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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 (21–40
years) and old (> 80 years) Scots-pine-dominated stands. The forest sites were categorized according to Polish site
classification. Four site categories were studied: Bœw (very nutrient-poor and mesic sites), BMœw (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 Bœw was different from both moist site types (BMw and LMw). Sites Bœw 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 Bœw and BMœw, and the community of Pinus sylvestris and Molinia caerulea in BMœw, 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. Wstêp

Gatunki roœlin i zbiorowiska roœlinne s¹ jednym z
kryteriów identyfikowania typów siedliskowych lasu.
Jednostki typologiczne s¹ zbie¿ne z podzia³em synta-
ksonomicznym, co pozwala wskazaæ dla nich gatunki
wyró¿niaj¹ce (Siedliskowe podstawy hodowli lasu
2004). Zespo³y roœlinne nie s¹ wprawdzie jednoznacz-

nym wskaŸnikiem typów siedliskowych lasu (Lasota et
al. 2005; Sikorska, Lasota 2007), ale mo¿na oczekiwaæ,
¿e rozró¿nianie siedlisk na bazie cech fitocenoz jest
realne przy uwzglêdnieniu syntaksonów ni¿szej rangi
(Danielewicz et al. 2013). Jednak w praktyce diagno-
zowania i klasyfikacji siedlisk leœnych mo¿liwoœci wy-
korzystania roœlinnoœci s¹ ograniczone ze wzglêdu na
zniekszta³cenia lasów oraz zbiorowiska zastêpcze
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(Sikorska, Lasota 2007). Fitocenozy z drzewostanem
m³odocianym lub niezgodnym z siedliskiem cha-
rakteryzuj¹ siê zazwyczaj zaburzonym lub nawet ca³ko-
wicie zmienionym sk³adem gatunkowym w stosunku do
fitocenozy potencjalnej (£aska 2006). Silny efekt znie-
kszta³caj¹cy strukturê zbiorowiska roœlinnego ma
zw³aszcza jednoczesna pinetyzacja i monotypizacja
drzewostanu. W takich sytuacjach elementy fitoceno-
tyczne pe³ni¹ w diagnozie siedliskowej rolê drugopla-
now¹, a g³ównym kryterium oceny siedlisk s¹ czynniki
glebowe (Bro¿ek et al. 2007; Sikorska, Lasota 2007).
Zwa¿ywszy jednak na rosn¹ce zainteresowanie tzw.
ekologizacj¹ leœnictwa, a tak¿e na koniecznoœæ ochrony
ca³ych fitocenoz leœnych (Rutkowski 2009), rozpozna-
nie zró¿nicowania i struktury roœlinnoœci rzeczywistej
mo¿e byæ bardzo pomocne w konkretnych decyzjach
hodowlanych (Rutkowski 2012). Nawet w fitocenozach
zniekszta³conych prawdopodobne jest wystêpowanie
lokalnych gatunków wskaŸnikowych (Stefañska 2007;
Stefañska-Krzaczek 2011), które niekoniecznie pokry-
waj¹ siê z typowymi wskaŸnikami (Siedliskowe pod-
stawy hodowli lasu 2004). Mo¿na przypuszczaæ, ¿e pod
wp³ywem dominacji sosny w pierwszej kolejnoœci za-
nikaæ bêdzie odrêbnoœæ florystyczna typów siedlisko-
wych lasu s¹siaduj¹cych w siatce typologicznej. Jednak
ze wzglêdu na z³o¿onoœæ czynników kszta³tuj¹cych wa-
runki siedliskowe przynajmniej minimalna zmiennoœæ
roœlinnoœci powinna siê utrzymaæ, nawet w przypadku
silnej pinetyzacji. Oznacza to, ¿e analiza roœlinnoœci,
nawet silnie zmienionej, mo¿e wskazaæ naturalny
gradient zmiennoœci fitocenoz danego terenu i kierunek
ich ewentualnej przebudowy.

Celem pracy jest ocena stopnia zró¿nicowania fito-
cenoz leœnych z drzewostanami sosnowymi wystêpu-
j¹cymi na ró¿nych typach siedliskowych lasu. Po-
stawiono nastêpuj¹ce pytania szczegó³owe: czy typy
siedliskowe lasu wykazuj¹ odrêbnoœæ florystyczn¹ i
strukturaln¹ mimo monotypizacji drzewostanu oraz czy
preferencje gatunków wystêpuj¹cych w badanych
borach wskazuj¹ na ró¿nice w warunkach siedliskowych
typów siedliskowych lasu, a tak¿e jakie jest zró¿nico-
wanie fitosocjologiczne na tle zró¿nicowania typo-
logicznego.

2. Charakterystyka terenu badañ

Zgodnie z regionalizacj¹ przyrodniczo-leœn¹ Nad-
leœnictwo Turawa (RDLP Katowice) po³o¿one jest w
Krainie Œl¹skiej, w mezoregionie Borów Stobrawskich
(Zielony, Kliczkowska 2012). Teren nadleœnictwa jest
ma³o zró¿nicowany, rozleg³e tereny s¹ zupe³nie p³askie z
niewysokimi wzniesieniami, wysokoœæ nie przekracza
200 m n.p.m. Na 82,6% powierzchni leœnej panuje sosna

zwyczajna. Dominuj¹ce powierzchniowo typy siedlis-
kowe lasu to: bór mieszany wilgotny (BMw) zajmuj¹cy
35% powierzchni leœnej nadleœnictwa, las mieszany wil-
gotny (LMw, 21%), bór mieszany œwie¿y (BMœw, 18%)
oraz bór œwie¿y (Bœw, 15%) (Plan urz¹dzenia lasu
2007).

