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Tempo i kierunki zmian skladu gatunkowego drzewostanéow naturalnych w wybranych
zbiorowiskach lesnych Puszczy Bialowieskiej

Rate and direction of changes in tree species composition of natural stands in selected forest associations
in the Biatowieza Forest
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Abstract. The main aim of the study was to determine changes in the species composition and structure of natural tree
stands in the Biatlowieza Forest (BF), which occurred in the years 1975-2012, as well as to evaluate their trends,
directions and rate. The study was carried out on 121 permanent research plots (50x50m), which represented the most
important forest phytocenoses in BF, i.e. fresh pine-whortleberry forest Vaccinio vitis-idaeae-Pinetum Sokot. 1980,
fresh mixed spruce-reed grass forest Calamagrostio-Piceetum Sokot. 1968, oligotrophic form of hornbeam - bastard
balm forest Melitti-Carpinetum Sokot. 1976, different forms of linden- hornbeam forest: 7Tilio-Carpinetum Tracz.
1962, alder-ash forest Fraxino-Alnetum W. Mat. 1952 and sub-boreal spruce forest on bog moss Sphagno girgenshonii-
Piceetum Polak. 1962. On the plots selected, there was measured the diameter at breast height (DBH) of all trees, as
well as every tree and shrub up to 1.3 m high was counted and described with reference to species. The measurements
and observations were regularly repeated every 10-15 years. The results showed that over the last period of nearly 40
years, there has increased a share of common hornbeam Carpinus betulus L. in the structure of forest stands in
numerous BF associations. This tree species has expanded into different forest habitats including poor, medium fertile
and wetland sites. The results obtained indicate a trend towards formation of linden-hornbeam forests in BF
phytocenoses. The most evident changes were recorded in hornbeam - bastard balm forest. In natural conditions of the
majority of forest associations analyzed, there prevailed hornbeam trees in forest regeneration, except for the stands in
fresh mixed pine forest and spruce forest on bog moss. In the latter two cases, hornbeam showed signs of its presence in
the last observation period. Norway spruce (Picea abies L.) retreated into oligotrophic forest associations. In the recent
decades, spruce populations have been dramatically reduced in the stands in mixed coniferous and different kinds of
broadleaved forests. There have also decreased a share of light-demanding tree species, such as Scots pine (Pinus
silvestris L.), pedunculate oak (Quercus robur L.) and silver birch (Betula pendula L.) in BF tree stands, including their
regeneration-layer. Especially, Scots pine regeneration has not been successful.

In the short period of time (about 15 years) there has been observed rapid and outsized reduction of ash Fraxinus
excelsior L. populations in natural conditions of alder-ash forests. All through the last 10-15 years, there has been also
observed increased rate of change in stand species composition. The trend and rate of change in stand species
composition point out to a possibility of human intervention towards stimulation of natural regeneration so as to
preserve valuable populations of threatened tree species in the Biatowieza Forest.
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1. Wstep i cele badan

Puszcza Biatowieska jest jednym z najwigkszych i
najlepiej zachowanych obszaréw lesnych na nizu srod-
kowo-wschodniej Europy. Dominuja tam siedliska eu-
troficzne. Sumaryczny udziat siedlisk lasow lisciastych
wynosi blisko 60%. Borow jest tylko kilka procent, a
boréw mieszanych nieco ponad 30% (Sokotowski
2004).

Okoto polowa powierzchni laséw Puszczy Biato-
wieskiej jest obecnie wylaczona spod bezposredniej
ingerencji cztowieka (m.in. Biatowieski Park Narodo-
wy, rezerwaty przyrody, strefy ochrony ptakow, grzy-
béw i innych organizméw chronionych). Rowniez we
wszystkich drzewostanach w wieku powyzej 100 lat nie
wykonuje si¢ zadnych zabiegdw hodowlano-ochron-
nych. Dominuje konserwatorska ochrona przyrody, co
pozwala na $ledzenie naturalnych procesow ekologicz-
nych. Okoto 80% obszaru Puszczy zajmuja wazne dla
catej Unii Europejskiej siedliska lesne chronione na
podstawie dyrektywy Rady 92/43/EWG. Sa to migdzy
innymi grady subkontynentalne (9170) oraz siedliska
priorytetowe np. bory i lasy bagienne (91D0), tegi
olszowo-jesionowe (91E0).

Dhugookresowe analizy rozwoju drzewostandw w
Biatowieskim Parku Narodowym, wykazuja wyrazne
zmiany ich sktadu gatunkowego w ciagu ostatnich kil-
kudziesieciu lat, m.in. brak odnowienia sosny oraz
wyrazny wzrost frekwencji grabu i lipy (Kowalski 1982;
Brzeziecki 2008; Drozdowski et al. 2012). Analogiczne
obserwacje (brak odnowienia sosny, ekspansja grabu)
dotycza takze innych lokalizacji w Puszczy Biatowies-
kiej (Sokotowski 2004).

W poénocno-wschodniej Polsce, w tym takze i w
Puszczy Biatowieskiej, prowadzono liczne, systema-
tyczne badania fitosocjologiczne, wskazujace na duza
dynamik¢ zmian ro$linnosci, w tym sktadu drze-
wostanow (Sokotowski 1991, 2004; Paluch 2001, 2003;
Czerepko i Sokotowski 2006). W Instytucie Badawczym
Lesnictwa zgromadzono obszerny zbidr materialéw ar-
chiwalnych: zdj¢¢ fitosocjologicznych, danych pomia-
rowych drzewostandw i innych bedacych efektem wie-
loletniego monitoringu roslinnosci, na statych powierz-
chniach badawczych, zaktadanych od 1975 r., gléwnie w
poéinocno-wschodniej Polsce. Dla zachowania ciaglosei
monitoringu podjeto kontynuacje badan rozpoczetych
przez zespot pod kierunkiem prof. A. W. Sokotow-
skiego.

Przyjeto nastepujace cele badan:

1) okreslenie zmian sktadu gatunkowego i struktury
drzewostandéw na statych powierzchniach badawczych
w okresie minionych 30-40 lat,

2) ocena tendencji, kierunkéw i tempa tych zmian

3) okreslenie konsekwencji stwierdzonych zmian
roslinnosci dla dlugookresowego planowania hodowla-
nego i potrzeb jego modyfikacji.

2. Metodyka i zakres badan

Od lat 70. ubiegltego wieku do chwili obecnej zalo-
zono w réznych zbiorowiskach lesnych w pdtnocno-
wschodniej Polsce okoto 300 statych powierzchni
badawczych (strukturalnych), najczesciej o wymiarach
50x50 m (Sokotowski 2004), do analizy zmian sktadu
gatunkowego 1 struktury drzewostanéw. Na powierz-
chniach tych mierzono piersnice wszystkich drzew
w klasach grubosci oraz policzono drzewka i krzewy do
1,3 m wysokosci z podziatem na gatunki. Badania po-
wtarzano co 10-15 lat. Granice powierzchni byly ozna-
czone palikami dgbowymi.

Badania w Puszczy Biatowieskiej kontynuowano na
121 statych powierzchniach badawczych (ryc. 1) re-
prezentujacych pierwotnie:

— brusznicowo-sosnowy bor swiezy: Vaccinio vitis-
idaeae-Pinetum Sokot. 1980,

— trzcinnikowo-swierkowy bér mieszany Swiezy:
Calamagrostio-Piceetum Sokot. 1968,

—uboga posta¢ gradu: las miodownikowo-grabowy
Melitti-Carpinetum Sokot. 1976,

—rdzne postacie gradow: Tilio-Carpinetum Tracz.
1962,

—leg olszowo-jesionowy Fraxino-Alnetum W.Mat.
1952,

— subborealna $wierczyng na torfie Sphagno girgen-
shonii-Piceetum Polak. 1962,

Metodyke badan oparto na poprzednio wykonanych
pracach (Sokotowski 1960-2004, 1991, 2004). Uzu-
petniono wspotrzedne geograficzne granic powierzchni
badawczych za pomoca odbiornika GPS (tab. 1).

Okreslono ponadto sktad gatunkowy drzewostanow
w poszczegdlnych latach badan na podstawie: zagesz-
czenia i piersnicowego pola przekroju gatunkéw drzew.
Analizowano roéwniez wspotczynnik podobienstwa mig-
dzy udziatem drzew w drzewostanach w poszczegol-
nych okresach badan (Brzeziecki 2008 za Bodeck i in.
2001), ktory obliczono, postugujac si¢ nastgpujacym
wzorem:

S ZI—Z:; f],i _fz,i

200

gdzie:

frioraz f5; — procentowy udziat gatunku i w porow-
nywanych okresach badawczych

n — ogolna liczba gatunkéw w obu porownywanych
okresach badawczych.
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Rycina 1. Stale powierzchnie badawcze Instytutu Badawczego Le$nictwa w Puszczy Bialowieskiej na tle obiektow

chronionych

Figure 1. Permanent research plots of the Forest Research Institute and protected areas in the Bialowieza Forest

Wspotczynnik S przyjmowat wartosci w przedziale
od 0 do 1, przy czym zero oznaczato catkowity brak
podobienstwa, a 1 pelne podobienstwo. Wspdtczynnik
ten obliczono, postugujac si¢ udziatem liczby drzew
poszczegolnych gatunkow.

Wykorzystujac matematyczny model dynamiki lasu
BWINPro 6.2 (Nagel 1999), wykonano wizualizacje¢
graficznag wybranych drzewostanow, ktéora w sposob
czytelny pokazata najwazniejsze zmiany sktadu gatun-
kowego i struktury drzewostandéw w ciggu minionych
prawie 40 lat.

3. Wyniki badan

Bor Swiezy brusznicowo-sosnowy
Vaccinio vitis-idaeae-Pinetum Sokol. 1981

W okresie okoto 40 lat badan w skladzie gatun-
kowym drzewostanéw stwierdzono znaczace zmiany
liczebnosci 1 udziatu dwoch, podstawowych gatunkéw
budujacych drzewostan, czyli sosny zwyczajnej i
$wierka pospolitego. W tabeli 2 przedstawiono zmiany
sktadu gatunkowego i struktury piersnic na jednej ze
statych powierzchni badawczych. Sosna wycofata si¢
zupehie z dolnych warstw drzewostanu. Na poczatku
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badan wystepowaly jeszcze drzewa o malej piersnicy,
a obecnie jedynie drzewa o sredniej grubosci i grube.
W latach 19862012 nalotow i niskich podrostow nie
byto wecale lub stwierdzano je w znikomej liczbie
(tab. 2), co $wiadczy o catkowitym zahamowaniu pro-
cesu naturalnego odnowienia tego gatunku. Brak
nalotow i podrostow moze wynikaé z roznych przyczyn,
jednakze warto zwrdci¢ uwage na wzrost zageszczenia
swierka pospolitego w dolnych warstwach drzewostanu
(drzewa o piers$nicy do 7 cm). Gatunek ten jest gldéwnym
konkurentem sosny w omawianym zespole. W 1975 r.
sosna byla gatunkiem dominujacym, zaréwno pod
wzgledem liczebnosci, jak i piersnicowego pola prze-
kroju (ryc. 2), czyli w kazdej warstwie drzewostanu
stanowita najistotniejszy sktadnik omawianego zespotu
lesnego. Udzial sosny w liczbie drzew wynosit wtedy
ponad 60%, a swierka 25%. W 2012 r. tendencje te
odwrdcily si¢ — gatunkiem zdecydowanie przewaza-
jacym pod wzgledem zaggszczenia drzew stat si¢ Swierk
pospolity (ryc. 2). W okresie badawczym réwniez brzo-
za zmniejszyta znacznie swoj udziat z 20% do kilku
procent. Dab szyputkowy byt stalym elementem w
podroscie, ale w okresie 40 lat nie zdotal awansowac do
gornych warstw drzewostanu (tab. 2). Jego udziat w
sktadzie gatunkowym drzewostanu byt nieznaczny i wy-

%
70

60

50
40 1

30 —
20

10 4
0

Pinus Picea Betula Quercus

Pozostate
sylvestris abies pendula robur Other
o
100 —
b
80 4
60
40 4
20 4 I
0
Pinus Picea Betula Quercus Pozostate
sylvestris abies pendula robur Other

[J1975[]1986 []1997 [l 2012
Rycina 2. Udzial gatunkow drzew (a — wedlug zagesz-
czenia oraz b — pier§nicowego pola przekroju) w latach
1975-2012 na przykladzie stalej powierzchni badawczej
V1 (p. tab. 1) w brusznicowo-sosnowym borze §wiezym
(Vaccinio vitis-idaeae-Pinetum). Pozostale gatunki: topola
osika, jarzab pospolity
Figure 2. Tree species share (according to: a — density, b
— basal area) in 1975-2012, based on permanent V1 research
plot (see Tab. 1) in fresh pine-whortleberry forest (Vaccinio
vitis-idaeae-Pinetum). Other tree species: Populus tremula,
Sorbus aucuparia

nosit kilka procent (ryc. 2). Pod wzgledem piersnico-
wego pola przekroju nadal dominowata sosna, ale jej
udzial zmniejszyt si¢ z prawie 100% do 80%.
Zaobserwowano natomiast systematyczny, kilkukrotny
wzrost udzialu swierka zardwno pod wzgledem liczby
drzew, jak i piersnicowego pola przekroju. Udziat sosny
zwyczajnej 1 brzozy brodawkowatej znacznie si¢ nato-
miast zmniejszyl, pierwszego z wymienionych gatun-
kéw o prawie 40%, a drugiego do wielkosci marginalnej,
zaledwie kilku procent (ryc. 2).

