mite communities (forest land) and the lowest on post-
agricultural land. Birch or pine afforestation may have a better impact
than oak in terms of making the chemical and physical characteristics

of the soil. The above observations indicate that by choosing a

FIGURE 6 Ordination of bi-plot canonical correspondence
analysis (CCA) of principal coordinates for Mesostigmata communities
occurring in seven habitats. Gray squares show mite taxa labeled with
the first three letters of the genus name and the first three letters of
the species name for each mite taxon (for abbreviations of mite taxa
see Appendix B; see also Table 3 for permutation analysis of variance
(PERMANOVA) conducted for final model). Abbreviations of habitats:
for_beech—forest_beech, for_oak—forest_oak, for_pine—forest pine,
for_birch—forest_birch, agri_pine—post-agricultural_pine, agri_oak—
post-agricultural_oak, agri_birch—post-agricultural_birch.
Abbreviations of factors: PHS—pH of soil, PHL—pH of litter, SOM—
soil organic matter, CDL—cadmium content in forest litter, KS—
potassium content in soil, ZNL—zinc content in forest litter, MGL—
magnesium content in forest litter. [Colour figure can be viewed at
wileyonlinelibrary.com]

specific tree species, we can influence the restoration of the forest
environment at the soil level.
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APPENDIX A: STAND CHARACTERISTIC FOR EACH
STUDY PLOT

Q. petraea—Quercus petraea (Matt) Liebl., Q. rubra—Quercus rubra L.,
B. pendula—Betula pendula Roth., P. sylvestris—Pinus sylvestris L.,
T. cordata—Tilia cordata Mill., F. sylvatica—Fagus sylvatica L., F. alnus—
Frangula alnus Mill., C. arundinacea—Calamagrostis arundinacea (L.)
Roth, S. canadensis—Solidago canadensis L., V. hederifolia—Veronica
hederifolia L., U. dioica—Urtica dioica L., G. hederacea—Glechoma heder-
acea L., Ch. majus—Chelidonium majus L., V. myrtillus—Vaccinium myrtil-
lus L., M. caerulea—Molinia caerulea L., P. aquilinum—Pteridium
aquilinum L. Kuhn., P. schreberi—Pleurozium schreberi (Willd. ex Brid.)

Mitt., P. juniperinum—Polytrichum juniperinum H.
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APPENDIX B: NETWORK STATISTICS FOR MESOSTIGMATID MITE TAXA, DESCRIBING THEIR AFFILIATION TO HABITATS AND

SPECIALIZATION
No. Mite taxa
1 Prozercon kochi (Sellnick, 1943)
2 Zercon hungaricus (Sellnick, 1958)
3 Zercon peltatus C.L.Koch, 1836
4 Zercon triangularis (C.L.Koch, 1836)
5 Zercon spp. (C.L.Koch, 1836)
6 Holoparasitus calcaratus (C.L.Koch, 1839)
7 Leptogamasus suecicus (Tragardh, 1936)
8 Leptogamasus tectegynellus (Athias Henriot, 1967)
9 Leptogamasus spp. (Tragardh, 1936)
10 Paragamasus conus (Karg, 1971)
11 Paragamasus jugincola (Athias Henriot, 1967)
12 Paragamasus runcatellus (Berlese, 1903 sensu
Karg, 1971)
13 Paragamasus vagabundus (Karg, 1968)
14 Paragamasus puerilis (Karg, 1963)
15 Paragamasus spp. (Hull, 1918)
16 Pergamasus crassipes (Linnaeus, 1758)
17 Pergamasus barbarus (Berlese, 1904)
18 Pergamasus septentrionalis (Oudemans, 1902)
19 Pergamasus spp. (Berlese, 1903)
19 Vulgarogamasus kraepelini (Berlese, 1904)
20 Antennoseius bacatus Athias-Henriot, 1961
21 Antennoseius bullitus Karg, 1969
22 Arctoseius venustulus (Berlese, 1917)
23 Asca aphidioides (Linnaeus, 1758)
24 Gamasellodes bicolor (Berlese, 1918)
25 Lasioseius lawrencei (Evans, 1958)
26 Leioseius elongatus Evans, 1958
27 Proctolaelaps juradeus (Schweizer, 1949)
28 Alliphis halleri (Canestrini & Canestrini, 1881)
29 Eviphis ostrinus (C.L.Koch, 1836)
30 Hypoaspis vacua (Michael, 1891)
31 Hypoaspis aculeifer (Canestrini, 1883)
32 Hyposapis praesternalis (Willmann, 1949)
33 Laelaspis astronomica (C.L.Koch, 1839)
34 Hypoapsis karawaiewi (Berlese, 1903)
35 Hypoaspis spp. (Canestrini, 1884)
36 Macrocheles montanus (Willmann, 1951)
37 Macrocheles spp. (Latreille, 1829)
38 Pachylaelaps bellicosus (Berlese, 1920)
39 Pachylaelaps furcifer (Oudemans, 1903)
40 Pachylaelaps ineptus Hirschmann & Krauss 1965
41 Olopachys suecicus (Sellnick, 1950)

Abbreviation
Pro_koc
Zer_hun
Zer_pel
Zer_tri
Zer_spp
Hol_cal
Lep_sue
Lep_tec
Lep_spp
Par_con
Par_jug

Par_run

Par_vag
Par_pue
Par_spp
Per_cra
Per_bar
Per_sep
Per_spp
Vul_kra
Ant_bac
Ant_bul
Arc_ven
Asc_aph
Gam_bic
Las_law
Lei_elo
Pro_jur
All_hal
Evi_ost
Hyp_vac
Hyp_acu
Hyp_pra
Lae_ast
Hyp_kar
Hyp_spp
Mac_mon
Mac_spp
Pac_bel
Pac_fur
Pac_ine

Olo_sue

Number of
habitats

o AN P P NN RPN O DMDN

A P, NN DN OGO, PR, N W DR, R, WO, R, NN WN W

Proportion of
habitats

0.65
0.42
0.35
0.69
1.00
0.66
0.65
1.00
1.00
0.31
0.42
0.42

0.30
0.54
0.18
0.49
0.65
0.56
0.65
1.00
0.41
1.00
0.41
0.47
0.25
0.49
1.00
1.00
0.41
0.40
0.68
0.20
1.00
1.00
1.00
0.37
0.57
0.70
0.78
0.65
1.00
0.55

Species specificity
index d’

0.05
0.10
0.09
0.09
0.13
0.17
0.36
0.25
0.13
0.07
0.11
0.17

0.09
0.11
0.06
0.26
0.11
0.25
0.17
0.24
0.07
0.00
0.06
0.09
0.04
0.07
0.20
0.29
0.06
0.12
0.46
0.15
0.11
0.25
0.00
0.04
0.29
0.19
0.34
0.09
0.17
0.16
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Number of Proportion of Species specificity
No. Mite taxa Abbreviation  habitats habitats index d’
42 Pachylaelaps longisetis (Halbert, 1915) Pac_lon 1 1.00 0.14
43 Amblyseius spp. (Berlese, 1904) Amb_spp 6 0.44 0.07
44 Rhodacarus coronatus (Berlese, 1921) Rho_cor 5 0.67 0.23
45 Rhodacarus mandibularis (Berlese, 1921) Rho_man 5 0.58 0.19
46 Veigaia cerva (Kramer, 1876) Vei_cer 1 1.00 0.02
47 Veigaia decurtata (Athias Henriot, 1961) Vei_dec 1 1.00 0.21
48 Veigaia exigua (Berlese, 1916) Vei_exi 4 0.38 0.10
49 Veigaia kochi (Tragardh, 1901) Vei_koc 2 0.75 0.16
50 Veigaia nemorensis (C.L.Koch, 1839) Vei_nem 7 0.26 0.02
51 Veigaia planicola (Berlese, 1892) Vei_pla 4 0.41 0.25
52 Trachytes aegrota (C.L.Koch, 1841) Tra_aeg 5 0.39 0.14
53 Trachytes montana Willmann, 1953 Tra_mon 1 1.00 0.21
54 Urodiaspis tecta (Kramer, 1876) Uro_tec 1 1.00 0.02
55 Oodinychus ovalis (C.L.Koch, 1839) Ood_ova 2 0.71 0.34
56 Olodiscus minima (Kramer, 1882) Olo_min 6 0.34 0.04
57 Uropoda spp. (Latreille, 1806) Uro_spp 1 1.00 0.00
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agricultural land. The highest species richness and diversity were recorded in the old-
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strate that the negative impact of the agricultural history of land use weakens over
time and provides a better understanding of land use history on the relations
between the soil environment and soil fauna, including mesostigmatid mite

assemblages.
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1 | INTRODUCTION afforestation or spontaneous natural succession (Fayet et al., 2022;
Krawczyk, 2015). In Poland, afforestation of post-agricultural lands
Forest stands growing on former agricultural land are present was commonly carried out under the National Programme for Expand-
throughout Europe (De Frenne et al., 2011), either as a result of ing of Forest Cover on the weakest soils, where agricultural use had
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been abandoned (Kaliszewski, 2016). As a result, Poland's forest cover
increased from 20.8% to 29.5% between 1945 and 2016
(Augustyniuk-Kram & Kram, 2020). The land use history of these areas
includes deforestation and long-standing agricultural practices that
have resulted in severe soil degradation and reduced biodiversity of
soil fauna (Ponge et al., 2013). For this reason, post-agricultural land is
considered difficult for afforestation, especially due to poor soil qual-
ity, high nitrogen content, low carbon content and higher pH levels. In
addition, the growth of trees is limited by the presence of a plough
layer, which impedes the penetration of water and roots into the soil
profile (Szujecki, 1990).

Post-agricultural land has historically been afforested primarily
with Scots pine (Pinus sylvestris L.) as a pioneer species. In managed
forests, oak (Quercus robur L.) is also widely used to afforest former
agricultural lands (Bernacki, 1990). Previous research indicated that
each of these tree species has a slightly different effect on topsaoil, for
example, through different carbon concentrations in the forest floor
(Podrazsky et al., 2009; Vesterdal et al., 2002). This influence can also
be dependent on the stand age. Given the above, tree species and
stand age shape the conditions of the soil environment and the com-
munities of soil organisms. Forests growing on post-agricultural land
are characterized by lower biodiversity than relict forests. It applies to
the composition of undergrowth plants (Flinn & Vellend, 2005) and
the species composition of soil fauna communities (Gormsen
et al., 2006; Harta et al., 2020; Scheu et al., 2003). Harta et al. (2020)
demonstrated that springtail communities are less diverse in stands
growing on former farmland than in relict forests. Further, Delcourt
et al. (2023) revealed that the effect of agricultural land use history on
microarthropod abundance depends on pedoclimatic conditions and it
decreases with the age of stands. In addition, the authors have shown
that mites and springtails are good bioindicators of land use history
and pedoclimatic conditions of forest soils. As an example, predatory
mites of the Mesostigmata order (Mesostigmata = Gamasida) play the
role of bioindicators of environmental conditions, indicating anthropo-
genic and natural disturbances and perturbations (Kamczyc
et al., 2019). Mesostigmatid mites, mainly as predators, prey on soil
fauna assemblages such as nematodes, springtails, enchytraeids, insect
larvae and other mites (Koehler, 1999). In this way, mesostigmatid
mites have an important position in the soil food webs, contributing
significantly to the flow of energy and turnover of matter (Ruf &
Beck, 2005) and may indirectly induce a strong influence on decom-
position dynamics (Urbanowski et al., 2021). Ultimately, the abun-
dance of mesostigmatid mites depends on the dynamics of their prey,
which may have different sensitivities to soil environmental condi-
tions (Kamczyc et al, 2019). Despite this, there has been little
research in Europe on the afforestation of former agricultural land
using mesostigmatid mites as bioindicators (Malica et al., 2022).

Our study aimed to examine the influence of land-use history and
tree species in the chronosequence of tree age on both soil chemical
parameters and mesostigmatid mite assemblages. We compared pine
(P. sylvestris L.) and oak (Q. petraea (Matt.) Liebl) stands of 22, 42 and
62 y/o., growing on post-agricultural and forest land. We assumed

that (1) post-agricultural land would differ from forest land in terms of

soil and litter characteristics (e.g., pH, C/N, soil organic matter [SOM],
bulk density) and would be shaped differently by pine and oak stands.
Furthermore, we assumed that (2) differences in soil properties
between post-agricultural and forest land would decrease with stand
age, as well as (3) age of stand and land use history having an impact
on mite communities rather than tree species. Moreover, (4) abun-
dance, species richness and diversity of soil mite communities on
post-agricultural land would be most similar to forest land in the old-

est, both in pine and oak stands.

2 | MATERIALS AND METHODS

21 | Study site and experiment design

The research was conducted in the Opole Forest District (southwest-
ern Poland; 50°83'93” N, 17°44'53" E). In this area, large-scale affor-
estation on former agricultural land has been carried out over the last
few decades. The mean forest age in the forest complex where the
research was conducted was 59 y/o. The average annual precipitation
for research location is ~603 mm, and the average annual tempera-
ture reaches ~ +8°C. The vegetation season lasts for ~227 days. For-
est vegetation coverage of an investigated area is about 17%. Scots
pine (P. sylvestris L.) is a predominant forest tree species, accounting
for 73% of area and timber resources share. The average age of forest
stands is 62 years, and the average volume of growing stock is
313 m®/ha. Shrub layer mostly consists of Frangula alnus Mill., Sorbus
aucuparia L., Prunus padus L. and Picea abies (L.) H. Karst while forest
floor is mainly covered by Vaccinium myrtillus L., Calamagrostis arundi-
nacea (L.) Roth., Pteridium aquilinum (L.) Kuhn and mosses: Pleurozium
schreberi (Willd. ex Brid.) Mitt., Polytrichum juniperinum Hedw. The alti-
tude interval of the area is between 145 and 190 m asl (Forest Man-
agement Plan for Opole Forest Division, 2014). The soils within the
study area are dominated by rusty soils (Arenosols acc. to IUSS Work-
ing Group WRB, 2022)—45.3%, which are the most common soils in
stands managed by Forest States in Poland (Rutkowski et al., 2021).

A total of 36 study plots (2 land types [land, post-agricultural] x 2
tree species [pine, oak] x 3 age classes [22, 42, 62 y/o0.] x 3 plots)
were established in pine and oak stands growing on post-agricultural
and forest land. The size of a single circle sample plot was 0.02 ha
(radius = 7.98 m). To avoid pseudoreplication and maintain similarity
between microhabitat and soil conditions, the minimal distance

between the plots was ~30 m.

