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Abstract. The utility of phytocenotic indices in the diagnosis and classification of forest sites might be limited because
of vegetation degeneration in managed forests. However, even in secondary communities it may be possible to
determine indicator species, although these may differ from typical and well known plant indicators.

The aim of this work was to assess the vegetation diversity of Scots pine stands in representative forest site types
along a moisture and fertility gradient.

In total 120 sample plots from Turawa forests were included in the study. These plots represented young (2140
years) and old (> 80 years) Scots-pine-dominated stands. The forest sites were categorized according to Polish site
classification. Four site categories were studied: Bsw (very nutrient-poor and mesic sites), BMs$w (nutrient-poor and
mesic sites), BMw (nutrient-poor and moist sites), LMw (quite nutrient-rich and moist sites).

The species composition of the forest patches studied hardly differed among forest site types. Almost all of the
vegetation in site Bsw was different from both moist site types (BMw and LMw). Sites Bsw and LMw had the exclusive
species determined as site indicators. Moreover, young stands had their own site type indicator species which differed
from old stands. Numerical classification showed that only two plant communities were widespread: Leucobryo-
Pinetum in Bsw and BMs$w, and the community of Pinus sylvestris and Molinia caerulea in BM$w, BMw, LMw.

In secondary communities typical indicator species may not be useful, but it is possible to determinate species that
are locally unique to forest site type. Despite the convergence in the composition of the plant community resulting from
tree stand unification, plant communities have the capacity for a more diverse composition. Tree stand conversion can
increase phytocenotic diversity.
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1. Wstep

Gatunki roslin i zbiorowiska roslinne sa jednym z
kryteriow identyfikowania typoéw siedliskowych lasu.
Jednostki typologiczne sa zbiezne z podziatem synta-
ksonomicznym, co pozwala wskazac¢ dla nich gatunki
wyrozniajace (Siedliskowe podstawy hodowli lasu
2004). Zespoly roslinne nie sa wprawdzie jednoznacz-

nym wskaznikiem typéw siedliskowych lasu (Lasota et
al. 2005; Sikorska, Lasota 2007), ale mozna oczekiwacé,
ze rozréznianie siedlisk na bazie cech fitocenoz jest
realne przy uwzglednieniu syntaksonéw nizszej rangi
(Danielewicz et al. 2013). Jednak w praktyce diagno-
zowania i klasyfikacji siedlisk lesnych mozliwosci wy-
korzystania roslinnosci sa ograniczone ze wzglgdu na
znicksztalcenia las6w oraz zbiorowiska zastgpcze
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(Sikorska, Lasota 2007). Fitocenozy z drzewostanem
mlodocianym lub niezgodnym z siedliskiem cha-
rakteryzuja si¢ zazwyczaj zaburzonym lub nawet catko-
wicie zmienionym sktadem gatunkowym w stosunku do
fitocenozy potencjalnej (Laska 2006). Silny efekt znie-
ksztatcajacy strukture zbiorowiska roslinnego ma
zwlaszcza jednoczesna pinetyzacja i monotypizacja
drzewostanu. W takich sytuacjach elementy fitoceno-
tyczne pelnia w diagnozie siedliskowej rolg drugopla-
nowa, a gtéwnym kryterium oceny siedlisk sa czynniki
glebowe (Brozek et al. 2007; Sikorska, Lasota 2007).
Zwazywszy jednak na rosnace zainteresowanie tzw.
ekologizacja lesnictwa, a takze na koniecznos¢ ochrony
catych fitocenoz lesnych (Rutkowski 2009), rozpozna-
nie zréznicowania i struktury roslinnosci rzeczywistej
moze by¢ bardzo pomocne w konkretnych decyzjach
hodowlanych (Rutkowski 2012). Nawet w fitocenozach
znieksztatlconych prawdopodobne jest wystgpowanie
lokalnych gatunkéw wskaznikowych (Stefanska 2007;
Stefanska-Krzaczek 2011), ktore niekoniecznie pokry-
waja si¢ z typowymi wskaznikami (Siedliskowe pod-
stawy hodowli lasu 2004). Mozna przypuszczac, ze pod
wptywem dominacji sosny w pierwszej kolejnosci za-
nika¢ bedzie odrebnos¢ florystyczna typow siedlisko-
wych lasu sasiadujacych w siatce typologicznej. Jednak
ze wzgledu na zlozono$¢ czynnikow ksztattujacych wa-
runki siedliskowe przynajmniej minimalna zmiennosé
roslinnosci powinna si¢ utrzymac, nawet w przypadku
silnej pinetyzacji. Oznacza to, ze analiza roslinnosci,
nawet silnie zmienionej, moze wskaza¢ naturalny
gradient zmiennosci fitocenoz danego terenu i kierunek
ich ewentualnej przebudowy.

Celem pracy jest ocena stopnia zréznicowania fito-
cenoz lesnych z drzewostanami sosnowymi wystepu-
jacymi na réznych typach siedliskowych lasu. Po-
stawiono nastgpujace pytania szczegdtowe: czy typy
siedliskowe lasu wykazuja odrebno$¢ florystyczng i
strukturalng mimo monotypizacji drzewostanu oraz czy
preferencje gatunkéw wystepujacych w badanych
borach wskazuja na roznice w warunkach siedliskowych
typow siedliskowych lasu, a takze jakie jest zroznico-
wanie fitosocjologiczne na tle zrdéznicowania typo-
logicznego.

2. Charakterystyka terenu badan

Zgodnie z regionalizacja przyrodniczo-lesna Nad-
lesnictwo Turawa (RDLP Katowice) potozone jest w
Krainie Slaskiej, w mezoregionie Boréw Stobrawskich
(Zielony, Kliczkowska 2012). Teren nadlesnictwa jest
mato zrédznicowany, rozlegle tereny sa zupetnie plaskie z
niewysokimi wzniesieniami, wysokos$¢ nie przekracza
200 m n.p.m. Na 82,6% powierzchni lesnej panuje sosna

zwyczajna. Dominujace powierzchniowo typy siedlis-
kowe lasu to: bor mieszany wilgotny (BMw) zajmujacy
35% powierzchni le$nej nadlesnictwa, las mieszany wil-
gotny (LMw, 21%), bér mieszany §wiezy (BMsw, 18%)
oraz bor $wiezy (Bsw, 15%) (Plan urzadzenia lasu
2007).

Zgodnie z operatem glebowo siedliskowym (2007)
gleby badanych siedlisk boru $wiezego (B$w) to gtdwnie
gleby bielicowe wlasciwe oraz rdzawe bielicowe.
Siedliska te reprezentujg w wickszosci wariant §wiezy
(Bswl), ale czg$ciowo takze wariant silnie $wiezy
(B$w2), oraz sa w zdecydowanej wigkszosci w stanie
naturalnym (N1). Badane siedliska boru mieszanego
Swiezego (BMs$w) zwiazane sg glownie z glebami bie-
licowymi wlasciwymi i rdzawymi bielicowymi. Wigk-
szo$¢ badanych powierzchni stanowi wariant silnie
Swiezy (BMsw2), a siedliska sa w stanie zblizonym do
naturalnego (N2). Siedliska boru mieszanego wilgot-
nego (BMw) zwiazane sa gtownie z glebami glejo-bieli-
cowymi murszastymi oraz glebami gruntowoglejowymi
murszastymi. Siedliska te reprezentujg wariant wilgotny
(BMw1) oraz stan zblizony do naturalnego (N2). Sied-
liska lasu mieszanego wilgotnego (LMw) reprezentuja
glownie gleby opadowoglejowe bielicowane, opadowo-
glejowe wilasciwe, gruntowoglejowe murszaste i grunto-
woglejowe wlasciwe. Siedliska lasu mieszanego wilgot-
nego (LMw) reprezentuja wariant wilgotny (LMw1)
oraz w wigkszos$ci sa one znieksztatcone na skutek zle
prowadzonej gospodarki (Zbl).

3. Material i metody

Dane zebrano w obrebie Jelowa (wspdtrzedne srodka
geometrycznego: 18°3'48,328"E, 50°49'51,704"N) i Kuz-
nice Kluczborskie (18°125,912"E, 50°53'44,245"N),
gdzie siedliska Bsw, BMsw, BMw i LMw zajmuja duze
i zwarte powierzchnie. Ze wzgledu na dostgpne dla Nad-
lesnictwa Turawa stosunkowo nowe opracowanie glebo-
wo-siedliskowe (Operat glebowo-siedliskowy 2007) nie
weryfikowano danych siedliskowych i przyjeto typy
siedliskowe lasu zgodnie z obowiazujacym dokumen-
tem. Na podstawie map przegladowych (1:25 000) dla
kazdego z czterech typdw siedlisk (Bsw, BMsw, BMw i
LMw) wytypowano 30 wydzielen lesnych: 15 wydzielen
z drzewostanem w wieku 2140 lat oraz 15 wydzielen
z drzewostanem starszym niz 80 lat. Lacznie przebadano
120 wydzielen reprezentujacych 4 grupy drzewostandw
miodocianych i 4 grupy drzewostanéw dojrzalych. W
wybranych wydzieleniach, minimum 50 m od granicy
wydzielenia, zalozono powierzchnie kolowe o promie-
niu 8 m kazda (201 m*). Wybierano powierzchnie homo-
geniczne i reprezentatywne dla catego wydzielenia les-
nego, z pominigciem mikrosiedlisk i miejsc zabu-
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rzonych. Na powierzchniach oszacowano pokrycie
warstwy drzew (z rozbiciem na al i a2 ) i warstwy
krzewow (z rozbiciem na b1l — o wysokosci 3-8 mib2 —
o wysokosci 0,6-3 m) oraz warstwy runa (c) i warstwy
mszystej (d). Dla kazdej warstwy zanotowano wszystkie
gatunki, okreslajac ich pokrycie wg zmodyfikowanej
skali Braun-Blanqueta (Falinski 2001; Mueller-Dom-
bois, Ellenberg 2002): 5 — gatunek pokrywa 75,1-100%
powierzchni, 4 — 50,1-75%, 3 — 25,1-50%, 2 —
10,1-25%, 1 — 1,1-10%, +—do 1%, r — pojedynczy okaz
w zdjeciu. Zebrane dane zostaly wilaczone do bazy
Polish Vegetation Database (Kacki, Sliwinski 2012).

