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Abstract. Based on data obtained from the information system of Polish state Forests (silP), we compiled a register of 
segments witK nortKern red oak witKin tKe area oI tKe Grotniki )oreVt DiVtrict. )or all oI tKeVe VtandV, tKe coYer oI 4. rubra in 
the tree, XnderVtor\ (XnderJrowtK and VKrXE la\er) and KerE la\er waV deterPined Ior at leaVt tKree SointV and tKen rated on a 
ten�Soint scale (1st class – 10%, 2nd claVV – 20�, etc.). 7Ke cXrrent diVtriEXtion oI 4. rubra in all forest layers was analysed with 
respect to tKe t\Se oI IoreVt KaEitat and Vtand aJe. $dditionall\, a SroVSerit\ inde[ oI nortKern red oak waV calcXlated VeSaratel\ 
Ior two Forest inspectorates and for all forest habitat types. 

7Ke diYiVionV witK 4. rubra in tKe Grotniki )oreVt DiVtrict coPSriVe a total area oI 4,�4�,�6 KectareV, wKicK reSreVentV 33� 
oI tKe IoreVt diVtrict¶V area. ,n tKe Grotniki )oreVt ,nVSectorate 3,447,7� KectareV (3�� oI tKe IoreVted area) and in tKe Glowno
)oreVt ,nVSectorate 1,3��,11 KectareV (2��) were inYentoried. ,n all la\erV oI tKe VtandV, tKe Vecond and tKe tKird claVVeV oI 
coYeraJe were tKe PoVt coPPonl\ recorded, wKile 4. rubra coYered tKe larJeVt VXrIace area in tKe KerE la\er, wKicK con¿rPV 
tKat tKiV VSecieV iV VSread continXoXVl\ in tKe IoreVt diVtrict¶V VtandV. ,n tKe Grotniki )oreVt ,nVSectorate, 4. rubra occurred 
PoVt IreTXentl\ in VtandV oI tKe tKird aJe claVV, wKereaV in tKe Głowno )oreVt ,nVSectorate VtandV oI tKe IoXrtK aJe claVV Kad tKe 
KiJKeVt rate oI occXrrence. 7Ke IoreVt KaEitat in wKicK 4. rubra achieved the highest prosperity index is a moderately humid 
mixed coniferous forest.

Keywords: nortKern red oak, Vtand la\erV, coYer claVV, IoreVt KaEitat t\Se, SroVSerit\ inde[

1. Introduction

1ortKern red oak (Quercus rubra), Elack cKerr\ (Prunus
serotina) and false acacia (Robinia pseudoacacia) are the 
most common alien tree species in Poland’s forests (chmura 
2004� &zereSko 200�� Gazda, $XJXVt\nowicz 2012). 7Ke\ 
occur in both managed and protected forests, especially in 
deJraded or tranVIorPed KaEitatV ($daPowVki et al. 2002� 
&KPXra 2004� 0atXVzkiewicz et al. 2007� Gazda, $XJXVt\no�
wicz 2012� :oziwoda et al. 2014E). ,ncidence oI alien wood\ 
species in forest ecosystems is most often perceived as a threat 
to natiYe SK\tocoenoVeV and EiodiYerVit\ (.ryl 1���� 6zwa�
Jrz\k 2000� .oKli et al. 200�� 5ieSãaV, 6traiJ\tҿ 200�� 7okar�
Vka�GXzik et al. 2012� &KPXra 2013� :oziwoda et al. 2014a). 
hence, data on aliens and monitoring of their populations are 
crucial in the assessment of impacts of invasive species on 

IoreVt ecoV\VtePV (Gazda 2012� &KPXra 2013� :oziwoda et 
al. 2014E). ,n Poland, nortKern red oak Q. rubra l. used to 
Ee Slanted aV adPi[tXre in tKe 1�00V–1�00V, Painl\ Ior tKe 
purpose of increasing timber production and forest species 
richness in our region. now, 200 years after the introduction, 
nortKern red oak treeV occXr tKroXJKoXt Poland¶V IoreVtV, and 
in VoPe areaV, tKe\ IorP VinJle�VSecieV VtandV. 7Ke KiVtor\ oI 
the introduction of Q. rubra into Poland’s forests was studied 
E\ :oziwoda et al. (2014E) witK tKe XVe oI data on tKe aJe oI 
forest stands compiled by the information system of Polish 
state Forests (silP). 