2.2 | Soil analyses

The first step was to dig 1 m deep soil pits in the centre of each plot,
which we then deepened with a soil drill up to 2 m. Then, we exam-
ined the soil profiles (Figure 1) and sampled c.a. 200 g of soil from
each genetic horizon to assess the reference soil group following the
IUSS Working Group WRB (2022). The presence or absence of
ploughing horizon confirmed the land use history (forest/
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FIGURE 1 Soil profiles: (a) Post-
agricultural land (visible plough layer);
(b) forest land. [Colour figure can be
viewed at wileyonlinelibrary.com]

post-agricultural) taken from the Forest Inspectorate data. Subse-
quently, we collected soil samples (ca. 200 g, up to 5 cm depth) and
forest litter (FL) in the direct vicinity (c.a. 2 cm) of places where soil
samples for mesostimatid mite communities investigation were col-
lected (one sample per plot, in total 36 x 2 samples). In each sample,
we assessed soil texture (Casagrande's aerometric method modified
by Prészynski); SOM (%), SOM (loss on ignition method); CaCO3 (%)
content (Scheibler's method); pH of the soil and forest litter in distilled
water in a 1:2.5 dry soil: water solution ratio (potentiometric method);
total nitrogen (%), N in soil and forest litter (Kjeldahl's method using
sulphuric acid and K»,S04:CuSQ, catalyst), as well as soil organic car-
bon (%), SOC (Turin's method) (Hoogsteen et al., 2015; Litynski
et al., 1976; Nelson & Sommers, 2018; Warzynski et al., 2018). Fur-
thermore, in soil and litter samples, we investigated the total contents
of sodium (%), Na, potassium (%), K, magnesium (%), Mg, calcium (%),
Ca, ferrum (mg/kg), Fe, manganese (mg/kg), Mn, zinc (mg/kg), Zn
(atomic absorption spectrometry analysis—AAS Varian 55B). Further-
more, 36 samples of intact soil (100 cm®) were taken to assess bulk
density (g/cm?®), BD (core method) and, soil moisture (%), SM (gravi-
metric method) (Appendix A).

2.3 | Mesostigmatid mite investigation

In total, 1296 soil samples (36 plots x 9 samples x 4 replications)
were collected using metal soil corer (z = 5 cm) to a depth of 15 cm.
Sampling was carried out in July 2021, October 2021, July 2022 and
October 2022. Each soil sample was labelled, placed and secured in-to
the plastic bag and transported to the Poznan University of Life Sci-
ences. In the laboratory, soil samples were placed on a Berlese-
Tullgren apparatus for 7 days at ~30°C (temperature measured at
apparatus strainer). The extraction chamber illuminates the samples,

forcing soil organisms to move towards the 80% ethanol beakers

placed underneath. Mesostigmatid mite individuals were collected

from the alcohol solution under a binocular microscope and placed in
the Hoyer's medium. A microscope (Zeiss Axio Scope.Al) was used to
identify the specimens. All individuals were classified into the appro-
priate species level or higher taxonomic unit based on the specialist
literature (Ghilyarov & Bregetova, 1977; Gwiazdowicz, 2007,
Karg, 1971, 1993; Masan & Halliday, 2014; Micherdzinski, 1969;
Moraes et al., 2022).

2.4 | Data analysis

All statistical analyses were conducted using R software (R version
4.1.2; R Core Team, 2018). Abundance, species richness and diversity
were calculated to mean values followed by the standard error (SE).
We presented abundance as the mean value per square meter, while
species richness and diversity as mean value per plot in each habitat
type (land type, stands age and tree species). We calculated diversity
per plot based on Shannon-Wiener's index; H' = —Zp;n(p;), where p;
is the proportion of a particular species in the mite community. Prior
to the model's analysis, the variable distribution was tested using the
Shapiro-Wilk test. In order to compare the data that is not measured
in the same way we used the scale() function to centre and scale the
columns of a numeric data matrix. We assumed normal distributions
for mite abundance, species richness and Shannon-Wiener's index. In
the conducted models (linear mixed-effects models [LMM]), we
accounted for random effects connected with collected sample
dependencies (study plot), to exclude plot-specific factors, which
could bias the inference. Models were developed using the Ime4 pack-
age (Bates et al., 2015). Predictors in models were applied with low
variance inflation factors (VIF < 3). Furthermore, Tukey posteriori
tests (post hoc) were conducted for each model to determine the dif-

ferences between the soil properties and habitat types. The statistical
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significance of variables used in LMM was calculated using t-values
(results were treated as significant when p < 0.05).

We applied canonical correspondence analysis (CCA) implemen-
ted in the vegan package to show the relationships between mesostig-
matid mite communities, soil properties and habitat types (land type,
stand age and tree species). The variables included in the conducted
CCA final model were based on akaike information criterion (AIC),
while environmental variables were selected on VIF <2. A permuta-
tional analysis of variance (PERMANOVA) was used to test the used
factors. Cumulative species number was conducted and plotted using
the vegan::specaccum() function (Oksanen et al., 2018). The bipartite
package described the relationship between each mite taxa and exam-
ined habitats (Dormann et al., 2008), assuming mesostigmatid mite
taxa as higher-level, whereas habitat types as lower groups. We
described the taxa-level response to certain habitat types by the spe-
cialization index d'. The index expresses whether a given taxon is a
non-specialist or a perfect specialist (range from O [non-specialist] to
1 [perfect specialist]) and is derived from the Kulback-Leibler distance
(Dormann, 2011).

3 | RESULTS

3.1 | Soil properties among habitats

Soil parameters were analysed in relation to land use history, tree spe-
cies and stand age. Mean values of soil and litter pH were similar for
post-agricultural (soil pH = 3.88 + 0.07; litter pH = 4.52 + 0.16) and
forest land (3.54 + 0.06; 4.49 + 0.13). Litter thickness was higher on
forest land (4.81 cm +0.39) than on post-agricultural land (2.92
+ 0.14). Similarly, higher values of SOM (4.07% + 0.35 vs. 2.03%
+0.13) and C/N ratio (15.22 + 1.25 vs. 13.45 + 1.67) were revealed
for forest land. Concerning the age of stands, SOM was the highest at
42 y/o. stands (3.90% * 0.56). In addition, our data revealed an
increase in the C/N ratio with the age of the stands (from 11.58
+2.04 to 17.10 £ 2.00). Forest litter pH decreased with stand age,
which was particularly visible in pine stands growing on post-
agricultural land (from 4.68 +0.12 to 3.39 £ 0.05). Oak stands
achieved higher values of litter pH (5.00 + 0.05 vs. 4.01 + 0.11) and
SOM (3.44% + 0.38 vs. 2.66% + 0.32) compared to pine stands, while
C/N ratio was higher for pine stands (16.21 + 1.61 vs. 12.46 + 1.20)
(Appendix A).

Our study revealed that 14 parameters (litter pH, soil pH, litter
thickness, SOM, C,g, bulk density, C/N ratio, soil moisture, soil K, Mg
and Mn content, litter N and Ca content, litter Mg content) differed
significantly among habitats (Appendix C). Conducted Tukey HSD test
for the above soil parameters revealed that, i.a. the lowest value of
pH of forest litter was noticed in the 62 y/o. pine stand on post-
agricultural land (3.39 + 0.05) and differed significantly from the high-
est in 22 y/o. oak stand on post-agricultural land (5.18 +0.15)
(Appendix C). Essentially, the lowest pH of soil was reported in the
22 y/o. oak stand on forest land (3.36 + 0.10), while the highest in

the 22 y/o. oak stand on post-agricultural land (4.33 + 0.02). The low-
est forest litter thickness was recorded in the 62 y/o. oak stand on
post-agricultural land (2.1 cm £ 0.1) and the highest in the 42 y/o.
pine stand on forest land (7.23 cm = 0.15). The content of SOM
reached the highest value in the 42 y/o. oak stand on forest land
(6.13% = 0.30), while the highest C, content was noticed in the
42 y/o. pine stand on forest land (3.85% + 0.16). The 22 y/o. pine
stand on post-agricultural land was characterized by the highest value
of bulk density (1.49 g/cm3 + 0.03), as well as the lowest values of the
following parameters: SOM (1.44% + 0.19), Co¢ (0.84% + 0.11), C/N
ratio (5.97 + 0.66), soil moisture (2.33% + 0.77) and K content in soil
(0.008% + 0.003). The highest value of C/N ratio was reported at
62 y/o. pine stand on forest land (23.95 + 1.79). In conclusion, the
C/N ratio increased with the age of pine stands, while it decreased
in oak stands. This was revealed for both studied types of land use.
Bulk density (0.66 g/cm® + 0.09), N content in forest litter (1.149%
+ 0.137), K content in forest litter (0.009% + 0.0001) and Mg con-
tent in forest litter (0.012% + 0.001) reached the lowest values in
the 42 y/o. pine stand on forest land. The contents of Mn, Mg and K
in soil and Mg in litter were higher in the youngest stands—
regardless of tree species and type of land use. In the case of a pine
stand on forest land, there was a marked decrease in Na content in
litter with stand age. Another interesting result is the significant vari-
ation in Ca content in forest litter among habitat types, with no sig-
nificant differences in soil. The exception is a 42 y/o. pine stand on
forest land, which differed significantly in Ca content in soil from all

other stands.

32 |
diversity

Mite abundance, species richness and

In total, 6730 individuals were classified into 72 taxa (60 species,
11 genera, one taxon as family). The analysis (Table 1) revealed that
mite abundance was influenced by bulk density (p = 0.016), litter pH
(p = 0.041), litter content of N (p = 0.037) and Na (p = 0.009) and
soil content of Zn (p = 0.048). Generally, comparing land types our
data revealed higher mean mite abundance was recorded in forest
land compared to post-agricultural land (2841.05 ind./m? + 122.19
vs. 2351.85 + 122.86). Additionally, the highest abundance (3847.22
+ 356.14 ind./m?) was noticed in 42 y/o. oak stand growing on post-
agricultural land, while the lowest in 22 y/o. pine (685.19 + 115.55)
and oak (699.07 £104.20) stands on post-agricultural land
(Figure 2a).

The analysis revealed that species richness was influenced by Mn
content in soil (p = 0.032) (Table 1). The highest species richness was
recorded in the oldest oak stand on post-agricultural land (32.33 spe-
cies +3.28), whereas lower in the youngest oak (13.67 + 1.76) and
pine (14.00 * 1.15) stands on post-agricultural land (Figure 2b). The
same tendency was recorded for diversity of mite communities, which
was the highest in the 62 y/o. oak stand on post-agricultural land
(2.92 £ 0.08) and the lowest in the 22 y/o. oak (2.14 + 0.13) and pine
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(2.29 £ 0.03) stands on post-agricultural land (Figure 2c). However,
data analysis showed no effect of any soil parameter on diversity.
Species richness and diversity increased with each successive stand
age only for oak stands growing on post-agricultural land, while in
other stands, no such relation was noted. Cumulative species richness
conducted for studied habitat types showed a flattering trend of spe-
cies accrual with increased sampling effort. The curve line for 62 y/o.
oak stand, 22 y/o. oak stand and 22 y/o. pine stand growing on post-
agricultural land exceeded the curve lines for other examined habitats
(Figure 3).

3.3 | Mite communities structure

Most individuals were represented by Veigaia nemorensis (C. L. Koch)
(985 ind.; 14.64% of all recorded mites), Zercon peltatus C. L. Koch
(874; 12.99%), Paragamasus conus (Karg) (489; 7.27%) and Rhodacarus
coronatus (Berlese) (481; 7.15%). Thirty-one taxa were classified as
rare (<10 ind.). The co-occurrence network for bipartite relationships
between mesostigmatid mite taxa and studied habitat types revealed
that only eight mesostigmatid mite taxa, that is, Hypoaspis (Gaeolae-
laps) aculeifer (Canestrini), Olodiscus minima (Kramer), P. conus,
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Paragamasus runcatellus, Paragamasus vagabundus, Paragamasus spp.,
Trachytes aegrota and V. nemorensis were recorded from all habitat
types studied, whereas 15 mite taxa were unique species for a single
habitat type (Figure 4). Except for rare species (<10 ind.), three species
were found exclusively on post-agricultural land: Pachylaelaps longise-
tis (Halbert), Trachytes pauperior (Berlese) and Veigaia decurtata
(Athias-Henriot). Further, 12 species (>10ind.) were represented
more than twice as many on forest land: Alliphis halleri (Canestrini &
Canestrini), Anntenoseius bacatus Athias-Henriot, Arctoseius venustulus
(Berlese), Asca aphidioides (Linnaeus), Hypoaspis (Gaeolaelaps) vacua
(Michael), Lasioseius lawrencei (Evans), Leioseius elongatus (Evans),
Paragamasus jugincola (Athias-Henriot), Paragamasus puerilis (Karg),
Z. peltatus, Zercon hungaricus (Sellnick) and Zercon triangularis
(C. L. Koch). Analogously, seven species were more abundant on post-
agricultural land, compared to forest land: Laelaspis astronomica
(C. L. Koch), Oodinychus ovalis (C. L. Koch), P. longisetis (Halbert), Proc-
tolaelaps juradeus (Schweizer), T. pauperior, Urodiaspis tecta (Kramer)
and V. decurtata. R. coronatus was indicated in each stand except the

youngest ones on post-agricultural land, and its abundance increased

with the age of the stand on forest land, while on post-agricultural
land it was highest in a stand of 42 y/o. Similarly, Rhodacarus mandibu-
laris Berlese, 1920 and Z. hungaricus occurred many times more abun-
dantly in young stands in the forest than in post-agricultural land. In
each case, the differences become less clear in older stands.

The CCA revealed significant differences in mite taxa distribution
along with constrained components. Axis 1 and 2 explained 38.17%
and 29.07% of variance, respectively. Furthermore, analysis of vari-
ance conducted for the model showed that soil texture, soil moisture,

soil pH and litter K content were significant (Figure 5, Table 2).