Florystyczne powiazania badanych powierzchni na
tle typow siedliskowych lasu przeanalizowano metoda
ordynacyjna. W celu wybrania metody odpowiedniej dla
zebranych danych wykonano nietendencyjng analizg
zgodnosci (Detrended Correspondence Analysis —
DCA). Jej wynikiem jest m.in. dlugos¢ gradientu re-
prezentowanego przez pierwsza o$ ordynacyjna i mie-
rzonego w odchyleniach standardowych (SD) (Piernik
2008). Gdy diugos¢ gradientu jest mniejsza niz 3 SD
rekomendowana do dalszych badan jest analiza skta-
dowych gtéwnych (Principal Components Analysis —
PCA) (Piernik 2008). W wyniku analizy danych wy-
korzystanych do niniejszej pracy otrzymano dhugosé
gradientu réwng 2.298 SD, co byto podstawa do zasto-
sowania metody PCA w dalszych badaniach. Analizy
wykonano w programie CANOCO (Leps, Smilauer
2003). Aby podkresli¢ jakosciowe réznice w sktadzie
gatunkowym, skale ilo§ciowa zamieniono na skalg po-
rzadkowa van der Maarela: 9, 8, 7, 5, 3, 2, 1 (Dzwonko
2007).

W celu oceny stopnia przywiazania okreslonych ga-
tunkdw do typu siedliskowego lasu w programie JUICE
(Tichy 2002) obliczono wiernos¢ i frekwencje gatunkow
dla typow siedliskowych lasu (TSL). Analizowano od-
dzielnie drzewostany dojrzate i mlode. Za miar¢ wier-
nosci przyjeto wspotezynnik phi, obliczenia wykonano
dla danych binarnych, a warto$§¢ wiernosci rowna zero
przyjeta byta dla gatunkow z p<0,05 na podstawie
doktadnego testu Fishera (Tichy et al. 2010).

Poréwnano rowniez bogactwo gatunkowe, pokrycie
warstw 1 bonitacj¢ drzewostanu. Obliczono S$rednia
liczbe gatunkow w kazdej grupie drzewostanow, srednie
pokrycie warstw b (facznie bl 1 b2), ¢ i d oraz $rednia
bonitacj¢ zaczerpnigta dla badanych wydzielen z opisu
taksacyjnego drzewostanu (Plan urzadzenia lasu 2007).
Istotnos¢ rdéznic migdzy srednimi zbadano testem Krus-
kala-Wallisa oraz testami poréwnan wielokrotnych w
programie STATISTICA (StatSoft Inc. 2013). Zrezy-
gnowano natomiast z pordwnania pokrycia warstw drze-
wostanu, poniewaz jest ono bezposrednio uzaleznione
od wykonywanych zabiegdw pielggnacyjnych.

Dla kazdej powierzchni badawczej, postugujac sig¢
liczbami ekologicznymi dla gatunkdéw roslin naczynio-
wych (Ellenberg et al. 1992), obliczono wskazniki eko-
logiczne: $wietlny, wilgotnosci podtoza, odczynu podto-
za 1 trofizmu podtoza (Lgy, Frv, Rerv, Ngrv). Nastepnie
obliczono wartosci $rednie wskaznikow dla kazdej
grupy drzewostandéw. Istotnos¢ réznic migdzy srednimi
zbadano przy pomocy testu Kruskala-Wallisa oraz tes-
tow  poréwnan  wielokrotnych ~w  programie
STATISTICA.

W celu stwierdzenia zrdznicowania fitosocjologicz-
nego roslinnosci na tle typow siedliskowych lasu dane z
powierzchni badawczych poddano klasyfikacji dzielgcej
na podstawie gatunkow wyrozniajacych (Two Way Indi-
cator Species Analysis). Analiz¢ wykonano w programie
JUICE (aplikacja TWINSPAN). Wyrdznione w analizie
grupy zdje¢ byly podstawa do identyfikacji zbiorowisk
na podstawie przynalezno$ci syntaksonomicznej gatun-
kéw (Matuszkiewicz 2001).

4. Wyniki

Wartosci wlasne osi PCA byly niskie (0§ PCAL —
0,214; o PCA2 - 0,097), $wiadczy to o ogélnie nie-
duzym zréznicowaniu sktadu gatunkowego ptatow w
badanym gradiencie siedlisk. Przede wszystkim ptlaty
ros$linne Bsw byly rézne od platow na siedliskach
wilgotnych (LMw i BMw) (ryc. 1). Gatunki wyraznie
zwiazane z BSw to wrzos pospolity Calluna vulgaris,
widlozab kedzierzawy Dicranum polysetum, rokietnik
pospolity Pleurozium schreberi i boréwka brusznica
Vaccinium vitis-idaea. Przeciwstawna byla grupa gatun-
kow tacznie ujetych siedlisk wilgotnych (BMw i LMw):
nerecznica krétkoostna Dryopteris carthusiana, szcza-
wik zajeczy Oxalis acetosella, trz¢slica modra Molinia
caerulea, orlica pospolita Pteridium aquilinum, cztero-
zab przezroczysty Tetraphis pellucidaikonwalijka dwu-
listna Maianthemum bifolium. Wskazano takze gatunki
zwiazane z drzewostanami dojrzatymi: bordwka czarna
Vaccinium myrtillus, gajnik I$niacy Hylocomium
splendens, brodawkowiec czysty Pseudoscleropodium
purum, atakze gatunki drzewiaste warstwy B. Zwiazek z
drzewostanami mtodocianymi wykazat trzcinnik pias-
kowy Calamagrostis epigeios. W przypadku drzewo-
standow milodocianych wyrazniejszy byt podzial na
siedliska $wieze oraz wilgotne — powierzchnie repre-
zentujace B§w i BMs$w byly bardziej skupione, podobnie
powierzchnie reprezentujace BMw i LMw (ryc. 1).

Analiza wiernosci i frekwencji gatunkow w grupach
drzewostandw wykazala, ze BSw i LMw mialy wyrazne
gatunki wskaznikowe (tab. 1). Cze$¢ gatunkéw
wytypowanych dla BMw zwiazanych byla réwniez z
LMw, natomiast zwiazek z BM$w stwierdzono zaledwie
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Rycina 1. Zréznicowanie roslinnosci typow siedliskowych lasu
Figure 1. Vegetation diversity of the forest site types

Objasnienia / Explanations: D — drzewostany dojrzale / mature stands, M — drzewostany mlodociane / young stands; kody
gatunkow / species codes: abialb — Abies alba, auland — Aulacomnium androgynum, betpen — Betula pendula, brarut —
Brachythecium rutabulum, calepi — Calamagrostis epigeios, calvul — Calluna vulgaris, clachl — Cladonia chlorophaeae, cladig —
Cladonia digitata, claoch — Cladonia ochrochlora, desfle — Deschampsia flexuosa, dichet — Dicranella heteromalla, dicpol —
Dicranum polysetum, dicsco — Dicranum scoparium, drycar — Dryopteris carthusiana, fagsyl — Fagus sylvatica, fraaln —
Frangula alnus, hersel — Herzogiella seligeri, hylspl — Hylocomium splendens, hypjut — Hypnum jutlandicum, lardec — Larix
decidua, leprep — Lepidozia reptans, leugla — Leucobryum glaucum, lopbid — Lophocolea bidentata, lophet — Lophocolea
heterophylla, luzpil — Luzula pilosa, maibif — Maianthemum bifolium, melpra — Melampyrum pratense, moetri — Moehringia
trinervia, molcae — Molinia caerulea, mycmur — Mycelis muralis, ortmon — Orthodicranum montanum, oxaace — Oxalis
acetosella, picabi — Picea abies, pinsyl — Pinus sylvestris, plaaft — Plagiomnium affine, placur — Plagiothecium curvifolium,
plalae — Plagiothecium laetum, plesch — Pleurozium schreberi, pohnut — Pohlia nutans, polfor — Polytrichastrum formosum,
padser — Padus serotina, psepur — Pseudoscleropodium purum, pteaqu — Pteridium aquilinum, pticri — Ptilium crista-castrensis,
quepet — Quercus petraea, querob — Quercus robur, querub — Quercus rubra, rubspe — Rubus species, rumace — Rumex
acetosella, scioed — Sciuro-hypnum oedipodium, sorauc — Sorbus aucuparia, tetpel — Tetraphis pellucida, thutam — Thuidium
tamariscinum, trieur — Trientalis europaea, vacmyr — Vaccinium myrtillus, vacvit — Vaccinium vitis idaea; 1 — warstwa / layer
al, 2 — warstwa / layer a2, 4 — warstwa / layer bl, 5 — warstwa / layer b2, 6 — warstwa / layer c, 9 — warstwa / layer d.