Boér mieszany trzcinnikowo-§wierkowy
Calamagrostio arundinaceae-Piceetum Sokol. 1968

W zespole boru mieszanego zdecydowanie zmniej-
szylo si¢ zageszczenie glownych sktadnikéw budu-
jacych drzewostan, czyli swierka pospolitego i sosny
zwyczajniej, szczegdlnie wyraznie w przypadku dru-
giego z wymienionych gatunkow (tab. 3). Zmniejszenie
zageszcezenia dotyczylo drzewek mtodych, o piersnicy
do 7 cm. Na wszystkich powierzchniach badawczych w
tym zespole przez caly okres badan brakowato zupetnie
odnowien naturalnych sosny (nalotow i podrostow o
wysokosci do 1,3 m) oraz starszych podrostow (o piers-
nicy do 7 cm). W 2012 r. wystgpowaly tylko drzewa o
$redniej grubosci i grube — powyzej 20 cm piersnicy.
Mtode $wierki, w tym niski podrost, rosty na kazdej
powierzchni badawczej i w kazdym okresie pomiaro-
wym, jednakze ich liczebnos$¢ silnie zalezata od zagesz-
czenia starych swierkow (tab. 3). Brzoza brodawkowata
w okresie 40 lat zanikta we wszystkich klasach piersnic,
z wyjatkiem drzewek najcienszych. Zageszczenie grabu
zwyczajnego na poczatku badan w 1975 r. nie prze-
kraczato kilku sztuk na 1 ha. W 2012 r. jego liczba byla
znaczaca w klasie piersnic do 3 cm (400/ha), z czego
kilka drzew umocnito swoja pozycje w drzewostanie,
przechodzac do wyzszych klas piersnic.

Najwigksze zmiany zaggszczenia gatunkéw drzew
odnotowano w latach 1997-2012. Zaggszczenie grabu w
najnizszym stopniu grubosci zwigkszylto si¢ okoto 10-
krotnie (tab. 3). W dolnych warstwach drzewostanu od-
nowienie grabu zaczelo wyraznie dominowac, konku-
rujac silnie z innymi gatunkami migdzy innymi ze $wier-
kiem (ryc. 3). Niektdre graby osiagnely piersnice okoto
25 cm, co $wiadczyto o znacznej dynamice wzrostu i
ekspansji tego gatunku na siedliska mezotroficzne, be-
dace poza jego optimum ekologicznym. Udziat swierka
i sosny oraz brzozy obliczony na podstawie ich zaggsz-
czenia zdecydowanie zmniejszy! sig¢, natomiast udziat
grabu ulegl znacznemu zwigkszeniu (ryc. 4). Inaczej
sytuacja przedstawiata si¢ w przypadku analizy piers-
nicowego pola przekroju poszczegdlnych gatunkow
drzew. U $wierka i sosny miara ta ulegala niewielkim
wahaniom — przyrost piersnicy rekompensowat zmniej-
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1978 : 1986, 4 s, Rycina 3. Wizualizacja skladu gatunko-

' 4 sw Wwego drzewostanu C1 w borze

| ¥ 4z mieszanym $wiezym trzcinnikowo-

. Y wo $wierkowym Calamagrostio arundi-

¥ os naceae-Piceetum w okresie 19752012

| %82 Figure 3. Visualization of tree species

' : :’ composition in C1 stand in fresh mixed

" oo spruce-reed grass forest Calamagrostio
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Rycina 4. Udzial gatunkow drzew (a — wedlug zageszczenia oraz b — piersnicowego pola przekroju) w latach 1975-2012
na przykladzie stalej powierzchni badawczej C1 (p. tab. 1) w borze mieszanym $wiezym (Calamagrostio arundinaceae-
Piceetum). Pozostale gatunki: jarzab pospolity, klon zwyczajny

Figure 4. Tree species share (according to: a — density, b — basal area) in 1975-2012, based on permanent C1 research plot
(see Tab. 1) in fresh mixed forest (Calamagrostio arundinaceae-Piceetum). Other tree species: Sorbus aucuparia, Acer
platanoides

1975 ) 1986 Rycina 5. Wizualizacja skladu gatunko-
wego drzewostanu M6 w gradzie
miodownikowo-grabowym Melitti-

A Carpinetum w oKresie 1975-2012
Figure 5. Visualization of tree species
composition in M6 stand (see Tab. 1)

/ {)SD in hornbeam-bastard balm forest Melitti-
oo Carpinetum in the period 1975-2012:

\)Db So — Pinus sylvestris, Sw — Picea abies,

Jrz — Sorbus aucuparia, Gb — Carpinus
betulus, Db — Quercus robur
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szanie si¢ liczby drzew podanych wyzej gatunkow.
Zauwazono zdecydowany wzrost udziatu grabu w drze-
wostanie, a odwrotng tendencj¢ w przypadku brzozy

(ryc. 4).

Grad miodownikowo-grabowy Melitti-Carpinetum
Sokol. 1976

W omawianym zespole nastgpila ogromna, nie-
spotykana gdzie indziej ekspansja grabu zwyczajnego w
dolnych warstwach drzewostanu. W najnizszej klasie
piersnic (do 3 cm) liczba drzew tego gatunku wzrosta z
kilkudziesigciu sztuk na 1 ha w 1986 r. do 3,3 tys. szt. w
2012 r. Gatunek ten opanowal dolne warstwy drzewo-
stanu, tworzac zwarte drugie pigtro (ryc. 5), nie pozwa-
lajac innym drzewom na odnowienie. Grab przewazat
nadal wsrod drzewek ponizej 1,3 m, a jego zaggszczenie
w tej grupie wynosito okoto 250 szt./ha. Na poczatku
badan, w latach 70. ubiegtego wieku dobrze odnawiat si¢
jeszcze $wierk. W dolnych warstwach drzewostanu
zaobserwowano wigc zastapienie $wierka grabem.
W drzewostanie gornym nastapit wyrazny ubytek dgbu
szypulkowego, jak réwniez sosny i §wierka. Wskutek
pojawienia si¢ duzej liczby miodych drzewek grabu
udzial tego gatunku obliczony na podstawie jego li-
czebnosci bardzo znaczaco wzrést, natomiast zmalat
udziat pozostatych gatunkéw (ryc. 6, tab. 4).

W okresie prawie 40 lat badan znaczaco zmniejszyt
si¢ udziat sosny w piersnicowym polu przekroju drze-

Picea Pinus Carpinus Quercus Betula
abies sylvestris betulus robur pendula
9

70 %

60 b

50 ]

40 4

30 1

20

10 4

04

Picea Pinus Carpinus Quercus Betula
abies sylvestris betulus robur pendula

[11975[ ] 1986 [l 2012
Rycina 6. Udzial gatunkow drzew (a - wedlug
zageszczenia oraz b - pierSnicowego pola przekroju) w
latach 1975-2012 na przykladzie stalej powierzchni
badawczej M6 (p. tab. 1) w lesie mieszanym $wiezym
Figure 6. Tree species share (according to: a — density,
b — basal area) in 1975-2012, based on permanent M6
research plot (see Tab. 1) in fresh mixed forest

wostanu. Odwrotnie byto w przypadku grabu i $wierka.
Udzial dgbu w tym czasie byt stabilny (ryc. 6).

Grad typowy Tilio-Carpinetum typicum Tracz.1962

W tabeli 5 przedstawiono najbardziej charakterys-
tyczne zmiany sktadu gatunkowego i struktury gradu
typowego na przyktadzie powierzchni TCt20 (zob.
tab. 1). Do gatunkow, ktore ubywaty ze sktadu drzewo-
stanu nalezy zaliczy¢: brzoze brodawkowata, sosng
zwyczajng, $wierka pospolitego i dab szyputkowy.
W niektdrych drzewostanach pierwsze trzy gatunki juz
nie wystgpowaly na poczatku badan. Zaggszczenie gra-
bu, bedacego waznym sktadnikiem gradow, stale rosto.
Gatunek ten stat si¢ dominujacym w warstwie dolnej i
srodkowej. W 2012 r. stwierdzono obecnos¢ 1,3 tys.
grabow w stopniu piersnic do 3 cm przypadajacych na
1 ha. Jako jedyny odnawial si¢ skutecznie, osiagajac
liczebnos¢ nalotu i niskiego podrostu (do wysokosci
1,3 m) blisko 3,3 tys. szt./ha. W nalocie wystgpowata
jeszcze lipa o niewielkim zageszczeniu (tab. 5).

Pojawienie si¢ duzej liczby mtodych drzewek grabu
spowodowato, ze udziat tego gatunku obliczony na pod-
stawie jego liczebnosci bardzo znaczaco wzrdst (ryc. 7).
Udziat pozostatych gatunkéw zdecydowanie zmniejszyt
si¢. Mial na to réwniez wplyw ubytek drzew z réznych
warstw drzewostanu.

80 a
70 4
60
50
40
30
20 4
o [Tl
0l , N
Picea Quercus Pinus Carpinus Betula Tilia
abies robur sylvestris betulus pendula cordata
%
40 b
35
30 1
25
20
15
10
5
0 4 r T
Picea Quercus Pinus Carpinus Betula Tilia
abies robur sylvestris betulus pendula cordata

[]1975[ ] 1986 [l 2012
Rycina 7. Udzial gatunkéw drzew (a — wedlug
zageszczenia oraz b — pierSnicowego pola przekroju) w
latach 1975-2011 na przykladzie stalej powierzchni
badawczej TCt20 (p. tab. 1) w gradzie typowym (Tilio-
Carpinetum typicum)
Figure 7. Tree species share (according to: a — density,
b —basal area) in 1975-2012, based on permanent TCt20
research plot (see Tab. 1) in typical linden-hornbeam forest
(Tilio-Carpinetum typicum)
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Nastapity réwniez zmiany udziatu poszczegoélnych
gatunkéw okreslone na podstawie piersnicowego pola
przekroju (ryc. 7). Zwigkszyt si¢ udziat grabu z kilku
procent do 10% oraz §wierka o okoto 10%. Udziat sosny
w sktadzie drzewostanu byt podobny we wszystkich
okresach badawczych. Catkowicie wycofata si¢ brzoza.

Grad trzcinnikowy Tilio-Carpinetum
calamagrostietosum Tracz. 1962

W tabeli 6 przedstawiono zmiany sktadu gatunko-
wego 1 struktury piersnic na jednej ze statych powierz-
chni badawczych — Tk8 (ryc. 1). Zaobserwowano
ogromny wzrost zageszczenia grabu w dolnych 1 $rod-
kowych warstwach drzewostanu i lipy drobnolistnej w
stopniu piersnic do 3 cm. Pod wzglgdem liczebnosci
grab zaczal obecniec wyraznie dominowaé w sktadzie
gatunkowym drzewostanu (tab. 6). Jego udziat zdecy-
dowanie wzrdst i w 2012 r. osiggnat ponad 70%. Jedno-
czesnie zaznaczyla si¢ tendencja ubywania $wierka, kto-
rego zaggszczenie w poszczegolnych klasach piersnic
zmniejszyto si¢ o potowe (tab. 6). Udziat tego gatunku
ulegt wyraznej redukcji szczegdlnie pod wzgledem licz-
by drzew, ale rowniez i piersnicowego pola przekroju
(ryc. 8). Zamarly bowiem stare Swierki, a mlodych

%
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404
301
204
10
04

Carpinus Picea Quercus Tilia Alnus Betula  Pozostate
betulus abies robur cordata  glutinosa  pendula Other
%
50
b
40 {
30 4
20
10
0 4
Carpinus Picea Quercus Tilia Alnus Betula  Pozostate
betulus abies robur cordata  glutinosa  pendula Other
1997 M 2012

Rycina 8. Udzial gatunkéw drzew (a — wedlug zagesz-
czenia oraz b — pier§nicowego pola przekroju) w latach
1998-2011 na przykladzie stalej powierzchni badawczej
TKS8 (p. tab. 1) w gradzie trzcinnikowym (7ilio-Carpine-
tum calamagrostietosum). Pozostale gatunki: klon
zwyczajny, jesion wyniosly, jarzab pospolity, wiaz gorski
Figure 8. Tree species share (according to: a — density,

b — basal area) in 1998-2011 based on TCt20 research plot
(see Tab. 1) in typical linden-hornbeam forest
(Tilio-Carpinetum calamagrostietosum). Other tree species:
Acer platanoides, Fraxinus excelsior, Sorbus aucuparia,
Ulmus glabra

osobnikéw brakowato (tab. 6). Okreslony na podstawie
zageszcezenia drzew udziat pozostatych gatunkéw (dab,
olsza, lipa, brzoza) réwniez ulegl zmniejszeniu (ryc. 8).