4 | DISCUSSION

We revealed that post-agricultural land differs from forest land in
terms of the litter thickness, SOM and C/N ratio. These values, were
higher on forest land when compared to post-agricultural lands. All
the listed parameters are interrelated and their higher values on for-
est land are typical (Gaweda et al., 2019). As the C/N ratio increases,
SOM mineralization decreases (Springob & Kirchmann, 2003). The
results indicated that pH of soil has shown significantly higher values
on post-agricultural land (Blondeel et al., 2019). Concerning the
stand's age, we found differences in litter pH, SOM and C/N ratio.
The decrease in soil pH with the age of stands was also confirmed in
silver birch (Betula pendula Roth), Norway spruce (P. abies L.), holm
oak (Q. ilex L.), downy oak (Quercus pubescens Willd) and Allepo pine
(Pinus halepensis Miller) stands growing on former agricultural land
(Cukor et al., 2017; Delcourt et al., 2023; Gaweda et al., 2021). SOM
reached the highest value in 42 y/o. stands, which can be explained
by the positive impact of thinning, which increases the availability of
light in the undergrowth (Gong et al., 2021). Additionally, C/N ratio
increased with the age of the forest stands. For instance, Smal et al.
(2019) proved that during the first 20-30 years after afforestation
of former arable land, the soil has a negligible effect on C,,; seques-
tration. Only after about 50 years, the level of C, in post-
agricultural soils equals that in forest soils. At the same time, nitro-
gen content in post-agricultural soil decreases at the beginning of
afforestation, after which it begins to increase slowly. However,
after 50 years, nitrogen content remains undervalued relative to
continuous forest soils.

In general, our study revealed that oak stands had a higher soil
pH and litter Ca content than pine stands, which is typical of both tree
species and interrelated (Reich et al., 2005). Moreover, Ca content in
litter was higher on post-agricultural land than on forest land, suggest-
ing the contribution of past agricultural use to this effect
(Olszewska & Smal, 2008), although the results for the soil did not
seem to confirm this. In contrast, an interesting result is the highest
soil K content in the youngest stands on post-agricultural land, with
no variation in this parameter in the litter among stands. Similarly, soil
Mn content was highest in the 22 y/o. stands on post-agricultural
land. This result contradicts the study of Gaweda et al. (2021), who
found that Mn content in topsoil increased with age in naturally

regenerated birch stands on abandoned agricultural lands. However,
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FIGURE 4 Co-occurrence network for bipartite relationships between mesostigmatid mite taxa (upper boxes) and habitat types (lower
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of mite taxa indicate the first three letters of the genus name and the first three letters of the species name for each mite taxon (for abbreviations
of mite taxa see Appendix B). 22/42/62 y/o., age of stand; F, forest land; P, post-agricultural land.

they also recorded the highest soil Ca and K content values in the
youngest stands.

Generally, our data revealed that the mite abundance was higher
in forest land. However, analysis of individual habitat types shows
both the highest and lowest abundance in stands on post-agricultural
land. Mite abundance was lower in the youngest oak and pine stands
growing on post-agricultural land compared to all other stands. A simi-
lar effect of land use history on soil mesofauna abundance was also
observed by Harta et al. (2020) and Delcourt et al. (2023). Interest-
ingly, we recorded the highest abundance in 42 y/o. stands on post-
agricultural land. The highest abundance in middle age stand can be
explained by the positive response of soil fauna to thinning and an
increase in light availability in the forest floor (Kamczyc et al., 2021).
Furthermore, Delcourt et al. (2023) recorded that after at least
60 years of reforestation, the negative effect of land use legacy on
microarthropod communities was no longer observed. The analysis
also revealed that mite abundance was influenced by bulk density, lit-
ter pH, litter N content and Na and soil Zn content. Our study is par-
tially in line with Bedano et al. (2006), who revealed a positive
correlation between soil mite abundance and bulk density and soil
pH. In our study, however, this correlation was negative in both cases.

Similarly, in contrast to our results, studies of Keshavarz Jamshidian

et al. (2015) and Manu et al. (2019) found that soil Zn content affects
diversity and species richness but not the abundance of mesostigma-
tid mites. Additionally, studies carried out by Cao et al. (2011) and
Wierzbicka et al. (2019) did not confirm the positive effect of nitrogen
on soil mites abundance. However, our previous studies conducted in
young stands on post-agricultural land revealed that Na content
in forest litter shaped abundance of mesostigmatid mite assemblages
(Malica et al., 2024). Also, Ji et al. (2020) proved that a slight increase
(0.005%) of Na content in the soil may enhance soil fauna abundance.

Both, the three higher and three lower species richness values
were recorded on post-agricultural land. Also, the three lowest
values for diversity were found on post-agricultural land. Similar to
species richness, diversity was the highest in the oldest and the lowest
in the youngest oak stands on post-agricultural land, which was
expected. Species richness was the highest in the 62 y/o. oak stand
on the post-agricultural land, while it was the lowest in the 22 y/o.
oak stand on the post-agricultural land. Doblas-Miranda et al. (2021)
proved that oribatid mite density and richness had recovered well on
post-agricultural land when it was not isolated from the long-
established forest patch (more than 50 years). However, oribatid
assemblages in the youngest forests differ from those in long-

established stands due to the potential colonization credits and
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FIGURE 5 Ordination of bi-plot
canonical correspondence analysis (CCA) ®
of principal coordinates for Mesostigmata
communities occurring in seven habitats.
Grey squares show mite taxa labelled with 5.01
the first three letters of the genus name o ph_soil
and the first three letters of the species -
name for each mite taxon (for
abbreviations of mite taxa see Appendix Tra _mon, Ood_ Ova suc
B; see also Table 2 for permutation /
analysis of variance conducted for final 25] Per_ bar g 'n\H°' I PaC[bEI /Hyp_pra_-Uro_tec
model). 22/42/62, age of stand; F, forest Rho_sil=a Ur _SPP\ pp\ j /Tr;/pau/Pac hum
land; k_fl, K content in forest litter; P, < (e —_ Véq pIaP _\S \ /ac#/fur ac_lon _Tra_aeg
post-agricultural land; ph_soil, soil pH; sm, (@) * Amb_spp~— ai g
. . . . T Per cra-g
soil moisture; soil_tex, soil texture. O
[Colour figure can be viewed at
wileyonlinelibrary.com] 001 Lae_ast Par-
Lei_spp-—
Par_jug——
Vei_exi— -
Arc ven ~Pro_koc
o5 Zer_hun//i’_ep spp” EV[ osf /Asc _aph \Pac\ dub \AII hal
' Par c%” MOC Ant_bac ‘Asc_bic
-5.0 —25 0.0 2.5
CCA1
F220ak X F42Pine ® P220ak P42Pine
Legend £ F22Pine & F620ak * P22Pine P620ak
+ F420ak Vv F62Pine < P420ak P62Pine
TABLE 2 Permutational analysis of variance test of the influence be considered potential bioindicators of land use history. However,

of environmental variables on mite species communities in CCA
reduced space.

Predictors df Chi square F Pr(>F)
Soil texture 1 0.06077 1.4202 0.086
Soil moisture 1 0.04946 1.1558 0.255
K (litter) 1 0.07907 1.8479 0.013
pH (soil) 1 0.06065 1.4175 0.065
Residual 31 1.32645 AIC 208.48

Abbreviations: AIC, akaike information criterion; k_fl, K content in forest
litter; ph_soil, soil pH; sm, soil moisture; soil_tex, soil texture.

extinction debts triggered by soil development. Furthermore, the
authors noticed that typical oribatid species dominated in the control
stand, occurring in well-developed organic soils, while pioneer species
dominated recent forests. We revealed the negative effect of soil Mn
content on species richness. This result is consistent with the results
of Manu et al. (2017), who studied the impact of heavy metal pollu-
tion on mesostigmatid mite communities.

R. coronatus was not recorded in the youngest stands on post-
agricultural land. Similarly, R. mandibularis and Z. hungaricus were more
numerous in young stands on forest land. These differences become
less explicit in older stands. Given the above, these mite species could

the use of R. mandibularis for this role is questionable since it is a spe-
cies described in cultivated fields and a pioneer species in post-
industrial areas (Skorupski et al., 2013). A similar situation applies to
R. coronatus, which is considered tolerant of heavy metal contamina-
tion in the soil (Seniczak et al., 1997). Mites of Zerconidae family are
an important zooedaphon component in all soil microhabitats of the
temperate zone. Z. hungaricus is xerotolerant and thermophilous spe-
cies (Manu, 2011). It becomes more important to consider the struc-
ture of species, occurring more abundantly on forest land (A. halleri,
A. bacatus, A. venustulus, A. aphidioides and H. vacua, L. lawrencei,
L. elongatus, P. jugincola, P. puerilis, Z. peltatus, Z. hungaricus as well as
Z. triangularis) and those that were more abundant on post-agricultural
land (L. astronomica, O. ovalis, P. longisetis, P. juradeus, T. pauperior,

U. tecta and V. decurtata) as indicator of land use history.

5 | CONCLUSIONS

Our research revealed that soil parameters and mite communities
differ primarily between the youngest stands growing on post-
agricultural and forest land. We confirmed that these differences dis-
appear with the time passing since afforestation. There are also differ-

ences between the effects of pine and oak on the soil environment.
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This difference could be explained by the different chemical composi-
tion of the leaves (litter), which has an impact on soil proprieties and
indirectly on soil Mesostigmata. The highest values of species richness
and diversity of mesostigmatid mite communities were recorded in
the oldest oak stand on the post-agricultural land, indicating the bet-
ter influence of this tree species on the soil fauna biodiversity. It is
noteworthy that the highest abundance was recorded in middle-aged
oak and pine stands on post-agricultural land. This demonstrates that
the negative impact of the agricultural history of land use disappears
over time. The abundance of mesostigmatid mites also turned out to
be more sensitive to differences at the physico-chemical level of the
soil than the species richness and diversity of studied mite assem-
blages. Given insights, They provide a better understanding of land
use history on the relations between the soil environment and soil

mesostigmatid mites assemblages.
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APPENDIX B: NETWORK STATISTICS FOR MESOSTIGMATID MITE TAXA, DESCRIBING THEIR AFFILIATION TO STUDIED HABITATS

AND SPECIALIZATION

Mite taxa

Alliphis halleri (Canestrini & Canestrini, 1881)
Amblyseius spp. (Berlese, 1904)

Antennoseius bacatus Athias-Henriot, 1961
Arctoseius eremitus (Berlese, 1918)

Arctoseius venustulus (Berlese, 1917)

Asca aphidioides (Linnaeus, 1758)

Asca bicornis (Canestrini & Fanzago, 1887)
Calaenopsis badius (C. L. Koch, 1839)
Discourella modesta (Leonardi, 1889)

Eviphis ostrinus (C. L. Koch, 1836)
Gamasellodes bicolor (Berlese, 1918)
Geholaspis spp. (Berlese, 1918)

Holoparasitus calcaratus (C. L. Koch, 1839)
Holoparasitus rotulifer (Willmann, 1940)
Hypoaspis (Gaeolaelaps) aculeifer (Canestrini, 1883)
Hypoaspis (Gaeolaelaps) spp. (Canestrini, 1884)
Hypoaspis (Gaeolaelaps) vacua (Michael, 1891)

Hypoaspis (Gaeolaelaps) praesternalis (Willmann,
1949)

Laelaspis astronomica (C. L. Koch, 1839)
Lasioseius lawrencei (Evans, 1958)

Leioseius elongatus Evans, 1958

Leioseius spp. (Berlese, 1916)

Leptogamasus spp. (Tragardh, 1936)
Leptogamasus succineus Witalinski, 1973
Leptogamasus suecicus (Tragardh, 1936)
Leptogamasus tectegynellus (Athias Henriot, 1967)
Macrocheles montanus (Willmann, 1951)
Macrocheles spp. (Latreille, 1829)

Olodiscus minima (Kramer, 1882)

Ololaelaps placentula (Berlese, 1887)
Olopachys suecicus (Sellnick, 1950)
Oodinychus ovalis (C. L. Koch, 1839)
Pachylaelaps bellicosus (Berlese, 1920)
Pachylaelaps dubius (Hirschmann & Krauss, 1965)
Pachylaelaps furcifer (Oudemans, 1903)
Pachylaelaps longisetis (Halbert, 1915)
Pachylaelaps spp. (Berlese, 1886)

Pachyseius humeralis (Berlese, 1910)
Paragamasus conus (Karg, 1971)
Paragamasus jugincola (Athias Henriot, 1967)
Paragamasus puerilis (Karg, 1963)

Paragamasus runcatellus (Berlese, 1903 sensu Karg,
1971)

Mite taxa
abbreviation

All_hal
Amb_spp
Ant_bac
Arc_ere
Arc_ven
Asc_aph
Asc_bic
Cal_bad
Dis_mod
Evi_ost
Gam_bic
Geh_spp
Hol_cal
Hol_rot
Hyp_acu
Hyp_spp
Hyp_vac
Hyp_pra

Lae_ast
Las_law
Lei_elo
Lei_spp
Lep_spp
Lep_suc
Lep_sue
Lep_tec
Mac_mon
Mac_spp
Olo_min
Olo_pla
Olo_sue
Ood_ova
Pac_bel
Pac_dub
Pac_fur
Pac_lon
Pac_spp
Pac_hum
Pac_con
Par_jug
Par_pue

Par_run

Number of
habitats

8
10
8
1
8
11

12

N W N © B, N P OO Db (6]

= =
o ® »r N

N N P NN -

10

12

Proportion of
habitats

0.67
0.83
0.67
0.08
0.67
0.92
0.08
0.25
0.08
0.17
0.92
0.08
0.67
0.08
1.00
0.75
0.50
0.42

0.33
0.50
0.50
0.08
0.17
0.08
0.67
0.58
0.25
0.17
1.00
0.08
0.67
0.83
0.08
0.17
0.17
0.08
0.17
0.17
1.00
0.83
0.50
1.00

Species specifity
index d’

0.40
0.26
0.34
1.00
0.40
0.21
1.00
0.64
1.00
0.72
0.27
1.00
0.37
1.00
0.15
0.31
0.80
0.43