currently, in the state Forests, tree stands with northern 
red oak aV a doPinant or adPi[tXre VSecieV coYer altoJetKer 
14,300 ha, which is 0.16% of the total forest area managed by 
the state Forests national Forest holding. at the same time, 
silP data indicates more than 80,000 Q. rubra sites docu�
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mented in all the regional Directorates of state Forests. this 
con¿rPV wideVSread occXrrence oI Q. rubra in Poland’s fo�
reVtV, alVo reSorted E\ :oziwoda et al. (2014E). 7Ke SaSer 
by these authors provides information on the area covered by 
nortKern red oak in diIIerent reJionV oI tKe coXntr\ and data 
on Q. rubra proportions in regional forests as well as those on 
tKe aJe and KaEitatV oI tKe VtandV witK nortKern red oak.

generally, Q. rubra is most abundant in the southern and 
western parts of Poland, where solid stands of this species 
are often observed on the areas larger than 5 ha. Forest stands 
in southern provinces show the highest shares of northern 
red oak, tKat iV, 6ileVia, LeVVer Poland, 2Sole ProYince and 
Lower 6ileVia (1.04�, 0.�6�, 0.3�� and 0.2��, reVSectiYe�
ly). in central Poland, the average percentage of Q. rubra in 
the state Forests ranges from 0.11% to 0.16%, except for the 
àydĨ ProYince (0.23�) (:oziwoda et al. 2014E). 7Ke coP�
SariVon oI data on tKe SreVent�da\ occXrrence oI Q. rubra 
and tKat in tKe Pid�1�00V carried oXt E\ BiałoEok and &K\�
larecki (1�6�) VKowed a JradXal increaVe in nortKern red oak 
JrowinJ area in Poland (Gazda, $XJXVt\nowicz 2012).

Potential Eene¿tV and riVkV EecaXVe oI non�natiYe wood\ 
species in Poland’s forests have been argued for more than 20 
\earV (.ryl 1���� Danielewicz 1��3� 6zwaJrz\k 2000� .oKli 
et al. 200�� Danielewicz, :iatrowVka 2014� =XEkowicz 2012� 
Kuc et al. 2012; chmura 2013). notwithstanding the issues 
already addressed, according to the data of the institute of 
nature conservation (the Polish academy of sciences), the 
status of Q. rubra in Poland can be described as follows: nor�
tKern red oak occXrV aV an alien VSecieV on Pore tKan 1,000 
sites all over the country, with specimen numbers ranging 
from a few to great numbers in solid stands, and its population 
KaV Eeen JradXall\ increaVinJ (KttS://www.ioS.krakow.Sl/iaV/
JatXnki/142). ,n tKe dataEaVe oI tKe (XroSean and 0editer�
ranean Plant Protection 2rJanization ((PP2), Q. rubra has 
Eeen claVVi¿ed aV a PediXP inYaViYe Slant in (XroSe, takinJ 
into account its spread capacity and ability to build dense en�
during populations (http://www.noBanis.org). in Poland’s 
forests, both protected and managed, natural regeneration of 
Q. rubra KaV Eeen Pore and Pore oEVerYed (Gazda, 6zlaJa 
200�� Gazda, )iMała 2010, )\ałkowVka et al. 201�). $ll tKe 
aforementioned facts draw attention to the necessity to un�
dertake VtXdieV on d\naPicV oI Q. rubra spread in our forests. 
When compared to protected forests, those managed seem 
to be more vulnerable to Q. rubra expansion, because as a 
general rule, woody alien species are introduced into forests 
because of human activities aiming at economic gains.

7Ke Pain oEMectiYe oI tKe SreVent VtXd\ waV to aVVeVV Q. 
rubra expansion in central Poland’s managed forests and to 
deterPine tKe Vize oI tKe area oI natXral reJeneration oI tKiV 
alien VSecieV at a IoreVt diVtrict leYel. 7Ke Grotniki )oreVt 
District was chosen as a study area, for the reason that in 
tKe 1�00V, nortKern red oak in diIIerent IoreVt KaEitatV was 

abundantly planted. the study also included an attempt to 
determine forest habitats with the highest rate of Q. rubra 
VSread. 7Ke reVearcK condXcted reSreVentV tKe ¿rVt VteS oI 
tKe PonitorinJ SroJraPPe on tKiV alien VSecieV Xndertaken 
in Poland’s managed forests.