Zwigkszyt si¢ natomiast okreslony na podstawie
piersnicowego pola przekroju drzewostanu udziat grabu,
debu, lipy i olszy. Obserwowano rowniez gwaltowne
zmniejszenie si¢ udziatu §wierka (ryc. 8).

Subborealna $§wierczyna na torfie Sphagno
girgenshonii-Piceetum Polak. 1962

W latach 1987-2012 zmienila si¢ catkowicie faza
rozwojowa drzewostanu, czyli z fazy optymalnej, po-
przez faze rozpadu, przeszedt on do fazy regeneracji,
w ktdrej obserwuje si¢ intensywne odnowienie. Trzy-
dziesci lat temu dominowat $wierk pospolity z udziatem
sosny zwyczajnej oraz pojedynczo wystgpujacymi drze-
wami liSciastymi (jesionem wyniostym, olszg czarna,
debem szyputkowy, brzozami) w dolnych i srodkowych
warstwach drzewostanu (tab. 7). W 2012 r. wszystkie
Swierki oraz sosny, wystepujace w poprzednich
okresach badawczych, zamarly. Stwierdzono wowczas
odnowienie naturalne gléwnych sktadnikéw budujacych
drzewostan wczesniej, z wyjatkiem sosny, czyli przede
wszystkim $wierka oraz wkraczajace podrosty grabu
(tab. 7). Najwigkszy udzial w dolnych warstwach drze-
wostanu miat swierk. W klasie pier$nic do 7 cm jego
zaggszezenie wynosito okoto 700 szt./ha, a warstwie
niskiego podrostu i nalotu — 2 tys. szt./ha.

Mimo widocznej zmiany fazy rozwojowej opisy-
wanego drzewostanu (zob. tab. 7), udzial $§wierka obli-
czony réznymi sposobami ulegal niewielkim modyfi-
kacjom (ryc. 9), jedynie w latach 1997-2012 udziat tego
gatunku obliczony na podstawie liczby drzew wzrdst o
okoto 15%. Podobnie byto w przypadku grabu, z tym, ze
wzrost udziatu nastapit z poziomu kilku procent do 10%
(ryc. 9). Udziat poszczegdlnych gatunkdéw w tworzeniu
piersnicowego pola przekroju ulegat niewielkim zmia-
nom w analizowanym okresie: w przypadku $wierka
wahat si¢ on w przedziale 77-84%, sosny — 10-20%,
a w przypadku pozostatych gatunkéw sumaryczna
zmiana wynosita kilka procent. W 2012 r. udzial grabu
w pier$nicowym polu przekroju drzewostanu osiggnat
2% (ryc. 9).

Leg olszowo-jesionowy Fraxino-Alnetum W. Mat.
1952

W latach 1997-2012 nastapita radykalna redukcja
liczebnosci jesionu we wszystkich warstwach drzewo-
stanu na powierzchni badawczej F13 (tab. 1, 8). W
1997 r. stwierdzono wystgpowanie prawie 800 jesionow
w klasie piersnic do 7 cm w przeliczeniu na 1 ha, nato-
miast w 2012 r. liczba ta zmniejszyta si¢ do okoto 50. W
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Rycina 9. Udzial gatunkéw drzew (a — wedlug zageszcze-
nia oraz b — pier$nicowego pola przekroju) w latach
1998-2011 na przykladzie stalej powierzchni badawczej
S1 (p. tab. 1) w zespole §wierczyny na torfie (Sphagno
girgensohnii-Piceetum). Pozostale gatunki: klon
zwyczajny, lipa drobnolistna, olsza czarna, jesion
wyniosly, wierzba iwa, wiaz gérski, jarzab pospolity
Figure 9. Tree species share (according to: a — density,
b — basal area) in 1998-2011, based on permanent S1
research plot (see Tab. 1) in spruce-bog moss association
(Sphagno girgensohnii-Piceetum). Other tree species: Acer
platanoides, Tilia cordata, Alnus glutinosa, Fraxinus
excelsior, Salix caprea, Ulmus glabra, Sorbus aucuparia

pozostatych klasach piersnic, w tym wsrdd drzew naj-
grubszych, zaggszczenie tego gatunku rowniez ulegto
silnej redukcji (tab. 8). Gatunek ten uznaje si¢ za bardzo
wazny w tym zespole. Na niektdrych powierzchniach
(okoto 20%) jesion catkowicie zniknat ze sktadu drze-
wostanu, nie byto réwniez odnowien naturalnych, a jego
przysztos¢ budzi obawy. Najczesciej jednak w ciagu 15-
letniego okresu badan zamarto okoto 70% jesionow.
Udzial tego gatunku zdecydowanie zmniejszyt si¢
zaréwno pod wzgledem liczby drzew, jak i pier$nico-
wego pola przekroju (ryc. 10). Najwigksze zmiany odno-
towano w zaggszczeniu jesionu, jego udzial ulegl re-
dukcji z 60% do ponizej 15% (ryc. 10). Warto podkresli¢
rowniez, ze wszystkie swierki zamarly (tab. 8). Udziat
tego gatunku w pierSnicowym polu przekroju
drzewostanu jeszcze niedawno wynosit 20%. Znaczna
byla ekspansja grabu w omawianym zespole,
szczegblnie w dolnych warstwach drzewostanu (tab. 8).
Udziat grabu obliczony na podstawie liczby drzew
wzrést kilkakrotnie, z kilku procent do 20 (ryc. 10), ale
jego udziat w piersnicowym polu przekroju wzrést tylko
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Rycina 10. Udzial gatunkow drzew (a — wedlug zageszcze-
nia oraz b — piersnicowego pola przekroju) w latach
1998-2012 na przykladzie stalej powierzchni badawczej
F13 (p. tab. 1) w legu olszowo-jesionowym (Fraxino-
Alnetum). Pozostale gatunki: dab szypulkowy, brzoza
brodawkowata, jarzab pospolity, wiaz gorski

Figure 10. Tree species share (according to: a — density,

b — basal area) in 1998-2012, based on permanent research
plot F13 (see Tab. 1) in alder-ash forest (Fraxino-Alnetum).
Other tree species: Quercus robur, Betula pendula, Sorbus
aucuparia, Ulmus glabra

nieznacznie. W 2012 r. dominowaty bowiem osobniki w
klasie piersnic do 7 cm (tab. 8). Udzial olszy czarnej
wzrést szczegdlnie w piersnicowym polu przekroju
drzewostanu. W 2012 r. udziat ten wynosit az 70%, czyli
podobnie jak jesionu w 1998 r. (ryc. 10). Olsza czarna
stata si¢ wigc dominujacym sktadnikiem drzewostanu,
zastgpujac w tej roli jesion.

Wspétezynnik podobienstwa udzialu gatunkow w
badanych zespotach lesnych

Wysokie $rednie podobienstwo (wartos¢ powyzej
0,8) sktadu gatunkowego drzewostandow, okreslonego
wedhug liczby drzew, stwierdzono w zespole boru mie-
szanego Calamagrostio arundinaceae-Piceetum (CP)
tylko w latach 19751 1986. W pozostatych przypadkach
wspotczynnik podobienstwa byl $redni (0,5-0,79)
(ryc. 11). W przypadku niektérych zespotéw lesnych
zaobserwowano stale zmniejszanie si¢ podobienstwa w
kolejnych okresach badawczych. Dotyczylo to przede
wszystkim zespotu boru mieszanego (CP) i lasu mie-
szanego Melitti-Carpinetum (MC) (ryc. 11). Swiadczy
to o znacznym tempie zmian skladu gatunkowego w
podanych wyzej zespotach lesnych. Z kolei, duze byto
podobienstwo sktadu gatunkowego w  rdéznych
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Rycina 11. Podobienstwo skladu gatunkowego drzewostanéw okres$lonego na podstawie zageszczenia drzew w badanych
zespolach lesnych w kolejnych okresach badawczych w latach 1975-2012
Figure 11. Similarities in tree species composition determined based on tree density in investigated forest associations during

subsequent observation periods in 1975-2012

postaciach gradow — Tilio-Carpinetum typicum 1 Tilio-
Carpinetum calamagrostietosum (TCt, Tk) oraz zespole
$wierczyny na torfie Sphagno girgensohnii-Piceetum
(S) dla wszystkich okresow badawczych. W legu
olszowo-jesionowym Fraxino-A/netum (F) w analizo-
wanym tylko jednym okresie podobienstwo bylo nie-
wielkie 1 wynosito 0,6, co potwierdza znaczace zmiany
sktadu gatunkowego drzewostandw okreslonego na
podstawie liczby drzew (ryc. 11). Najmniejsze $rednie
podobienstwo sktadu gatunkowego drzewostanow po-
migdzy poczatkiem a koncem badan (S4) stwierdzono w
zespole lasu mieszanego (MC). Bylo ono niewielkie
(ponizej 0,5), czyli nastapita gruntowna zmiana sktadu
gatunkowego drzewostandw. Badane zespoly lesne
mozna uszeregowa¢ wedlug rosnacej wartosci podo-
biefistwa w catym okresie badan nastgpujaco: las mie-
szany (MC), bor swiezy (V), bér mieszany (CP), leg
olszowo-jesionowy (F), $wierczyna na torfie (S), grad
trzcinnikowy (Tk) 1 grad typowy (TCt) (ryc. 11). Naj-
mniejsze zmiany sktadu gatunkowego drzewostanow
zaszly wigc w zespotach gradowych, najwicksze zas w
zespole lasu mieszanego (MC).

4. Dyskusja

We wszystkich badanych zespotach lesnych stwier-
dzono znaczace zmiany sktadu gatunkowego drzewo-
stanow w okresie badan (15-40 lat). Okres ten stanowi
niewielki fragment historii rozwoju lasu, co utrudnia
wiarygodne prognozowanie. Praca niniejsza w znacznej
mierze potwierdza prawidtowosci wieloletnich zmian
sktadu gatunkowego drzewostandw naturalnych Pusz-
czy Biatowieskiej, stwierdzane przez innych autoréw
(Bernadzki et al. 1998; Brzeziecki 2008; Brzeziecki et al.

2010; Brzeziecki et al. 2012; Drozdowski et al. 2012;
Drozdowski 2014), ale rdwniez podaje nowe informacje
o tych zagadnieniach na réznych siedliskach, w tym
stosunkowo rzadkich w polskiej czgsci Puszczy Biato-
wieskiej np. subboralnej $wierczynie na torfie. Zapre-
zentowane wyniki badan mozna traktowaé jako uzu-
petnienie prowadzonych unikatowych obserwacji roz-
woju drzewostanow naturalnych wykonywanych syste-
matycznie, przez prawie 80 lat przez kolejne pokolenia
badaczy Katedry Hodowli Lasu SGGW. Stwierdzone
zmiany zachodzace w drzewostanie, powoduja zmiany
catych fitocenoz lesnych. Z ekologicznego punktu wi-
dzenia drzewostan warunkuje ksztalt pozostatych
warstw (Obminski 1977). Drzewostan, bedacy najwaz-
niejszym sktadnikiem fitocenozy, tworzy specyficzny
mikroklimat, umozliwiajacy bytowanie organizmom
wymagajacym do swojego rozwoju konkretnych wa-
runkow ekologicznych. Ponadto, drzewostan jest waz-
nym czynnikiem glebotwoérczym, ksztattujacym swois-
cie glebe le$ng nie tylko poprzez tworzenie $ciotki
oddziatywajacej silnie na warunki wierzchnich warstw
gleby, ale réwniez poprzez swoje czynnosci zyciowe.
Sktad gatunkowy, zwarcie, zaggszczenie, wiek, struk-
tura drzewostanu i wiele innych cech ksztattuja warunki
ekologiczne wnetrza lasu. Wydaje sig, ze duza dynamika
sktadu gatunkowego drzewostanéw byta wywotana
ekspansja grabu przy jednoczesnym zmniejszaniu si¢
znaczenia §wierka. Taki scenariusz rozwoju drzewo-
stanu stwierdzono we wszystkich analizowanych zes-
potach lesnych, z wyjatkiem boru $§wiezego i Swierczyny
na torfie. W zespotach tych zaobserwowano opanowy-
wanie drzewostanu przez $wierk, a grab pojawiat si¢
jedynie w dolnych warstwach jako domieszka.

Grab stanowi wazny i podstawowy sktadnik gradow,
nadajacy tym wielowarstwowym zbiorowiskom specy-
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ficzny charakter. Zwarty okap grabu w czasie pelnego
ulistnienia przepuszcza do dna lasu minimalng ilos$¢
$wiatta. Sciétka grabowa, bogata w sktadniki mineralne,
rozktada si¢ szybciej niz $cidtka pozostatych gatunkow
drzew w Polsce, a jej struktura umozliwia pojawianie si¢
wielu geofitdéw. W gradzie obecnos$é grabu zapewnia
zachowanie wtasciwej struktury, kompozycji gatunko-
wej, uwarunkowan $rodowiskowych, a przede wszys-
tkim rytmiki sezonowej (Falinski i Pawlaczyk 1993).
Ekspansja tego gatunku nawet na najstabsze siedliska
moze prowadzi¢ do ujednolicenia sktadu gatunkowego
roznych zbiorowisk, mniejszego lub wigkszego upo-
dabniania si¢ do gradu (Sokotowski 1991; Paluch 2001).