0.62
0.44
045
1.00
0.67
1.00
0.31
0.44
0.62
0.67
0.25
1.00
0.27
0.35
1.00
0.72
0.72
1.00
0.72
0.77
0.18
0.24
0.37
0.27
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Mite taxa Number of Proportion of
Mite taxa abbreviation habitats habitats
Paragamasus spp. (Hull, 1918) Par_spp 12 1.00
Paragamasus vagabundus (Karg, 1968) Par_vag 12 1.00
Parasitidae Par_fam 1 0.08
Parazercon radiatus (Berlese, 1914) Par_rad 2 0.17
Pergamasus barbarus (Berlese, 1904) Per_bar 2 0.17
Pergamasus crassipes (Linnaeus, 1758) Per_cra 3 0.25
Pergamasus septentrionalis (Oudemans, 1902) Per_sep 2 0.17
Pergamasus spp. (Berlese, 1903) Per_spp 2 0.17
Proctolaelaps juradeus (Schweizer, 1949) Pro_jur 3 0.25
Prozercon kochi (Sellnick, 1943) Pro_koc 10 0.83
Rhodacarellus silesiacus (Willmann, 1936) Rho_sil 1 0.08
Rhodacarellus subterraneus (Willmann, 1935) Rho_sub 1 0.08
Rhodacarus coronatus (Berlese, 1921) Rho_cor 10 0.83
Rhodacarus mandibularis (Berlese, 1921) Rho_man 10 0.83
Trachytes aegrota (C. L. Koch, 1841) Tra_aeg 12 1.00
Trachytes montana Willmann, 1953 Tra_mon 2 0.17
Trachytes pauperior (Berlese, 1914) Tra_pau 3 0.25
Urodiaspis tecta (Kramer, 1876) Uro_tec 4 0.33
Uropoda spp. (Latreille, 1806) Uro_spp 1 0.08
Veigaia cerva (Kramer, 1876) Vei_cer 8 0.67
Veigaia decurtata (Athias Henriot, 1961) Vei_dec 4 0.33
Veigaia exigua (Berlese, 1916) Vei_exi 6 0.50
Veigaia kochi (Tragardh, 1901) Vei_koc 1 0.08
Veigaia nemorensis (C. L. Koch, 1839) Vei_nem 12 1.00
Veigaia planicola (Berlese, 1892) Vei_pla 5 042
Vulgarogamasus kraepelini (Berlese, 1904) Vul-Kra 6 0.50
Zercon peltatus (C. L. Koch, 1836) Zer_pel 11 0.92
Zercon hungaricus (Sellnick, 1958) Zer_hun 7 0.58
Zercon spp. (C. L. Koch, 1836) Zer_spp 0.17
Zercon triangularis (C. L. Koch, 1836) Zer_tri 10 0.83

Species specifity
index d’

0.14
0.24
1.00
0.67
0.67
0.56
0.72
0.67
0.59
0.26
1.00
1.00
0.33
0.29
0.16
0.67
0.61
0.51
1.00
0.26
0.60
0.54
1.00
0.20
0.43
0.45
0.19
0.47
0.72
0.37
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Abstract

Post-agricultural land differs from typical forest land in physical, chemical and biological
features. In addition, the environment of this land type is determined, among other things,
by the introduced tree species. These differences may be revealed by the biodiversity and
abundance of the soil fauna. We analysed the abundance, species richness and diversity of
different instars of mesostigmatid mites inhabiting three different habitat types on post-
agricultural land (shaped by pure Pinus sylvestris L., Tilia cordata Mill. and Betula pen-
dula Roth stands). We collected 288 soil samples from eight plots in three stands. The
collection was conducted in July and October in two consecutive vegetation seasons (2021
and 2022) for Mesostigmata mites community. Soil characteristics (determination of soil
group and analysis of physical and chemical properties of soil and litter) were done in July
2021. In total, 399 individuals (266 females, 50 males and 83 juveniles) were classified
into 38 taxa (33 species, five genera). Most individuals belonged to the Parasitidae, Laelap-
idae and Veigaiidae families. The most abundant species were Hypoaspis aculeifer (Can-
estini) (21.6% of all recorded mites), Veigaia nemorensis (C.L.Koch) (7.8%) and Trachytes
aegrota (C.L.Koch) (7.0%). Abundance, species richness and diversity were shaped by col-
lection month and Fe content in soil. The abundance was influenced by N litter content and
was significantly lower in P. sylvestris stand in July (0.57 £0.23; mean + SE) than in P. syl-
vestris (2.17+0.54) and T. cordata (2.15+0.48) stands in October. Moreover, abundance
in P. sylvestris stand in October was higher than in B. pendula stand in July (0.78 +£0.26).
Similarly, species richness was significantly lower in P. sylvestris stand in July than in
P. sylvestris and T. cordata stands in October (2.17 +£0.54 and 2.15+0.48, respectively).
Higher Shannon’s diversity of mite communities was reported in P. sylvestris stand in
October (0.40+0.10) than in P. sylvestris and B. pendula stands in July (0.12+0.06 and
0.14 +0.08, respectively). Large fluctuations of abundance, species richness and diversity
of soil mite communities in P. sylvestris and B. pendula stands between collection months
give the insights for creating mixed stands on post-agricultural land. It is worth noticing
that the wet season creates the most favourable living environment for mesostigmatid mites
in P. sylvestris litter.

Extended author information available on the last page of the article
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Introduction

The area of forests in Poland increased between 1945 and 2012 from 21 to 30% (i.e.
from 6,470,000 ha to 9,164,000 ha). Such growth occurred primarily through the affor-
estation of post-agricultural lands (Kaliszewski 2016), accounting for 55% of afforesta-
tion—1,477,000 ha (Krawczyk 2015). Afforested post-agricultural land differs in physi-
cal and chemical characteristics from typical forest land. The most important differences
include a higher pH and a lower C:N ratio. This results from long-term agricultural use—
repeated ploughing and fertilization. Ploughing is responsible for the transformation of the
soil profile and fertilization for the chemical changes (Gorzelak 1996). Additional differ-
ences are generated by the fact that these lands have been deprived for many years of the
influence of tree root systems, which stabilize the soil structure and enrich it biologically
(Thoms et al. 2010). The greater biodiversity of bacteria and lower diversity of fungi in
soils of post-agricultural lands may be triggered by higher availability of nutrients (Del-
gado-Baquerizo et al. 2017). Planting of trees on post-agricultural land shapes the succes-
sion process of herbaceous plants and shrubs. This process is long-lasting and depends on
the fragmentation of habitats and the vicinity of inhabited stands (Ciurzycki et al. 2021).
The diversity of different plant functional groups may be positively correlated with soil
functions such as microbial biomass carbon, basal respiration, and carbon sequestration.
Thus, with the ongoing succession of these groups on post-agricultural land, the param-
eters may improve (Heydari et al. 2020). Both land use history and soil type are, there-
fore, a set of abiotic factors that shape the living conditions of trees and soil organisms.
The importance of soil biota in soil remediation processes is based on their contribution to
the decomposition of dead organic matter. Fungi, bacteria, nematodes (Nematoda), spring-
tails (Collembola) and soil mites (Acari) should be considered as the main groups of such
organisms. Good bioindicators of changes in the soil environment are free-living mesostig-
matid mites (Mesostigmata). They occur in large numbers in the soil and forest litter, lead a
relatively sedentary lifestyle (Kamczyc et al. 2019) and are sensitive to pollution and deg-
radation of forest areas (Manu et al. 2019). They hunt primarily on springtails, nematodes,
potworms (Enchytraeidae) or insect larvae (Insecta) (Koehler 1999; Wissuwa et al. 2012).
The structure of mesostigmatid mite communities depends on the particular conditions of
habitat type, such as vegetation, age of the trees or human impact and abiotic factors. Mes-
ostigmatid mites highlight the degree of anthropogenization in ecosystems, but this effect
is especially pronounced in forests (Célugar, 2021). Mesostigmatid mite communities are
also subject to seasonal changes in species composition and abundance concerning tem-
perature and precipitation (Salmane 2000; Kamczyc et al. 2022). Environmental conditions
and seasonal dynamics are also expressed through changes in the relationships of different
mesostigmatid developmental instars, which include adult (males, females) and three juve-
nile instars (deutonymphs, protonymphs and larvae) (Urbanowski et al. 2021).

The aim of the study was to recognize differences in seasonal changes in the abundance,
species richness and diversity of Mesostigmata mite assemblages inhabiting pure forests
(Betula pendula Roth, Tilia cordata Mill., Pinus sylvestris L.) growing on post-agricul-
tural lands. Considering previous studies on post-agricultural lands (Scheu and Schulz
1996; Gormsen et al. 2006; Gaweda et al. 2021), we hypothesized that abundance, species
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richness, diversity, and relative proportion of different instars (including sex ratio) in mite
communities would respond in different ways to (1) season (summer and autumn), (2) tree
species, and (3) soil properties. We expected that various forest litter types would affect
soil mite assemblages differently, and that effect would change with season.

Materials and methods
Site description and experimental design

The study site was located in the Opole Forest District (S—W Poland), where coniferous
forests cover 60% of the forest area. The forests are dominated by mesic (57% of area),
moist (40%), and marsh sites (~3%). Considering the soil environment, the main groups
of soils are Arenosols (rusty soils)—45.3%, Podzols (podzolic soils)—23.0%, and Gley-
sols (gleyic soils)—16.4% (Forest Management Plan for Opole Forest Division, 2014). The
vegetation season lasts 227 days. Mean annual precipitation reaches 603 mm, while mean
annual temperature is 8 °C. The duration of winter is 60-70 days, and the number of days
with snow cover is 58-65 days. In turn, the duration of summer is 90-100 days (Malica
et al. 2024).

At the beginning of our study, three pure stands of different tree species (Pinus sylves-
tris L., Tilia cordata Mill. and Betula pendula Roth) were selected (Fig. 1). Every stand
was located on post-agricultural land characterized by sandy, acidic or slightly acidic soils,
with no calcium carbonates and low soil organic matter content in upper soil horizons
(rusty soil—Arenosol). The distance between stands was at least 50 m. Finally, eight cir-
cular study plots (0.02 ha) were established in total. The study site characteristics were
done in summer 2021 to note all plant species growing on each site. On each study plot,
we measured: (1) the total number of trees (N); (2) the height of the trees (m); (3) the
dimension at breast height—DBH (cm). Moreover, all vascular plants were recorded and
the cover of each species in each layer was estimated using the seven-level Braun-Blanquet
abundance scale (Table 4 in Appendix 1).

Soil analyses

The soil environment was characterized by the description of soil pit (at least to a depth
of 1 m) located in the middle of the chosen stands. Subsequently, we described the refer-
ence soil groups based on the IUSS WRB (2015) and took soil and litter (mineral and
organic layer separately) samples (ca. 500 g in total) from every soil horizon for further
laboratory studies (16 samples in total). Soil samples were collected to determine: (1) soil
texture (Casagrande’s aerometric method modified by Proszynski); (2) pH of soil and lit-
ter—measured in distilled water (potentiometric method); (3) content of organic carbon
(Corg%—Tiurin’s method); (4) soil organic matter (SOM%—Iloss on ignition method); (5)
the total nitrogen content (N%—Kjeldahl’s method); (6) C to N ratio; (7) elements such as
Mg, Na, Ca, P, K (%) as well as Fe, Cd, Pb, Mn, Zn, and Cu (mg/kg) using atomic absorp-
tion spectrometry analysis using the AAS Varian 55B spectrometer (Pefia et al. 2016).
Moreover, we collected samples of intact soil for analysis of bulk density (BD; g/cm®)—
core method, and actual soil moisture (SM; %)—gravimetric method (Lityriski et al. 1976).
The analyses were conducted in the laboratory at the Poznar University of Life Sciences
(Table 5 in Appendix 2).
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Fig.1 Study sites on post-agricultural lands (July 2021) in the Opole Forest District: A Betula pendula

C Tilia cordata stand
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B Pinus sylvestris stand
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Mesostigmata mites investigation

Sampling was carried out four times: in July and October 2021 and in July and Octo-
ber 2022. Collecting of the soil samples (288 samples in total =eight plots X nine sam-
ples per plot X four samplings) was conducted on each study plot using metal soil corer
(¢ 5 cm) to the depth of 15 cm. In the laboratory, samples were placed on the Berlese-
Tullgren apparatus, consisting of a funnel, a light bulb (40W), a strainer (mesh size
2 mm), and containers with 75% ethanol solution. Edaphon was extracted from the soil
samples for at least seven days (until the collected samples were dry). Mesostigmatid
mite individuals were selected from the alcohol solution under a stereomicroscope and
placed in the Hoyer’s medium on slides. The detailed diagnosis took place under a com-
pound microscope Zeiss Axio Scope.Al. All individuals were classified into the appro-
priate instar, as well as species level or higher taxonomic unit using identification keys
(Micherdzinski 1969; Karg 1971, 1993; Gwiazdowicz 2007; Masan & Halliday 2014).

Data analysis

Sampled material allowed to determine mite abundance (ind.), species richness and
Shannon—Wiener diversity index (H'=—Xpiln(pi), where pi is the proportion of par-
ticular species in the mite community) for each of the plots. During analysis raw, data
for abundance, species richness and diversity of mesostigmatid mite communities were
presented as mean (+ SE) values per sample within collection month and habitat type.
In addition, for each species, indicators of dominance and constancy (the ratio of sam-
ples in which a given species occurs to all samples collected in a given variant) were
determined for each habitat variant. Statistical analyses were done using R software (R
version 4.1.2; R Core Team R: A Language and Environment for Statistical Computing;
available online: https://www.r-project.org/). We used generalized linear models (GLM)
assuming a Tweedie distribution for mesostigmatid abundance, species richness, and
diversity calculated per sample and per plot. We applied predictors in models with low
variance inflation factors (VIF <5). Furthermore, we conducted Tukey post-hoc tests
for each model to determine the differences in studied factors between month/habitat
combinations. The statistical significance of variables used in GLM’s was calculated
using t-values. Results were treated as significant when p <0.05. In order to describe
the relationship between mesostigmatid mite assemblages and habitat characteristics,
including soil properties, we conducted canonical correspondence analysis (CCA)
implemented in the vegan package in R. The variables included in the CCA final model
were based on Akaike information criterion (AIC). Furthermore, environmental vari-
ables were selected on VIF < 2. To test the factor’s significance, we conducted a permu-
tational analysis of variance (PERMANOVA). We plotted a cumulative species number
using the vegan::specaccum() function (Oksanen et al. 2018). Furthermore, we used the
bipartite package to reveal the relationship between mesostigmatid mite taxa and habi-
tats (Dormann et al. 2008). In the conducted bipartite interaction network we assumed
habitats as lower-level and mite taxa as higher-level groups. The taxa level response to
specific habitat was described by specialisation index d’, derived from the Kulback-Lei-
bler distance, expressing whether a given taxon is a non-specialist or a perfect specialist
(range from O to 1). Additionally, d’ index describes how strongly the taxa differ from a
random sampling of available interacting partners (Dormann 2011).
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Results
Overall results

In total, 399 individuals (266 females, 50 males and 83 juveniles) were classified as 38
taxa (33 species, five genera) (Table 1). The GLM models assuming Tweedie distribution
revealed that collection month and Fe content in soil affected abundance, species richness
and diversity. Moreover, mesostigmatid mite abundance was influenced by litter N content
(Table 2). The canonical correspondence analysis (CCA) revealed significant differences in
mite taxa distribution. Axis 1 and axis 2 explained 26.1% and 25.0% of variance in commu-
nity composition, respectively (Fig. 2). Axis 1 reflects collection time, while Axis 2 reflects
the tree species studied. The analysis of variance conducted for the model showed that
collection month (p=0.002), year (p=0.002), soil Mn content (p=0.001), soil Na content
(»=0.028) and litter thickness (p=0.036) significantly influenced the mite communities
structure (Table 3). Species of the genus Paragamasus were influenced by soil Mn content
and litter thickness. In contrast, species belonging to the genus Veigaia were affected by
soil Na content and were also the least sensitive to soil Mn among all other genera.