2. Methods

7Ke Grotniki )oreVt DiVtrict iV VitXated in tKe central Sart 
oI tKe 5eJional Directorate oI 6tate )oreVtV in àydĨ. 7Ke 
eaVtern Sart oI tKe DiVtrict iV located in tKe :znieVienia 
àydzkie reJion, weVtern (in tKe :\Vocz\zna àaVka reJion) 
and nortKern (in tKe 5ywnina BłoĔVka reJion). ,n tKe DiV�
trict, rust soils (68.6%) prevail; however, substantial propor�
tionV oI SodzolV (12.��) and Jle\ VoilV (�.���) alVo occXr. 
Fresh (moderately humid) forest sites (82.67%) prevail. Wet 
sites comprise 14.81%, and the percentage of other forest 
ViteV iV TXite VPall (EoJ ViteV, 1.4��� Àood ViteV, 0.�4�� 
arid sites, 0.23%). in total, deciduous forest sites comprise 
�0.0�� oI tKe Grotniki )oreVt DiVtrict area, and coniIeroXV 
IoreVt ViteV 4�.���. 7Ke SroSortionV oI IoreVt Vite t\SeV are 
aV IollowV: Pi[ed 32.7�� oI IreVK decidXoXV IoreVt, 2�.1�� 
oI Pi[ed IreVK coniIeroXV IoreVt, 13.3�� oI IreVK coniIeroXV 
IoreVt, �.34� oI IreVK decidXoXV IoreVt, 6.�0� oI Pi[ed wet 
coniIeroXV IoreVt and �.�4� oI Pi[ed wet decidXoXV Ior�
eVt. $ Yariet\ oI IoreVt Vite t\SeV PakeV tKe Grotniki )oreVt 
District an exceptional area for studying Q. rubra spread. 
)oreVtV eVtaEliVKed on SoVt�aJricXltXral landV coYer �,700 
ha, which amounts for almost 40% of the District’s forests. 
:itKin tKe Grotniki ,nVSectorate, SoVt�aJricXltXral VoilV con�
VtitXte 47�, and in tKe Głowno ,nVSectorate, 2��. ,n tKe 
species composition, scots pine dominates, which covers 
about 80% of the total area of the District studied (Forest 
Management Plan 2013 – Plan Urządzenia Lasu 2013).

7Ke Grotniki )oreVt DiVtrict dataEaVe coPSriVinJ inIorPa�
tion on 1,473 forest segments with Q. rubra was built based 
on the silP records. each segment was evaluated with regard 
to Q. rubra cover in the following forest layers: young natural 
regeneration in the herb layer, understory (undergrowth and 
shrub layer) and canopy (tree layer). the evaluation was car�
ried out diagonally between two points 50 m apart (or 100 m 
in the case of larger Q. rubra segments). the assessment area 
comprised forest layers within sight of the examiner. Q. rubra 
cover was expressed as the percentage (whole numbers). in 
each of the segments, at least three assessment points were 
deViJnated (in larJer VeJPentV, Pa[iPXP VeYen). )ield workV 
were performed in the period of august–november 2014.

For all the segments studied, the mean values of Q. rubra 
cover (area of its occurrence in the forest layers examined) 
were computed. on the basis of the results obtained, ZRQr 
index of natural Q. rubra regeneration was calculated, which 
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depicts the actual area (ha) covered by naturally spreading 
young generation of Q. rubra. ZRQr index values were ob�
tained as the products of multiplication of the area (ha) of 
a given segment and the mean value of Q. rubra cover (% 
expressed as decimal value) within this very segment. ana�
loJoXV calcXlationV concerninJ tKe actXal area taken XS E\ 
Q. rubra in XnderVtor\ and tKe total crown SroMection area oI 
this species in the District’s stands were performed.

7Ke anal\ViV oI tKe occXrrence oI nortKern red oak in diIIe�
rent IoreVt la\erV deSendinJ on Vtand�Vite conditionV inclXded 
data on the type of forest site and stand age obtained from 
tKe cXrrent )oreVt 0anaJePent Plan oI tKe Grotniki )oreVt 
DiVtrict. 7Ke reVXltV were SreVented in ¿JXreV SreSared VeSa�
ratel\ Ior Grotniki and Głowno ,nVSectorateV, Vo aV to Eetter 
illustrate spatial distribution of Q. rubra within the area of the 
District. the forest sites with minor incidence of this species 
were not incorSorated in tKe ¿JXreV SreVented in tKe SaSer.