u dwoch gatunkow: plozika réznolistnego Lophocolea
heterophylla 1 widlozgba miotlowego Dicranum
scoparium. Pewna liczba gatunkéw wytypowanych jako
wskaznikowe w zbiorowiskach z dojrzalym drzewo-
stanem spetniata tez role wskaznikowa w drzewostanach
mtodocianych, ktore jednak charakteryzowaty si¢ takze

wystepowaniem wilasnych gatunkdéw rozrézniajacych
typy siedliskowe lasu. Zaznaczyta si¢ takze w grupie
drzewostandw mlodocianych tendencja do wystgpowa-
nia gatunkéw wskaznikowych siedlisk ubozszych na
siedliskach zyzniejszych.
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Tabela 1. Wiernos¢ gatunkow wskaznikowych badanych typéw siedliskowych lasu z uwzglednieniem drzewostanéw

dojrzalych i mlodocianych

Table 1. Fidelity of indicative species of the forest site types in mature and young stands

) Drzewostany dojrzale / Mature stands Drzewostany mlodociane / Young stands
Gatunki / Species L

Bsw BMsw BMw LMw Bsw BMsw BMw LMw
Calluna vulgaris c 59.9
Leucobryum glaucum d 46.9 . .
Dicranum polysetum d 47.1 29 36.7
Vaccinium vitis-idaea c 36.3 . 359
Lophocolea heterophylla d 35 423
Dicranum scoparium d 31.9 . . . .
Dryopteris carthusiana c 40.4 25 . . 38.6
Betula pendula b2 393 . . . .
Trientalis europaea c 35 27.2 . . 48.1
Pseudoscleropodium purum d 332 . . . . .
Oxalis acetosella c 329 329 . . 26.9 43.4
Molinia caerulea c 30.9 38.6 . . 27.8 36.3
Thuidium tamariscinum d 62.9
Rubus sp. c 50.5
Fagus sylvatica b2 50.1 . . . .
Pteridium aquilinum c 40.8 . . . 49
Plagiothecium laetum d 40.4 . . 31.9
Cladonia ochrochlora d 323
Luzula pilosa c 31.9
Hypnum jutlandicum d 30.9 .
Calamagrostis epigeios c 51.9
Hylocomium splendens d 49 .
Melampyrum pratense c 46.5
Herzogiella seligeri d 32.7
Orthodicranum montanum d 30.9 .
Dicranella heteromalla d 47.1
Betula pendula c 40.4 .
Tetraphis pellucida d 34.8 34.8
Plagiothecium curvifolium d 32.9 .
Betula pendula al 51
Maianthemum bifolium c 453

Objasnienia: L — warstwa: al — wyzsza warstwa drzew, b2 — nizsza warstwa krzewow, ¢ — warstwa zielna, d — warstwa mszysta.
Przedstawiono gatunki o wiernosci przewyzszajacej 30 i frekwencji minimum 30%
Explanations: L — layer: al — high tree layer, b2 — low shrub layer, ¢ — herb layer, d — moss layer. Species with fidelity higher than 30

and frequency higher than 30% were presented.

Najnizsze bogactwo gatunkowe zaréwno w grupie
drzewostandéw dojrzatych, jak i mtodocianych stwier-
dzono dla Bsw, a najwyzsze dla LMw (ryc. 2). Rdznice
byly istotne statystycznie tylko w przypadku porow-
nania tych skrajnych siedlisk oraz B§w i BMw. Roznice
mig¢dzy mtodocianymi i dojrzatymi drzewostanami na
tych samych siedliskach nie byly istotne statystycznie.

Warstwy b, ¢ i d tylko czgsciowo rdznicowaty ana-
lizowane siedliska (tab. 2). W fitocenozach z drzewo-
stanem dojrzalym pokrycie warstwy b bylo najnizsze na
siedliskach B$w 1 roznito si¢ istotnie w poréwnaniu z
BMw i LMw. W fitocenozach z drzewostanem mto-

docianym cecha ta nie byla réznicujaca. Pokrycie
warstwy ¢ nie wykazalo réznic istotnych statystycznie
bez wzgledu na grupe wiekowa. Pokrycie warstwy d
bylo istotnie wyzsze na B§w w poréwnaniu z BMw
1 LMw zaréwno w grupie drzewostanéw dojrzatych, jak
i mtodocianych. Roznice migdzy fitocenozami z mtodo-
cianym i dojrzalym drzewostanem na tych samych
siedliskach zaznaczyly si¢ na BSw oraz na BMw i LMw.
W drzewostanach mtodocianych pokrycie warstwy c
byto istotnie nizsze na siedliskach B§w, natomiast po-
krycie warstwy b na siedliskach BMw i LMw.
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Rycina 2. Bogactwo gatunkowe typow siedliskowych lasu z uwzglednieniem drzewostanéw dojrzaltych i mlodocianych
Objasnienia: D — drzewostany dojrzale (ciemnoszare stupki), M — drzewostany mlodociane (stupki jasnoszare); wartosci
z ta samaq litera nie sg istotne statystycznie zgodnie z testem Kruskala-Wallisa przy p=0,05

Figure 2. Species richness of the forest site types in mature and young stands

Explanations: D — mature stands (dark grey bars), M — young stands (light grey bars); values followed by the same letter are not
significantly different according to the Kruskal-Wallis test at p=0.05

Tabela 2. Srednie pokrycie warstw w fitocenozach wyste-
pujacych na badanych typach siedliskowych lasu z uwzg-
lednieniem drzewostanow dojrzatych i mlodocianych
Table 2. Mean cover of layers in plant communities of
mature and young stands occurring in the examined forest
site types

Typ sieliskowy Warstwy / Layers
lasu
Site type b (b1+b2) ¢ d
Bsw M 3¢ 20° 67"
Béw D 4 70° 77
BMsw M 7% 41% 56
BMsw D 1454 61 67
BMW M 6ab 44acd 280
BMw D 25 67 4704
LMw M 9 434 26°
LMw D 39¢ 585 415

Objasnienia: b — warstwa krzewow, c — warstwa zielna,

d — warstwa mszysta; D — drzewostany dojrzale, M — drze-
wostany mlodociane; wartoSci z ta sama litera nie sg istotne
statystycznie zgodnie z testem Kruskala-Wallisa przy p=0,05
Explanations: shrub layer, ¢ — herb layer, d — moss layer;

D — mature stands, M — young stands; values followed by

the same letter are not significantly different according to

the Kruskal-Wallis test at p=0.05

Bonitacja drzewostanow dojrzatych (Bsw 11.4,
BMsw 1.9, BMw 1.8, LMw 1.6) roznita si¢ istotnie
(»p=0,05) przy poréwnaniu Bsw z LMw i BMw oraz
BMséw z LMw. Srednia bonitacja drzewostanéw mfo-
docianych (Bsw 1.4, BMs$w 1.4, BMw 1.07, LMw 1.03)
nie rdznita sig¢ istotnie.

Wskazniki ekologiczne sugeruja zréznicowanie wa-
runkow siedliskowych w calym badanym gradiencie

o |DM @
— | ® © Bsw ®
B O BMsw +
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O
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Rycina 3. Gradient czynnikéw siedliskowych oparty na
preferencjach siedliskowych gatunkow na tle typow sied-
liskowych lasu. Objasnienia: D — drzewostany dojrzale,
M — drzewostany mlodociane; L — §wiatlo, F — wilgotnos¢
podloza, R — odczyn podloza, N — trofizm podloza.

Figure 3. Gradient of site factors based on species preferen-
ces in relation to the forest site types. Explanations: D —
mature stands, M — young stands; L — light, F — ground
moisture, R — ground reaction, N — ground trophism.

siedlisk (ryc. 3), jednak, tak jak w przypadku analizo-
wanych wczesniej cech, wyrazng granice mozna posta-
wi¢ przede wszystkim miedzy BSw oraz BMw i LMw
(tab. 3). Siedliska Bsw wyréznial wyzszy wskaznik
$wietlny oraz nizszy wskaznik wilgotno$ci, odczynu i
trofizmu podtoza. Réznice migdzy mtodocianymi i doj-
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Tabela 3. Srednie wskazniki ekologiczne dla typow siedliskowych lasu z uwzglednieniem drzewostanéw dojrzalych i
mlodocianych
Table 3. Mean ecological indices for the forest site types in mature and young stands.

Typ sieliskowy 1
yp séeltlest;p‘zy asu LEIV 1:EIV REIV NEIV
Bsw M 6.1° 5.1%® 2.5% 3.1®
Bsw D 6.2 4.4° 1.8 1.8°
BMsw M 5.9% 5.5 2.7%¢ 2.4%
BMsw D 5.8% 5.1% 2.7 2.5%¢
BMw M 5.8% 5.7° 3.1% 3ade
BMw D 5.5% 5.2 3.1% 3%
LMw M 5.4% 5.6° 3.2% 3.20
LMw D 5.3° 5.6° 3.4° 3.4%

Objasnienia: Lgy — wskaznik $wietlny, Fr;y — wskaznik wilgotno$ci podloza, Rg;y — wskaznik odezynu podloza, Ng;y — wskaznik
trofizmu podloza; D — drzewostany dojrzale, M — drzewostany mlodociane; wartosci z ta sama litera nie sg istotne statystycznie
zgodnie z testem Kruskala-Wallisa przy p=0,05.