Seasonal changes in mesostigmatid mite communities

The highest abundance calculated per sample was recorded in P. sylvestris stand in October 2022
(3.1940.62 ind.), while the lowest was recorded in P. sylvestris stand in July 2022 (0.37+0.17).
The highest abundance in July was reported in 7. cordata stand in 2021 (1.5940.50 ind.)
(Fig. 3A). The Tukey post-hoc tests revealed that mesostigmatid mite abundance was signifi-
cantly lower in P. sylvestris stand in July (0.57+0.17 ind.) than in P. sylvestris and T. cordata
stands in October (2.17+0.41 and 2.15+0.34, respectively). Moreover, abundance in P. sylves-
tris stand in October was significantly higher than in B. pendula stand in July (0.78 +0.18 ind.).

The highest species richness per sample was recorded in P. sylvestris stand in October 2022
(1.85+0.35 species) and the lowest in P. sylvestris stand in July 2022 (0.30+0.12) (Fig. 2B).
Species richness of mesostigmatid mite communities was significantly lower in P. sylvestris stand
in July (0.52+0.15 species) than in P. sylvestris and T. cordata stands in October (1.37+0.25
and 1.37+0.19, respectively) (Fig. 3B).

The highest mesostigmatid mite Shannon’s diversity was found in P. sylvestris stand in Octo-
ber 2022 (0.52+0.11), while the lowest was in 7. cordata stand in July 2022 (0.05+0.03). A
significantly higher diversity was found in P. sylvestris stand in October (0.40+0.07) compared
to P. sylvestris and B. pendula stands in July (0.12+0.05 and 0.14 +0.05, respectively) (Fig. 3C).

Mite communities structure

Most mite individuals belonged to the Parasitidae (111 ind.), Laelapidae (95) and Veigai-
idae (70) families (Table 1). The most abundant species were Hypoaspis (Gaeolaelaps)
aculeifer (21.6% of all recorded mites), Veigaia nemorensis (71.8%) and Trachytes aegrota
(7.0%). Each of these species was most abundant in the T. cordata stand in October. Only
two species occurred in each studied variant — Veigaia nemorensis and Hypoaspis aculeifer,
while 15 mite species were unique for one variant (Fig. 4, Table 6 in Appendix 3). The
cumulative species richness for 7. cordata stand in October and July exceeded those for
other examined month/habitat combinations (Fig. 5). The lowest juvenile abundance was
recorded in T. cordata stand in July 2022 (0.07 £ 0.05 ind.; 2.4% of all juveniles). However,
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Fig.2 Canonical correspondence analysis (CCA) for Mesostigmata communities across four sampling peri-
ods (July, October; 2020, 2021) in pure stands on post-agricultural lands (Opole Forest District). Mite taxa
labelled with the first two letters of the genus name and the first two letters of the species name for each
mite taxon (for abbreviations of mite taxa see Table 6 in Appendix 3). BP—B. pendula, PS—P. sylvestris,
TC—T. cordata, Jul—July, Oct—October, FLt—forest litter thickness, Sna—soil Na content, Smn—soil
Mn content

the number of juveniles was not statistically different among studied habitats and collec-
tion months (Fig. 3C). Interestingly, most females (2.19+0.49 ind.; 22.2% of all females)
were reported in P. sylvestris stand in October 2022, while the lowest female abundance
was found in P. sylvestris stand in July of the same year (0.15+0.09) (Fig. 6A). Males were
the most numerous in the T. cordata stand in October 2022 (0.52+0.20 ind.; 28.0% of all
males). Moreover, no males were recorded in July 2022 in T. cordata and B. pendula stand
(Fig. 4B). Furthermore, the most juveniles were found in P. sylvestris (0.56+0.19 ind.;
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Table 3 The influence of

. ; Term Df ChiSquare F Pr(>F)

environmental variables on

%Eﬁﬁiﬁ%ﬁ&;‘“mmm“ soil_mn 1 0.2707 19727 0.001
coll_month 1 0.2490 1.8147 0.002
year 1 0.2306 1.6803 0.002
fl_thickness 1 0.1991 1.4506 0.036
soil_na 1 0.2066 1.5054 0.028
Residual 125 17.1526
Model 5 1.1559 1.6847 0.001
Residual 125 17.1526

soil_mn soil Mn content, coll_month collection month, year year of
collection, fl_thickness forest litter thickness, soil_na soil Na content

18.1% of all juveniles) and 7. cordata stand (0.56 +0.15; 18.1%) in October 2022, as well
as in B. pendula stand in October 2021 (0.56 +0.30; 12.1%) (Fig. 6C).

The largest number of H. aculeifer females was found in samples taken in October from the
P. sylvestris and T. cordata stands (in both cases there were 22 individuals from two years, which
accounted for 81.48% of all individuals of this species in the variant). In contrast, the largest
number of H. aculeifer juveniles was found in samples taken in July from the 7. cordata stand
(6 ind.; 42.86%). Similarly, in the case of V.nemoresnis, the most females were found in samples
collected in October from the T.cordata stand (10 ind.; 83.33%), while the most juvenile stages
were reported in July in the 7. cordata stand (4 ind.; 66,67%). No T. aegrota individuals were
found in B. pendula stands, while the highest number of individuals of this species was reported
in the T. cordata stands in October (35.71% of all T. aegrota individuals in total).

Discussion
Seasonal changes in mite communities

Generally, we found a significantly higher abundance of Mesostigmata mites in October than in
July, as we expected from the results of other studies (Fujii and Takeda 2017). It alludes to the
study by Kaczmarek et al. (2011), highlighting that soil moisture is the main factor that allows
soil mite assemblage to develop. Indeed, in the climatic conditions of Poland, lower abundance
in July may be explained by higher temperature and rapidly decreasing soil moisture in summer,
which causes a decrease in mite density. With the end of summer, the temperature remains high,
but soil moisture increases. Consequently, this causes an increase in soil mite density (Salmane
2000). The same relationship also applied to species richness and diversity of soil acarofauna.
Similar importance of precipitation and temperature for the soil mite community structure was
also revealed by Kamczyc et al. (2022), who reported that the abundance of mesostigmatid mites
in decomposing litter of broadleaved and coniferous temperate tree species was positively corre-
lated with the temperature of the sampling month and negatively correlated with the temperature
of the month before sampling. The difference with our study was that the abundance shown in
summer (July) was higher than in autumn (October). Species richness and diversity showed only
slight changes between consecutive months of the growing season (April-October).

An interesting result of our study is the increase in the proportion of juvenile instars
in summer. They are considered to be more sensitive than adult mite instars to tempera-
ture increases and humidity decreases, which is associated inter alia with a lower degree
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Fig.4 Co-occurrence network for bipartite relationships between mesostigmatid mite taxa (upper boxes)
and collection Month/Habitat (lower boxes). Boxes are proportional to total mite abundance, whereas rib-
bon width is proportional to the co-occurrence. Oct_PS—October/P. sylvestris, Jul_PS—IJuly/P. sylvestris,
Oct_TC—October/T. cordata, Jul_BP—IJuly/B. pendula, Jul TC—IJuly/T. cordata, Oct_BP—October/B.
pendula. For abbreviations of mite taxa see Table 6 in Appendix 3

of body sclerotization (Huhta and Hinninen 2001). Adult mites should be more resistant
than juveniles to water loss and less susceptible to changes in temperature and humidity
(Urbanowski et al. 2021). An explanation for our result may be the overlap of the period
of high mortality with the hatching of mesostigmatid juveniles. As demonstrated by Kacz-
marek et al. (2011), under similar climatic conditions, there are two density peaks for mes-
ostigmatid mites—in January and at the turn of spring and summer.

Most identified individuals belonged to the Parasitidae, Laelapidae and Veigaiidae fami-
lies. Mites of the Parasitidae family are found in all types of forests, meadows, bogs, and
farmland. They mainly inhabit the litter but also the humus layer. Their main prey are spring-
tails and other mites, such as Oribatida and Astigmata (Btoszyk 2008). The Laelapidae fam-
ily includes, among others, large predatory species of the Hypoaspis genus. Hypoaspis (Geo-
laelaps) aculeifer is a common pioneer species (Wissuwa et al. 2012), also found in large
numbers on former farmland. Hypoaspis aculeifer is a species that inter alia preys on spring-
tails (Cortet et al. 2003). Veigaiidae family contains species specialised in feeding on spring-
tails, but may also feed on other soil fauna (Koehler 1999). They primarily inhabit forest
litter in the Palearctic but are also found in meadows and agricultural land (Btoszyk 2008).
Together with the mites of the Parasitidae family, they form the dominant group of preda-
tors in the Mesostigmata order (Koehler 1997; Btoszyk 2008; Skorupski 2008; Kazemi et al.
2013). Veigaia nemorensis is a common species in the litter and upper soil layers on former
farmland and even on degraded or post-industrial sites (Skorupski et al. 2013; Manu et al.
2017). Veigaia nemorensis, in contrast to the general characteristics of the Veiigaidae family,
mainly preys on bacterial and root-feeding nematode species (Manu et al. 2017).
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Fig.5 Cumulative species richness (data presented as mean values) for each month/habitat examined. Oct_
PS—October/P. sylvestris, Jul_PS—IJuly/P. sylvestris, Oct_TC—October/T. cordata, Jul_BP—IJuly/B. pen-
dula, Jul_TC—July/T. cordata, Oct_BP—October/B. pendula

Tree species impact

The differences in litter impact of tree species such as P. sylvestris, B. pendula and T. cordata on
mesostigmatid mite assemblages were compared by Kamczyc et al. (2019) and Urbanowski et al.
(2021). Kamczyc et al. (2019) showed that tree litter only affected abundance, while there was
no influence on species richness and diversity of mesostigmatid mite assemblages. In addition,
they indicated a positive effect of P. sylvestris litter comparing to T. cordata litter on soil mite
density. In contrast, Urbanowski et al. (2021) showed no significant differences in the effect of
P. sylvestris and B. pendula litter on the abundance, species richness and diversity of mesostig-
matid mite communities. Our study did not show differences in the influence of individual tree
species on the soil Mesostigmata. However, when comparing mite assemblages in summer and
autumn, we observed high differences in mite abundance, species richness and diversity between
the studied stands. Our results indicate that the most extreme abundance values were found in P,
sylvestris stand, which provided the most favourable conditions for the soil fauna in autumn and
the least favourable in summer. This effect may be explained by the highest water absorption
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capacity of P. sylvestris litter, a coniferous species, with the greatest decreases in moisture during
dry months (Zhou et al. 2018). Interestingly, Ilek et al. (2024) revealed that forest litter with a low
C:N ratio and a predominant share of oak leaves achieved the greatest water storage capacity,
while litter with a high C:N ratio and a predominant share of P. sylvestris needles had the lowest
water storage capacity. This is consistent with our results because the C:N ratio was the lowest in
the P. sylvestris stand and the highest in the 7. cordata stand. Also in the B. pendula stand, mite
abundance and diversity were significantly lower in summer than in P. sylvestris stand in autumn.
We assume that this results from the fact that B. pendula stands are less able to protect the soil in
summer from heating and drying out (Jonczak et al. 2020).

Interaction between soil parameters and mite communities

Our study revealed that Fe content in soil affected abundance, species richness and diversity of
mite communities—the biodiversity decreased as soil Fe concentration increased. The nega-
tive effects of this nutrient on soil fauna were also noted by Huot et al. (2018) and Rusek and
Marshall (2000). An increase in soil Fe concentration may limit the development of springtails,
reduce manganese uptake, and stress soil organisms through the energy-demanding detoxifica-
tion process (Rusek and Marshall 2000). Christophe et al. (2014) proved that the concentration
of elements such as Fe in the rhizosphere solution and the soil environment changes with the sea-
sons and is highest in autumn. Widowati and Sukristyonubowo (2019) showed that Fe becomes
less toxic to plants when the soil pH is lower. In turn, Thoms and Gleixner (2013) observed that
soil pH is lower in autumn than in summer.

Also, the collection month significantly affected the abundance, species richness and diversity
of mesostigmatid mite communities. Changes in weather conditions with the ongoing seasons
appear to be crucial to the density and diversity of soil fauna communities. This is not surprising
because mites are ectothermic organisms, depending on climatic conditions such as temperature
and precipitation (Thakur et al. 2018). This result was also confirmed by other studies conducted
in central Europe (Urbanowski et al. 2021; Kamczyc et al. 2022). Additionally, species richness
and diversity of mesostigmatid mites increased with litter nitrogen content, which may be associ-
ated with a higher biomass and species richness of microorganisms and nematodes (Kaneko and
Salamanca 1999; Sanchez-Moreno et al. 2009; Renco et al. 2020). Interestingly, in our study, the
abundance of mites was not influenced by litter nitrogen content, which is correlated with the
type of litter (Cornwell et al. 2008; Horodecki and Jagodziriski 2019). It corresponds to the con-
clusions of studies conducted by Seniczak et al. (2018) on moss mite (Oribatida) and mesostig-
matid mite communities. They reported that nutrient-rich habitats generate high species diversity
but low densities of soil mites. This may mean that poorly fertile habitats have the opposite trend
in mite community structure.

Conclusions

In conclusion, we revealed that different tree species growing on post-agricultural lands shape
various soil conditions, which change between the summer and autumn seasons. Large fluctua-
tions in soil mite abundance, species richness and diversity between P. sylvestris and B. pendula
stands in summer and autumn may depend on tree species and season, which may constitute
proof for using mixed stands during afforestation of post-agricultural lands. Seasonal change in
the proportion between instars was unclear, but contrary to expected results, the proportion of
young individuals increased in summer.
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Appendix 3

See Table 6.