Dynamics of Q. rubra spread in different forest habitats was 
evaluated with the use of the species prosperity index (WP) 
developed for the present study as the following quotient:

WP = ZRQr / UTSL 

where
ZRQr is the proportion of the area covered by Q. rubra in 
a forest habitat in the total area covered by this species in a 
given inspectorate (%),
UTSL is the proportion a forest habitat area in the total forest 
area in a given inspectorate.

WP index was computed for lower stand layers, that is, 
young natural regeneration, undergrowth and brush layers in 
all tKe IoreVt ViteV in tKe Grotniki and Głowno ,nVSectorateV. 
it was concluded that the obtained index value above 1 de�
noted good site conditions for Q. rubra growth and spread. 
at the same time, it was assumed that planted in the past 
nortKern red oakV and now oEVerYed in tKe canoS\ (tree 
layer) were the main producers of seeds, whereas young spe�
cimens in the lower forest layers (irrespective of their origin 

– Slanted or VelI�Vown) woXld Ee SreVXPaEl\ inYolYed in
seed dispersal in the future. therefore, the proportion of Q. 
rubra in the undergrowth and brush forest layers was also 
reÀected on in tKe aVVeVVPentV oI tKiV VSecieV VSread witKin 
the District. all the calculations were performed using Mi�
crosoft excel software 2010.

3. Results

,n tKe Grotniki )oreVt DiVtrict, tKe VeJPentV witK nortKern 
red oak coPSriVed 4,�4�.�6 Ka, tKat iV, 33� oI tKe total area 
oI tKe DiVtrict. ,n tKe Grotniki and Głowno ,nVSectorateV,
3,447.7� Ka and 1,3��.11 Ka oI tKe VeJPentV were e[aPined, 
reVSectiYel\. 7Ke PaMorit\ oI VtandV witK Q. rubra occurred 
in tKe )oreVt 6XE�diVtrict : .rzePieĔ (�20 Ka), 6PXlVko (6�2 
Ka), Głowno (�67 Ka) and &Krośno (�66 Ka) ()iJ. 1).

in both inspectorates, Q. rubra occurred in all stand layers 
(Figs. 2 and 3), usually concurrently in the herb, undergrowth, 
brush and tree layers (20–30% ubiquitously). in both inspecto�
rates, forest segments with Q. rubra were most often situated 
in fresh mixed deciduous and fresh mixed coniferous habitats. 
,n tKe Grotniki ,nVSectorate, a conVideraEle SroSortion oI Q. 
rubra in fresh coniferous forest habitat was also observed (Fig. 
2). in general, within the area of the entire District, Q. rubra 
waV oEVerYed in Piddle�aJed and older VtandV: in tKe Grotniki 
inspectorate, mostly in the stands of third age class, and in the 
Głowno ,nVSectorate, in tKoVe oI IoXrtK aJe claVV ()iJ. 4). $t 
the same time, within the whole examined area, Q. rubra was 
Kardl\ eYer oEVerYed in IoreVt VtandV oI ¿rVt claVV oI aJe.

the calculated ZRQr inde[eV VKowed tKat in tKe Grotniki 
inspectorate, Q. rubra took XS 62�.1� Ka in tKe tree la\er, 
wKereaV in tKe Głowno ,nVSectorate, 21�.10 Ka. ,n tKe Grot�
niki ,nVSectorate and Głowno ,nVSectorate taken aV a wKole, 
Q. rubra areaV in XnderJrowtK and ErXVK la\erV were ��7.13 
and 230.46 ha, respectively. Q. rubra young natural rege�
neration occXrred on 6�6.67 Ka in tKe Grotniki ,nVSectorate 
and 2�0.1� Ka in tKe Głowno ,nVSectorate.