Zgodnie z operatem glebowo siedliskowym (2007)
gleby badanych siedlisk boru œwie¿ego (Bœw) to g³ównie
gleby bielicowe w³aœciwe oraz rdzawe bielicowe.
Siedliska te reprezentuj¹ w wiêkszoœci wariant œwie¿y
(Bœw1), ale czêœciowo tak¿e wariant silnie œwie¿y
(Bœw2), oraz s¹ w zdecydowanej wiêkszoœci w stanie
naturalnym (N1). Badane siedliska boru mieszanego
œwie¿ego (BMœw) zwi¹zane s¹ g³ównie z glebami bie-
licowymi w³aœciwymi i rdzawymi bielicowymi. Wiêk-
szoœæ badanych powierzchni stanowi wariant silnie
œwie¿y (BMœw2), a siedliska s¹ w stanie zbli¿onym do
naturalnego (N2). Siedliska boru mieszanego wilgot-
nego (BMw) zwi¹zane s¹ g³ównie z glebami glejo-bieli-
cowymi murszastymi oraz glebami gruntowoglejowymi
murszastymi. Siedliska te reprezentuj¹ wariant wilgotny
(BMw1) oraz stan zbli¿ony do naturalnego (N2). Sied-
liska lasu mieszanego wilgotnego (LMw) reprezentuj¹
g³ównie gleby opadowoglejowe bielicowane, opadowo-
glejowe w³aœciwe, gruntowoglejowe murszaste i grunto-
woglejowe w³aœciwe. Siedliska lasu mieszanego wilgot-
nego (LMw) reprezentuj¹ wariant wilgotny (LMw1)
oraz w wiêkszoœci s¹ one zniekszta³cone na skutek Ÿle
prowadzonej gospodarki (Zb1).

3. Materia³ i metody

Dane zebrano w obrêbie Je³owa (wspó³rzêdne œrodka
geometrycznego: 18°3'48,328"E, 50°49'51,704"N) i KuŸ-
nice Kluczborskie (18°1'25,912"E, 50°53'44,245"N),
gdzie siedliska Bœw, BMœw, BMw i LMw zajmuj¹ du¿e
i zwarte powierzchnie. Ze wzglêdu na dostêpne dla Nad-
leœnictwa Turawa stosunkowo nowe opracowanie glebo-
wo-siedliskowe (Operat glebowo-siedliskowy 2007) nie
weryfikowano danych siedliskowych i przyjêto typy
siedliskowe lasu zgodnie z obowi¹zuj¹cym dokumen-
tem. Na podstawie map przegl¹dowych (1:25 000) dla
ka¿dego z czterech typów siedlisk (Bœw, BMœw, BMw i
LMw) wytypowano 30 wydzieleñ leœnych: 15 wydzieleñ
z drzewostanem w wieku 21–40 lat oraz 15 wydzieleñ
z drzewostanem starszym ni¿ 80 lat. £¹cznie przebadano
120 wydzieleñ reprezentuj¹cych 4 grupy drzewostanów
m³odocianych i 4 grupy drzewostanów dojrza³ych. W
wybranych wydzieleniach, minimum 50 m od granicy
wydzielenia, za³o¿ono powierzchnie ko³owe o promie-
niu 8 m ka¿da (201 m2). Wybierano powierzchnie homo-
geniczne i reprezentatywne dla ca³ego wydzielenia leœ-
nego, z pominiêciem mikrosiedlisk i miejsc zabu-
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rzonych. Na powierzchniach oszacowano pokrycie
warstwy drzew (z rozbiciem na a1 i a2 ) i warstwy
krzewów (z rozbiciem na b1 – o wysokoœci 3–8 m i b2 –
o wysokoœci 0,6–3 m) oraz warstwy runa (c) i warstwy
mszystej (d). Dla ka¿dej warstwy zanotowano wszystkie
gatunki, okreœlaj¹c ich pokrycie wg zmodyfikowanej
skali Braun-Blanqueta (Faliñski 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 zdjêciu. Zebrane dane zosta³y w³¹czone do bazy
Polish Vegetation Database (K¹cki, Œliwiñski 2012).

Florystyczne powi¹zania badanych powierzchni na
tle typów siedliskowych lasu przeanalizowano metod¹
ordynacyjn¹. W celu wybrania metody odpowiedniej dla
zebranych danych wykonano nietendencyjn¹ analizê
zgodnoœci (Detrended Correspondence Analysis –
DCA). Jej wynikiem jest m.in. d³ugoœæ gradientu re-
prezentowanego przez pierwsz¹ oœ ordynacyjn¹ i mie-
rzonego w odchyleniach standardowych (SD) (Piernik
2008). Gdy d³ugoœæ gradientu jest mniejsza ni¿ 3 SD
rekomendowana do dalszych badañ jest analiza sk³a-
dowych g³ównych (Principal Components Analysis –
PCA) (Piernik 2008). W wyniku analizy danych wy-
korzystanych do niniejszej pracy otrzymano d³ugoœæ
gradientu równ¹ 2.298 SD, co by³o podstaw¹ do zasto-
sowania metody PCA w dalszych badaniach. Analizy
wykonano w programie CANOCO (Lepš, Šmilauer
2003). Aby podkreœliæ jakoœciowe ró¿nice w sk³adzie
gatunkowym, skalê iloœciow¹ zamieniono na skalê po-
rz¹dkow¹ van der Maarela: 9, 8, 7, 5, 3, 2, 1 (Dzwonko
2007).

W celu oceny stopnia przywi¹zania okreœlonych ga-
tunków do typu siedliskowego lasu w programie JUICE
(Tichý 2002) obliczono wiernoœæ i frekwencjê gatunków
dla typów siedliskowych lasu (TSL). Analizowano od-
dzielnie drzewostany dojrza³e i m³ode. Za miarê wier-
noœci przyjêto wspó³czynnik phi, obliczenia wykonano
dla danych binarnych, a wartoœæ wiernoœci równa zero
przyjêta by³a dla gatunków z p<0,05 na podstawie
dok³adnego testu Fishera (Tichý et al. 2010).

Porównano równie¿ bogactwo gatunkowe, pokrycie
warstw i bonitacjê drzewostanu. Obliczono œredni¹
liczbê gatunków w ka¿dej grupie drzewostanów, œrednie
pokrycie warstw b (³¹cznie b1 i b2), c i d oraz œredni¹
bonitacjê zaczerpniêt¹ dla badanych wydzieleñ z opisu
taksacyjnego drzewostanu (Plan urz¹dzenia lasu 2007).
Istotnoœæ ró¿nic miêdzy œrednimi zbadano testem Krus-
kala-Wallisa oraz testami porównañ wielokrotnych w
programie STATISTICA (StatSoft Inc. 2013). Zrezy-
gnowano natomiast z porównania pokrycia warstw drze-
wostanu, poniewa¿ jest ono bezpoœrednio uzale¿nione
od wykonywanych zabiegów pielêgnacyjnych.