Table 6 Network statistics for mesostigmatid mite taxa, describing their affiliation to habitats and speciali-
sation

No Mite taxa

Abbreviation Number

Proportion  Species

of habi-  of habitats specificity
tats index d’
1 Alliphis halleri (Canestrini & Canestrini, Al_ha 1 0.17 1.000
1881)
2 Amblyseius spp. Am_sp 2 0.33 0.817
3 Antennoseius bacatus Athias-Henriot, 1961 An_ba 2 0.33 0.633
4 Arctoseius venustulus (Berlese, 1917) Ar_ve 2 0.33 0.633
5 Asca aphidioides (Linnaeus, 1758) As_ap 1 0.17 1.000
6  Eugamasus cavernicolus Trigardh, 1912 Eu_ca 1 0.17 1.000
7 Gamasellodes bicolor (Berlese, 1918) Ga_bi 1 0.17 1.000
8  Gamasellus montanus (Willmann, 1936) Ga_mo 2 0.33 0.633
9 Hypoaspis (Geolaelaps) aculeifer (Canestrini, Hy_ac 6 1.00 0.305
1883)
10 Hypoaspis spp. Hy_sp 2 0.33 0.714
11 Hypoaspis (Geolaelaps) praesternalis (Will- ~ Hy_pr 1 0.17 1.000
mann, 1949)
12 Leptogamasus succineus Witalinski, 1973 Le_su 2 0.33 0.785
13 Leptogamasus tectegynellus (Athias Henriot, = Le_te 1 0.17 1.000
1967)
14 Macrocheles montanus (Willmann, 1951) Ma_mo 4 0.67 0.466
15  Macrocheles spp. Ma_sp 1 0.17 1.000
16  Olodiscus minima (Kramer, 1882) Ol_mi 4 0.67 0.418
17 Oodinychus ovalis (C.L.Koch, 1839) Oo_ov 3 0.50 0.592
18  Pachyseius humeralis (Berlese, 1910) Pa_hu 1 0.17 1.000
19 Paragamasus conus (Karg 1971) Pa_co 5 0.83 0.449
20 Paragamasus jugincola (Athias Henriot, 1967) Pa_ju 1 0.17 1.000
21 Paragamasus runcatellus (Berlese, 1903 sensu Pa_ru 4 0.67 0.361
Karg 1971)
22 Paragamasus spp. Pa_sp 4 0.67 0.471
23 Paragamasus vagabundus (Karg, 1968) Pa_va 5 0.83 0.783
24 Pergamasus barbarus (Berlese, 1904) Pe_ba 2 0.33 0.785
25 Pergamasus crassipes (Linnaeus, 1758) Pe_cr 2 0.33 0.633
26  Pergamasus mediocris Berlese, 1904 Pe_me 1 0.17 1.000
27  Pergamasus septentrionalis (Oudemans, 1902) Pe_se 4 0.67 0.375
28  Pergamasus spp. Pe_sp 3 0.50 0.500
29  Rhodacarus mandibularis (Berlese, 1921) Rh_ma 1 0.17 1.000
30 Trachytes aegrota (C.L.Koch, 1841) Tr_ae 4 0.67 0.374
31 Veigaia cerva (Kramer, 1876) Ve_ce 1 0.17 1.000
32 Veigaia decurtata (Athias Henriot, 1961) Ve_de 3 0.50 0.669
33 Veigaia exigua (Berlese, 1916) Ve_ex 5 0.83 0.432
34 Veigaia nemorensis (C.L.Koch, 1839) Ve_ne 6 1.00 0.302
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Table 6 (continued)

No Mite taxa Abbreviation Number  Proportion Species
of habi-  of habitats specificity
tats index d’

35 Veigaia planicola (Berlese, 1892) Ve_pl 2 0.33 0.633

36 Vulgarogamasus kraepelini (Berlese, 1904) Vu_kr 1 0.17 1.000

37  Zercon peltatus peltatus (C.L.Koch, 1836) Ze_pe 4 0.67 0.416

38  Zercon hungaricus (Sellnick, 1958) Ze_hu 1 0.17 1.000

39  Zercon triangularis (C.L.Koch, 1836) Ze_tr 1 0.17 1.000

Author contributions Conceptualization: J.M., M.S. and J.K., Methodology: J.M., J K., M.S., CK.U,, K.T.
and G.R., Formal analysis: J.M., J.K. and C.K.U., Investigation: J.M., C.K.U,, G.R., J.K,, and K.T., Writ-
ing - Original Draft Preparation: J.M., C.K.U. and K.T., Visualization: J.M. and C.K.U., Supervison: J.K.
and M.S.

Data availability We declare all data is being provided within this manuscript.

Declarations

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Bloszyk J (2008) Wykaz gatunkéw Acari: Uropodina, in: Fauna Polski — Charakterystyka i Wykaz
Gatunkéw. Muzeum i Instytut Zoologii PAN, Warszawa, pp 76-78

Bureau for Forest Management and Geodesy State Enterprise (2014) Forest Management Plan for Opole
Forest Division. Krakéw

Cilugidr A (2021) Mesostigmatid mites as a piece of the bioindicators puzzle. Agronomie 64

Christophe C, Collignon C, Kies A, Turpault M-P (2014) Seasonal evolution of the rhizosphere effect on
major and trace elements in soil solutions of Norway Spruce (Picea abies Karst) and beech (Fagus
sylvatica) in an acidic forest soil. Open J Soil Sci 4:323-336. https://doi.org/10.4236/0jss.2014.
49034

Ciurzycki W, Marciszewska K, Zaniewski PT (2021) Formation of undergrowth species composition in
birch forests on former farmland in the early stage of spontaneous secondary succession. Sylwan.
https://doi.org/10.26202/sylwan.2021055

Cornwell WK, Cornelissen JHC, Amatangelo K et al (2008) Plant species traits are the predominant control
on litter decomposition rates within biomes worldwide. Ecol Lett 11:1065-1071. https://doi.org/10.
1111/5.1461-0248.2008.01219.x

Cortet J, Joffre R, EImholt S, Krogh PH (2003) Increasing species and trophic diversity of mesofauna affects
fungal biomass, mesofauna community structure and organic matter decomposition processes. Biol
Fertil Soils 37:302-312. https://doi.org/10.1007/s00374-003-0597-2

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4236/ojss.2014.49034
https://doi.org/10.4236/ojss.2014.49034
https://doi.org/10.26202/sylwan.2021055
https://doi.org/10.1111/j.1461-0248.2008.01219.x
https://doi.org/10.1111/j.1461-0248.2008.01219.x
https://doi.org/10.1007/s00374-003-0597-2

Experimental and Applied Acarology (2025) 94:4 Page210f23 4

de la Pefia E, Baeten L, Steel H, Viaene N, Sutter ND, Schrijver AD, Verheyen K (2016) Beyond plant—soil
feedbacks: mechanisms driving plant community shifts due to land-use legacies in post-agricultural
forests. Funct Ecol 30:1073-1085. https://doi.org/10.1111/1365-2435.12672

Delgado-Baquerizo M, Reich PB, Khachane AN, Campbell CD, Thomas N, Freitag TE, Abu Al-Soud W,
Sgrensen S, Bardgett RD, Singh BK (2017) It is elemental: soil nutrient stoichiometry drives bacterial
diversity. Environ Microbiol 19:1176-1188. https://doi.org/10.1111/1462-2920.13642

Dormann CF (2011) How to be a specialist? Quantifying specialisation in pollination networks. Netw Biol
1:1-20

Dormann CF, Gruber B, Friind J (2008) Introducing the bipartite package: analysing ecological networks. R
News 8:8-11

Fujii S, Takeda H (2017) Succession of soil microarthropod communities during the aboveground and
belowground litter decomposition processes. Soil Biol Biochem 110:95-102. https://doi.org/10.1016/j.
s0ilbi0.2017.03.003

Gaweda T, Matek S, Bloniska E, Jagodziiski AM, Bijak S, Zasada M (2021) Macro- and micronutrient
contents in soils of a chronosequence of naturally regenerated birch stands on abandoned agricultural
lands in Central Poland. Forests 12:956. https://doi.org/10.3390/£12070956

Gormsen D, Hedlund K, Huifu W (2006) Diversity of soil mite communities when managing plant com-
munities on set-aside arable land. Appl Soil Ecol 31:147-158. https://doi.org/10.1016/j.apso0il.2005.
03.001

Gorzelak A (1996) Ekologiczne uwarunkowania ksztaltowania laséw na gruntach porolnych. Sylwan
140:29-34

Gwiazdowicz DJ (2007) Ascid mites (Acari, Mesostigmata) from selected forest ecosystems and microhabi-
tats in Poland. Wydawnictwo Akademii Rolniczej im. Poznari, Augusta Cieszkowskiego

Heydari M, Zeynali N, Omidipour R, Bazgir M, Kohzadian M, Prevosto B (2020) Linkage between plant
species diversity and soil-based functions along a post-agricultural succession is influenced by the veg-
etative forms. Environ Monit Assess 192:429. https://doi.org/10.1007/s10661-020-08378-z

Horodecki P, Jagodziniski AM (2019) Site type effect on litter decomposition rates: a three-year comparison
of decomposition process between spoil heap and forest sites. Forests 10:353. https://doi.org/10.3390/
£10040353

Huhta V, Hénninen S-M (2001) Effects of temperature and moisture fluctuations on an experimental soil
microarthropod community. Pedobiologia 45:279-286. https://doi.org/10.1078/0031-4056-00085

Huot H, Cortet J, Watteau F, Milano V, Nahmani J, Sirguey C, Schwartz C, Morel JL (2018) Diversity and
activity of soil fauna in an industrial settling pond managed by natural attenuation. Appl Soil Ecol
132:34-44. https://doi.org/10.1016/j.apsoil.2018.08.020

Ilek A, Btoriska E, Miszewski K, Kasztelan A, Zborowska M (2024) Investigating water storage dynamics in
the litter layer: the impact of mixing and decay of pine needles and oak leaves. Forests 15:350. https://
doi.org/10.3390/15020350

IUSS Working Group WRB (2015) World Reference Base for Soil Resources 2014, Update 2015 Interna-
tional Soil Classification System for Naming Soils and Creating Legends for Soil Maps. World Soil
Resources Reports, 106, FAO, Rome

Jonczak J, Jankiewicz U, Kondras M, Kruczkowska B, Oktaba L, Oktaba J, Olejniczak I, Pawlowicz E,
Polldkova N, Raab T, Regulska E, Stowiriska S, Sut-Lohmann M (2020) The influence of birch trees
(Betula spp.) on soil environment—a review. For Ecol Manag 477:118486. https://doi.org/10.1016/].
foreco.2020.118486

Kaczmarek S, Falericzyk-Kozirég K, Marquardt T (2011) Abundance dynamics of mites (Acari) in the
peatland of ‘Linie’ Nature Reserve, with particular reference to the Gamasida. BIOLET 48:159-166.
https://doi.org/10.2478/v10120-011-0014-8

Kaliszewski A (2016) Krajowy program zwigkszania lesistoSci—stan i trudnosci realizacji z perspektywy
lokalnej. Studia i Materiaty CEPL w Rogowie 7-19

Kamczyc J, Dyderski MK, Horodecki P, Jagodziriski AM (2019) Mite communities (Acari, Mesostigmata)
in the initially decomposed ‘litter islands’ of 11 tree species in scots pine (Pinus sylvestris L.) Forest.
Forests 10:403. https://doi.org/10.3390/£10050403

Kamczyc J, Pers-Kamczyc E, Urbanowski CK, Malica J, Reich PB, Oleksyn J (2020) An alternative, port-
able method for extracting microarthropods from forest soil. Acta Oecologica 109:103655. https://doi.
org/10.1016/j.actao0.2020.103655

Kamczyc J, Dyderski MK, Horodecki P, Jagodziiiski AM (2022) Impact of microclimatic conditions on
soil mite (Mesostigmata) abundance, species richness and diversity and litter decomposition. Figshare
Repos. https://doi.org/10.6084/m9.figshare.18972998

@ Springer


https://doi.org/10.1111/1365-2435.12672
https://doi.org/10.1111/1462-2920.13642
https://doi.org/10.1016/j.soilbio.2017.03.003
https://doi.org/10.1016/j.soilbio.2017.03.003
https://doi.org/10.3390/f12070956
https://doi.org/10.1016/j.apsoil.2005.03.001
https://doi.org/10.1016/j.apsoil.2005.03.001
https://doi.org/10.1007/s10661-020-08378-z
https://doi.org/10.3390/f10040353
https://doi.org/10.3390/f10040353
https://doi.org/10.1078/0031-4056-00085
https://doi.org/10.1016/j.apsoil.2018.08.020
https://doi.org/10.3390/f15020350
https://doi.org/10.3390/f15020350
https://doi.org/10.1016/j.foreco.2020.118486
https://doi.org/10.1016/j.foreco.2020.118486
https://doi.org/10.2478/v10120-011-0014-8
https://doi.org/10.3390/f10050403
https://doi.org/10.1016/j.actao.2020.103655
https://doi.org/10.1016/j.actao.2020.103655
https://doi.org/10.6084/m9.figshare.18972998

4 Page22of23 Experimental and Applied Acarology (2025) 94:4

Kaneko N, Salamanca E (1999) Mixed leaf litter effects on decomposition rates and soil microarthropod
communities in an oak—pine stand in Japan. Ecol Res 14:131-138. https://doi.org/10.1046/j.1440-
1703.1999.00292.x

Karg W (1971) Acari (Acarina) Milben, Unterordnung Anactinochaeta (Parasitiformes). Die freilebenden
Gamasina (Gamasides). Raubmilben, Die Tierwelt Deutschlands 59. Gustav Fischer Verlag: Jena

Karg W (1993) Acari (Acarina) Milben Parasitiformes (Anactinochaeta), Cohors Gamasina Leach Raubm-
milben. Die Tierwelt Deutschlands. VEB Gustav Fischer Ver Lag: Jena

Kazemi S, Arjomandi E, Ahangaran Y (2013) A review of the Iranian Parasitidae (Acari: Mesostigmata).
Persian J Acarol 2:159-180. https://doi.org/10.22073/pja.v2i1.9951

Koehler HH (1999) Predatory mites (Gamasina, Mesostigmata). Agric Ecosyst Environ 74:395-410. https://
doi.org/10.1016/S0167-8809(99)00045-6

Krawczyk R (2015) Afforestation and secondary succession. For Res Pap 75:423-427. https://doi.org/10.
2478/frp-2014-0039