Figure 1. The area of stands with Q. rubra in particular 
forest sub-districts in Grotniki and Głowno Inspectorates. 
Numbers of forest sub-districts in Grotniki Forest 
Inspectorate: 1 – Smulsko, 2 – Bełdów, 3 – Chrośno, 4 – 
Krzemień, 5 – Zimna Woda, 6 – Chociszew, 7 – Sokolniki, 
8 – Zgierz and in Głowno Forest Inspectorate: 9 – 
Szczawin, 10 – Wole Błędowa, 11 – Głowno, 12 – Polesie, 
13 – Gieczno
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the values of species prosperity index (WP), calculated se�
parately for forest habitats in the two inspectorates examined, 
are presented in tables 1 and 2. With regard to young natural 
regeneration of Q. rubra in both inspectorate, the highest WP 
values were obtained in fresh mixed coniferous forest (1.88 
in Głowno and 1.2� in Grotniki). ,n tKe Głowno ,nVSectorate, 
WP values above 1 were also obtained in the following sites: 
IreVK decidXoXV IoreVt (1.27), IreVK coniIeroXV IoreVt (1.0�) 

and IreVK Pi[ed decidXoXV IoreVt (1.0�). ,n tKe Grotniki ,n�
spectorate, the WP value was above 1 only in fresh deciduous 
forest (1.06). in both inspectorates, the highest WP values 
concerning Q. rubra in forest understory were obtained in 
IreVK Pi[ed coniIeroXV IoreVt (1.76 in Głowno  and 1.34 in 
Grotniki). $t tKe VaPe tiPe, in tKe Głowno ,nVSectorate, WP 
values were higher than 1 also in fresh coniferous forest and 
fresh mixed deciduous forest (1.25 and 1.10, respectively).

* explanations of forest habitat type see table 1, 2.
Figure 2. area of forest subcompartments with Q.rubra of different cover class in crown layer, undergrowth and shrub layer and natural seedling 
on cKoVen IoreVt KaEitat t\SeV in Grotniki and Głowno )oreVt ,nVSectorateV. &oYer claVVeV: 1 – 10�, 2 – 20�, 3 – 0�, 4 – 40�, � – �0�, !� – 
more than 50%
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4. Discussion

in Poland, the issue of occurrence of alien woody species 
in IoreVtV KaV Eeen addreVVed in JeoEotanical VtXdieV (0atXVz�
kiewicz et al. 2007� 7okarVka�GXzik 200�� 0\śliw\ 2014) aV 
well aV tKoVe on SK\tocoenoViV deJradation (.ryl 1���� &KPX�
ra 2013). a number of alien species most often occurring in 
Poland¶V IoreVtV KaYe Eeen deVcriEed in VSeci¿c reSortV on in�
YaViYe VSecieV VSread (Gazda, $XJXVt\nowicz 2012� :oziwoda 
et al. 2014b), based on silP database that comprises compre�

hensive information on Poland’s forests – compiled in line with 
forest management methodology included in the formal Forest 
Management guidelines (Instrukcja Urządzania Lasu).

according to the forest appraisal data (age class area, do�
Pinant VSecieV), in tKe Grotniki )oreVt DiVtrict, tree VtandV 
witK SreYailinJ nortKern red oak coYer 13.�� Ka in tKe Grot�
niki ,nVSectorate and onl\ 3.3� Ka in tKe Głowno ,nVSec�
torate, tKat iV, 0.1�� and 0.06� oI tKe VXE�diVtrictV¶ areaV, 
respectively (Forest Management Plan as of 1.01.2014). 
2n tKe EaViV oI  tKe 6,LP data, Gazda and $XJXVt\nowicz 

Figure 3. area of forest subcompartments with Q.rubra of different cover classes in crown layer, undergrowth and shrub layer and natural 
VeedlinJ in VtandV oI  diIIerent aJe claVVeV in Grotniki and Głowno )oreVt ,nVSectorateV. &oYer claVVeV: 1 – 10�, 2 – 20�, 3 – 30�, 4 – 40�, 
� – �0�, !� – Pore tKan �0�
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(2012) estimated the area of solid Q. rubra stands in every 
Sart oI Poland¶V 6tate )oreVtV aV 3,�00 Ka. $V Vaid E\ :o�
ziwoda et al. (2014E), witKin tKe 6tate )oreVtV, VtandV witK 
Q. rubra as a dominant or admixture species cover in total 
14,300 ha, and their proportion in the forest cover is no 
more than 0.16%. in view of the aforementioned statistics, 
Q. rubra reVoXrceV in tKe Grotniki )oreVt DiVtrict reSreVent 
the countrywide average.