Explanations: Ly — light index, Fgry — moisture index, Rgpy — reaction index, Ng;y — trophism index; D — mature stands, M — young
stands; values followed by the same letter are not significantly different according to the Kruskal-Wallis test at p=0.05.

Tabela 4. Stalos¢ gatunkéw w wyro6znionych zbiorowiskach roslinnych (skrocona tabela syntetyczna)
Table 4. Species constancy in the identified plant communities (shortened synoptic table)

IL, 1 2 3 4
Liczba powierzchni 12M, 15D 3M
Plots number Bsw
Liczba powierzchni 3M, 7D 11M, 7D 2M, 1D
Plots number BM$w
Liczba powierzchni 1D 14M, 12D 1D IM
Plots number BMw
Liczba powierzchni 12M, 11D 3M, 4D

Plots number LMw

Drzewa i krzewy / Trees and shrubs

Pinus sylvestris al \% A% \% A%
Betula pendula al 1 il
Picea abies bl 1 11 I
Fagus sylvatica bl 1 I 11
Picea abies b2 11T 11T 1I v
Fagus sylvatica b2 I I 11 v
Quercus robur b2 I 1 v I

Pinus sylvestris c A% v 11 111
Quercus robur c A% \% v v
Quercus petraea c v 1 11 v
Picea abies c I 11 I v
Betula pendula c 1 v I v
Sorbus aucuparia c I 11 111 I
ChCl. Vaccinio-Piceetea

Vaccinium myrtillus c A% v v v
Pleurozium schreberi d v A% \% v
Vaccinium vitis-idaea c A% 11 v

Hylocomium splendens d \% 1 1 1

Dicranum scoparium d 1 11 1

Melampyrum pratense c I 1 v

Trientalis europaea c v I
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IL, 1 2 3 4
ChO. Cladonio-Vaccinietalia
Dicranum polysetum d A% 1 v
DSAIL Dicrano-Pinenion
Luzula pilosa c 11 v
DAss. Leucobryo-Pinetum
Deschampsia flexuosa c 111 11 v I
Leucobryum glaucum d I 11
Inne / Others
Polytrichastrum formosum d \Y% v v v
Hypnum jutlandicum d 111 111 11 A%
Calluna vulgaris c v I 11
Molinia caerulea c I v v
Pohlia nutans d 11 v \% 11
Dryopteris carthusiana c 1 v v
Rubus sp c 1 v 11 v
Pteridium aquilinum c 1 1 11 v
Pseudoscleropodium purum d 11 1 \% i
Sciuro-hypnum oedipodium d 1 1 11
Dicranella heteromalla d 1 1 1
Lophocolea heterophylla d 1 111 11
Orthodicranum montanum d 1 1 v 11
Plagiothecium curvifolium d 1 111 111 11
Oxalis acetosella c 1 v
Brachythecium rutabulum d | I 11 I
Cladonia ochrochlora d I I 111 I
Herzogiella seligeri d I 11 I 11
Plagiomnium affine d 1 1T 11 v
Maianthemum bifolium c 1 v
Plagiothecium laetum d 1T v
Tetraphis pellucida d 1 1T I
Thuidium tamariscinum d 1 v

Objas$nienia: | — Leucobryo-Pinetum, 2 — zbiorowisko z Pinus sylvestris i Molinia caerulea, 3 — zbiorowisko z Pinus sylvestris i
Quercus sp., 4 — zbiorowisko z Pinus sylvestris i Fagus sylvatica; L — warstwa: al — wyzsza warstwa drzew, a2 — nizsza warstwa
drzew, bl — wyzsza warstwa krzewéw, b2 — nizsza warstwa krzewow, c — warstwa zielna, d — warstwa mszysta; D — drzewostany
dojrzale, M — drzewostany mlodociane; usuni¢to gatunki z I klasa stalosci (=frekwencja nizsza niz 20%) we wszystkich

kolumnach.

Explanations: 1 — Leucobryo-Pinetum, 2 — community of Pinus sylvestris and Molinia caerulea, 3 — community of Pinus sylvestris and
Quercus sp., 4 — community of Pinus sylvestris and Fagus sylvatica; L — layer: al — high tree layer, a2 — low tree layer, bl — high shrub
layer, b2 — lowt shrub layer, ¢ — herb layer, d — moss layer; D — mature stands, M — young stands; species with constancy of class |

(=frequency lower than 20%) in all columns were deleted.

rzalymi drzewostanami na tych samych siedliskach byty
w wigkszo$ci nieistotne, jedynie wartos¢ wskaznika
trofizmu podtoza byta istotnie wyzsza dla drzewostanow
mtodocianych.

Zréznicowanie fitosocjologiczne badanych platéw
byto niewielkie. Cze$¢ platow, przede wszystkim z Bsw
wlaczy¢ mozna do zespotu Leucobryo-Pinetum (tab. 4,
kolumna 1). Wigkszo$¢ badanych powierzchni, gtéwnie
z siedlisk wilgotnych, reprezentowato fitocenozy
zastgpcze okreslone jako zbiorowisko z Pinus sylvestris i
Molinia caerulea (tab. 4, kolumna 2). Zbiorowisko to

mozna wilaczy¢ do zwiazku Dicrano-Pinion, ale trudno
zaklasyfikowac do okreslonego zespohu. Nieliczne platy
nawiazywaly skltadem gatunkowym runa do zespotu
Leucobryo-Pinetum, ale wyrdzniaty si¢ udzialem buka i
debu szyputkowego w roznych warstwach zbiorowiska.
Wydzielono je jako zbiorowisko z Pinus sylvestris
i Quercus sp. (tab. 4, kolumna 3). Wyodrgbnita si¢
réwniez grupa platéw z siedlisk wilgotnych, lokalnie
najzyzniejszych (tab. 4, kolumna 4), ktéra nawiazywata
do zbiorowiska z Pinus sylvestris i Molinia caerulea. W
poréwnaniu z tym zbiorowiskiem marginalne znaczenie
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mialy: borowka brusznica Vaccinium vitis-idaea,
widlozab  miotlasty  Dicranum  scoparium, W.
kedzierzawy D. polysetum i gajnik I$niacy Hylocomium
splendens. Ponadto, w warstwie krzewow czgsciej niz w
zbiorowisku z Pinus sylvestris 1 Molinia caerulea
wystepowal buk, rzadko pojawial si¢ grab. Grupe t¢
wyodrgbniono wigc jako odrebne zbiorowisko z Pinus
sylvestris 1 Fagus sylvatica.

5. Dyskusja

Analizowane w niniejszej pracy typy siedliskowe
lasu reprezentuja trzy grupy troficzne siedlisk lesnych:
bory, bory mieszane i lasy mieszane. Mozna zatem ocze-
kiwaé, ze zwiazana z nimi roslinnos¢ bedzie wykazy-
wala swoiste cechy. Jednak badane siedliska stanowia
przestrzenng ciagtos¢ wynikajaca z ciaglosci w skali
lokalnej warunkow geologiczno-topograficznych, po-
nadto nie rdznig si¢ znacznie wariantem uwilgotnienia.
Potwierdzeniem wzglgdnej jednorodnosci siedlisk moze
by¢ bonitacja drzewostandw. Rozni si¢ ona jedynie w
przypadku porownania Bsw z BMw i LMw oraz BMsw z
LMw. Spodziewaé si¢ mozna, ze wskaznik ten bedzie
roznicowac pary TSL z definicji rozniace si¢ troficznie,
jednak w warunkach dobrego uwilgotnienia gleby roz-
nice w trofizmie moga by¢ drugoplanowe (Sewerniak
2013).

Nadmierny udziat sosny w drzewostanie jest dodat-
kowym czynnikiem ujednolicajacym roslinno$¢. Domi-
nacja tego gatunku zwigksza produkcj¢ kwasnego i ubo-
giego w sktadniki pokarmowe opadu roslinnego (Jon-
czak 2012), a w efekcie powierzchniowe poziomy gleb
upodabniajg si¢ do gérnych poziomoéw gleb oligotro-
ficznych (Sewerniak 2011). Dochodzi wigc do ujedno-
licania roslinnos$ci pod wzgledem florystycznym i struk-
turalnym (Olaczek 1974; Laska 2006). Na badanym
terenie utrzymuja si¢ jednak réznice migdzy siedliskami
odmiennymi pod wzglgdem troficznym i wilgotnoscio-
wym, jak B§w i LMw oraz Bsw i BMw. Jak si¢ zatem
spodziewano w przypadku pinetyzacji i monotypizacji
drzewostanu w pierwszej kolejnosci zanika odrgbnosé
florystyczna typow siedliskowych lasu sasiadujacych w
siatce typologicznej, nie zanika natomiast zréznicowa-
nie w catym gradiencie siedliskowym.