Litynski T, Jurkowska H, Gorlach E (1976) Chemical and agricultural analysis. Methodological guide for
soil and fertilizer analysis. PWN, Warszawa

Malica J, Raczka G, Turczariski K, Andrzejewska A, Skorupski M, Urbanowski CK, Kamczyc J (2024)
Impact of land use history and soil properties on soil mite communities (Acari, Mesostigmata) inhab-
iting stands growing on post-agricultural land. Land Degrad Dev 35:1776-1791. https://doi.org/10.
1002/1dr.5020

Manu M, Calugar A, Badiu D (2017) Distribution of the genus Veigaia (Mesostigmata: Veigaiidae) in
Romania with notes on the species ecology. Biologia (Bratisl) 72:628-641. https://doi.org/10.1515/
biolog-2017-0072

Manu M, Honciuc V, Neagoe A, Bincild RI, Iordache V, Onete M (2019) Soil mite communities (Acari:
Mesostigmata, Oribatida) as bioindicators for environmental conditions from polluted soils. Sci Rep
9:20250. https://doi.org/10.1038/s41598-019-56700-8

Masan P, Halliday B (2014) Review of the mite family Pachylaelapidae (Acari: Mesostigmata). Zootaxa
3776:1-66. https://doi.org/10.11646/zootaxa.3776.1.1

Micherdzinski W (1901) Die Familie Parasitidae Oudemans. 1901 (Acarina, Mesostigmata). PWN, Krakéw

Oksanen J, Blanchet FG, Friendly M, Kindt R, Legendre P, McGlinn D, Minchin PR, O’Hara R, Simpson
GL, Solymos P, Stevens M, Szoecs E, Wagner H (2018) Vegan: community ecology package. R Pack-
age Version. 2.5-2. CRAN

Rendo M, Gémoryova E, Cerevkova A (2020) The effect of soil type and ecosystems on the soil nematode
and microbial communities. Helminthologia 57:129-144. https://doi.org/10.2478/helm-2020-0014

Rusek J, Marshall VG (2000) Impacts of airborne pollutants on soil fauna. Annu Rev Ecol Evol Syst
31:395-423. https://doi.org/10.1146/annurev.ecolsys.31.1.395

Salmane I (2000) Investigation of the seasonal dynamics of soil Gamasina mites (Acari: Mesostigmata) in
PInaceum Myrtilosum, Latvia. In: Gajdos P, Pekar S (eds) Proceedings of the 18th European Collo-
quium of Arachnology, Stard Lesna, 1999. Ekol6gia Bratisl. 19:245-252

Sanchez-Moreno S, Nicola NL, Ferris H, Zalom FG (2009) Effects of agricultural management on nema-
tode—mite assemblages: soil food web indices as predictors of mite community composition. Appl Soil
Ecol 41:107-117. https://doi.org/10.1016/j.aps0il.2008.09.004

Scheu S, Schulz E (1996) Secondary succession, soil formation and development of a diverse community of
oribatids and saprophagous soil macro-invertebrates. Biodivers Conserv 5:235-250. https://doi.org/10.
1007/BF00055833

Seniczak S, Graczyk R, Seniczak A, Falericzyk-Kozirdg K, Kaczmarek S, Marquardt T (2018) Microhabi-
tat preferences of Oribatida and Mesostigmata (Acari) inhabiting lowland beech forest in Poland and
the trophic interactions between these mites. Eur J Soil Biol 87:25-32. https://doi.org/10.1016/j.ejsobi.
2018.04.004

Skorupski M, Horodecki P, Jagodziniski AM (2013) Mite species of Mesostigmata order (Arachnida, Acari)
in industrial and postindustrial areas of Poland. Nauka Przyr Technol 7:1-23

Skorupski M (2008) Wykaz gatunkéw Acari: Mesostigmata, in: Fauna Polski — Charakterystyka i Wykaz
Gatunkéw. Muzeum i Instytut Zoologii PAN, Warszawa, pp 64-76

Thakur MP, Reich PB, Hobbie SE, Stefanski A, Rich R, Rice KE, Eddy WC, Eisenhauer N (2018) Reduced
feeding activity of soil detritivores under warmer and drier conditions. Nat Clim Change 8:75-78.
https://doi.org/10.1038/s41558-017-0032-6

Thoms C, Gleixner G (2013) Seasonal differences in tree species’ influence on soil microbial communities.
Soil Biol Biochem 66:239-248. https://doi.org/10.1016/j.s0ilbio.2013.05.018

Thoms C, Gattinger A, Jacob M, Thomas FM, Gleixner G (2010) Direct and indirect effects of tree diversity
drive soil microbial diversity in temperate deciduous forest. Soil Biol Biochem 42:1558-1565. https://
doi.org/10.1016/j.s0ilbio.2010.05.030

@ Springer


https://doi.org/10.1046/j.1440-1703.1999.00292.x
https://doi.org/10.1046/j.1440-1703.1999.00292.x
https://doi.org/10.22073/pja.v2i1.9951
https://doi.org/10.1016/S0167-8809(99)00045-6
https://doi.org/10.1016/S0167-8809(99)00045-6
https://doi.org/10.2478/frp-2014-0039
https://doi.org/10.2478/frp-2014-0039
https://doi.org/10.1002/ldr.5020
https://doi.org/10.1002/ldr.5020
https://doi.org/10.1515/biolog-2017-0072
https://doi.org/10.1515/biolog-2017-0072
https://doi.org/10.1038/s41598-019-56700-8
https://doi.org/10.11646/zootaxa.3776.1.1
https://doi.org/10.2478/helm-2020-0014
https://doi.org/10.1146/annurev.ecolsys.31.1.395
https://doi.org/10.1016/j.apsoil.2008.09.004
https://doi.org/10.1007/BF00055833
https://doi.org/10.1007/BF00055833
https://doi.org/10.1016/j.ejsobi.2018.04.004
https://doi.org/10.1016/j.ejsobi.2018.04.004
https://doi.org/10.1038/s41558-017-0032-6
https://doi.org/10.1016/j.soilbio.2013.05.018
https://doi.org/10.1016/j.soilbio.2010.05.030
https://doi.org/10.1016/j.soilbio.2010.05.030

Experimental and Applied Acarology (2025) 94:4 Page230f23 4

Tyler G, Olsson T (2001) Plant uptake of major and minor mineral elements as influenced by soil acidity
and liming. Plant Soil 230:307-321. https://doi.org/10.1023/A:1010314400976

Urbanowski CK, Horodecki P, Kamczyc J, Skorupski M, Jagodziriski AM (2021) Does litter decomposition
affect mite communities (Acari, Mesostigmata)? A five-year litterbag experiment with 14 tree species
in mixed forest stands growing on a post-industrial area. Geoderma 391:114963. https://doi.org/10.
1016/j.geoderma.2021.114963

WidowatiSukristyonubowo LR (2019) Dynamics of pH, ferrum and mangan, and phosphorus on newly
opened paddy soil having high soil organic matter on rice growth. J Trop Soils 17:1-8. https://doi.org/
10.5400/jts.2012.v17i1.1-8

Wissuwa J, Salamon J-A, Frank T (2012) Effects of habitat age and plant species on predatory mites (Acari,
Mesostigmata) in grassy arable fallows in Eastern Austria. Soil Biol Biochem 50:96-107. https://doi.
org/10.1016/j.s0ilbi0.2012.02.025

Zhou Q, Keith DM, Zhou X, Cai M, Cui X, Wei X, Luo Y (2018) Comparing the water-holding character-
istics of broadleaved, coniferous, and mixed forest litter layers in a Karst Region. Mt Res Dev 38:220—
229. https://doi.org/10.1659/MRD-JOURNAL-D-17-00002.1

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Authors and Affiliations

Jacek Malica'® - Cezary K. Urbanowski'® . Krzysztof Turczanski?® .
Grzegorz Raczka3® . Agnieszka Andrzejewska* - Maciej Skorupski
Jacek Kamczyc'

P< Jacek Malica
jacek.malica@up.poznan.pl

Cezary K. Urbanowski
cezary.urbanowski @up.poznan.pl

Krzysztof Turczanski
krzysztof.turczanski @up.poznan.pl

Grzegorz Raczka
grzegorz.raczka@up.poznan.pl

Agnieszka Andrzejewska
agnieszka.andrzejewska@up.poznan.pl

Maciej Skorupski
maciej.skorupski @up.poznan.pl

Jacek Kamczyc
jacek.kamczyc @up.poznan.pl

Department of Game Management and Forest Protection, Faculty of Forestry and Wood
Technology, Poznan University of Life Sciences, 71D Wojska Polskiego Str., 60-625 Poznan,
Poland

Department of Botany and Forest Habitats, Faculty of Forestry and Wood Technology, Poznan
University of Life Sciences, Wojska Polskiego 71D, 60-625 Poznan, Poland

Department of Forest Management Planning, Faculty of Forestry and Wood Technology, Poznar
University of Life Sciences, 71C Wojska Polskiego Str, 60-625 Poznan, Poland

Department of Agricultural Chemistry and Environmental Biogeochemistry, Faculty of Agronomy,
Horticulture and Biotechnology, Poznarn University of Life Sciences, Wojska Polskiego 71F,
60-625 Poznan, Poland

@ Springer


http://orcid.org/0000-0001-6091-4881
http://orcid.org/0000-0002-0060-3413
http://orcid.org/0000-0002-8369-9165
http://orcid.org/0000-0002-1636-8278
http://orcid.org/0000-0001-6752-3576
http://orcid.org/0000-0003-3023-8709
https://doi.org/10.1023/A:1010314400976
https://doi.org/10.1016/j.geoderma.2021.114963
https://doi.org/10.1016/j.geoderma.2021.114963
https://doi.org/10.5400/jts.2012.v17i1.1-8
https://doi.org/10.5400/jts.2012.v17i1.1-8
https://doi.org/10.1016/j.soilbio.2012.02.025
https://doi.org/10.1016/j.soilbio.2012.02.025
https://doi.org/10.1659/MRD-JOURNAL-D-17-00002.1

Mgr inz. Jacek Malica
Uniwersytet Przyrodniczy w Poznaniu
Wydziat Le$ny i1 Technologii Drewna

Katedra Lowiectwa 1 Ochrony Lasu

Oswiadczenie o wspolautorstwie

Niniejszym o$wiadczam, ze w pracy:

Malica, J.; Urbanowski, C.K.; Raczka, G.; Skorupski, M.; Pers-Kamczyc, E.; Kamczyc, J. Soil
Environment and Fauna Communities in Europe after Afforestation of Post-Agricultural Lands—A
Review. Forests 2022, 13, 1713.

https://doi.org/10.3390/f13101713

m¢j indywidualny wktad w jej powstaniu polegal na przeprowadzeniu szczegdtowego przegladu
literatury, przygotowaniu bazy danych i udziale w analizach danych, przygotowaniu pierwszej wersji

maszynopisu 1 jego korekcie oraz udzieleniu odpowiedzi na recenzje.

Malica, J., Raczka, G., Turczanski, K., Andrzejewska, A., Skorupski, M., Urbanowski, C. K.,
Kamczyec, J., 2024. Impact of land use history and soil properties on soil mite communities (Acari,
Mesostigmata) inhabiting stands growing on post-agricultural land. Land Degradation &
Development, 35(5), 1776-1791.

https://doi.org/10.1002/1dr.5020

moj indywidualny wklad w jej powstaniu polegat na opracowaniu koncepcji badan, udziale w
wyborze powierzchni badawczych, udziale w przygotowaniu i opisaniu profili glebowych, zbiorze
materialu glebowego do analiz chemicznych 1 zoologicznych, przygotowaniu preparatéw
mikroskopowych, identyfikacji taksonéw roztoczy, przygotowaniu bazy danych, udziale w
opracowaniu wynikoéw, przygotowaniu pierwszej wersji maszynopisu publikacji, petnieniu roli autora

korespondencyjnego oraz udziale w korekcie 1 odpowiedzi na recenzje.



Malica, J., Urbanowski, C. K., Turczanski, K., Raczka, G., Andrzejewska, A., Skorupski, M.,
Kamczyc, J., 2024. Environmental role of different-aged pine and oak stands growing on post-
agricultural and forest lands in forming the Mesostigmata mites communities. Land Degradation &
Development, 1-20.

https://doi.org/10.1002/1dr.5265

m¢j indywidualny wklad w jej powstaniu polegal na opracowaniu koncepcji badan, udziale w
wyborze powierzchni badawczych, udziale w przygotowaniu i opisaniu profili glebowych, zbiorze
materialu glebowego do analiz chemicznych 1 zoologicznych, przygotowaniu preparatow
mikroskopowych, identyfikacji taksondw roztoczy, przygotowaniu bazy danych, udziale w
opracowaniu wynikow, przygotowaniu pierwszej wersji maszynopisu publikacji, petnieniu roli autora

korespondencyjnego oraz udziale w korekcie i odpowiedzi na recenzje.

Malica, J., Urbanowski, C.K., Turczanski, K., Raczka, G., Andrzejewska, A., Skorupski, S.,
Kamczyc, J., Soil mite communities (Acari, Mesostigmata) in pure stands on post-agricultural
lands: does season matter?. Exp Appl Acarol 94, 4 (2025). https://doi.org/10.1007/s10493-024-
00968-7

m¢j indywidualny wklad w jej powstaniu polegal na opracowaniu koncepcji badan, udziale w
wyborze powierzchni badawczych, udziale w przygotowaniu i opisaniu profili glebowych, zbiorze
materialu glebowego do analiz chemicznych 1 zoologicznych, przygotowaniu preparatow
mikroskopowych, identyfikacji taksonéw roztoczy, przygotowaniu bazy danych, udziale w
opracowaniu wynikoéw, przygotowaniu pierwszej wersji maszynopisu publikacji, petnieniu roli autora

korespondencyjnego oraz udziale w korekcie i odpowiedzi na recenzje.



Dr hab. Jacek Kamczyc
Uniwersytet Przyrodniczy w Poznaniu
Wydziat Le$ny i Technologii Drewna

Katedra Lowiectwa i Ochrony Lasu

Oswiadczenie o wspoétautorstwie

Niniejszym oswiadczam, ze w pracy:

Malica, J.; Urbanowski, C.K.; Raczka, G.; Skorupski, M.; Pers-Kamczyc, E.; Kamczyc, J. Soil
Environment and Fauna Communities in Europe after Afforestation of Post-Agricultural Lands—A
Review. Forests 2022, 13, 1713.

https://doi.org/10.3390/f13101713

moj indywidualny wkiad w jej powstaniu polegal na przeprowadzeniu czesciowego przegladu

literatury i1 udziale w korekcie maszynopisu publikacji.