Dla ka¿dej powierzchni badawczej, pos³uguj¹c siê
liczbami ekologicznymi dla gatunków roœlin naczynio-
wych (Ellenberg et al. 1992), obliczono wskaŸniki eko-
logiczne: œwietlny, wilgotnoœci pod³o¿a, odczynu pod³o-
¿a i trofizmu pod³o¿a (LEIV, FEIV, REIV, NEIV). Nastêpnie
obliczono wartoœci œrednie wskaŸników dla ka¿dej
grupy drzewostanów. Istotnoœæ ró¿nic miêdzy œrednimi
zbadano przy pomocy testu Kruskala-Wallisa oraz tes-
tów porównañ wielokrotnych w programie
STATISTICA.

W celu stwierdzenia zró¿nicowania fitosocjologicz-
nego roœlinnoœci na tle typów siedliskowych lasu dane z
powierzchni badawczych poddano klasyfikacji dziel¹cej
na podstawie gatunków wyró¿niaj¹cych (Two Way Indi-
cator Species Analysis). Analizê wykonano w programie
JUICE (aplikacja TWINSPAN). Wyró¿nione w analizie
grupy zdjêæ by³y podstaw¹ do identyfikacji zbiorowisk
na podstawie przynale¿noœci syntaksonomicznej gatun-
ków (Matuszkiewicz 2001).

4. Wyniki

Wartoœci w³asne osi PCA by³y niskie (oœ PCA1 –
0,214; oœ PCA2 – 0,097), œwiadczy to o ogólnie nie-
du¿ym zró¿nicowaniu sk³adu gatunkowego p³atów w
badanym gradiencie siedlisk. Przede wszystkim p³aty
roœlinne Bœw by³y ró¿ne od p³atów na siedliskach
wilgotnych (LMw i BMw) (ryc. 1). Gatunki wyraŸnie
zwi¹zane z Bœw to wrzos pospolity Calluna vulgaris,

wid³oz¹b kêdzierzawy Dicranum polysetum, rokietnik
pospolity Pleurozium schreberi i borówka brusznica
Vaccinium vitis-idaea. Przeciwstawna by³a grupa gatun-
ków ³¹cznie ujêtych siedlisk wilgotnych (BMw i LMw):
nerecznica krótkoostna Dryopteris carthusiana, szcza-
wik zajêczy Oxalis acetosella, trzêœlica modra Molinia

caerulea, orlica pospolita Pteridium aquilinum, cztero-
z¹b przeŸroczysty Tetraphis pellucida i konwalijka dwu-
listna Maianthemum bifolium. Wskazano tak¿e gatunki
zwi¹zane z drzewostanami dojrza³ymi: borówka czarna
Vaccinium myrtillus, gajnik lœni¹cy Hylocomium

splendens, brodawkowiec czysty Pseudoscleropodium

purum, a tak¿e gatunki drzewiaste warstwy B. Zwi¹zek z
drzewostanami m³odocianymi wykaza³ trzcinnik pias-
kowy Calamagrostis epigeios. W przypadku drzewo-
stanów m³odocianych wyraŸniejszy by³ podzia³ na
siedliska œwie¿e oraz wilgotne – powierzchnie repre-
zentuj¹ce Bœw i BMœw by³y bardziej skupione, podobnie
powierzchnie reprezentuj¹ce BMw i LMw (ryc. 1).

Analiza wiernoœci i frekwencji gatunków w grupach
drzewostanów wykaza³a, ¿e Bœw i LMw mia³y wyraŸne
gatunki wskaŸnikowe (tab. 1). Czêœæ gatunków
wytypowanych dla BMw zwi¹zanych by³a równie¿ z
LMw, natomiast zwi¹zek z BMœw stwierdzono zaledwie
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u dwóch gatunków: p³ozika ró¿nolistnego Lophocolea

heterophylla i wid³ozêba miot³owego Dicranum

scoparium. Pewna liczba gatunków wytypowanych jako
wskaŸnikowe w zbiorowiskach z dojrza³ym drzewo-
stanem spe³nia³a te¿ rolê wskaŸnikow¹ w drzewostanach
m³odocianych, które jednak charakteryzowa³y siê tak¿e

wystêpowaniem w³asnych gatunków rozró¿niaj¹cych
typy siedliskowe lasu. Zaznaczy³a siê tak¿e w grupie
drzewostanów m³odocianych tendencja do wystêpowa-
nia gatunków wskaŸnikowych siedlisk ubo¿szych na
siedliskach ¿yŸniejszych.
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Rycina 1. Zró¿nicowanie roœlinnoœci typów siedliskowych lasu
Figure 1. Vegetation diversity of the forest site types

Objaœnienia / Explanations: D – drzewostany dojrza³e / mature stands, M – drzewostany m³odociane / young stands; kody
gatunków / 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, plaaff – 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
a1, 2 – warstwa / layer a2, 4 – warstwa / layer b1, 5 – warstwa / layer b2, 6 – warstwa / layer c, 9 – warstwa / layer d.



Najni¿sze bogactwo gatunkowe zarówno w grupie
drzewostanów dojrza³ych, jak i m³odocianych stwier-
dzono dla Bœw, a najwy¿sze dla LMw (ryc. 2). Ró¿nice
by³y istotne statystycznie tylko w przypadku porów-
nania tych skrajnych siedlisk oraz Bœw i BMw. Ró¿nice
miêdzy m³odocianymi i dojrza³ymi drzewostanami na
tych samych siedliskach nie by³y istotne statystycznie.