Grab jest gatunkiem charakteryzujacym si¢ typem
konkurencyjnej strategii zyciowej polegajacej na mono-
polizacji dostepu do zasobow srodowiska, czyli m.in. na
uniemozliwianiu innym gatunkom drzew odnowienia,
wzrostu i rozwoju pod ich okapem. Gatunek ten
zapewnia sobie duzg przestrzen zyciowa poprzez rozwoj
szerokiej i nisko osadzonej korony, silnie ocieniajacej
dno lasu, szczegolnie na siedliskach ubogich (Brzeziecki
2000). Parasolowaty ksztatt korony wzmaga oddziaty-
wanie tego gatunku na mikroklimat wnetrza lasu.
Ekspansje¢ grabu mozna traktowac jako jedna z przyczyn
zmian sktadu gatunkowego zbiorowisk lesnych, ktore
byly na tyle wyrazne, ze uzasadniaty koniecznos¢ aktu-
alizacji poprzednich diagnoz fitosocjologicznych i sied-
liskowych (Sokotowski 1991, 2004; Paluch 2002).
Cytowane wyzej opracowania stwierdzaty zmiany ros-
linnos$ci przede wszystkim w zbiorowiskach mezotro-
ficznych i cieptolubnych. Na podstawie obecnych badan
okazalo si¢, ze zmiany o podobnym charakterze wy-
stapily w niektérych zbiorowiskach eutroficznych i ba-
giennych. Czerepko i Sokotowski (2006) oraz Czerepko
(2011) uzyskali podobne wyniki na statych powierz-
chniach badawczych w pétnocno-wschodniej Polsce.

Paluch (2001, 2003) na podstawie badan na statej
powierzchni badawczej w Biatowieskim PN (1959-98)
stwierdzit, ze w przypadku siedlisk wilgotnych zmiany
florystyczne byly znacznie mniejsze. Podkreslat, ze spe-
cyfika siedlisk wilgotnych polega na tym, ze tworzyty
si¢ one na glebach semihydrogenicznych lub hydro-
genicznych, gdzie gldwnym czynnikiem glebotwor-
czym jest woda. Wystepujace tam zbiorowiska miaty
charakter wzglednie stabilny, klimaksowy — wysoki po-
ziom wody gruntowej umozliwiat bytowanie nielicznym
gatunkom drzew najlepiej przystosowanym do takich
warunkow. Ponadto siedliska wilgotne rozwijaja si¢
zwykle na glebach zyznych, majacych duze zdolnosci
buforowe (Brzeziecki i Zybura 1998; Bernadzki et al.
1998; Paluch 2003).

Ustgpowanie jesionu ze sktadu drzewostanu nie jest
zjawiskiem ograniczajacym si¢ do Puszczy Biatowies-
kiej. Na poczatku XX w. w catej Polsce i w catej Europie

rozpoczeto si¢ niespotykane dotychczas zjawisko
masowego zamierania jesionu i catych drzewostanow z
udziatem tego gatunku (Gil et al. 2011). Zjawisko to nie
wygasa. Przeprowadzone badania dowiodtly, ze rowniez
w warunkach naturalnych jesion wydzielil si¢ ze wszyst-
kich warstw drzewostanu. Brakuje réwniez odnowien
tego gatunku. W kilku przypadkach stwierdzono wy-
dzielenie si¢ wszystkich jesionow na powierzchni ba-
dawczej w ciagu zaledwie 15 lat. Nie wiemy kiedy jesion
zacznie regenerowaé, na razie nic na to nie wskazuje.
Z pewnoscia budzi niepokdj obecny stan zdrowotny
jesionu, bowiem kondycja pozostatych przy zyciu osob-
nikow jest zta .

Wedlug Bernadzkiego i in. (1998), Brzezieckiego
(2008) i Brzezieckiego i in. (2012) ekspansja grabu jesz-
cze si¢ nie zakonczyta. Ostatni z tych autorow, anali-
zujac wieloletni materiat badawczy zebrany na statych
powierzchniach badawczych w Biatowieskim PN, za-
stanawial si¢, co musi si¢ stac, zeby grab wycofat sig.
Paluch (2001) twierdzit wrecz, ze tendencje gradowienia
roéznych siedlisk poglebig sie i po 10 latach prognoza ta
si¢ sprawdza. Ubywanie waznych, produkcyjnych
gatunkéw: sosny, swierka, dgbu i jesionu, w warunkach
zblizonych do naturalnych i jednoczesny wzrost udziatu
gatunkow o zdecydowanie mniejszym znaczeniu
produkcyjnym maja znaczace konsekwencje dla
dlugookresowego planowania hodowlanego. Wobec
stwierdzonych tendencji zmian i ich przyspieszenia w
Puszczy Biatowieskiej, w celu zachowania cennych
populacji gatunkéw zagrozonych, wskazana bylaby
ingerencja czlowieka, stymulujaca ich odnowienie
naturalne. Wylaczanie coraz to nowych terenow z
jakichkolwiek dziatan nie sprzyja i nie bedzie sprzyjac¢
realizacji wspomnianego celu. Powstaje przy tym
wazne, ogdlne pytanie: na ile mozna zblizy¢ nasze
dziatania hodowlane do naturalnych proceséw
ekologicznych, nie tracac przy tym celéw gos-
podarczych i ochronnych ocenianych z punktu widzenia
cztowieka (funkcje wiatrochronne, glebochronne, kraj-
obrazowe i inne).

5. Stwierdzenia i wnioski

W okresie minionych prawie 40 lat nastapit wzrost
udziatu grabu zwyczajnego w skladzie drzewostanow
Puszczy Biatowieskiej w wielu zespotach lesnych.
Stwierdzono ekspansj¢ tego gatunku na rézne siedliska,
w tym ubogie, srednio zyzne, a takze podmokte.

W warunkach naturalnych w wigkszosci analizowa-
nych zespolow lesnych grab dominowal w odnowieniu
lasu z wyjatkiem boru $§wiezego i $wierczyny na torfie,
ale w ostatnim okresie badawczym rowniez w tych zes-
potach zaznaczyt swoja obecnosc.
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Swierk wycofat si¢ do oligotroficznych zbiorowisk
lesnych. W ostatnich dekadach gatunek ten ulegt ra-
dykalnej redukcji w drzewostanach boréw mieszanych i
gradow.

Gatunki o wysokich wymaganiach $wietlnych:
sosna, dab i brzoza zmniejszyly wyraznie swoj udziat w
tworzeniu drzewostanow Puszczy Biatowieskiej, w tym
rowniez w warstwie odnowien. Sosna nie odnawia si¢ w
sposob skuteczny.

W krétkim okresie okoto 15 minionych lat zare-
jestrowano gwattowna i silng redukcj¢ udziatu jesionu
w optymalnych warunkach f¢gu olszowo-jesionowego.

Tempo zmian skladu drzewostanéw w ostatnich
10—15 latach uleglo przyspieszeniu.

Stwierdzone tendencje zmian sktadu gatunkowego
drzewostandw 1 ich przyspieszenie sugeruja, ze dla za-
chowania cennych populacji gatunkow zagrozonych w
Puszczy Bialowieskiej wskazana jest ingerencja czto-
wieka, majgca na celu popieranie odnowien naturalnych
gatunkéw ustepujacych.

Podzi¢gkowania
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Rate and direction of changes in tree species composition of natural stands
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Abstract. The main aim of the study was to determine changes in the species composition and structure of natural
tree stands in the Bialowieza Forest (BF), which occurred in the years 1975-2012, as well as to evaluate their
trends, directions and rate. The study was carried out on 121 permanent research plots (50 x 50 m), which
represented the most important forest phytocenoses in BF, i.e. fresh pine-whortleberry forest Vaccinio vitis-
idaeae-Pinetum Sokot. 1980, fresh mixed spruce-reed grass forest Calamagrostio-Piceetum Sokot. 1968,
oligotrophic form of hornbeam - bastard balm forest Melitti-Carpinetum Sokot. 1976, different forms of linden-
hornbeam forest: Tilio-Carpinetum Tracz. 1962, alder-ash forest Fraxino-Alnetum W. Mat. 1952 and sub-boreal
spruce forest on bog moss Sphagno girgenshonii-Piceetum Polak. 1962. On the plots selected, there was
measured the diameter at breast height (DBH) of all trees, as well as every tree and shrub up to 1.3 m high was
counted and described with reference to species. The measurements and observations were regularly repeated
every 10-15 years. The results showed that over the last period of nearly 40 years, there has increased a share of
common hornbeam Carpinus betulus L. in the structure of forest stands in numerous BF associations. This tree
species has expanded into different forest habitats including poor, medium fertile and wetland sites. The results
obtained indicate a trend towards formation of linden-hornbeam forests in BF phytocenoses. The most evident
changes were recorded in hornbeam — bastard balm forest. In natural conditions of the majority of forest
associations analysed, there prevailed hornbeam trees in forest regeneration, except for the stands in fresh mixed
pine forest and spruce forest on bog moss. In the latter two cases, hornbeam showed signs of its presence in the
last observation period. Norway spruce (Picea abies L.) retreated into oligotrophic forest associations. In the
recent decades, spruce populations have been dramatically reduced in the stands in mixed coniferous and
different kinds of broadleaved forests. There have also decreased a share of light-demanding tree species, such as
Scots pine (Pinus silvestris L.), pedunculate oak (Quercus robur L.) and silver birch (Betula pendula L.) in BF
tree stands, including their regeneration-layer. Especially, Scots pine regeneration has not been successful.

In the short period of time (about 15 years) there has been observed rapid and outsized reduction of ash Fraxinus
excelsior L. populations in natural conditions of alder-ash forests. All through the last 10—15 years, there has been also
observed increased rate of change in stand species composition. The trend and rate of change in stand species com-
position point out to a possibility of human intervention towards stimulation of natural regeneration so as to preserve
valuable populations of threatened tree species in the Bialowieza Forest.

Key words: hornbeam expansion, natural stands, permanent study plots, Bialowieza Forest, ash dieback
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1. Introduction and study aims

The Biatowieza Forest (BF) is among the largest and
best preserved woodlands in the East-Central European
lowland. The woodland is dominated by eutrophic sites
where the total share of deciduous forest sites amounts
up to 60%. Coniferous forests account for several per-
cent of the area only, and mixed coniferous—deciduous
forests take a little more than 30% (Sokotowski 2004).

Nearly a half of the BF areas have recently been set aside
and taken out of any direct human intervention, including
the Bialowieza National Park, nature reserves, and zones
established to protect birds, fungi and other organisms.
Moreover, all stands over 100 years old have been exclud-
ed from all silvicultural and protective practices. The areas
set aside for conservation provide an excellent opportunity
to study natural ecological processes. Forest habitats of EU
importance, protected under Council Directive 92/43/EEC,
take almost 80% of the BF and encompass the subconti-
nental linden—hornbeam forests (9170) as well as priority
habitats such as bog woodland (91D0) and alluvial forests
with Alnus glutinosa and Fraxinus excelsior (91EQ).

Long-term analyses of stand development in the BF
show that there have been considerable changes in tree
species composition over the last several decades, lead-
ing to, among others, the absence of pine regeneration
and an increase in the frequency of hornbeam and linden
(Kowalski 1982; Brzeziecki 2008; Drozdowski et al.
2012). Analogous observations (no pine regeneration,
expansion of hornbeam) were also reported from other
locations in the BF (Sokotowski 2004).

Results of systematic phytosociological study con-
ducted in northeastern Poland as well as in the BF point
out to a high dynamics of vegetation changes, including
changes in stand composition (Sokotowski 1991, 2004;
Paluch 2001, 2003; Czerepko and Sokotowski 2006).

A robust archive of relevant material has been gath-
ered at the Forest Research Institute, encompassing
phytosociological records, stand measurement data and
results of long-term vegetation monitoring in permanent
study plots, which were first set up as early as in 1975,
mainly in northeastern Poland. The present study was
undertaken with the aim to maintain uninterrupted veg-
etation monitoring as continuation of the work initiated
by a team headed by Professor A.W. Sokotowski

The following aims of study were adopted:

1) To identify changes in stand structure and species
composition in the permanent study plots over the last
three to four decades,

2) To assess trends, directions and rates of the changes,

3) To evaluate how the consequences of vegetation
changes identified would affect the long-term silvicul-
tural planning and needs for its modification.

2. Methods and scope of study

Nearly 300 permanent study plots (structural) have
been established in a variety of forest communities in
northeastern Poland since 1970s up to now. The plots
sized generally 50 x 50 m, were set up with the aim to
analyse changes in stand structure and species compo-
sition (Sokotowski 2004). Oakwood rods were used to
mark plot boundaries. Within the plots, the tree diameter
at breast height (DBH) was measured in thickness classes
and young trees and shrubs <1.3 m tall were counted by
species. Measurements were repeated every 10—15 yr.