:itKin tKe Grotniki )oreVt DiVtrict area, 1,473 IoreVt VeJ�
ments with Q. rubra occurring in forest herb layer, under�
story and canopy were examined. the results of the surveys 
carried out in the segments showed a real picture of the oc�
currence of this species at a level of the studied District. it 
waV IoXnd tKat tKe VeJPentV witK nortKern red oak coYered 
4,845.86 ha, that is, 33% of the District’s entire area. When 

compared to the average in the state Forest, the value obta�
ined is sixfold higher. according to the silP data, Q. rubra 
forest segments in total constitute

�� oI tKe 6tate )oreVtV area (Gazda, $XJXVt\nowicz 
2012). $t tKe VaPe tiPe, Gazda and $XJXVt\nowicz (2012) 
reported that Q. rubra occurs most frequently (77% seg�
ments) as individual trees or small groups. the paper by 
these authors also includes the maps of Q. rubra occurrence 
in the forest layers (tree, brush, undergrowth and young na�
tural regeneration) at a forest district level. these show that 
nortKern red oak coPPonl\ occXrV in KiJKer IoreVt la\erV 
and is observed in the herb layer only in some forest districts 
– mainly in western and southern parts of Poland.

,n tKe IoreVt VeJPentV e[aPined in tKe Grotniki )oreVt 
DiVtrict, nortKern red oak waV oEVerYed in all tKe IoreVt la\�

Table 1. Prosperity index (WP) of natural regeneration of Q.rubra on YarioXV IoreVt KaEitat t\SeV in Grotniki and Głowno )oreVt ,nVSectorateV. 
explanations of abbreviations: TSL – forest habitat type, ZRQr – share of area with Q.rubra on forest habitat types, UTSL – share of forest 
habitat types in inspectorate's forest area.

seedlings Forest inspectorate Forest inspectorate 

TSL
ZRQr 
(%)  

UTSL 
(%)

WP
ZRQr 
(%)

UTSL
(%)

WP

Bśw
Mhc

8.15 10.50 0.78 1�.6� 18.01 1.0�

Bw
hc

0.07 0.26 0.28 1.04 2.16 0.48

BMśw
MhMc

42.58 33.2� 1.28 37.4� 1�.�� 1.88

BMw
hMc

1.40 1.84 0.76 7.44 15.00 0.50

LMśw
MhMD

40.56 38.11 1.06 25.53 24.26 1.05

LMw
hMD

0.31 3.63 0.0� 2.01 �.64 0.21

LMb
BMD

0.00 0.11 0.01 0.00 0.04 0.00

Lśw
MhD

6.87 10.23 0.67 6.73 5.30 1.27

Lw
hD

0.02 0.3� 0.06 0.03 1.�� 0.01

Ol
aB

0.02 0.82 0.02 0.04 1.51 0.03

OlJ
aas

0.02 0.70 0.03 0.00 1.06 0.00

* Mhc – Moderately humid coniferous Forest; hc – humid coniferous Forest; MhMc – Moderately humid Mixed coniferous Forest; hMc – humid 
Mixed coniferous Forest; MhMD – Moderately humid Mixed Deciduous Forest; hMD – humid Mixed Deciduous Forest; BMD – Bog Mixed Deciduous 
)oreVt� 0+D – 0oderatel\ +XPid DecidXoXV )oreVt� +D – +XPid DecidXoXV )oreVt� $B – $lder BoJ )oreVt� $$6 – $VK�alder 6treaPVide )oreVt.
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ers examined, and usually, it occurred concurrently in the 
tree, brush, undergrowth and herb layers. the largest area 
waV taken XS E\ tKe \oXnJeVt Q. rubra generation – spread�
ing out spontaneously. hence, in all the forest segments 
witK nortKern red oak in KiJKer IoreVt la\erV, tKe SroceVV oI 
itV natXral reJeneration KaV alVo Eeen onJoinJ. 7akinJ into 
conVideration tKe area taken XS E\ Q. rubra in the District 
oEVerYed (one�tKird oI tKe total area), tKe KiJK SroSortion oI 
this species is worth considering. the actual area covered by 
the alien youngest generation can be even larger, as the seg�
PentV Parked in 6,LP dataEaVe were onl\ e[aPined. Gazda 
and )iMała (2010) oEVerYed Q. rubra natural regeneration in 
tKe 1ieSołoPice )oreVt alVo in tKe VtandV wKere tKiV VSecieV 
was not found in the canopy. on moderately fertile forest 
sites in lithuania, numerous young Q. rubra specimens 

were observed 100 m from parental stands and individual 
VeedlinJV eYen IXrtKer (6traiJ\tp, äalkaXVkaV 2012). 7KXV, 
similar patterns of natural regeneration spread can be ex�
Sected witKin tKe area oI tKe Grotniki )oreVt DiVtrict aV well.