Warstwy b, c i d tylko czêœciowo ró¿nicowa³y ana-
lizowane siedliska (tab. 2). W fitocenozach z drzewo-
stanem dojrza³ym pokrycie warstwy b by³o najni¿sze na
siedliskach Bœw i ró¿ni³o siê istotnie w porównaniu z
BMw i LMw. W fitocenozach z drzewostanem m³o-

docianym cecha ta nie by³a ró¿nicuj¹ca. Pokrycie
warstwy c nie wykaza³o ró¿nic istotnych statystycznie
bez wzglêdu na grupê wiekow¹. Pokrycie warstwy d
by³o istotnie wy¿sze na Bœw w porównaniu z BMw
i LMw zarówno w grupie drzewostanów dojrza³ych, jak
i m³odocianych. Ró¿nice miêdzy fitocenozami z m³odo-
cianym i dojrza³ym drzewostanem na tych samych
siedliskach zaznaczy³y siê na Bœw oraz na BMw i LMw.
W drzewostanach m³odocianych pokrycie warstwy c
by³o istotnie ni¿sze na siedliskach Bœw, natomiast po-
krycie warstwy b na siedliskach BMw i LMw.
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Tabela 1. Wiernoœæ gatunków wskaŸnikowych badanych typów siedliskowych lasu z uwzglêdnieniem drzewostanów
dojrza³ych i m³odocianych
Table 1. Fidelity of indicative species of the forest site types in mature and young stands

Gatunki / Species L
Drzewostany dojrza³e / Mature stands Drzewostany m³odociane / Young stands

Bœw BMœw BMw LMw Bœw BMœw 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 . . . . 35.9 . .
Lophocolea heterophylla d . 35 . . . . 42.3 .
Dicranum scoparium d . 31.9 . . . . . .
Dryopteris carthusiana c . . 40.4 25 . . 38.6 .
Betula pendula b2 . . 39.3 . . . . .
Trientalis europaea c . . 35 27.2 . . 48.1 .
Pseudoscleropodium purum d . . 33.2 . . . . .
Oxalis acetosella c . . 32.9 32.9 . . 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 . . . 32.3 . . . .
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 a1 . . . . . . . 51
Maianthemum bifolium c . . . . . . . 45.3

Objaœnienia: L – warstwa: a1 – wy¿sza warstwa drzew, b2 – ni¿sza warstwa krzewów, c – warstwa zielna, d – warstwa mszysta.
Przedstawiono gatunki o wiernoœci przewy¿szaj¹cej 30 i frekwencji minimum 30%
Explanations: L – layer: a1 – high tree layer, b2 – low shrub layer, c – herb layer, d – moss layer. Species with fidelity higher than 30
and frequency higher than 30% were presented.



Bonitacja drzewostanów dojrza³ych (Bœw II.4,
BMœw I.9, BMw I.8, LMw I.6) ró¿ni³a siê istotnie
(p=0,05) przy porównaniu Bœw z LMw i BMw oraz
BMœw z LMw. Œrednia bonitacja drzewostanów m³o-
docianych (Bœw I.4, BMœw I.4, BMw I.07, LMw I.03)
nie ró¿ni³a siê istotnie.

WskaŸniki ekologiczne sugeruj¹ zró¿nicowanie wa-
runków siedliskowych w ca³ym badanym gradiencie

siedlisk (ryc. 3), jednak, tak jak w przypadku analizo-
wanych wczeœniej cech, wyraŸn¹ granicê mo¿na posta-
wiæ przede wszystkim miêdzy Bœw oraz BMw i LMw
(tab. 3). Siedliska Bœw wyró¿nia³ wy¿szy wskaŸnik
œwietlny oraz ni¿szy wskaŸnik wilgotnoœci, odczynu i
trofizmu pod³o¿a. Ró¿nice miêdzy m³odocianymi i doj-
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Rycina 2. Bogactwo gatunkowe typów siedliskowych lasu z uwzglêdnieniem drzewostanów dojrza³ych i m³odocianych
Objaœnienia: D – drzewostany dojrza³e (ciemnoszare s³upki), M – drzewostany m³odociane (s³upki jasnoszare); wartoœci
z t¹ sam¹ liter¹ nie s¹ 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. Œrednie pokrycie warstw w fitocenozach wystê-
puj¹cych na badanych typach siedliskowych lasu z uwzg-
lêdnieniem drzewostanów dojrza³ych i m³odocianych
Table 2. Mean cover of layers in plant communities of
mature and young stands occurring in the examined forest
site types

Typ sieliskowy
lasu

Site type

Warstwy / Layers

b (b1+b2) c d

Bœw M 3a 20a 67ab

Bœw D 4ab 70b 77a

BMœw M 7ab 41ac 56ac

BMœw D 14bcd 61bc 67ad

BMw M 6ab 44acd 28c

BMw D 25cd 67bd 47bcd

LMw M 9ac 43acd 26c

LMw D 39d 58bcd 41bcd

Objaœnienia: b – warstwa krzewów, c – warstwa zielna,
d – warstwa mszysta; D – drzewostany dojrza³e, M – drze-
wostany m³odociane; wartoœci z t¹ sam¹ liter¹ nie s¹ istotne
statystycznie zgodnie z testem Kruskala-Wallisa przy p=0,05
Explanations: shrub layer, c – 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

D M

Bœw

BMœw

BMw

LMw

Rycina 3. Gradient czynników siedliskowych oparty na
preferencjach siedliskowych gatunków na tle typów sied-
liskowych lasu. Objaœnienia: D – drzewostany dojrza³e,
M – drzewostany m³odociane; L – œwiat³o, F – wilgotnoœæ
pod³o¿a, R – odczyn pod³o¿a, N – trofizm pod³o¿a.
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.
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Tabela 3. Œrednie wskaŸniki ekologiczne dla typów siedliskowych lasu z uwzglêdnieniem drzewostanów dojrza³ych i
m³odocianych
Table 3. Mean ecological indices for the forest site types in mature and young stands.