The continuation study in the BF was conduct-
ed in 121 permanent plots (Fig. 1), which originally
represented:

— fresh pine~whortleberry forest Vaccinio vitis-idae-
ae-Pinetum Sokot. 1980,

— fresh mixed spruce reed grass forest Calamagros-
tio-Piceetum Sokot. 1968,

— oligotrophic hornbeam—bastard balm forest Melit-
ti-Carpinetum (MC) Sokot. 1976,

— various forms of linden-hornbeam forest Til-
io-Carpinetum Tracz. 1962,

— alder-ash forest Fraxino-Alnetum W.Mat. 1952,

— sub-boreal spruce forest on bog moss Sphagno gir-
gensohnii-Piceetum (S) Polak. 1962,

The study methods were based on those applied in
the earlier works by Sokotowski (19602004, 1991 and
2004). Geographical coordinates of study plot boundaries
were determined with the use of GPS receiver (Table 1).

Based on the measurements of stand density and DBH
cross sections (stand basal area) by tree species, the spe-
cies composition of the stands was determined in the re-
spective investigation years. To compare proportions of
individual tree species in the stand species composition
between the respective study periods, a similarity co-
efficient was used (Brzeziecki 2008 after Bodeck et al.
2001), which was calculated using the following formula:
Z::l fl,i _fz,i

200

S=1-

where:

f,;and f,, — percent proportion of i-th species in the
study periods compared,

n — total number of species in both study periods
compared.
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research plot

number of research plots

Biatowieza NP

nature reserves designated till the end of 2002

reserve ‘Natural Forests’

other forests

Figure 1. Permanent research plots of the Forest Research Institute and protected areas in the Bialowieza Forest

The S coefficient fluctuated within a range from 0 to
1, where zero denotes a total lack of similarity while 1 —
full similarity. The coefficient was calculated using tree
number as the contribution of an individual tree species.

In order to present clearly the most important chang-
es in the stand structure and species composition over
the last nearly four decades, graphic visualisation of se-
lected stands was made using BWINPro 6.2 mathemati-
cal model of forest dynamics (Nagel 1999).

3. Results of studies

Fresh pine-whortleberry forest Vaccinium vitis-
idaea-Pinetum Sokot. 1980

The proportions and numbers of the two main stand
building tree species, that is Scots pine and Norway spruce
were found to undergo significant changes over the last
nearly four decades of the investigation. Changes in stand



R. Paluch / Lesne Prace Badawcze, 2014, Vol. 75 (4): 385-406

6¢699'€¢3 6880L'¢SN a9Ty 9L61 "toXos wnauIdieD-IIBIN- MSINT  ZTON G/6T eukzie)g wimouley  zg

06T29°€23 L0¥09'Z5N IVOEL 9L61 o30S wnisuId eD-MIIBN - MSINT  TTON 16T vukZIR)S eymoufe  TE
/€529°'€23 TEV09'ZSN IVOEL 9L61 "fox0S wnsuIdieD-IIBN - MSINT  OTOW /6T vuAZIe)g eymouleq  0g
20£29°'€23 £0L09'2SN IVOEL 9L61 o30S wnsuidieD-MIBN - MSIN'T 60N v16T BUAZIEYS eymouley 67
2967.°€23 08£0L'2ZSN ozzy 9L61 100S wnsuidieD-MIBAN - MSINT — 8OIN 9867 OQWAZIBING vZOIMOfRl] 87
16/19°€23 ¥9709'ZSN ag6z. 9L61 'ox0S wmauidieD-mIsN MSINT  ZOIN 16T IVAIIN eymouley /g
/5799°€Z3 STGT9'ZSN pPL00. 9L61 'fodos wnsuidieD-MIBAN - MSINT 90N G/6T BUAZIBYS eymouley 9z
82029°€23 /9609°ZSN aaz69 9L61 o30S wnauidied-MIBAN - MSINT SO G/6T BUAZIBIS eymouley Gz
8T619'€23 £LTT9'ZSN aaz69 9L61 1030S wnsuidied-MIBAN - MSINT — #OIN 7161 BUAZIRIS eymouley g
61229°'€23 SETT9'ZGN pO869 9L61 1ox0S wnsuidieD-MIBA - MSINT €D 7161 vUAZITIS eymouley g7
€0T65°€23 21529°ZSN ave99 9L61 'fox0S wmaudieD-mIBAN- MSINT 2O 966T RUAZIRIS eymouley gz
869G/°€Z3 GTT8L'ZSN yasst 9L61 'fodos wnsuidieD-MIBA - MSINT  TON 866T eYMAIEN ysmorg T
16¥89°'€23 Sv¥/9°ZSN ed/1S 296T >felod wnasdid-nuyosusbnb oufeyds  qag €s G86T BUSYT eymouley  0g
£70€9°'€23 95€0L 2SN ev6ey 296T >fe|od wnmassdid-nuyosusbinb oufeyds  qag FAS G/6T BuUsS| eymouley 67
98789'€23 287/9°ZSN eq/TS 296T "fe|0d Winjssold-tiuyosuafl oubeyds  qing 1S G86T BUSO] eymouley g7
19259°€23 /65T9°ZSN 9669 8961 "10X0S WN9adId-sesdeulpunie onsoibewered  MSING  0TdO G/6T BUAZITIS eouley /T
9££/9'€23 61529°ZSN 0899 8961 "10X0S Wnvadld-seaoeulpunie onsoubewee)  MSNG 640 66T DS eymouley 97
102/9°'€23 §/T29°2SN €899 8961 '[030S WNvadld-seaoeuIpunie onsoibewee)  MSNG 84D 66T PUS eymouley 6T
G££/9°'€23 66029°ZSN 0899 8961 "[030S WNvsdld-seseuIpunie onsobewee)  MSNG  /dD 66T DS eyouley 4T
902.9°€23 SLTZ9ZSN 899 8961 '[0Y0S WN9adld-geadeulpunie onsolbeweed  MSNG  9d0 66T DS eymouley €7
v¥8..°€73 1G869°CSN astv 8961 '10X0S WNaadld-aeadeulpunie onsolbeweed  MSNG GO G/6T OQWAZIDIMZ, vzomorerd  Z1
280/.°€23 55869'2SN o8hy 8961 '[ON0S WN9adld-seadeuIpunie onsolbewee)  MSNG  #dD G/6T OQIUAZIDING, ezomoperq 1T
88G//°€23 L0T0OL'ZSN asvy 8961 '[O3[0S WNI9adld-sesdeuIpunie onsolbewee)  MSNG €40 G/6T OQIIAZIDING, vzommopelq 0
G¥8v9'€23 98ET9'ZSN 34669 8961 "[03[0S WNssdld-sesoeuIpunIe onsolbewee)  MSNG  2dD G/6T BUAZIB)S eouley 6
19069°€23 #G5T9'ZSN ag9669 8961 '[OY0S WNaadld-aeadeulpunie onsolbeweed  MSNG  TdO G/6T BUAZIR)S eymouley g
Z€9¥8'€23 0LT08'ZSN JTET 0861 "1030S WNidUId-3esePI-SIIA OIUIDJEA  Msg IN 666T eUZOMH  Nd Disomoperg )
6.9/9'€23 T8£29'ZSN 0v899 0861 "1030S WNidUId-388ePI-SIIA OIUIDJEA  Msg 9N €167 DS eymoufey 9
20899°€23 TT¥29'ZSN ug.99 0861 "1030S WNIdUId-8B8PI-SIIA OIUIDIBA  M$g GA €167 PUS eymouley g
ZEVY8'€23 0LE08'ZSN 90TET 0861 'TOX0S WNdUId-33epI-SHIA OIUIDJEA  MSg YA 666T BUZOMH  Nd Disomoperg ¢
/9699'€23 0T529'ZSN 0v899 0861 "1030S WNIauId-3B3epI-SIIA OIUIDJEA  MSH en G867 DS eymouley ¢
6/£/9'€23 18229'ZSN 0v899 0861 "10X0S WnivuId-3eaepI-SIA OIUIDJEA  Msg A €167 DS eymouley g
08299°€23 TO¥29'ZSN ugd.99 0861 "[030S WNIdUId-33ePI-SIIA OIUIDIEA  MSE A G/6T DS eymouley T
x0dAy

9p00  JUBLUYSI|CEISa

S9]eUIPI00d uswiapedwo UOIJRID0SSE 15810: als
JeuIpIo0d Sd9 usway o) fel Isel04 W 150104 10]d JO Jeap

159104

(way) J08S  1INSIPISBIO]  UN

388

15910, BZAIMOJRIE dU} Ul JIIISU] oIedsay 15210, o) Jo sjo[d Apnys juoueurrod jo uoreso *I IqeL



389

R. Paluch / Le$ne Prace Badawcze, 2014, Vol. 75 (4): 385406

¥¢20L'€¢3 LL80L'CSN
89969'€¢3 TVCTL'¢SN
90589°€¢d 89T¢L¢SN
60529'€¢3 99€¢L¢SN
L¥E6L'€C3 G6999'¢SN
0208L'€¢3 L18LLCSN
L687.L'€C3 LE6YL'CSN
1508.°€¢3 TST8LCSN
¥/888'€¢3 GELY8'CSN
¢¥998'€¢3 ¢E€9CL'CSN
69998'€¢3 8/9¢L'¢SN
15998°€¢d T¢L¢/L SN
99998°€¢d G9/¢/°¢SN
L2/98'€¢3 L29CL'¢SN
9T/98'€¢3 T8ICL'CSN
€€L98'€C3 0TLCL'CSN
G€198°€¢d 1912/ 2SN
¢67.8°€C3d E09¥8°CGN
€6989'€¢3 T¢60L'¢SN
00€8.'€¢3 68T99'¢SN
9T¢9L'€¢3 6/€99'¢SN
§6898°€¢d ¢VT98°CGN
GE00.L'€C3 0EVS9CSN
¢6¢/8'€¢3 €08Y8'¢SN
€LYSL'€C3 985G€9'CSN
¢CB8SL'E€C3 LELEICSN
8.009°€¢3 60999°¢SN
G¥¢0L'€¢3 896€9'CSN
€250L'€¢3 0€80L'CSN
L6ST9'€C3 ¥9¥09'¢SN
08699°€¢d 68¢0L°¢SN
€E9Y9'€Cd 81¢GL SN
LGST9'€C¢3 9T809'¢SN
GGG¥9'€¢3 ¢99GL'¢SN
8G8179'€¢3 8/¥5L'¢SN
1199/°€¢4 ¢5/89°¢SN

V6TV
098ty
avo6e
9209¢

Zpaves
v0Z2
V0TE
4088t

aaes
1.8
1.8
oT.€
T.€
1.8
1.8
1.8
oT.€
ase
IV8TYy
3v8rs
agors
pase
pds.S
3dsg
evor9
2Q/09
9695
qor09
©DOBTY
agez.
09Ty
eqele
uaze9
1Az2L2
zaze
qozly

7961 "zoel], wnaidA wnsuidsed-olj
7961 "zoei], wnaidA wnsuidsed-oijip
7961 "zoelL wnoidA wmauidred-oljiL
7961 "zoell wnoidA wmauidred-oljiL
7961 "zoel], wnoidA wmauidied-olyiL
7961 “zoel], wndidA wmauidred-olyiL
7961 "zoel], wnaidA wnsuidsed-oipip
7961 "zoelL wnoidA wmauidred-oljiL
7961 "zoel], wnaidA wnsuidred-oljip
7961 "zoel], wnoidA wmauidred-olyiL
7961 “zoell wndidA wmauidred-olyiL
7961 "zoel], wnaidA wnsuidsed-oipip
7961 "zoell wnoidA wmauidred-oljiL
7961 "zoel], wnoidA wmauidied-olyiL
7961 "zoei], wnaidA wnsuidsed-oljL
7961 "zoel], wnaidA wnsuidsed-oijip
7961 “zorlL wnoidA wmauidre)-oljiL
wnsoyansosfewefed wnysuidied-oljiL
wnsoyansobewefed wnysuidied-oljiL
wnsoansosbewefes wneuidied-olL
wnsolansosbewefes wneuidied-oljiL
winsoyansosfeweed wnysuidied-oljiL
wnsoyansosBewefed wnysuidied-oljiL
wnsoyansosbewefed wnysuidied-oljiL
wnsoansosbewees wnweuidied-oliL
wnsoyansosfeweed wnysuidied-oljiL
winsoyansosfewefed wnysuidied-oljiL
wnsojansosfewe|ea wnsuldied-oljiL

9L61 o30S wmauided-misn

9L61 "to30S wnsuldred-nHIsN

9L61 “tod0S Wwnsuidred-niN

9L61 “fo30S wnsuidred-mijsiN

9L61 o30S wmauldied-misiN

9L61 "to30S wnsuidred-nHIN

9L61 “to30S wnsuidred-niIN

9L61 10X0S wmauidred-mijsiA

LTIOL
9oL
STI0L
PTI0L
ENOL
¢TI0L
oL
0TI0L
6101
8101
201
9101
G101
701
€101
a0l
TOL
L
0TIL
6L
L
L
L
AL
AL
L
AN
DL
0COIN
6TON
8TON
LTON
9TON
STON
YTON
ETON