Malica, J., Raczka, G., Turczanski, K., Andrzejewska, A., Skorupski, M., Urbanowski, C. K.,
Kamczyc, J., 2024. Impact of land use history and soil properties on soil mite communities (Acari,
Mesostigmata) inhabiting stands growing on 'post-agricultural land. Land Degradation &
Development, 35(5), 1776—1791.

https://doi.org/10.1002/1dr.5020

moj indywidualny wkitad w jej powstaniu polegal na udziale we wstgpnym opracowaniu koncepcji

badawczej, udziale w identyfikacji taksondw roztoczy oraz korekcie maszynopisu publikacji.



Malica, J., Urbanowski, C. K., Turczanski, K., Raczka, G., Andrzejewska, A., Skorupski, M.,
Kamczyc, J., 2024. Environmental role of different-aged pine and oak stands growing on post-
agricultural and forest lands in forming the Mesostigmata mites communities. Land Degradation &
Development, 1-20.

https://doi.org/10.1002/1dr.5265

moj indywidualny wktad w jej powstaniu polegat na udziale we wstgpnym opracowaniu koncepcji

badawczej, udziale w identyfikacji taksondw roztoczy oraz korekcie maszynopisu publikacji.

Malica, J., Urbanowski, C.K., Turczanski, K., Raczka, G., Andrzejewska, A., Skorupski, S.,
Kamczyc, J., Soil mite communities (Acari, Mesostigmata) in pure stands on post-agricultural
lands: does season matter?. Exp Appl Acarol 94, 4 (2025). https://doi.org/10.1007/s10493-024-
00968-7

moj indywidualny wkiad w jej powstaniu polegat na udziale we wstepnym opracowaniu koncepcji

badawczej, udziale w identyfikacji taksondw roztoczy oraz korekcie maszynopisu publikacji.



Dr inz. Krzysztof Turczanski

Uniwersytet Przyrodniczy w Poznaniu
Wydziat Le$ny 1 Technologii Drewna

Katedra Botaniki 1 Siedliskoznawstwa Lesnego

Oswiadczenie o wspélautorstwie

Niniejszym o$wiadczam, Ze w pracy:

Malica, J., Raczka, G., Turczanski, K., Andrzejewska, A., Skorupski, M., Urbanowski, C. K.,
Kamczyc, J., 2024. Impact of land use history and soil properties on soil mite communities (Acari,
Mesostigmata) inhabiting stands growing on post-agricultural land. Land Degradation &
Development, 35(5), 1776-1791.

https://doi.org/10.1002/1dr.5020

moj indywidualny wklad w jej powstaniu polegal na przygotowaniu i opisie profili glebowych,
przeprowadzeniu wstepnych analiz fizyko-chemicznych gleby oraz przygotowaniu préb glebowych

do dalszych analiz chemicznych 1udziale w korekcie maszynopisu publikacji.

Malica, J., Urbanowski, C. K., Turczanski, K., Raczka, G., Andrzejewska, A., Skorupski, M.,
Kamczyc, J., 2024. Environmental role of different-aged pine and oak stands growing on post-
agricultural and forest lands in forming the Mesostigmata mites communities. Land Degradation &

Development, 1-20.
https://doi.org/10.1002/1dr.5265

moj indywidualny wklad w jej powstaniu polegal na przygotowaniu i opisie profili glebowych,
przeprowadzeniu wstgpnych analiz fizyko-chemicznych gleby oraz przygotowaniu prob glebowych

do dalszych analiz chemicznych i udziale w korekcie maszynopisu publikacji.

Malica, J., Urbanowski, C.K., Turczanski, K., Raczka, G., Andrzejewska, A., Skorupski, S.,

Kamczyc, J., Soil mite communities (Acari, Mesostigmata) in pure stands on post-agricultural



lands: does season matter?. Exp Appl Acarol 94, 4 (2025). https://doi.org/10.1007/s10493-024-
00968-7

moj indywidualny wklad w jej powstaniu polegal na przygotowaniu i opisie profili glebowych,

przeprowadzeniu wstgpnych analiz fizyko-chemicznych gleby oraz przygotowaniu préb glebowych

do dalszych analiz chemicznych 1 udziale w korekcie maszynopisu publikacji.

Data U3,.1...,2025 Podpis



Dr inz. Grzegorz Raczka
Uniwersytet Przyrodniczy w Poznaniu
Wydziat Le$ny 1 Technologii Drewna

Katedra Urzadzania Lasu

Os$wiadczenie o wspolautorstwie

Niniejszym o$wiadczam, ze w pracy:

Malica, J.; Urbanowski, C.K.; Raczka, G.; Skorupski, M.; Pers-Kamczyc, E.; Kamczyc, J. Soil
Environment and Fauna Communities in Europe after Afforestation of Post-Agricultural Lands—A
Review. Forests 2022, 13, 1713.

https://doi.org/10.3390/f13101713

moj indywidualny wkiad w jej powstaniu polegat na przeprowadzeniu cze$ciowego przegladu

literatury 1 korekcie maszynopisu publikacji.

Malica, J., Raczka, G., Turczanski, K., Andrzejewska, A., Skorupski, M., Urbanowski, C. K.,
Kamczyc, J., 2024. Impact of land use history and soil properties on soil mite communities (Acari,
Mesostigmata) inhabiting stands growing on post-agricultural land. Land Degradation &
Development, 35(5), 1776-1791.

https://doi.org/10.1002/1dr.5020

mo6j indywidualny wklad w jej powstaniu polegat na wyznaczeniu powierzchni badawczych wraz

z ich opisem fitosocjologicznym.



Malica, J., Urbanowski, C. K., Turczanski, K., Raczka, G., Andrzejewska, A., Skorupski, M.,
Kamczyc, J., 2024. Environmental role of different-aged pine and oak stands growing on post-
agricultural and forest lands in forming the Mesostigmata mites communities. Land Degradation &
Development, 1-20.

https://doi.org/10.1002/1dr.5265

moj indywidualny wkiad w jej powstaniu polegat na wyznaczeniu powierzchni badawczych wraz

z ich opisem fitosocjologicznym.

Malica, J., Urbanowski, C.K., Turczanski, K., Raczka, G., Andrzejewska, A., Skorupski, S.,
Kamczyc, J., Soil mite communities (Acari, Mesostigmata) in pure stands on post-agricultural
lands: does season matter?. Exp Appl Acarol 94, 4 (2025). https://doi.org/10.1007/s10493-024-
00968-7

moéj indywidualny wkiad w jej powstaniu polegat na wyznaczeniu powierzchni badawczych wraz

z ich opisem fitosocjologicznym.




Dr hab. Emilia Pers-Kamczyc
Instytut Dendrologii

Polskiej Akademii Nauk

ul. Parkowa 5

62-035 Kornik

Oswiadczenie o wspolautorstwie

Niniejszym o$wiadczam, Zze w pracy:

Malica, J.; Urbanowski, C.K.; Raczka, G.; Skorupski, M.; Pers-Kamczyc, E.; Kamczyc, J. Soil
Environment and Fauna Communities in Europe after Afforestation of Post-Agricultural Lands—A
Review. Forests 2022, 13, 1713.

https://doi.org/10.3390/£13101713

moj indywidualny wkiad w jej powstaniu polegal na przeprowadzeniu czgsciowego przegladu

literatury i korekcie maszynopisu publikacji.



Dr inz. Cezary K. Urbanowski
Uniwersytet Przyrodniczy w Poznaniu
Wydziat Le$ny i Technologii Drewna

Katedra Lowiectwa i Ochrony Lasu

Oswiadczenie o wspétautorstwie

Niniejszym o§wiadczam, Zze w pracy:

Malica, J.; Urbanowski, C.K.; Raczka, G.; Skorupski, M.; Pers-Kamczyc, E.; Kamczyc, J. Soil
Environment and Fauna Communities in Europe after Afforestation of Post-Agricultural Lands—A
Review. Forests 2022, 13, 1713.

https://doi.org/10.3390/f13101713

moéj indywidualny wkiad w jej powstaniu polegal na udziale w przeprowadzeniu analiz

statystycznych.

Malica, J., Raczka, G., Turczanski, K., Andrzejewska, A., Skorupski, M., Urbanowski, C. K.,
Kamczyc, J., 2024. Impact of land use history and soil properties on soil mite communities (Acari,
Mesostigmata) inhabiting stands growing on post-agricultural land. Land Degradation &
Development, 35(5), 1776-1791.

https://doi.org/10.1002/1dr.5020

modj indywidualny wkiad w jej powstaniu polegal na udziale w przeprowadzeniu analiz

statystycznych oraz korekcie maszynopisu publikacji i odpowiedzi na recenzje.



Malica, J., Urbanowski, C. K., Turczanski, K., Raczka, G., Andrzejewska, A., Skorupski, M.,
Kamczyc, J., 2024. Environmental role of different-aged pine and oak stands growing on post-
agricultural and forest lands in forming the Mesostigmata mites communities. Land Degradation &
Development, 1-20.

https://doi.org/10.1002/1dr.5265

moj indywidualny wkiad w jej powstaniu polegat na udziale w przeprowadzeniu analiz

statystycznych oraz korekcie maszynopisu publikacji i odpowiedzi na recenzje.

Malica, J., Urbanowski, C.K., Turczanski, K., Raczka, G., Andrzejewska, A., Skorupski, S.,
Kamczyc, J., Soil mite communities (Acari, Mesostigmata) in pure stands on post-agricultural
lands: does season matter?. Exp Appl Acarol 94, 4 (2025). https://doi.org/10.1007/s10493-024-
00968-7

moj indywidualny wkiad w jej powstaniu polegal na udziale w przeprowadzeniu analiz

statystycznych oraz korekcie maszynopisu publikacji i odpowiedzi na recenzje.

Podpis



Dr inz. Agnieszka Andrzejewska
Uniwersytet Przyrodniczy w Poznaniu
Wydziat Rolnictwa, Ogrodnictwa i Biotechnologii

Katedra Chemii Rolnej i Biogeochemii Srodowiska

Oswiadczenie o wspdélautorstwie

Niniejszym oswiadczam, ze w pracy:

Malica, J., Raczka, G., Turczanski, K., Andrzejewska, A., Skorupski, M., Urbanowski, C. K.,
Kamczyc, J., 2024. Impact of land use history and soil properties on soil mite communities (Acari,
Mesostigmata) inhabiting stands growing on post-agricultural land. Land Degradation &
Development, 35(5), 1776-1791.

https://doi.org/10.1002/1dr.5020

mdj indywidualny wkiad w jej powstaniu polegat na przeprowadzeniu analiz chemicznych préb

glebowych oraz korekcie maszynopisu publikacii.

Malica, J., Urbanowski, C. K., Turczanski, K., Raczka, G., Andrzejewska, A., Skorupski, M.,
Kamczyc, J., 2024. Environmental role of different-aged pine and oak stands growing on post-
agricultural and forest lands in forming the Mesostigmata mites communities. Land Degradation &

Development, 1-20.
https://doi.org/10.1002/1dr.5265

moj indywidualny wkiad w jej powstaniu polegat na przeprowadzeniu analiz chemicznych préb

glebowych oraz korekcie maszynopisu publikacji.

Malica, J., Urbanowski, C.K., Turczanski, K., Raczka, G., Andrzejewska, A., Skorupski, S.,

Kamczyc, J., Soil mite communities (Acari, Mesostigmata) in pure stands on post-agricultural



lands: does season matter?. Exp Appl Acarol 94, 4 (2025). https://doi.org/10.1007/s10493-024-
00968-7

moj indywidualny wklad w jej powstaniu polegal na przeprowadzeniu analiz chemicznych prob

glebowych oraz korekcie maszynopisu publikacji.

M9, 00 I8 Podpis



Prof. dr hab. Maciej Skorupski
Uniwersytet Przyrodniczy w Poznaniu
Wydzial Le$ny i Technologii Drewna

Katedra Lowiectwa i Ochrony Lasu

Oswiadczenie o wspolautorstwie

Niniejszym o$wiadczam, ze w pracy:

Malica, J.; Urbanowski, C.K.; Raczka, G.; Skorupski, M.; Pers-Kamczyc, E.; Kamczyc, J. Soil
Environment and Fauna Communities in Europe after Afforestation of Post-Agricultural Lands—A
Review. Forests 2022, 13, 1713.

https://doi.org/10.3390/f13101713

moj indywidualny wktad w jej powstaniu polegat na udziale w korekcie maszynopisu publikacji.

Malica, J., Raczka, G., Turczanski, K., Andrzejewska, A., Skorupski, M., Urbanowski, C. K.,
Kamczyc, J., 2024. Impact of land use history and soil properties on soil mite communities (Acari,
Mesostigmata) inhabiting stands growing on post-agricultural land. Land Degradation &
Development, 35(5), 1776-1791.

https://doi.org/10.1002/1dr.5020

moj indywidualny wktad w jej powstaniu polegat na udziale w identyfikacji taksonéw roztoczy i

korekcie maszynopisu.

Malica, J., Urbanowski, C. K., Turczanski, K., Raczka, G., Andrzejewska, A., Skorupski, M.,
Kamczyc, J., 2024. Environmental role of different-aged pine and oak stands growing on post-
agricultural and forest lands in forming the Mesostigmata mites cornmunitie.s. Land Degradation &
Development, 1-20.

https://doi.org/10.1002/1dr.5265



moéj indywidualny wktad w jej powstaniu polegat na udziale w identyfikacji taksondw roztoczy 1

korekcie maszynopisu.

Malica, J., Urbanowski, C.K., Turczanski, K., Raczka, G., Andrzejewska, A., Skorupski, S.,
Kamczyc, J., Soil mite communities (Acari, Mesostigmata) in pure stands on post-agricultural
lands: does season matter?. Exp Appl Acarol 94, 4 (2025). https://doi.org/10.1007/s10493-024-
00968-7

moj indywidualny wktad w jej powstaniu polegat na udziale w identyfikacji taksondw roztoczy 1

korekcie maszynopisu.




	Soil Environment and Fauna Communities in Europe after Afforestation of Post-Agricultural Lands—A Review
	Soil Environment and Fauna Communities in Europe after Afforestation of Post-Agricultural Lands—A Review
	Soil Environment and Fauna Communities in Europe after Afforestation of Post-Agricultural Lands—A Review