Typ sieliskowy lasu
Site type

LEIV FEIV REIV NEIV

Bœw M 6.1a 5.1ab 2.5ab 3.1ab

Bœw D 6.2a 4.4a 1.8a 1.8c

BMœw M 5.9ab 5.5b 2.7abc 2.4ac

BMœw D 5.8ab 5.1ab 2.7ac 2.5acd

BMw M 5.8ab 5.7b 3.1bc 3ade

BMw D 5.5bc 5.2ab 3.1bc 3ae

LMw M 5.4bc 5.6b 3.2bc 3.2bde

LMw D 5.3c 5.6b 3.4c 3.4be

Objaœnienia: LEIV – wskaŸnik œwietlny, FEIV – wskaŸnik wilgotnoœci pod³o¿a, REIV – wskaŸnik odczynu pod³o¿a, NEIV – wskaŸnik
trofizmu pod³o¿a; D – drzewostany dojrza³e, M – drzewostany m³odociane; wartoœci z t¹ sam¹ liter¹ nie s¹ istotne statystycznie
zgodnie z testem Kruskala-Wallisa przy p=0,05.
Explanations: LEIV – light index, FEIV – moisture index, REIV – reaction index, NEIV – 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. Sta³oœæ gatunków w wyró¿nionych zbiorowiskach roœlinnych (skrócona tabela syntetyczna)
Table 4. Species constancy in the identified plant communities (shortened synoptic table)

L 1 2 3 4

Liczba powierzchni
Plots number Bœw

12M, 15D 3M

Liczba powierzchni
Plots number BMœw

3M, 7D 11M, 7D 2M, 1D

Liczba powierzchni
Plots number BMw

1D 14M, 12D 1D 1M

Liczba powierzchni
Plots number LMw

12M, 11D 3M, 4D

Drzewa i krzewy / Trees and shrubs

Pinus sylvestris a1 V V V V

Betula pendula a1 I III

Picea abies b1 I III II

Fagus sylvatica b1 I II III

Picea abies b2 III III II IV

Fagus sylvatica b2 I I II IV

Quercus robur b2 I I IV I

Pinus sylvestris c V V II III

Quercus robur c V V IV IV

Quercus petraea c IV III II IV

Picea abies c II III II IV

Betula pendula c I IV II IV

Sorbus aucuparia c II III III II

ChCl. Vaccinio-Piceetea

Vaccinium myrtillus c V V IV V

Pleurozium schreberi d V V V IV

Vaccinium vitis-idaea c V III V

Hylocomium splendens d V III III I

Dicranum scoparium d I II III

Melampyrum pratense c II I IV

Trientalis europaea c IV III



rza³ymi drzewostanami na tych samych siedliskach by³y
w wiêkszoœci nieistotne, jedynie wartoœæ wskaŸnika
trofizmu pod³o¿a by³a istotnie wy¿sza dla drzewostanów
m³odocianych.

Zró¿nicowanie fitosocjologiczne badanych p³atów
by³o niewielkie. Czêœæ p³atów, przede wszystkim z Bœw
w³¹czyæ mo¿na do zespo³u Leucobryo-Pinetum (tab. 4,
kolumna 1). Wiêkszoœæ badanych powierzchni, g³ównie
z siedlisk wilgotnych, reprezentowa³o fitocenozy
zastêpcze okreœlone jako zbiorowisko z Pinus sylvestris i
Molinia caerulea (tab. 4, kolumna 2). Zbiorowisko to

mo¿na w³¹czyæ do zwi¹zku Dicrano-Pinion, ale trudno
zaklasyfikowaæ do okreœlonego zespo³u. Nieliczne p³aty
nawi¹zywa³y sk³adem gatunkowym runa do zespo³u
Leucobryo-Pinetum, ale wyró¿nia³y siê udzia³em buka i
dêbu szypu³kowego w ró¿nych warstwach zbiorowiska.
Wydzielono je jako zbiorowisko z Pinus sylvestris

i Quercus sp. (tab. 4, kolumna 3). Wyodrêbni³a siê
równie¿ grupa p³atów z siedlisk wilgotnych, lokalnie
naj¿yŸniejszych (tab. 4, kolumna 4), która nawi¹zywa³a
do zbiorowiska z Pinus sylvestris i Molinia caerulea. W
porównaniu z tym zbiorowiskiem marginalne znaczenie
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L 1 2 3 4

ChO. Cladonio-Vaccinietalia

Dicranum polysetum d V III IV

DSAll. Dicrano-Pinenion

Luzula pilosa c II IV

DAss. Leucobryo-Pinetum

Deschampsia flexuosa c III III IV I

Leucobryum glaucum d II II

Inne / Others

Polytrichastrum formosum d V V IV V

Hypnum jutlandicum d III III III V

Calluna vulgaris c IV I III

Molinia caerulea c I V V

Pohlia nutans d II IV V III

Dryopteris carthusiana c I IV IV

Rubus sp c I IV II V

Pteridium aquilinum c I III II IV

Pseudoscleropodium purum d II III V III

Sciuro-hypnum oedipodium d I III II

Dicranella heteromalla d I III III

Lophocolea heterophylla d I III II

Orthodicranum montanum d I III IV II

Plagiothecium curvifolium d I III III II

Oxalis acetosella c III IV

Brachythecium rutabulum d I I III I

Cladonia ochrochlora d I I III II

Herzogiella seligeri d I II III II

Plagiomnium affine d I II II IV

Maianthemum bifolium c I IV

Plagiothecium laetum d II IV

Tetraphis pellucida d I II III

Thuidium tamariscinum d I IV

Objaœnienia: 1 – 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: a1 – wy¿sza warstwa drzew, a2 – ni¿sza warstwa
drzew, b1 – wy¿sza warstwa krzewów, b2 – ni¿sza warstwa krzewów, c – warstwa zielna, d – warstwa mszysta; D – drzewostany
dojrza³e, M – drzewostany m³odociane; usuniêto gatunki z I klas¹ sta³oœci (=frekwencja ni¿sza ni¿ 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: a1 – high tree layer, a2 – low tree layer, b1 – high shrub
layer, b2 – lowt shrub layer, c – 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.



mia³y: borówka brusznica Vaccinium vitis-idaea,

wid³oz¹b miotlasty Dicranum scoparium, w.
kêdzierzawy D. polysetum i gajnik lœni¹cy Hylocomium

splendens. Ponadto, w warstwie krzewów czêœciej ni¿ w
zbiorowisku z Pinus sylvestris i Molinia caerulea

wystêpowa³ buk, rzadko pojawia³ siê grab. Grupê tê
wyodrêbniono wiêc jako odrêbne zbiorowisko z Pinus

sylvestris i Fagus sylvatica.