966T
966T
966T
9667
1667
866T
866T
866T
866T
G86T
G86T
G861
G861
G86T
G86T
G86T
G861
866T
966T
966T
866T
866T
9667
866T
866T
L66T
9667
966T
GL6T
v.6T
G/6T
G86T
vL61
G86T
G86T
866T

eymouleyq
eymouley
eymouleyq
eymouleq
BZIIMOJRIg
JQIUAZIIMZ
JOIUAZIOIMZ
BYMATEN
ysmorg
BIMOHO
BYMOHO
BMOHO
BYMOHO
BIMOHO
BYMOHO
BMOHO
BMOHO
Jsmorg
eymouleq
BZAIMOJRIg
BZOIMOJRIG
Jysmorg
BUSOT
ysmorg
BZIIMOJRIG
BZOIMOJRIG
BUAZIE)S
BUSOT
eymouley
eUAZIR)S
BUAZIR)S
Audi
BUAZIR)S
Auidin
Audi
OJIUAZIOIMZ

eymouley
eymouley
eymouley
eymouley
BZAIMOLRIg
BZAIMOJRIg
BZIIMORIE
Jysmorg
ysmorg

Nd Bsaimorerg
Nd PIsormorerq
Nd PIsermorerg
Nd Pisermorerg
Nd Pisermorerg
Nd Bsaimorery
Nd PIsormorerq
Nd Pisermorerg
ysmorg
eymouley
BZAIMOJRIg
BZIIMORIE
ysmorg
eymouley
ysmorg
BZAIMORIE
BZoIMORIg
eymouley
eymouley
eymouleq
eymouley
eymouley
eymouley
eymouley
eymouley
eymouley
BZOIMOJRIE

89
L9
99
99
¥9
€9
29
19
09
65
89
LS
99
SS9
¥S
€S
4]
19
0S
6v
514
Ly
14
Sy
4%
19174
474
114
ov
6¢
8¢
LE
9€
g€
143
€€



R. Paluch / Lesne Prace Badawcze, 2014, Vol. 75 (4): 385-406

390

2T66.°€23 2€659'ZSN 9285 7961 "zoeil wnoidAy wmeuidieD-oNlL. - MST  0GI0L 1661 vZaIMOfRIg vzommopelg  TOT
G7885°€Z3 /GTT9'ZSN ©gG69 2961 "zoelL, wnoidfy wnsuidred-oljiL - AT 6701 G/6T vUAZIR)S exymoufey (00T
0€129'€23 G€629'ZSN 9D€ET9 7961 "zoeiL wnoldfy wmsuidred-ojiL - AT 8HI0L G/6T eukzIe)s eymouleH 66
0£2£9°€23 908€9°2GN PAG6S 7961 'zoeil wnoldAy wnsuidieD-oNiL.  MST  /p10L G/6T vuAzIe)S eymouley g6
€/285'€23 0v099°'2SN a99es 7961 "zoeil wnoidAy wmeuidieD-oN1L. - MST  9pI0L G/6T vuAzZIR)S eymouleq /6
208v.'€23 6088L'ZSN ey98T 7961 "zoeil wnoldAy wmesuidieD-ollL. - MST  GpIOL 1661 eYMAIEN Jsmoxg 96
209T8'€23 8€€69°2SN VSl 2961 "zoel wnoidfy wnisuidred-oijiL - AT #0L /6T OQIUAZIDING eZOIMOfRI] G
09728'€23 ¥¥569'2SN arsy 7961 zoeil wnoldAy wnsuidied-o1iL. - MST  EHI0L V16T OQMAZIBING eZOIMOfRI] 16
€T26/°23 69669'CGN ga6vy 7961 'zoei] wnoldAy wnpsuidieD-oNiL. - MST  ZHIOL G/6T OQIAZIBING vZOIMOfRIY €6
6T€8.'€23 2800L'ZSN N3 4% 2961 "zoelL wnoidfy wnsuidred-oljiL - AT THOL G/6T OQIUAZISING vZOIMORRI] 26
G2009.'€23 200. 2SN vy 2961 "zoelL, wnoidfy wnisuidred-oljiL - AT ORAOL G/6T OQIUAZIDING vzomoeld 16
T12€.°€23 6€T0L'ZSN asvy 2961 "zoel wnoidfy wnisuidred-ojiL - AT 6EI0L G/6T OQIUAZIBING eZOIMOfRI] 06
¥Tv/.°€23 6919/ 2SN aarse 7961 'zoei wnoldAy wnpsuidieD-oliL.  MST  8EI0L 866T OQWAZIBING vzoIMOfRIq 63
060v2°€23 9608. 2SN aasst 7961 zoei wnoldAy wnauidied-oniL.  MST /€101 866T [BIEIIN] Jysmoxg 88
226€L°€23 €ST8L'ZSN ©DG8T 7961 "zoeil wnoldAy wmauidieD-onlL - MST - 9€10L 8667 [ IENIN ysmorg /g
G7/89°€73 /1669°ZSN 2015327 7961 'zoelL wnoldAy wmauidred-ol - M$T  GEIOL 966T eymouley eymouley 93
6.269'€23 SOTOL 2SN VErY 7961 "zoeiL wnoidfy wnsuidred-ojiL - AT $EIDL GL6T exmouley eymouleq 68
67589°€23 /860, 2SN PV8TY 7961 'zoeil wnoldAy wnsuidieD-oliL - MST €101 966T eymouley eymouley 8
G£699°€23 /2. TSN ©D09¢ 7961 "zoviL, wnoidf wmauidred-oliL - AT g0l 966T eymouley eymouley €8
0066.°€23 2€559'ZSN V285 7961 "zoeil wnoldAy wmauidied-oNiL - MST  TEIOL /66T vZaIMOfeIg] vzamorerg g
0¥6.2°€23 ¥2TS9°'ZSN 09085 7961 "zoei wnoldAy wnsuidieD-ol1L. - MST  0EI0L /66T ©ZoIMOfeIg ezolmoplq 18
78806°€23 8€9T/ 2SN [Jel0)4 7961 "zoeIL wnoldfy wnisuidred-ojiL. - AT 62101 866T ezoImopeld eZOIMOfRI] 08
/97G/°€23 €65/ 2SN a08TZ 7961 'zoei] wnoldAy wnsuidieD-oliL. - M$T 82101 866T OQWAZIBING vZOIMOfRl] 6/
6EEEL'€Z 69LLL TSN VT2 7961 "zoeil wnoldAy wmeuidieD-oNlL. - MST /2101 866T OQIUAZISING vzomorelg g/
11885'€23 L62T9°ZSN 09569 2961 "zoelL, wnoidfy wnisuidre-ojiL - AT 9201 9661 vUAZIE)S eymouley /)
0€129'€23 G€629'2SN 2QeT9 2961 "zoelL wnoldfy wnisuidre-oiL AT SZIOL 966T eukzIe)s eymouley 9/
0£2£9°€23 908€9°2SN PAG6S 7961 'zoei wnoldAy wnsuidieD-oliL. - MST  $210L 966T euAZIEIS eymouley G/
€/285'€23 0v099°2SN 099¢5 7961 'zoeil wnoldAy wnsuidied-oNiL. - MST €201 966T BUAZIBIS eymouley 7/
788v.°€23 60.8L'ZSN V98T 7961 "zoeil wnoidAy wmeuidieD-oNlL - MST 2201 8667 eMAIEN ysmoxg ¢/
00068'€23 TLEVS'ZSN ad1s 7961 "zoei wnoldAy wmauidied-oliL. - MST  TZIOL 8667 smorg ysmoig g/
09698'€23 0/558'2SN pgse 7961 "zoeIL wnoidfy wnisuidre-oljiL. - AT 0ZIOL G/6T Asmorg ysmoxg T
82€6/°€23 S6/99°CGN ares 7961 'zoeil wnoldAy wnsuidied-oliL. - M$T  6TIOL /66T ezoImopely ezoIMOpRlg 0/
¥TZT8°€23 05669'ZSN PVTSY 7961 "zoeil wnoidAy wneuidseD-ol1L. - MST  8TIOL 866T OQWAZIBING vZOIMOfRI] 69
£00A)
S8JeUIPJ00d SdD Juswapedwo) UOIIRID0SSE 15910 als 9P09 - JUBLLLSNG=SS (way) 10108S  101AISIP 153104 IN
: . Hmm:.ou 159104 10]d JO JeAA T




391

R. Paluch / Le$ne Prace Badawcze, 2014, Vol. 75 (4): 385406

1S910 YSe-19p[E — [[O IS9I0J PIABI[PLOIQ YSAIf — MST ISII0J PIABI[PEAIq PIXIW
ISIOW — MAT “}S91I0J POABI[PEOIQ POXIW YSAL — MSIA'T ‘ISOI0J SNOIQJIU0D paxIw £300q — QI 1SI0J SNOIOFIUOD PIXIW YSAL) — MSIAF ISOI0J SNOIOJIUOD USAL) — MSE

89¢€L°€¢3 ¥STGLCSN edlle ¢S6T TeIN'M Wnisujy-oulxel4 (1O 674 866T ookzIoumy, ezoImopeld  T¢T
GT/89°€23 TEELICSN pw8TS CS6T TeIN'M Wnisujy-oulxely (1O 814 966T BUST ejmouley  0z7
8196223 99€9°¢SN V019 ¢S6T TN Wnpujy-oulxeld (10 L4 L66T ezaImorerg ezaImoreld 61T
¢L6/1°€23 ¥8099°¢SN pa.sys ¢S6T TIN'W Wwnipujy-ouixel4 (10 914 L66T BZaIMmorRIg ezaImorelyg 81T
6617v7.'€¢3 8¢98LCSN passt ¢S6T TIN Wnpujy-oulxel4 10 qT4 8667 BAMIIBN Asmoryg /1T
¢T1EL'€CT LLESLCSN edlle CS6T TeIN'M Wnisuly-oulxel  [lO 4= 8667 oouAzIoumy ezomorerd  9TT
¢8CEL'€C3 98T9LCSN 30672 CS6T TeIN'M Wnisuly-oulxely  [lO €4 L66T ootuAzIoImZ ezomoreryd  qTT
88989'€¢3 L0999'¢SN qo8TS CS6T TeN'M Wngujy-ouixedq (1O 4% 9667 BUS] eymouley 1T
G8989'€C3 6T¢L9'¢SN Pv81S ¢S6T TeN'M Wngujy-ouixedq (1O Tid 9667 BUST ejnouley €17
8€699'€¢3 ¢SP¢L'¢SN qo09€ ¢S6T TeN'M Wnujy-ouixelq (1O 074 9667 eymouley emouley  Z17
08779.°€¢3 0EVEYCAN EAVANAY) ¢S6T TN/ wnidujy-oulxel4 (10 64 866T BZaIMOfRIE Bzommorelq 17
8T96.°€¢3 99€V9'¢SN V019 CS6T TeN'M Wnldujy-ouixedq (1O 84 L66T BZaImorerg ezommorerg Q17
¢/[911°€23 ¥8099°¢SN pa.Lys ¢S6T TeN/M Wnisujy-ouixedd (1O /4 L66T BZaIMmorRIg ezaImorerd 60T
60¢6.'€¢3 09999 ¢SN Paves ¢S6T TeN'M WnBujy-ouixedq (1O 94 1667 BZaIMOfRIg ezamopeld 80T
8€/8/°€¢d 6/999°¢GN 20Y2s ¢S6T TN/ wnisujy-oulxel4 (10 G4 L66T BZaIMOfRIg ezolmopelq /0T
€607.'€¢3 8¢98L°¢GN passt ¢S6T TeIN'/M wnisujy-oulxel4 (1O 1= 866T BYMITEN Jsmolq 90T
G20v.'€¢3 G098L°¢SN va8T CS6T TeN'M Wnpuly-oulxed4 (10 €4 8661 emaleN Asmolg  GOT
¥6106'€¢3 TGTL8'CSN 34L1 CS6T TeN'M WnRuly-oulxelq (10 4| 8661 Asmolg Jsmolg 0T
€CVB88'€C 66TL8'CSN Y91 ¢S6T TN WnRuly-ouixelq (10 T4 866T Jsmolg Jsmorg €07

L679/°€¢4 €66LL°¢SN aste 7961 ‘zoel] wnoldAy wnauidreD-olL - M$T  TSOL 866T OdIUAZIDIMY ezoImopelq  ¢0T