Mimo stabej odrgbnosci florystycznej typow siedlis-
kowych lasu wytypowano gatunki wskaznikowe majace
charakter lokalny, dotyczy to réwniez drzewostandw
mtodocianych. Ponadto stwierdzono, ze w przypadku
drzewostandw mtodocianych na siedliska Zyzniejsze
przechodza gatunki wystepujace w drzewostanach doj-
rzalych siedlisk ubozszych. Podobne zaleznosci zaob-
serwowano na §$wiezych siedliskach borowych w Borach
Dolnoslaskich (Stefanska 2007; Stefanska-Krzaczek

2011). Potwierdza to uzytecznos¢ fitowskaznikow w
diagnostyce siedliskowej nawet w przypadku zbio-
rowisk zdegenerowanych (Czerwinski 1999; Rutkowski
2012). Wytypowane wskazniki typow siedliskowych
lasu sa wprawdzie wynikiem syntezy danych z wielu
powierzchni, a czg$¢ z nich to drobne organizmy zarod-
nikowe, jednak stanowia dodatkowa mozliwos$¢ oceny
warunkow siedliskowych.

Wskutek wspomnianej pinetyzacji i monotypizacji
drzewostandw roslinnos¢ rzeczywista badanych siedlisk
w wigkszo$ci nie odpowiada roslinnosci potencjalne;.
Dla Bsw roslinnos¢ potencjalng stanowi subatlantycki
bér sosnowy $wiezy Leucobryo-Pinetum (Siedliskowe
podstawy hodowli lasu 2004; Sikorska, Lasota 2007) i
zostal on stwierdzony w zebranym materiale na sied-
liskach Bsw. Na pozostatych badanych typach siedlisk
lesnych wystepuja jednak fitocenozy zastgpcze. Na sied-
liskach BMw i LMw stwierdzono w wigkszosci wyste-
powanie zbiorowiska z Pinus sylvestris 1 Molinia
caerulea. Zbiorowisko to moze stanowic¢ spinetyzowana
forme trzgslicowego podzespotu boru mieszanego
Querco roboris-Pinetum molinietosum, jak i kwasnej
dabrowy z trzeslica modra Molinio caerulae-Quercetum
roboris. Ponadto, platy z siedlisk wilgotnych z udziatem
buka i grabu oraz zmniejszonym udziatem gatunkow
borowych moga wskazywaé na silniejszy zwiazek z
najubozszymi zbiorowiskami gradowymi. Powiazania
florystyczne badanych ptatow z Querco roboris-Pine-
tum molinietosum, Molinio caerulae-Quercetum roboris
oraz z gradami sa istotne, poniewaz sa to jednostki
wytypowane jako roslinno$¢ potencjalna dla badanych
siedlisk. Querco roboris-Pinetum, takze z uwzglednie-
niem podzespolu molinietosum, podawane jest jako
zbiorowisko zwiazane z BMw (Sikorska, Lasota 2007),
Molinio caerulae-Quercetum roboris zarowno z BMw,
jak i LMw (Siedliskowe podstawy hodowli lasu 2004;
Danielewicz et al. 2013). Takze grady wskazywane sa
jako zwiazane z LMw (Siedliskowe podstawy hodowli
lasu 2004; Sikorska, Lasota 2007; Danielewicz et al.
2013). Siedliska BM$w sa niejednoznaczne pod wzgle-
dem roslinnosci. Czgs¢ platow roslinnych wystepu-
jacych na tych siedliskach reprezentuje zespdt Leuco-
bryo-Pinetum, ktory w przypadku tych siedlisk jest
zbiorowiskiem zastgpczym albo dla kwasnej dabrowy
trzcinnikowej Calamagrostio arundinaceae-Quercetum
petraeae albo dla boru mieszanego Querco roboris
Pinetum, ktére mogg stanowi¢ roslinno$¢ potencjalna
BMsw (Sikorska, Lasota 2007; Danielewicz et al. 2013).
W przypadku platow diagnozowanych obecnie do Leu-
cobryo-Pinetum bytyby to prawdopodobnie podzespoty
typowe dla tych jednostek (Kasprowicz 2010). Wigk-
szo$¢ platow z siedlisk BM$w zostala jednak polaczona
z siedliskami wilgotnymi w zbiorowisko z Pinus syl-
vestris 1 Molinia caerulea. Nie wyklucza to wspomnia-
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nych zespotow (Calamagrostio arundinaceae-Querce-
tum petraeae i Querco roboris Pinetum) jako roslinnosci
potencjalnej. W tym wypadku bardziej prawdopodobne
bylyby podzespoty wilgotne Calamagrostio arundina-
ceae-Quercetum petraeae molinietosum 1 Querco
roboris Pinetum molinietosum (Kasprowicz 2010). Nie
mozna jednak wykluczy¢ takze dabrowy trzeslicowej
Molinio caerulae-Quercetum roboris, cho¢ jest ona
przypisywana BMw lub LMw (Sikorska, Lasota 2007;
Danielewicz et al. 2013). Na podstawie obecnej
struktury i sktadu gatunkowego fitocenoz nie mozna
wigc jednoznacznie wskaza¢ roslinnosci potencjalnej
dla BMsw, BMw i LMw, jednak roznice fitocenotyczne
migdzy siedliskami badanych typéw mozna wzmocnié
przebudowa drzewostanu. W zwiazku z tym nalezy z
gory zatozy¢ dla kazdego siedliska roslinno$¢ poten-
cjalng (Rutkowski 2012) np. BMs$w — Calamagrostio
arundinaceae-Quercetum petraeae, BMw — Querco ro-
boris Pinetum, LMw — Tilio-Carpinetum. Oznacza to
przebudowe drzewostanu z wykorzystaniem przede
wszystkim debu bezszyputkowego na BM$w, degbu szy-
putkowego na BMw oraz debu szyputkowego, buka i
grabu na LMw.

6. Whnioski

W przypadku zbiorowisk zastepczych typowe ga-
tunki wskaznikowe moga nie by¢ uzyteczne, jednak
mozliwe jest wskazanie gatunkdéw lokalnie réznicu-
jacych.

W wyniku monotypizacji drzewostanu roslinnos¢
roznych siedlisk ulega ujednoliceniu. Jednak sktad ga-
tunkowy fitocenoz wskazuje na tendencje do sponta-
nicznego ksztaltowania si¢ uktadéw bardziej zréznico-
wanych.
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Abstract. The utility of phytocenotic indices in the diagnosis and classification of forest sites might be limited because
of vegetation degeneration in managed forests. However, even in secondary communities it may be possible to determine
indicator species, although these may differ from typical and well known plant indicators.

The aim of this work was to assess the vegetation diversity of Scots pine stands in representative forest site types
along a moisture and fertility gradient.

In total 120 sample plots from Turawa forests were included in the study. These plots represented young (2140
years) and old (> 80 years) Scots-pine-dominated stands. The forest sites were categorised according to Polish site
classification. Four site categories were studied: Bsw (very nutrient-poor and mesic sites), BM$w (nutrient-poor and
mesic sites), BMw (nutrient-poor and moist sites), LMw (quite nutrient-rich and moist sites).

The species composition of the forest patches studied hardly differed among forest site types. Almost all of the
vegetation in site B§w was different from both moist site types (BMw and LMw). Sites BSw and LMw had the ex-
clusive species determined as site indicators. Moreover, young stands had their own site type indicator species which
differed from old stands. Numerical classification showed that only two plant communities were widespread: Leuco-
bryo-Pinetum in B§w and BM$w, and the community of Pinus sylvestris and Molinia caerulea in BM$w, BMw, LMw.
In secondary communities typical indicator species may not be useful, but it is possible to determinate species that are
locally unique to forest site type. Despite the convergence in the composition of the plant community resulting from
tree stand unification, plant communities have the capacity for a more diverse composition. Tree stand conversion can
increase phytocenotic diversity.

Key words: forest typology, indicator species, secondary forest communities, Pinus sylvestris

1. Introduction

Species and plant communities are one of the criteria
for identifying forest site types. Typological units are
consistent with syntaxonomic division, which allows
for indication of distinct species (Siedliskowe podstawy
hodowli lasu 2004 [The Fundamentals of Site Silvicul-
ture 2004]). Although elementary associations are not
a clear indicator of forest site types (Lasota et al. 2005;

Sikorska, Lasota 2007), it might be expected that hab-
itats’ differentiation on the basis of characteristics of
phytocoenoses is realistic, taking into account syntaxa
of lower position (Danielewicz et al. 2013). However,
in the practice of diagnosis and classification of forest
habitat, the possible use of vegetation is limited due to
the forest distortion and secondary forest communities
(Sikorska, Lasota 2007). Phytocoenoses of young stand
or stand inconsistent with habitat usually have disturbed
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or even completely altered species composition in re-
lation to natural vegetation (Laska 2006). Especially,
simultaneous increase in the proportion of pine in the
stand and unification of its composition and age give
strong effect of distorting the structure of plant com-
munities. In such situations, phytocoenotic elements
in the diagnosis of habitats play a supporting role, and
the main habitat evaluation criterion are soil factors
(Brozek et al. 2007; Sikorska, Lasota 2007). However,
taking into account the growing interest in the so-called
close-to-nature forestry, as well as the need to protect
the whole forest communities (Rutkowski 2009), rec-
ognition of the diversity and structure of the actual veg-
etation may be very helpful in specific decisions in the
practice of silviculture (Rutkowski 2012). Even in dis-
torted phytocoenoses, local indicator species are likely
to occur (Stefanska 2007; Stefanska-Krzaczek 2011),
which do not necessarily coincide with typical indica-
tors (Siedliskowe podstawy hodowli lasu 2004 [The
Fundamentals of Site Silviculture 2004]). It can be as-
sumed that under the dominance of pine, floristic speci-
ficity of forest site types neighbouring in the typological
grid will disappear first. However, owing to the com-
plexity of factors influencing habitat conditions, at least
the minimum vegetation variability of habitats should
be maintained, even in the case of very high proportion
of pine trees in the stand. This means that the analysis of
vegetation, even heavily modified, may indicate a natu-
ral gradient of vegetation variability of the site and the
direction of their possible reconstruction.