5. Dyskusja

Analizowane w niniejszej pracy typy siedliskowe
lasu reprezentuj¹ trzy grupy troficzne siedlisk leœnych:
bory, bory mieszane i lasy mieszane. Mo¿na zatem ocze-
kiwaæ, ¿e zwi¹zana z nimi roœlinnoœæ bêdzie wykazy-
wa³a swoiste cechy. Jednak badane siedliska stanowi¹
przestrzenn¹ ci¹g³oœæ wynikaj¹c¹ z ci¹g³oœci w skali
lokalnej warunków geologiczno-topograficznych, po-
nadto nie ró¿ni¹ siê znacznie wariantem uwilgotnienia.
Potwierdzeniem wzglêdnej jednorodnoœci siedlisk mo¿e
byæ bonitacja drzewostanów. Ró¿ni siê ona jedynie w
przypadku porównania Bœw z BMw i LMw oraz BMœw z
LMw. Spodziewaæ siê mo¿na, ¿e wskaŸnik ten bêdzie
ró¿nicowaæ pary TSL z definicji ró¿ni¹ce siê troficznie,
jednak w warunkach dobrego uwilgotnienia gleby ró¿-
nice w trofizmie mog¹ byæ drugoplanowe (Sewerniak
2013).

Nadmierny udzia³ sosny w drzewostanie jest dodat-
kowym czynnikiem ujednolicaj¹cym roœlinnoœæ. Domi-
nacja tego gatunku zwiêksza produkcjê kwaœnego i ubo-
giego w sk³adniki pokarmowe opadu roœlinnego (Jon-
czak 2012), a w efekcie powierzchniowe poziomy gleb
upodabniaj¹ siê do górnych poziomów gleb oligotro-
ficznych (Sewerniak 2011). Dochodzi wiêc do ujedno-
licania roœlinnoœci pod wzglêdem florystycznym i struk-
turalnym (Olaczek 1974; £aska 2006). Na badanym
terenie utrzymuj¹ siê jednak ró¿nice miêdzy siedliskami
odmiennymi pod wzglêdem troficznym i wilgotnoœcio-
wym, jak Bœw i LMw oraz Bœw i BMw. Jak siê zatem
spodziewano w przypadku pinetyzacji i monotypizacji
drzewostanu w pierwszej kolejnoœci zanika odrêbnoœæ
florystyczna typów siedliskowych lasu s¹siaduj¹cych w
siatce typologicznej, nie zanika natomiast zró¿nicowa-
nie w ca³ym gradiencie siedliskowym.

Mimo s³abej odrêbnoœci florystycznej typów siedlis-
kowych lasu wytypowano gatunki wskaŸnikowe maj¹ce
charakter lokalny, dotyczy to równie¿ drzewostanów
m³odocianych. Ponadto stwierdzono, ¿e w przypadku
drzewostanów m³odocianych na siedliska ¿yŸniejsze
przechodz¹ gatunki wystêpuj¹ce w drzewostanach doj-
rza³ych siedlisk ubo¿szych. Podobne zale¿noœci zaob-
serwowano na œwie¿ych siedliskach borowych w Borach
Dolnoœl¹skich (Stefañska 2007; Stefañska-Krzaczek

2011). Potwierdza to u¿ytecznoœæ fitowskaŸników w
diagnostyce siedliskowej nawet w przypadku zbio-
rowisk zdegenerowanych (Czerwiñski 1999; Rutkowski
2012). Wytypowane wskaŸniki typów siedliskowych
lasu s¹ wprawdzie wynikiem syntezy danych z wielu
powierzchni, a czêœæ z nich to drobne organizmy zarod-
nikowe, jednak stanowi¹ dodatkow¹ mo¿liwoœæ oceny
warunków siedliskowych.

Wskutek wspomnianej pinetyzacji i monotypizacji
drzewostanów roœlinnoœæ rzeczywista badanych siedlisk
w wiêkszoœci nie odpowiada roœlinnoœci potencjalnej.
Dla Bœw roœlinnoœæ potencjaln¹ stanowi subatlantycki
bór sosnowy œwie¿y Leucobryo-Pinetum (Siedliskowe
podstawy hodowli lasu 2004; Sikorska, Lasota 2007) i
zosta³ on stwierdzony w zebranym materiale na sied-
liskach Bœw. Na pozosta³ych badanych typach siedlisk
leœnych wystêpuj¹ jednak fitocenozy zastêpcze. Na sied-
liskach BMw i LMw stwierdzono w wiêkszoœci wystê-
powanie zbiorowiska z Pinus sylvestris i Molinia

caerulea. Zbiorowisko to mo¿e stanowiæ spinetyzowan¹
formê trzêœlicowego podzespo³u boru mieszanego
Querco roboris-Pinetum molinietosum, jak i kwaœnej
d¹browy z trzêœlic¹ modr¹ Molinio caerulae-Quercetum

roboris. Ponadto, p³aty z siedlisk wilgotnych z udzia³em
buka i grabu oraz zmniejszonym udzia³em gatunków
borowych mog¹ wskazywaæ na silniejszy zwi¹zek z
najubo¿szymi zbiorowiskami gr¹dowymi. Powi¹zania
florystyczne badanych p³atów z Querco roboris-Pine-

tum molinietosum, Molinio caerulae-Quercetum roboris

oraz z gr¹dami s¹ istotne, poniewa¿ s¹ to jednostki
wytypowane jako roœlinnoœæ potencjalna dla badanych
siedlisk. Querco roboris-Pinetum, tak¿e z uwzglêdnie-
niem podzespo³u molinietosum, podawane jest jako
zbiorowisko zwi¹zane z BMw (Sikorska, Lasota 2007),
Molinio caerulae-Quercetum roboris zarówno z BMw,
jak i LMw (Siedliskowe podstawy hodowli lasu 2004;
Danielewicz et al. 2013). Tak¿e gr¹dy wskazywane s¹
jako zwi¹zane z LMw (Siedliskowe podstawy hodowli
lasu 2004; Sikorska, Lasota 2007; Danielewicz et al.
2013). Siedliska BMœw s¹ niejednoznaczne pod wzglê-
dem roœlinnoœci. Czêœæ p³atów roœlinnych wystêpu-
j¹cych na tych siedliskach reprezentuje zespó³ Leuco-