R. Paluch / Lesne Prace Badawcze, 2014, Vol. 75 (4): 385-406

392

- 0y cle ¥ - 9¢€ 9T 9T |¢6T P9S PPE 88 - 89T el vec | ¥9 9IT 08T Ove | - 4 - 8¢¢ | WOOEI>Y
ymoI3iopun
- - - - - - - - - - - - - - - - - - - - 8 W 9€ <cI K¢
- - - - - - - - - - - - - - - - - - - - 0c v - - 65-T'GS
- - - - - - - - - - - - - - - - - - - - 8 8 ¥ ¥ SG-T'TS
- - - - - - - - - - - - - - - - - - - - ¢l 9T 8 14 15-T'Ly
- - - - - - - - - - - - - - - - - - - - 8¢ 9T ‘v ¥ LTty
- - - - - - - - - - - - - - - - 8¢ 8 14 - | V9T v0C 02¢ ¥9¢ L
- - - - - - - - - - - - - - - - - - - - 09 8 <¢I 0c Er-T'6€
- - - - - - - - - - - - - - - - - - - - 8y ¢ Oor wC 6E-T'SE
- - - - - - - - - - - - - - - - 14 - - - 8¢ <. 08 v GE-T'TE
- - - - - - - - - - - - - - - - 14 - - - 0c 0c ¢ 911 Te-T'L¢
- - - - - - - - - - - - - - - - 0c 8 14 - 8 ¢ 9 09 LC-T'€C
- - - - - - 14 - 8 8 8 v | 9% 8¢ 8 - | 96€ <¢EE Pve¢ v¢ | 8¢ 8y 89 8YT X
- - - - - - - - 14 14 - - - - - - 9§ 0c¢ - - 9T 0¢ Oov ¢S €cTel
- - - - - - - - 14 - - - 14 14 - - % 8 <1 - ¢t 91 <1 vy 61-TGT
- - - - - - - - - 14 14 - 8 8 - - | ¢l vl ClT v - ¢l v 9€ ST-TTT
- - - - - - 14 - - - 14 v | v¢ 9 8 - | ¢€T v0T 00T O¢ - - [4] T-TL
- 1474 - - - 14 - v | ¢& 0T 8 T - 8y 88T ¢6T | ¥9€ ¢6€ PvPE 00C | - - - 4] X
- - - - - - - 14 8 I 8 14 - 8¢ ¢ vy |8VT <LT 88T O0CT | - - - - VAR
- 144 - - - 14 - - vy 80T - 8 - 0¢c 9 8¢T |9T¢c 0¢¢ 95T 08 - - - 4] €0
aJe10ay Jad Jaquunu 8ai
¢10¢ L66T 986T G/6T |¢T0C 66T 986T GL6T |¢TOC L66T 986T S.6T [¢T0C 66T 986T SGL6T |¢TOC L66T 986T S/6T [CTOC L66T 9861 SL6T [wo] Haq

errednane snguos

enwa. snjndod

angoJ snasand

e|npuad ejmag

saIqe eadld

S1ISanAs snuid

(wnauld-aeaepl-SnIA 01U1928A) 18310) A11ogaptoym-aurd ysaxy ur (] 9[qe], 99S) puels [ A Ul d1monxs pue uonisodwod saroads ur saguey)) *z dqeL,



R. Paluch / Le$ne Prace Badawcze, 2014, Vol. 75 (4): 385406 393

species composition and DBH structure in one of the per-
manent research plots are presented in Table 2. Pine was
found to withdraw entirely from the understory layers. At
the time of the study onset, there were encountered pine
trees with lower DBH values, while at the time being, only
thick and medium-sized pine trees were present. Neither
was the recruitment of Scots pine noted in the years 1986—
2012 nor did it appear in inconspicuous number (Table 2),
what testifies to a complete halt of the process of natural re-
generation of the species. Notwithstanding the abovemen-
tioned lack of recruitment, for which a variety of causes
can be held accountable, it is noteworthy to turn attention
to a significant increase in the regeneration of understory
spruce (trees of DBH <7 c¢m). Norway spruce is a major
competitor for Scots pine in the forest community sur-
veyed. In the year 1975, pine dominated both in numbers
and stand basal area (Fig. 2), or else it was the most impor-
tant component in all of the stand strata, and hence — in the
whole forest community. The proportion of pine in stand
species composition exceeded 60%, while that of spruce
25%. The proportions were reversed in 2012 when spruce
was found to be overwhelmingly dominating in terms of
tree density (Fig. 2). Over the same period, the share of
birch also declined from 20% to a few percent, whereas
pedunculate oak, which provided for a constant element of
understory in the past, was not able to make it to the upper
tier of the canopy over the last 40 years (Table 2). The

%
70
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50
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104
0 T

I

Pinus Picea Betula Quercus Pozostate
sylvestris abies pendula robur Other
/o
100 —
b
804
60 4
40 4
204 I
0 T T T T
Pinus Picea Betula Quercus Pozostate
sylvestris abies pendula robur Other

[11975[]1986 []1997 [l 2012

Figure 2. Tree species share (according to: a — density, b —
basal area) in 1975-2012, based on permanent V1 research
plot (see Table 1) in fresh pine-whortleberry forest (Vaccinio
vitis-idaeae-Pinetum). Other tree species: Populus tremula.
Sorbus aucuparia

participation of oak in the stand species composition was
small and accounted for a few percent (Fig. 2). Though the
pine contribution decreased from almost 100% down to
80%, it still remained the dominant species in the commu-
nity. On the other hand, spruce was observed to increase its
contribution by several times, both in terms of tree number
and stand basal area. The participation of Scots pine and
silver birch was considerably reduced: in the first of the
abovementioned species by almost 40%, while in the sec-
ond — down to a marginal value of a few percent (Fig. 2).

Fresh mixed spruce reed grass forest
Calamagrostio arundinaceae-Piceetum Sokot. 1968

In the mixed forest community, the density of both
codominant species: Norway spruce and Scots pine was
reduced significantly, which was, especially evident
in the case of the second of the two species (Table 3).
There was a decline in the density of young trees <7 cm
DBH. No natural regeneration of pine, neither seedlings
or saplings <1.3 m tall nor any older recruitment (7 cm
DBH) could be observed in all research plots located in
the above community type throughout the whole study
period. In the year 2012, only thick and medium-sized
pine trees (> 20 cm DBH) were present. Young spruce
trees including low spruce undergrowth were found in
every research plot and in all measurement periods; how-
ever, their numbers heavily depended on the density of
old spruce trees (Table 3). Over the last four decades, no
silver birch has been noted in any of DBH classes, except
for the thinnest trees. At the onset of the study in 1975,
the density of hornbeam population did not exceed a few
trees per 1 ha. In 2012, there were significant numbers
of hornbeam in the DBH class up to 3 cm (> 400/ha),
and some individuals were even able to strengthen their
position in the stand, advancing to higher DBH classes.

The most noticeable changes in the tree species den-
sity were registered in the years 1997-2012. The den-
sity of hornbeam, classified in the lowest DBH class,
increased by about 10 times (Table 3). The hornbeam re-
generation was observed to increasingly dominate in the
understory, competing strongly with other tree species
including Norway spruce (Fig. 3). Some hornbeam trees
gained about 25 cm in DBH, which testifies to a high
dynamics of the species and its expansion to mesotroph-
ic sites outside its ecological optimum. Spruce, pine and
birch diminished markedly in their their participation,
calculated based on the species densities, while the pro-
portion of hornbeam significantly increased (Fig. 4).

Things seemed different when analysing the stand
basal area in respective tree species. The stand basal area
in spruce and pine fluctuated only slightly — DBH incre-
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1975 1986 Figure 3. Visualisation of tree species
S0 composition in C1 stand in fresh mixed
4w spruce-reed grass forest Calamagrostio
So wo  arundinaceae-Piceetum in the period 1975—
os  2012: So — Pinus sylvestris, Sw — Picea

0s ez abies, Jrz — Sorbus aucuparia, Wb - Salix
Brz Jo caprea, Os — Populus tremula, Brz — Betula
g;’ 2‘ pendula, Jb — Malus sylvestris, KI — Acer
b - .
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Figure 4. Tree species share (according to: a — density, b — basal area) in 1975-2012, based on permanent C1 research plot (see
Table 1) in fresh mixed forest (Calamagrostio arundinaceae-Piceetum). Other tree species: Sorbus aucuparia. Acer platanoides

1975 1986
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Sw So
Jrz Sw
Gb Gb
Db Db
2012
Figure 5. Visualisation of tree species
composition in M6 stand (see Table 1)
in hornbeam-bastard balm forest Melitti-
So Carpinetum in the period 1975-2012: So
EW — Pinus sylvestris, Sw — Picea abies, Jrz —
G'Z Sorbus aucuparia, Gb — Carpinus betulus, Db

Db — Quercus robur
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ment provided compensation for declining tree numbers
of the above species. The participation of hornbeam in the
stand was observed to be significantly increased, while a
reverse trend was noted in the case of birch (Fig. 4).

Oligotrophic hornbeam-bastard balm forest MC
Sokot. 1976

In this forest community, an exceptionally huge ex-
pansion of common hornbeam was observed in the lower
understory. The number of hornbeam trees in the lowest
DBH class (<3 cm) increased from several tens per 1 ha
in 1986 to 3.3 thousand in 2012. The species dominated
the entire lower understory creating a thick second tier
of the stand (Fig. 5), thus making it impossible for other
tree species to regenerate. Hornbeam maintained its dom-
ination among the undergrowth lower than 1.3 m, while
its density in this group attained about 250 individuals/
ha. Abundant recruitment of common spruce was al-
ready evident at the study onset in the 1970s. Ultimately,
hornbeam was observed to replace Norway spruce in the
lower understory. In the higher stand layers, a marked de-
cline was noted in the participation of pedunculate oak,
pine and spruce. Owing to the abundance of appearing
young hornbeams, the participation of this species, calcu-
lated based on its numbers, increased significantly, while
that of the remaining species largely declined (Fig. 6).

Over the nearly four decades long study period, the
participation of pine in the stand basal area substantially
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Figure 6. Tree species share (according to: a — density, b —
basal area) in 1975-2012 based on permanent M6 research
plot (see Table 1) in fresh mixed forest

declined, while inverse trends were observed for hornbeam
and spruce. The parcticipation of oak stayed at the same
level (Fig. 6).

Typical linden-hornbeam forest Tilio-Carpinetum
typicum Tracz.1962

The most typical changes in stand structure and species
composition in this forest type are shown in the example of
TCt20 plot (Table 5, see also Table 1). Generally, the fol-
lowing species were found to withdraw from the linden—
hornbeam stands: silver birch, Scots pine, Norway spruce
and pendunculate oak, while in some stands the first three
species were not encountered right from the onset of the
study. The density of hornbeam, an important component
of linden—hornbeam forest, steadily increased and the spe-
cies became dominant in the lower and middle layers of
the stand. In the year 2012, there were 1.3 thousand horn-
beams in the <1.3 cm DBH class per 1 ha. It was the only
species effectively regenerating in numbers up to 3.3 thou-
sand per 1 ha in the recruitment and low growth (<1.3 m)
story. The recruitment of linden with a small density was
also observed (Table 5).

Owing to the abundance of appearing young horn-
beam trees, participation of this species, calculated
based on its numbers, substantially increased (Fig. 7),
while that of other species largely declined. This can be
explained also by the withdrawal of respective tree spe-

cies from various stand layers.
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Figure 7. Tree species share (according to: a — density, b —
basal area) in 1975-2012 based on permanent TCt20 research
plot (see Table 1) in typical linden—hornbeam forest (Tilio-
Carpinetum typicum)
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Participation of respective tree species defined on the
basis of the stand basal area (Fig. 7) changed as well.
There was an increase in the contribution of hornbeam
from a few to 10%, and spruce to about 10% as well.
The participation of pine in the stand composition was
quite alike in all the study periods, whereas birch with-
drew entirely from the stand.

Reedgrass oak-hornbeam forest Tilio-
Carpinetum calamagrostietosum Tracz. 1962

Table 6 illustrates changes in stand structure and species
composition registered in one of the permanent research
plots — Tk8 (Fig. 1). In this plot, the density of hornbeam
increased enormously in the lower and middle layers of the
stand as was the case with specimens of littleleaf linden
classified to the <3 cm DBH class. Hormbeam gained, in
terms of numbers, a marked dominance in the stand com-
position (Table 6). Its participation increased distinctly in
the year 2012, and attained more than 70%. At the same
time, a trend was observed towards withdrawal of spruce,
the density of which was halved in the respective DBH
classes (Table 6). Its participation was markedly reduced,
in terms of both tree numbers and stand basal area (Fig. 8)
as old growth spruce trees died out and young individuals
were lacking (Table 6). The share (determined on the basis
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1 Carpinus Picea Quercus Tilia Alnus Betula Other
betulus abies robur cordata  glutinosa  pendula
1997 [l 2012

Figure 8. Tree species share (according to: a — density, b —
basal area) in 1998-2011 based on TCt20 research plot (see
Table 1) in typical linden-hornbeam forest (Tilio-Carpinetum
calamagrostietosum). Other tree species: Acer platanoides,
Fraxinus excelsior, Sorbus aucuparia, Ulmus glabra

of tree density) of the remaining species, such as oak, alder,
linden and birch was also reduced (Fig. 8).

On the other hand, there was an increase in the partic-
ipation (defined on the basis of the stand basal area) of
such species as hornbeam, oak, linden and alder, where-
as a rapid decline in the participation of spruce was ob-
served (Fig. 8).