,n tree VtandV oI tKe Grotniki )oreVt DiVtrict, a non�XniIorP 
distribution of Q. rubra young natural regeneration (average 
proportion in the segments examined: 20%) was observed. as 
Q. rubra VeJPentV take XS one�tKird oI tKe total IoreVt area in 
the District, it was assumed that the youngest generation com�
prised about 6.6%. such abundant natural regeneration of alien 
species observed in managed forests is not unusual in view of 
studies carried out in other regions of europe. considerably 
KiJK SoSXlationV oI nortKern red oak \oXnJ VSeciPenV were 
recorded in germany and France, both in lowland and highland 
areaV (6teiner et al. 1��3� Vor 200�� 0aMor et al. 2013). <oXnJ 

Table 2. Prosperity index (WP) of understory of Q.rubra (XnderJrowtK and VKrXE la\er) on YarioXV IoreVt KaEitat t\SeV in Grotniki and 
Głowno )oreVt ,nVSectorateV. ([SlanationV oI aEEreYiationV: TSL – forest habitat type, ZRUQr – share of stands with Q.rubra on forest 
habitat types, TSL – share of forest habitat types in inspectorate's forest area. 

Understory Forest inspectorate Forest inspectorate 

TSL
ZRQr 
(%)  

UTSL 
(%)

WP
ZRQr
(%)

UTSL
(%)

WP

Bśw
Mhc

10.52 10.50 1.00 22.57 18.01 1.25

Bw
hc

0.14 0.26 0.53 1.45 2.16 0.67

BMśw
MhMc

44.45 33.2� 1.34 35.04 1�.�� 1.76

BMw
hMc

1.25 1.84 0.68 8.24 15.00 0.55

LMśw
MhMD

37.33 38.11 0.�� 26.67 24.26 1.10

LMw
hMD

0.26 3.63 0.07 1.42 �.64 0.15

LMb
BMD

0.00 0.11 0.00 0.00 0.04 0.00

Lśw
MhD

�.�4 10.23 0.58 3.�� 5.30 0.75

Lw
hD

0.05 0.3� 0.13 0.06 1.�� 0.03

Ol
aB

0.04 0.82 0.05 0.58 1.51 0.38

OlJ
aas

0.01 0.70 0.02 0.00 1.06 0.00

* Mhc – Moderately humid coniferous Forest; hc – humid coniferous Forest; MhMc – Moderately humid Mixed coniferous Forest; hMc – humid 
Mixed coniferous Forest; MhMD – Moderately humid Mixed Deciduous Forest; hMD – humid Mixed Deciduous Forest; BMD – Bog Mixed Deciduous 
)oreVt� 0+D – 0oderatel\ +XPid DecidXoXV )oreVt� +D – +XPid DecidXoXV )oreVt� $B – $lder BoJ )oreVt� $$6 – $VK�alder 6treaPVide )oreVt.
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natural regeneration of Q. rubra was unevenly distributed in 
forest stands observed in germany; however, in some regions, 
dense vegetation carpets were observed. average seedling den�
sity observed by Vor (2005) was 20 specimens/m2, and that 
reSorted E\ 0aMor at al. (2013) waV 24 VSeciPenV/P2. in Fran�
ce, Q. rubra seedlings formed even more dense cover, ranging 
from 21 to 40 specimens/m2 (6teiner et al. 1��3).