The aim of this study is to assess the degree of dif-
ferentiation of forest communities of pine tree stands
occurring on different types of forest habitat. The fol-
lowing detailed questions were asked: do the forest
site types show floristic and structural distinctiveness
despite the distortion of the tree stand and whether the
preferences of species in the coniferous forests studied
indicate differences in habitat conditions of forest site
types, and also what is the diversity of plant communi-
ties against the typological diversity.

2. Profile of the studied area

According to the natural and forestry division into re-
gions, Turawa Forest District (the Regional Directorate of
State Forest in Katowice) is located in the Land of Silesia
in Bory Stobrawskie Mesoregion (Ziclony, Kliczkowska
2012). This area is poorly differentiated, vast areas are
completely flat with small hills only, and the height does
not exceed 200 m above sea level. Almost 82.6% of the

forest land is covered by a Scots pine. The most common
forest site types include: mixed coniferous forest of nu-
trient-poor and moist sites (BMw) that covers 35% of the
Forest District, mixed broadleaved forest of quite nutri-
ent-rich and moist sites (LMw, 21%), mixed coniferous
forest of nutrient-poor and mesic sites (BMsw, 18%), and
coniferous forest of very nutrient-poor and mesic sites
(Bsw, 15%) (Pan Urzadzenia Lasu 2007 [Forest Manage-
ment Plan 2007]).

According to the survey of soils and habitats (Operat
glebowo-siedliskowy 2007 [Survey of soils and habitats
2007]), the most common soils of the studied very nu-
trient-poor and mesic sites (B§w) include podsolic soils
and brown podsolic soils. These habitats represent the
most a typical mesic variant (Bswl) and partly also a
well-moisturised variant (Bsw2), and in the majority are
in the natural state (N1). The studied nutrient-poor and
mesic sites (BMs$w) are mainly related to podsolic soils
and brown podsolic soils. The vast majority of the stud-
ied areas represent a well-moisturised variant (BM$§w?2)
and the habitats are close-to-natural state (N2). The
nutrient-poor and moist sites (BMw) are mostly relat-
ed to mucky gley-podzol soils and gley muckous soils.
These sites represent typical moist variant (BMw1) and
close-to-natural state (N2). The quite nutrient-rich and
moist sites (LMw) represent mainly pseudogley soils,
podzolised, proper pseudogley soils, gley muckous soils
and proper gley soils. Most habitats (LMw) represent
typical moist variant (LMw1) and most of them are dis-
torted as a result of improper forest management (Zb1).

3. Material and methods

The datawere collected in Jelowa Sub-district (geometric
centre coordinates: 18°3’48,328”E, 50°49°51,704”°N) and
Kuznice Kluczborskie (18°1°25,912”E, 50°53°44,245”N),
where site types include Bsw, BM$w, BMw and LMw and
cover large and dense areas. Owing to a relatively new soil
and habitat description (Operat glebowo-siedliskowy
2007 [Survey of soils and habitats 2007]) available for
the Turawa Forest District, site data have not been veri-
fied, and forest site types have been assumed according
to the valid document. Based on the review map (1:25
000) for each of the four site types (Bsw, BMsw, BMw
and LMw), 30 forest sub-compartments were identi-
fied: 15 sub-compartments with stand between 21- and
40-years-old and 15 sub-compartments with stand more
than 80-years-old. A total number of 120 sub-compart-
ments were examined. They represented four groups of
young stands and four groups of mature stands. In se-
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lected sub-compartments, in the minimum distance of 50
m from the border of the sub-compartment, circular plots
with a radius of 8 m each were founded (201 m?). Ho-
mogenous plots were selected, representative of the en-
tire sub-compartment, while microhabitats and disturbed
sites were excluded. On the plots, the percentage of the
following layers was estimated: tree cover layer (divided
into al and a2), shrub layer (divided into bl — 3-8 m high
ad b2 — 0.6-3 m high), undergrowth layer (¢) and moss
layer (d). For each layer all species were identified, and
their coverage was determined according to a modified
Braun-Blanget scale (Falinski 2001; Mueller-Dombois,
Ellenberg 2002): 5: species covers 75.1%—100% of the
plot; 4: 50.1%—75%; 3: 25.1%—-50%; 2: 10.1%-25%;
1: 1.1%—-10% (£ up to 1%); 1: single specimen in the plot.
The data collected were included into the Polish Vegeta-
tion Database (Kacki, Sliwiniski 2012).

Floristic links of the studied plots against forest site
types were analysed with the use of ordination method.
In order to select the appropriate method for the data
collected, a Detrended Correspondence Analysis was
performed. The result of the above analysis is, among
others, gradient length represented by the first ordi-
nation axis and measured in standard deviation (SD)
(Piernik 2008). When the length of the gradient is less
than 3 SD, a Principal Components Analysis (PCA) is
recommended for further studies (Piernik 2008). As a
result of the analysis of data used for this study, the gra-
dient length of 2.298 SD was obtained, which allowed
for the application of PCA method in further studies.
The analyses were performed with the use of CANOCO
software (Leps, Smilauer 2003). To emphasise the qual-
itative differences in species composition a quantitative
scale was converted into the ordinal van der Maarel
scale: 9, 8,7, 5, 3,2 and 1 (Dzwonko 2007).

In order to assess the degree of association of certain
species to the forest habitat, fidelity and frequency of spe-
cies in the forest site types (TSL) were calculated in JUICE
software (Tichy 2002). Mature and young stands were sep-
arately analysed. As a measure of fidelity, phi coefficient
was adopted. Calculations were made for binary data, and
the value of fidelity equal to 0 was adopted for species with
p<0.05 based on Fisher’s exact test (Tichy et al. 2010).

Species richness, cover layers and stand quality were
also compared. The mean number of species in each group
of stands was calculated, the average cover of layer b (bl
and b2 in aggregate), ¢ and d, and the average stand quali-
ty for the studied sub-compartments, taken from the stand
survey description (Plan Urzadzenia Lasu 2007 [Forest
Management Plan 2007]). The significance of differenc-

es between the mean values was tested in Kruskal-Wallis
test and multiple comparison tests with the use of STA-
TISTICA software (StatSoft Inc. 2013). The comparison
of stand layers cover was not carried out, as it directly
depends on the tending operations performed.

For each of the studied plots, ecological indices were
calculated, such as light index, soil moisture index, pH
index and soil trophism index (L, Fp.;i» Rp;;» Ngpyy)» With
the use of ecological numbers for vascular plants (El-
lenberg et al. 1992). Then, average values of indices for
each stand group were calculated. The significance of
differences between the mean values was tested in the
Kruskal-Wallis test and multiple comparison tests in the
STATISTICA software.

In order to determine plant communities against for-
est site types, data from the plots surveyed were classi-
fied according to Two Way Indicator Species Analysis.
The analysis was performed in the JUICE software
(TWINSPAN application). The groups of plots distin-
guished in the analysis were the basis for the identifica-
tion of communities based on syntaxonomic association
of species (Matuszkiewicz 2001).

4. Results

Eigenvalues of the PCA axes were low (axis PCA1
—0.214; axis PCA2 — 0.097), which indicate a generally
small variation of species composition in the studied gra-
dient of sites. First of all, vegetation patches in very nu-
trient-poor and mesic sites (Bsw) differed from patches
in moist sites (LMw and BMw) (Fig. 1). Species clearly
related to Bsw are common heather Calluna vulgaris,
rugose fork-moss Dicranum polysetum, red-stemmed
feather-moss Pleurozium schreberi and lingonberry
Vaccinium vitis-idaea. The opposite was a group of spe-
cies included in moist sites (BMw and LMw): narrow
buckler fern Dryopteris carthusiana, wood sorrel Oxalis
acetosella, purple moor grass Molinia caerulea, brack-
en Pteridium aquilinum, pellucid four-tooth moss 7et-
raphis pellucida and May lily Maianthemum bifolium.
Species associated with mature forest stands were also
indicated: blue whortleberry Vaccinium myrtillus, glit-
tering wood-moss Hylocomium splendens, neat feath-
er-moss Pseudoscleropodium purum, as well as species
of shrub layer. Wood small-reed Calamagrostis epigeios
was related to young stands. In the case of young tree
stands, a clearer distinction between mesic and moist
sites was visible — patches representing B§w and BMsw
were more concentrated; likewise patches representing
BMw and LMw (Fig. 1).
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Figure 1. Vegetation diversity of the forest site types