bryo-Pinetum, który w przypadku tych siedlisk jest
zbiorowiskiem zastêpczym albo dla kwaœnej d¹browy
trzcinnikowej Calamagrostio arundinaceae-Quercetum

petraeae albo dla boru mieszanego Querco roboris

Pinetum, które mog¹ stanowiæ roœlinnoœæ potencjaln¹
BMœw (Sikorska, Lasota 2007; Danielewicz et al. 2013).
W przypadku p³atów diagnozowanych obecnie do Leu-

cobryo-Pinetum by³yby to prawdopodobnie podzespo³y
typowe dla tych jednostek (Kasprowicz 2010). Wiêk-
szoœæ p³atów z siedlisk BMœw zosta³a jednak po³¹czona
z siedliskami wilgotnymi w zbiorowisko z Pinus syl-

vestris i Molinia caerulea. Nie wyklucza to wspomnia-
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nych zespo³ów (Calamagrostio arundinaceae-Querce-

tum petraeae i Querco roboris Pinetum) jako roœlinnoœci
potencjalnej. W tym wypadku bardziej prawdopodobne
by³yby podzespo³y wilgotne Calamagrostio arundina-

ceae-Quercetum petraeae molinietosum i Querco

roboris Pinetum molinietosum (Kasprowicz 2010). Nie
mo¿na jednak wykluczyæ tak¿e d¹browy trzêœlicowej
Molinio caerulae-Quercetum roboris, choæ jest ona
przypisywana BMw lub LMw (Sikorska, Lasota 2007;
Danielewicz et al. 2013). Na podstawie obecnej
struktury i sk³adu gatunkowego fitocenoz nie mo¿na
wiêc jednoznacznie wskazaæ roœlinnoœci potencjalnej
dla BMœw, BMw i LMw, jednak ró¿nice fitocenotyczne
miêdzy siedliskami badanych typów mo¿na wzmocniæ
przebudow¹ drzewostanu. W zwi¹zku z tym nale¿y z
góry za³o¿yæ dla ka¿dego siedliska roœlinnoœæ poten-
cjaln¹ (Rutkowski 2012) np. BMœw – Calamagrostio

arundinaceae-Quercetum petraeae, BMw – Querco ro-

boris Pinetum, LMw – Tilio-Carpinetum. Oznacza to
przebudowê drzewostanu z wykorzystaniem przede
wszystkim dêbu bezszypu³kowego na BMœw, dêbu szy-
pu³kowego na BMw oraz dêbu szypu³kowego, buka i
grabu na LMw.

6. Wnioski

W przypadku zbiorowisk zastêpczych typowe ga-
tunki wskaŸnikowe mog¹ nie byæ u¿yteczne, jednak
mo¿liwe jest wskazanie gatunków lokalnie ró¿nicu-
j¹cych.

W wyniku monotypizacji drzewostanu roœlinnoœæ
ró¿nych siedlisk ulega ujednoliceniu. Jednak sk³ad ga-
tunkowy fitocenoz wskazuje na tendencje do sponta-
nicznego kszta³towania siê uk³adów bardziej zró¿nico-
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 (21–40 
years) and old (> 80 years) Scots-pine-dominated stands. The forest sites were categorised according to Polish site 
classification. Four site categories were studied: Bśw (very nutrient-poor and mesic sites), BMśw (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 Bśw was different from both moist site types (BMw and LMw). Sites Bśw 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 Bśw and BMśw, and the community of Pinus sylvestris and Molinia caerulea in BMśw, 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 (Łaska 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 
(Brożek 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 (Stefańska 2007; Stefańska-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 (Zielony, 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 (BMśw, 18%), and 
coniferous forest of very nutrient-poor and mesic sites 
(Bśw, 15%) (Pan Urządzenia 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 (Bśw) include podsolic soils 
and brown podsolic soils. These habitats represent the 
most a typical mesic variant (Bśw1) and partly also a 
well-moisturised variant (Bśw2), and in the majority are 
in the natural state (N1). The studied nutrient-poor and 
mesic sites (BMśw) are mainly related to podsolic soils 
and brown podsolic soils. The vast majority of the stud-
ied areas represent a well-moisturised variant (BMśw2) 
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 data were collected in Jełowa Sub-district (geometric 
centre coordinates: 18°3’48,328”E, 50°49’51,704”N) and 
Kuźnice Kluczborskie (18°1’25,912”E, 50°53’44,245”N), 
where site types include Bśw, BMśw, 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 (Bśw, BMśw, 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 m2). 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 a1 and a2), shrub layer (divided into b1 – 3–8 m high 
ad b2 – 0.6–3 m high), undergrowth layer (c) and moss 
layer (d). For each layer all species were identified, and 
their coverage was determined according to a modified 
Braun-Blanqet scale (Faliński 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%); r: single specimen in the plot. 
The data collected were included into the Polish Vegeta-
tion Database (Kącki, Śliwiński 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 (Lepš, Šmilauer 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 (Tichý 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 (Tichý 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 (b1 
and b2 in aggregate), c and d, and the average stand quali-
ty for the studied sub-compartments, taken from the stand 
survey description (Plan Urządzenia 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 (LEIV, FEIV, REIV, NEIV), 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 (Bśw) differed from patches 
in moist sites (LMw and BMw) (Fig. 1). Species clearly 
related to Bśw 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 Tet-
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 Bśw and BMśw 
were more concentrated; likewise patches representing 
BMw and LMw (Fig. 1). 
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Fidelity and frequency of species in groups of stands 
showed that Bśw and LMw had clear indicator species 
(Table 1). Some of the species selected for BMw was also 
associated with LMw, while a relationship with BMśw 
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-

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 Bśw and the highest 

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 
– 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, plaaff – 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 – layer a1, 2 – layer a2, 4 – layer b1, 5 – layer b2, 6 – layer c, 9 – layer d
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for LMw (Fig. 2). The differences were of statistical signif-
icance only when comparing these extreme sites and also 
Bśw and BMw. The differences between young and mature 
stands on the same sites were not statistically significant. 