Sub-boreal spruce forest on bog moss Sphagno
girgensohnii-Piceetum Polak. 1962

Stages of forest stand development were totally changed
in the years 19872012, that is when the stand after the op-
timal development stage entered via destruction stage the
regeneration stage with intense tree regeneration. Three
decades earlier, there dominated Norway spruce with little
contribution of Scots pine and single deciduous species,
including European ash, black alder, pendunculate oak and
birches building the undergrowth (Table 7). All the spruce
and pine trees observed in the earlier study periods died out
in 2012. At that time, all of the main stand components, ex-
cept for pine, regenerated, including spruce and hornbeam
in the undergrowth (Table 7). Spruce contribution was then
highest in the lower understory. Its density attained about
700 trees/ha in the DBH class <7 cm, and 2 thousand in-
dividuals per 1 ha in the recruitment and lower understory.

Despite the seemingly substantial change in the de-
velopment stage of the stand surveyed (see Table 7), the
participation of spruce, calculated by using various meth-
ods, remained fairly unchanged (Fig. 9). Only in the years
1997-2012, this participation, calculated on the basis of
tree number, increased up to about 15%. In the same way,
the participation of hornbeam increased from the level of
a few to 10% (Fig. 9). Throughout the period analysed,
the share of individual species in the stand basal area
fluctuated only marginally, that is, it oscillated within the
limits of 77-84% for spruce, 10-20%, for pine, while for
the remaining species — a lump change amounted to a
few percent. In 2012, the participation of hornbeam in the
stand basal area reached 2% (Fig. 9).

Alder-ash forest Fraxino-Alnetum W. Mat. 1952

In the years 1997-2012, the numbers of ash trees were
dramatically reduced in all the stand layers in the research
plot F13 (Tables 1, 8). Whereas in the year 1997, almost
800 ash trees in the DBH class <7 cm could be counted per
one hectare. In the year 2012, this number reduced to about
50. The density of ash trees in the remaining DBH classes
was also substantially reduced, which was particularly ev-
ident among the thickest trees (Table 8). Ash is considered
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Figure 9. Tree species share (according to: a — density, b —
basal area) in 1998-2011 based on permanent S1 research
plot (see Table 1) in spruce-bog moss association (Sphagno
girgensohnii-Piceetum). Other tree species: Acer platanoides,
Tilia cordata, Alnus glutinosa, Fraxinus excelsior, Salix
caprea, Ulmus glabra, Sorbus aucuparia

Other

to be a very important component of the community, but
withdrew entirely from the stand species composition in
some of the study plots (about 20%). There was no natural
regeneration of ash; therefore, its future raises concerns.
In a 15-year investigation period, there was observed most
significant ash dieback (70% of trees died).

The participation of ash was radically reduced in terms of
both tree numbers and stand basal area (Fig. 10). The most
significant changes were noted in the density of ash, as its
share was reduced from 60% to a little more than 10% (Fig.
10). It should be emphasised that all the spruce trees died out
(Table 8), though not long ago, the participation of spruce
in the stand basal area was 20%. Significant expansion of
hornbeam was noted in this forest community, in particular
in the understory (Table 8). Hornbeam participation, cal-
culated based on tree numbers, increased by several times,
from a few percent to 20% (Fig. 10), although its share in
the stand basal area increased only insignificantly. This was
because in the year 2012, there dominated trees of <7 cm
DBH (Table 8). Black alder was observed to increase its par-
ticipation notably in the stand basal area. This participation
amounted to as much as 70% in 2012 and was similar to that
of ash in the year 1998 (Fig. 10). Thus black alder replaced
ash as a dominant component of the tree stand.
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Figure 10. Tree species share (according to: a — density,
b — basal area) in 1998-2012 based on permanent research
plot F13 (see Table 1) in alder-ash forest (Fraxino-Alnetum).
Other tree species: Quercus robur, Betula pendula, Sorbus
aucuparia, Ulmus glabra

Similarity coefficient of species participation in
the surveyed forest communities

A high average similarity (the value above 0.8) of stand
species composition, determined based on tree numbers,
was found in the mixed spruce-reed grass community
Calamagrostio arundinaceae-Piceetum (CP) only for the
years 1975 and 1986. In all the remaining cases, the similar-
ity coefficient attained average values (0.5-0.79) (Fig. 11).
Some of the surveyed forest communities showed a steady
decrease in similarity in the subsequent study periods. This
was evident, in particular, in the mixed spruce reed grass
forest community CP, and in the hornbeam-bastard balm
forest MC (Fig. 11). This testifies to a considerable rate of
changes in species composition in the above forest commu-
nities. On the other hand, a considerable similarity of spe-
cies composition was observed in all of the study periods
in both forms of oak—hornbeam forests: Tilio-Carpinetum
typicum (TCt) and Tilio-Carpinetum calamagrostietosum
(Tk) as well as sub-boreal spruce forest on bog moss S. In
only one period, similarity in alder-ash forest (Fraxino-Al-
netum) was 0.6. w confirms significant changes in tree spe-
cies composition defined based on the number of trees (Fig.
11). The lowest average similarity of stand species com-
position between the onset and end of the study (S4) was
found in the hornbeam-bastard balm forest (MC). The sim-
ilarity value was low (less than 0.5), which means that stand
species composition underwent a significant change. The
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Figure 11. Similarities in tree species composition determined based on tree density in investigated forest associations during

subsequent observation periods in 1975-2012

forest communities surveyed over the whole study period
may be aligned along the axis of increasing similarity in the
following way: hornbeam—bastard balm forest (MC), fresh
pine-whortleberry forest (V), fresh mixed spruce reed grass
forest (CP), alder-ash forest (F), sub-boreal spruce forest on
bog moss (S), reedgrass oak—hornbeam forest (Tk) and typ-
ical linden—-hornbeam forest (TCt) (Fig. 11). The smallest
changes in the stand species composition were observed in
the oak hornbeam forests, while the largest in the mixed
hornbeam-bastard balm forests (MC).

4. Discussion

Significant changes in the stand species composition
were observed over the study period (15-40 years) in all
the forest communities surveyed. The abovementioned
period of the study is but a little a fragment of the for-
est development history, and this makes it difficult to
provide a reliable forecast. The present work basically
corroborates the regularities of multiannual changes in
species composition of natural stands in the BF, reported
by such authors as Bernadzki et al. (1998); Brzeziecki
(2008); Brzeziecki et al. (2010); Brzeziecki et al. (2012);
Drozdowski et al. (2012) and Drozdowski (2014), and
additionally provides new information on the issue con-
cerning a variety of forest sites including some relatively
rare in the Polish part of the BF, such as sub-boreal spruce
forest on bog moss. The study results presented may be
regarded as an addition to unique observations of natural
forest stand development, systematically conducted over
almost 80 years by successive generations of researchers
from the Chair of Silviculture (KHL) at the Warsaw Uni-
versity of Life Sciences. The changes occurring in stands
affect entire forest phytocoenoses. The stand, ecological-
ly speaking, shapes the remaining forest strata (Obminski

1977). The stand is a key component of forest community.
By creating specific microclimate, it determines the habitat
for organisms, which require definite ecological conditions
to live. Moreover, the stand largely dominates the soil de-
velopment processes, not only by adding litter, which in-
fluences the conditions of the soil upper layers, but also
through its own living activities. The stand species com-
position, canopy closure, age, structure and many other at-
tributes control ecological conditions of the forest interior.
It seems that the high dynamics of stand species compo-
sition resulted from hornbeam expansion with coincident
decrease in the spruce participation. Such scenario of stand
development was observed in all the forest communities
analysed in this study, except for mixed coniferous—decid-
uous forest and sub-boreal spruce forest on bog moss. In
the two above communities, spruce was observed to domi-
nate the stand, while hornbeam appeared in the lower tiers
as an admixture only. Hornbeam is a key element of the
oak-linden—hornbeam forests giving these multitier com-
munities their specific appearance. The closed canopy of
hornbeam in full foliage lets only minimum sunlight to the
forest floor. Hornbeam litter, rich in mineral elements, de-
composes more rapidly than that of the remaining Poland’s
native tree species, and its structure enables the appearance
of numerous geophyte species. The presence of hornbeam
in the oak—linden—hornbeam forests plays a major role in
maintaining appropriate structure, species composition,
environmental conditions and, above all, seasonal rhythms
of the community (Falinski and Pawlaczyk 1993). The
expansion of hornbeam may result, even on oligotrophic
sites, in an increased homogeneity of a variety of forest
communities, which may become more or less similar
to an oak-hornbeam forest (Sokotowski 1991; Paluch
2001). Hornbeam is a species of competitive life strategy,
which consist in monopolisation of the access to environ-
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mental resources, that is, in preventing other species from
regeneration, growing and developing under the hornbeam
canopy. The species ensures its large life space, thanks to
the development of a wide and low-framed crown, which
strongly shadows the forest floor, especially on oligotroph-
ic sites (Brzeziecki 2000). An umbrella-shaped crown
enhances the effect of hornbeams on microclimate in the
forest interior. The hornbeam expansion may be regarded
as one of the reasons for changes in the species composi-
tion of forest communities. Evidence of changes was so
compelling that it justified the necessity for updating ear-
lier phytosociological and habitat diagnoses (Sokotowski
1991, 2004; Paluch 2002). The works cited above report-
ed changes in the vegetation of foremost mesotrophic and
thermophilic plant communities. Based on this study, it can
be demonstrated that changes of analogous character were
noted in some eutrophic and swamp communities. Similar
results were obtained by Czerepko and Sokotowski (2006)
and Czerepko (2011) on permanent study plots estab-
lished in northeastern Poland.

Based on the study carried out on the permanent plot
established in the Bialowieza National Park (1959-1998),
Paluch (2001, 2003) indicated that floristic changes in wet
habitats were considerably less pronounced. The author
suggested that specific situation of wet habitats results from
the fact that these sites developed on semihydrogenic and/
or hydrogenic soils, where water plays a major soil-form-
ing role. Hence, the communities encountered in these sites
were of relatively stable and close to climax character. A
high groundwater level assured the survival, but only of a
limited group of tree species best adapted to such condi-
tions. Moreover, swamp habitats usually develop on fertile
soils with high-buffering capacity (Brzeziecki and Zybura
1998; Bernadzki et al. 1998; Paluch 2003).

The withdrawal of ash from the stand species compo-
sition is not a phenomenon restricted to the BF. Massive
dieback of ash trees, and generally ash in forest stands,
was first noted on a large scale in Poland and in through-
out Europe at the beginning of 20th century (Gil et al.
2011), and this phenomenon has continued up to now.
The studies performed indicate that ash disappeared from
all the stand strata under natural conditions as well. No
ash regeneration can be observed any longer. In several
cases, ash was found to disappear entirely from the study
plots over just a 15-year-long period. It is not known
when ash will start to regenerate, at the moment, there is
no indication whatsoever as to when it may occur. Surely,
the present health status of ash raises concerns since the
condition of the still living individuals is bad.

The expansion of hornbeam is not yet over (Bernadzki
et al. 1998; Brzeziecki (2008); Brzeziecki et al. (2012).

Brzeziecki (2008), when analysing the multiannual study
material collected from the permanent study plots in the
Biatowieza National Park, considered what should hap-
pen for hornbeam to withdraw. Paluch (2001) claimed
that trends to establish hornbeam stands in a variety of
habitats would be more pronounced, and this forecast
works after 10-year period. Depletion of vital, produc-
tive tree species, such as pine, spruce, oak and ash under
close to natural conditions, and simultaneous increase in
the participation of species having a substantially lower
significance for productivity purposes, are of great im-
portance for long-term sylvicultural planning. Taking into
account the trends of changes recognised and the accel-
eration of these changes in the BF, human intervention
would be advisable in order to maintain valuable popu-
lations of vulnerable species and stimulate their natural
regeneration. Setting aside more and more areas and
excluding them from any human intervention does not
and will not support the achievement of the abovemen-
tioned goals. Within this context, an important general
question arises: how close our silvicultural activities may
get to the natural ecological processes without failing to
achieve economic and protective goals, evaluated from
the human viewpoint (wind protection, soil protection,
landscape protection and the like).

5. Statements and conclusions

Over a period of the last nearly four decades, there
occurred an increase in the participation of common
hornbeam in the stand species composition in many
forest communities of the BF. Hornbeam was found to
expand into a variety of habitats including oligotrophic,
moderately fertile and wet sites.

Under natural conditions, hornbeam dominated in
the regeneration in the majority of forest communities
surveyed, except for mixed coniferous—deciduous forest
and sub-boreal spruce forest on bog moss, though in the
latter study period, it marked its presence also in the two
abovementioned communities.

Spruce was found to withdraw to oligotrophic forest
communities. Its numbers were drmatically reduced in
stands of mixed coniferous-deciduous forests and oak—
linden—hornbeam forests.

The participation of highly light demanding species
such as pine, oak and birch in stand composition was
markedly reduced in the stands of the BF, including also
the regeneration layer. Pine is not regenerating effectively.

Over a short period of the last 15 years, there oc-
curred a rapid and dramatic reduction of ash participa-
tion under optimal condition of ash-alder forest.
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The rate of changes in the stand species composition
accelerated over the last 10-15 years.

The trends towards changing the stand species com-
position and acceleration of these changes suggest that
human intervention is needed in order to preserve valuable
populations of vulnerable species in the BF with the aim
to support natural regeneration of the withdrawing species.
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