Explanations: D — mature stands, M — young stands; species codes: abialb — Abies alba, auland — Aulacomnium androgynum, betpen
Calluna vulgaris, clachl — Cladonia
Dicranella

— Betula pendula, brarut — Brachythecium rutabulum, calepi — Calamagrostis epigeios, calvul —
chlorophaeae, cladig — Cladonia digitata, claoch — Cladonia ochrochlora, desfle — Deschampsia flexuosa, dichet —
heteromalla, dicpol — Dicranum polysetum, dicsco — Dicranum scoparium, drycar — Dryopteris carthusiana, fagsyl — Fagus sylvatica,
Herzogiella seligeri, hylspl —

Hylocomium splendens, hypjut — Hypnum jutlandicum, lardec —

Lophocolea

fraaln — Frangula alnus, hersel —
Larix decidua, leprep — Lepidozia reptans, leugla — Leucobryum glaucum, lopbid — Lophocolea bidentata, lophet —
heterophylla, luzpil — Luzula pilosa, maibif — Maianthemum bifolium, melpra — Melampyrum pratense, moetri — Moehringia trinervia,
molcae — Molinia caerulea, mycmur — Mycelis muralis, ortmon — Orthodicranum montanum, oxaace — Oxalis acetosella, picabi
— Picea abies, pinsyl — Pinus sylvestris, plaatf — Plagiomnium affine, placur — Plagiothecium curvifolium, plalae — Plagiothecium
laetum, plesch — Pleurozium schreberi, pohnut — Pohlia nutans, polfor — Polytrichastrum formosum, padser — Padus serotina, psepur
— Pseudoscleropodium purum, pteaqu — Pteridium aquilinum, pticri —

Ptilium crista-castrensis, quepet — Quercus petraea, querob —

Quercus robur, querub — Quercus rubra, rabspe — Rubus species, rumace — Rumex acetosella, scioed — Sciuro-hypnum oedipodium,

sorauc — Sorbus aucuparia, tetpel —

Vaccinium myrtillus, vacvit — Vaccinium vitis idaea; 1 — layer al, 2 — layer a2, 4 — layer bl, 5 —

Fidelity and frequency of species in groups of stands
showed that B§w and LMw had clear indicator species
(Table 1). Some of the species selected for BMw was also
associated with LMw, while a relationship with BMsw
was found only for two species: variable-leaved crestwort
Lophocolea heterophylla and broom fork-moss Dicranum
scoparium. A certain number of species selected as indica-

Tetraphis pellucida, thutam —

Thuidium tamariscinum, trieur — Trientalis europaea, vacmyr —
layer b2, 6 — layer ¢, 9 — layer d

tor species for communities with mature stands also played
the role of an indicator for young stands, which, however,
also had their own species differentiating forest sites. In
the group of young stands, a tendency was visible to have
indicator species of poorer sites on more fertile sites.

The lowest species richness both in the group of mature
as well as young stands was found for Bsw and the highest
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Table 1. Fidelity of indicative species of the forest site types in mature and young stands

) Mature stands Young stands
Species L

Bsw BMsw BMw LMw Bsw BMsw BMw LMw
Calluna vulgaris c 59.9
Leucobryum glaucum d 46.9 . .
Dicranum polysetum d 47.1 29 36.7
Vaccinium vitis-idaea c 36.3 359
Lophocolea heterophylla d 35 423
Dicranum scoparium d 31.9 . . .
Dryopteris carthusiana c 40.4 25 . . 38.6
Betula pendula b2 393 . . .
Trientalis europaea c 35 27.2 . . 48.1
Pseudoscleropodium purum d 332 . . . . .
Oxalis acetosella c 32.9 329 . . 26.9 43.4
Molinia caerulea c 30.9 38.6 . . 27.8 36.3
Thuidium tamariscinum d 62.9
Rubus sp. c 50.5
Fagus sylvatica b2 50.1 . . . .
Pteridium aquilinum c 40.8 . . . 49
Plagiothecium laetum d 40.4 . . 31.9
Cladonia ochrochlora d 323
Luzula pilosa c 31.9
Hypnum jutlandicum d 30.9 .
Calamagrostis epigeios c 51.9
Hylocomium splendens d 49 .
Melampyrum pratense c 46.5
Herzogiella seligeri d 32.7
Orthodicranum montanum d 30.9
Dicranella heteromalla d 47.1
Betula pendula 40.4
Tetraphis pellucida d 34.8 34.8
Plagiothecium curvifolium d 329 .
Betula pendula al 51
Maianthemum bifolium c 453

Explanations: L — layer: al — high tree layer, b2 — low shrub layer, ¢ — herb layer, d — moss layer. Species with fidelity higher than

30 and frequency higher than 30% were presented

for LMw (Fig. 2). The differences were of statistical signif-
icance only when comparing these extreme sites and also
Bsw and BMw. The differences between young and mature
stands on the same sites were not statistically significant.
Layers b, ¢ and d differentiated the studied sites only
partially (Table 2). In phytocoenoses with mature stand,

the cover of layer b was the lowest in sites of B§w and
differed significantly when compared with BMw and
LMw. In phytocoenoses of young stands, this feature
was not diversifying. The cover of layer ¢ did not show
statistically significant differences regardless of the
group age. The cover of layer d was significantly higher
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Figure 2. Species richness of the forest site types in mature and young stands

Explanations: D — mature stands (dark grey bars), M — young stands (light grey bars); values followed by the same letter are not
significantly different according to the Kruskal-Wallis test at p=0.05

Table 2. Mean cover of layers in plant communities of mature

and young stands occurring in the examined forest site types
. Layers
Site type
b (bl1+b2) C d
Bsw M 32 208 67®
Bsw D 4ao 70° 77
BMsw M 7% 410 56
BMsw D 14bed 61 674
BMw M 6 44acd 28¢
BMw D 25¢ 67" 47bed
LMw M 9 430cd 26¢
LMw D 39¢ 58bcd 41bed

Explanations: b — shrub layer, ¢ — herb layer, d — moss layer;
D — mature stands, M — young stands; values followed by
the same letter are not significantly different according to the
Kruskal-Wallis test at p=0.05

on Bsw in comparison with BMw and LMw for mature
and young stands. Differences between phytocoenoses
of mature and young stands on the same sites were
marked on B$w as well as BMw and LMw. In young
stands, the cover of layer ¢ was significantly lower on
Bsw, while the cover of layer b was significantly lower
on BMw and LMw.

An average stand quality of young stands (Bsw 1.4,
BMsw 1.4, BMw 1.07, LMw 1.03) did not differ signifi-
cantly. Stand quality of mature stands (B$w 1.4, BMsw
1.9, BMw L.§, LMw 1.6) differed significantly (p=0.05)
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Figure 3. Gradient of site factors based on species preferences
in relation to the forest site types

D — mature stands, M — young stands; L — light, F — ground
moisture, R — ground reaction, N — ground trophism

when comparing B§w with LMw and with BMw, as
well as BM$w with LMw.

Ecological indices suggest differentiation of site con-
ditions in the entire sites gradient (Fig. 3); however, as
in the case of features analysed before, a clear line may
be drawn mostly between BSw and moist sites: BMw
and LMw (Table 3). Sites of BSw were characterised by
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Table 3. Mean ecological indices for the forest site types in mature and young stands

Site type v - v v
BswM 6.1 5.1 2.5% 3.1
Bsw D 6.2° 4.4 1.8 1.8
BMsw M 5.9% 5.5° 2.778b¢ 2.4
BMsw D 5.8 5.1 2.7 2.5%d
BMw M 5.8 5.7° 3.1 Jade

BMw D 5.5 5.2 3.1 3ee

LMwM 5.4 5.6° 3.2 3.20de
LMw D 5.3¢ 5.6° 3.4¢ 3.4

Explanations: L, — light index, F, — moisture index, R, — reaction index, N, — trophism index; D — mature stands, M — young
stands; values followed by the same letter are not significantly different according to the Kruskal-Wallis test at p=0.05

Table 4. Species constancy in the identified plant communities (shortened synoptic table)

L 1 2 3 4
Plots number B$w 12M, 15D M
Plots number BMs$w 3M, 7D 11M, 7D 2M, 1D
Plots number BMw 1D 14M, 12D 1D M
Plots number LMw 12M, 11D 3M, 4D
Trees and shrubs
Pinus sylvestris al v v v v
Betula pendula al I 11T
Picea abies bl 1 1 I
Fagus sylvatica bl I 11 11
Picea abies b2 I I 1I v
Fagus sylvatica b2 I I 11 1\Y
Quercus robur b2 I I v I
Pinus sylvestris C \% \Y 1I I
Quercus robur C v \Y v v
Quercus petraea C v 1 1I v
Picea abies C 1I 11T 1I v
Betula pendula C 1 v II v
Sorbus aucuparia C 11 1 I IT
ChCl. Vaccinio-Piceetea
Vaccinium myrtillus C \% A% v A%
Pleurozium schreberi D \Y% A% \Y% v
Vaccinium vitis-idaea C \% I \%
Hylocomium splendens D \% 11 I I
Dicranum scoparium D 1 II 11
Melampyrum pratense C 1I I v
Trientalis europaea C v 111
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IL, 1 2 3 4
ChO. Cladonio-Vaccinietalia*®
Dicranum polysetum* D A% I v
DSAIL. Dicrano-Pinenion
Luzula pilosa C 1I v
DAss. Leucobryo-Pinetum
Deschampsia flexuosa C 1 I v I
Leucobryum glaucum D I 1I
Others
Polytrichastrum formosum D A% A% v A%
Hypnum jutlandicum D 11 1 11 \%
Calluna vulgaris C v I 1
Molinia caerulea C I v v
Pohlia nutans D I v v 111
Dryopteris carthusiana C I v v
Rubus sp C I v 1T \%
Pteridium aquilinum C I I II v
Pseudoscleropodium purum D 1T 1 \% I
Sciuro-hypnum oedipodium D I 1 1I
Dicranella heteromalla D I 111 I
Lophocolea heterophylla D I il 1I
Orthodicranum montanum D I 111 v 11
Plagiothecium curvifolium D I i 111 II
Oxalis acetosella C 111 v
Brachythecium rutabulum D I I 11 I
Cladonia ochrochlora D I I I 1I
Herzogiella seligeri D I 1I I 1I
Plagiomnium affine D I 1I I v
Maianthemum bifolium C I v
Plagiothecium laetum D 1I v
Tetraphis pellucida D I 11 1
Thuidium tamariscinum D I v