Layers b, c 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 Bśw and 
differed significantly when compared with BMw and 
LMw. In phytocoenoses of young stands, this feature 
was not diversifying. The cover of layer c did not show 
statistically significant differences regardless of the 
group age. The cover of layer d was significantly higher 

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

Species L 
Mature stands Young stands

Bśw BMśw BMw LMw Bśw BMśw 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 . . . . 35.9 . .
Lophocolea heterophylla d . 35 . . . . 42.3 .
Dicranum scoparium d . 31.9 . . . . . .
Dryopteris carthusiana c . . 40.4 25 . . 38.6 .
Betula pendula b2 . . 39.3 . . . . .
Trientalis europaea c . . 35 27.2 . . 48.1 .
Pseudoscleropodium purum d . . 33.2 . . . . .
Oxalis acetosella c . . 32.9 32.9 . . 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 . . . 32.3 . . . .
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 a1 . . . . . . . 51
Maianthemum bifolium c . . . . . . . 45.3

Explanations: L – layer: a1 – high tree layer, b2 – low shrub layer, c – herb layer, d – moss layer. Species with fidelity higher than 
30 and frequency higher than 30% were presented



82 E. Stefańska-Krzaczek et P. Pech / Leśne Prace Badawcze, 2014, Vol. 75 (1): 77–87.

on Bśw 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 Bśw as well as BMw and LMw. In young 
stands, the cover of layer c was significantly lower on 
Bśw, while the cover of layer b was significantly lower 
on BMw and LMw. 

An average stand quality of young stands (Bśw I.4, 
BMśw I.4, BMw I.07, LMw I.03) did not differ signifi-
cantly. Stand quality of mature stands (Bśw II.4, BMśw 
I.9, BMw I.8, LMw I.6) differed significantly (p=0.05) 

Table 2. Mean cover of layers in plant communities of mature 
and young stands occurring in the examined forest site types 

 Site type
Layers

b (b1+b2) C d
Bśw M 3a 20a 67ab

Bśw D 4ab 70b 77a

BMśw M 7ab 41ac 56ac

BMśw D 14bcd 61bc 67ad

BMw M 6ab 44acd 28c

BMw D 25cd 67bd 47bcd

LMw M 9ac 43acd 26c

LMw D 39d 58bcd 41bcd

Explanations: b – shrub layer, c – 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

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

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 Bśw with LMw and with BMw, as 
well as BMśw 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 Bśw and moist sites: BMw 
and LMw (Table 3). Sites of Bśw were characterised by 
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Table 3. Mean ecological indices for the forest site types in mature and young stands

 Site type LEIV FEIV REIV NEIV

Bśw M 6.1a 5.1ab 2.5ab 3.1ab

Bśw D 6.2a 4.4a 1.8a 1.8c

BMśw M 5.9ab 5.5b 2.7abc 2.4ac

BMśw D 5.8ab 5.1ab 2.7ac 2.5acd

BMw M 5.8ab 5.7b 3.1bc 3ade

BMw D 5.5bc 5.2ab 3.1bc 3ae

LMw M 5.4bc 5.6b 3.2bc 3.2bde

LMw D 5.3c 5.6b 3.4c 3.4be

Explanations: LEIV – light index, FEIV – moisture index, REIV – reaction index, NEIV – 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 Bśw 12M, 15D 3M
Plots number BMśw 3M, 7D 11M, 7D 2M, 1D
Plots number BMw 1D 14M, 12D 1D 1M
Plots number LMw 12M, 11D 3M, 4D
Trees and shrubs
Pinus sylvestris a1 V V V V
Betula pendula a1 I III
Picea abies b1 I III II
Fagus sylvatica b1 I II III
Picea abies b2 III III II IV
Fagus sylvatica b2 I I II IV
Quercus robur b2 I I IV I
Pinus sylvestris C V V II III
Quercus robur C V V IV IV
Quercus petraea C IV III II IV
Picea abies C II III II IV
Betula pendula C I IV II IV
Sorbus aucuparia C II III III II
ChCl. Vaccinio-Piceetea
Vaccinium myrtillus C V V IV V
Pleurozium schreberi D V V V IV
Vaccinium vitis-idaea C V III V
Hylocomium splendens D V III III I
Dicranum scoparium D I II III
Melampyrum pratense C II I IV
Trientalis europaea C IV III
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  L 1 2 3 4
ChO. Cladonio-Vaccinietalia*
Dicranum polysetum* D V III IV
DSAll. Dicrano-Pinenion
Luzula pilosa C II IV
DAss. Leucobryo-Pinetum
Deschampsia flexuosa C III III IV I
Leucobryum glaucum D II II
Others
Polytrichastrum formosum D V V IV V
Hypnum jutlandicum D III III III V
Calluna vulgaris C IV I III
Molinia caerulea C I V V
Pohlia nutans D II IV V III
Dryopteris carthusiana C I IV IV
Rubus sp C I IV II V
Pteridium aquilinum C I III II IV
Pseudoscleropodium purum D II III V III
Sciuro-hypnum oedipodium D I III II
Dicranella heteromalla D I III III
Lophocolea heterophylla D I III II
Orthodicranum montanum D I III IV II
Plagiothecium curvifolium D I III III II
Oxalis acetosella C III IV
Brachythecium rutabulum D I I III I
Cladonia ochrochlora D I I III II
Herzogiella seligeri D I II III II
Plagiomnium affine D I II II IV
Maianthemum bifolium C I IV
Plagiothecium laetum D II IV
Tetraphis pellucida D I II III
Thuidium tamariscinum D   I   IV

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: a1 – high tree layer, a2 – low tree layer, b1 – 
high shrub layer b2 – low shrub layer, c – 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-



85E. Stefańska-Krzaczek et P. Pech / Leśne Prace Badawcze, 2014, Vol. 75 (1): 77–87.

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 Bśw and 
LMw and BMśw 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; Łaska 2006). In 
the studied area, vegetation specificity of habitats that 
differ in soil trophism and moisture persists, as Bśw and 
LMw and Bśw 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 Dolnośląskie forest (Stefańska 2007; Stefańs-
ka-Krzaczek 2011). This confirms the usefulness of plant 
indicators in the site diagnosis even in the case of degen-
erated communities (Czerwiński 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 Bśw, 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 (Bśw). 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 BMśw 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 BMśw (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 BMśw 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 BMśw, 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. BMśw – 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 (BMśw), 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 spontaneously 
form more diverse systems.
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