Explanations: 1 — Leucobryo-Pinetum, 2 — community of Pinus sylvestris and Molinia caerulea, 3 — community of Pinus sylvestris
and Quercus sp., 4 — community of Pinus sylvestris and Fagus sylvatica; L — layer: al — high tree layer, a2 — low tree layer, bl —
high shrub layer b2 — low shrub layer, ¢ — herb layer, d — moss layer; D — mature stands, M — young stands; species with constancy

of class I (=frequency lower than 20%) in all columns were deleted

higher light index and lower soil moisture, pH and soil
trophism indices. The differences between mature and
young stands on the same sites were mostly insignifi-
cant; only the value of soil trophism index was signifi-
cantly higher for young tree stands.

Phytosociological diversity of studied vegetation patch-
es was minor. Some of them, mainly on very nutrient-poor

and mesic sites, might be included in the Leucobryo-Pin-
etum association (Table 4, column 1). Most of the stud-
ied patches, mainly on moist sites, represented secondary
phytocoenoses determined as community of Pinus syl-
vestris and Molinia caerulea (Table 4, column 2). This
community may be included in Dicrano-Pinion alliance,
but it is difficult to classify it to a specific plant associa-
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tion. Few patches with their species composition of un-
dergrowth could be classified to Leucobryo-Pinetum, but
they showed the participation of beech and oak in different
community layers. They were determined as a community
of Pinus sylvestris and Quercus sp. (Table 4, column 3).
Also a group of patches on moist and locally most fertile
sites was identified (Table 4, column 4), which related
to Pinus sylvestris and Molinia caerulea community. In
comparison with this community, of marginal importance
were lingonberry Vaccinium vitis-idaea, broom fork-moss
Dicranum scoparium, rugose fork-moss D. polysetum and
glittering wood-moss Hylocomium splendens. In addition,
in the shrub layer, more often than in Pinus sylvestris and
Molinia caerulea community, there occurred beech and,
rarely, hornbeam. Therefore, this group was interpreted as
a community of Pinus sylvestris and Fagus sylvatica.

5. Discussion

The forest site types analysed in this study represent
three trophic groups: coniferous forests, mixed conifer-
ous forests and mixed forests. Therefore, it can be ex-
pected that the associated vegetation will show unique
features. However, the studied sites constitute a spatial
continuity resulting from the continuity of geological
and topographical conditions on a local scale, and they
do not differ significantly in moisture variant.

Stand quality might confirm the relative homogenei-
ty of the sites. It differs only while comparing Bsw and
LMw and BM$w and LMw. It may be expected that stand
quality will differentiate between the pairs of forest site
type (TSL) trophically different by definition; however,
when soils are moist enough, differences in trophism may
be secondary (Sewerniak 2013). Excessive participation
of pine in the stand is an additional factor that unifies
vegetation. The dominance of this species increases the
production of acidic litter fall poor in nutrients (Jonczak
2012), which results in converging surface soil levels
with upper levels of oligotrophic soils (Sewerniak 2011).
Therefore, convergence of vegetation on floristic and
structural terms occurs (Olaczek 1974; Laska 2006). In
the studied area, vegetation specificity of habitats that
differ in soil trophism and moisture persists, as B§w and
LMw and B$w and BMw. Therefore, as expected, in the
case of high proportion of pine in tree stands and unifica-
tion of their age and species composition in the first place,
vegetation distinctiveness of forest site types neighbour-
ing in the typological grid disappears, while diversity
throughout the entire site gradient remains.

Despite the poor floristic distinctiveness of forest site
types, indicator species of local scale were selected. It

also applies to young tree stands. In addition, it was found
that species occurring in mature stands are also present in
young stands, but then in more fertile sites. Similar rela-
tionship was observed in very nutrient-poor and mesic sites
in the Bory Dolnoslaskie forest (Stefanska 2007; Stefans-
ka-Krzaczek 2011). This confirms the usefulness of plant
indicators in the site diagnosis even in the case of degen-
erated communities (Czerwinski 1999; Rutkowski 2012).
Although the selected indicators of forest site types are the
result of the synthesis of data from numerous plots, and
some of them are tiny cryptogams, they provide an addi-
tional opportunity to assess the site conditions.

As a result of the distorted species composition of the
stand and its simplified structure, the actual vegetation of
the studied sites in the majority does not correspond to
the potential vegetation. For B$w, the potential vegeta-
tion is sub-Atlantic pine forest Leucobryo-Pinetum (Sied-
liskowe podstawy hodowli lasu 2004 [The Fundamentals
of Site Silviculture 2004]; Sikorska, Lasota 2007) and it
was found in these sites (Bsw). However, on other for-
est site types studied, secondary phytocoenoses occur.
At BMw and LMw, community of Pinus sylvestris and
Molinia caerulea was noted. This community may con-
stitute a form of Querco roboris-Pinetum molinietosum,
as well as Molinio caerulae-Quercetum roboris, both
distorted by high proportion of pine. In addition, phyto-
coenoses of moist sites with participation of beech and
hornbeam and reduced participation of coniferous for-
est species may indicate a stronger relationship with the
poorest oak-hornbeam communities. Floristic relation-
ship of studied phytocoenoses with Querco roboris-Pin-
etum molinietosum, Molinio caerulae-Quercetum roboris
and oak-hornbeam forests are significant, because these
units are selected as potential vegetation for studied sites.
Querco roboris-Pinetum, including the sub-association
of molinietosum, is quoted as a community associated
with BMw (Sikorska, Lasota 2007), and Molinio caeru-
lae-Quercetum roboris both with BMw and LMw (Sied-
liskowe podstawy hodowli lasu 2004 [The Fundamentals
of Site Silviculture 2004]); Danielewicz et al. 2013).
Also, oak-hornbeam forests are indicated as being related
to LMw (Siedliskowe podstawy hodowli lasu 2004 [The
Fundamentals of Site Silviculture 2004]; Sikorska, Laso-
ta 2007; Danielewicz et al. 2013). The sites of BM$§w are
not homogenous in terms of vegetation. Some patches
occurring on these sites represents Leucobryo-Pinetum
association, which in the case of these sites is secondary
community for Calamagrostio arundinaceae-Quercetum
petraeae or for Querco roboris-Pinetum, which can con-
stitute potential vegetation of BMsw (Sikorska, Lasota
2007; Danielewicz et al. 2013). In the case of patches
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identified as Leucobryo-Pinetum, these would probably
be typicum sub-associations for Calamagrostio-Querce-
tum and Querco roboris-Pinetum (Kasprowicz 2010).
However, most of patches on BMSw were identified as
the community of Pinus sylvestris and Molinia caerulea.
This does not exclude the above-mentioned associations
(Calamagrostio arundinaceae-Quercetum petraeae and
Querco roboris-Pinetum) as potential vegetation. In this
case, more probable would be moist sub-associations:
Calamagrostio arundinaceae-Quercetum petraeae mo-
linietosum and Querco roboris Pinetum molinietosum
(Kasprowicz 2010). However, Molinio caerulae-Querce-
tum roboris cannot be excluded, although it is assigned to
BMw or LMw (Sikorska, Lasota 2007; Danielewicz et al.
2013). Based on the current structure and species com-
position of phytocoenoses, potential vegetation cannot
be clearly indicated for BM$w, BMw or LMw; however,
phytocoenotic differences between the studied site types
could be enhanced by stand conversion. Therefore, po-
tential vegetation should be assumed in advance for each
site, e.g. BM$w — Calamagrostio arundinaceae-Querce-
tum petraeae, BMw — Querco roboris Pinetum and LMw
— Tilio-Carpinetum. This means stand conversion mainly
with the use of sessile oak on nutrient-poor and mesic
sites (BMs$w), common oak on nutrient-poor and moist
sites (BMw), and common oak, beech and hornbeam on
quite nutrient-rich and moist sites (LMw).

6. Conclusions

In the case of secondary forest communities, typical
indicator species may be useless; however, it is possible
to identify locally differentiating species.

As a result of the simplified stand structure and com-
position, vegetation of different sites becomes homog-
enous. However, the species composition indicates that
plant communities have a tendency to spontanecously
form more diverse systems.
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