in Poland, detailed studies on natural regeneration of alien 
woody species in managed forests were carried out on circu�
lar SlotV in tKe 1ieSołoPice )oreVt (VoXtKern Poland) (Gazda, 
6zlaJa 200�� Gazda, )iMała 2010). 7Ke PetKodoloJ\ XVed in 
this study was different from that used in the present study; 
therefore, only approximate comparison could be performed. 
nonetheless, the results obtained by the authors cited highlight 
interesting aspects of Q. rubra VSread. 1ortKern red oak (\oXnJ 
natural regeneration and mature trees) was the most abundant 
alien species in wet deciduous forest habitats (northern complex 
of the Forest), in terms of population and site numbers observed 
in 1�are circXlar SlotV. 2n tKe otKer Kand, in coniIeroXV Pi[ed 
forest (southern complex), natural Q. rubra regeneration was 
observed only in 1 in 10 plots examined, and no mature trees of 
this species were found in the canopy surveyed within the area 
oI tKe VtXd\ SlotV (Gazda, )iMała 2010). ,n tKe 1ieSołoPice )or�
est, Q. rubra young natural regeneration and undergrowth are 
most often observed in the stands with single or a few mature 
trees of this species. Within the plots surveyed, Q. rubra natu�
ral regeneration under same species mature trees comprised up 
to VeYeral dozen VSeciPenV, and tKeVe were tKe \oXnJeVt treeV 
onl\ (Gazda, )iMała 2010). 6tXdieV E\ otKer aXtKorV VKowed tKat 
O. rubra young natural regeneration deteriorate in solid paren�
tal stands, and therefore, brush layer of this species is almost 
neYer oEVerYed in Volid Sarental VtandV (Bellon et al. 1�77� -a�
worVki 1���). ,n tKe Grotniki )oreVt DiVtrict, tKe SroSortion oI 
IoreVt VtandV witK doPinant nortKern red oak waV diPinXtiYe, 
and generally, the species occurred as admixture. according to 
tKe SreVent knowledJe, VXcK VtatXV VXSSortV IXrtKer VSreadinJ 
of Q. rubra throughout forest stands.

,n tKe Grotniki ,nVSectorate, Q. rubra occurred most frequ�
ently in the stands of the third class of age in all the forest layers 
e[aPined, wKereaV in tKe Głowno ,nVSectorate, it occXrred in 
the stands of the fourth class of age. in such stands, northern 
red oak VKowV KiJK intenVit\ oI Veed SrodXction, Iollowed E\ 
the development of numerous seedlings. the occurrence of Q. 
rubra young specimens in the herb layer does not assure the in�
cidence of this species in expected mature stands; nevertheless, 
it increases species chances to survive (e.g. in case of disturban�
ces because of strong winds or pest infestations). Furthermore, 
dense young natural regeneration of this alien species supports 
itV endXrance, aV it KoldV Eack tKe deYeloSPent oI natiYe ErXVK 
and tree VSecieV (BzdĊJa et al. 2012).

,n Poland, nortKern red oak waV Slanted on a Yariet\ oI 
soils: from dry and unfertile coniferous to rich deciduous sites 

inclXdinJ ÀoodSlainV. $ccordinJ to 6,LP data, tKe PaMorit\ oI 
SreVent�da\ IoreVt VtandV witK Q. rubra grow on the following 
forest sites: fresh mixed deciduous forest, mixed coniferous 
IoreVt and IreVK decidXoXV IoreVt (:oziwoda et al. 2014E). 
,n tKe Grotniki )oreVt DiVtrict, IoreVt VeJPentV witK Q. rubra 
were located mainly in fresh mixed deciduous and mixed 
coniIeroXV VtandV. ,n tKe Głowno ,nVSectorate, tKe VeJPentV 
with Q. rubra were also recorded in fresh coniferous stands. 
Both the age structure and site characteristics of the stands 
with Q. rubra indicate that these forests were established 
on SoVt�aJricXltXral VoilV aIIoreVted later tKan tKe \ear 1�4� 
(after the World War ii). in fact, almost 40% of forests in the 
Grotniki )oreVt DiVtrict Jrow on SoVt�aJricXltXral landV. 6XcK 
habitats are especially vulnerable to invasive alien species, 
considering soil degradation and biodiversity reduction – lar�
gely attributable to unnaturally stimulated succession because 
oI KXPan actiYit\ (6ierota, =acKara 2011),

one of the aims of the present study was to identify forest 
habitats with the highest rate of spontaneous spread of Q. rubra. 
Methodological obstacles during the assessment of natural re�
generation of this species were connected with the fact that at 
¿rVt, Jreat aEXndance oI Q. rubra seedlings in the herb forest 
layer most often declines with time. Under the conditions of the 
present study, it was not possible to distinguish which parts of 
the undergrowth and brush layers had been planted and which 
had regenerated naturally. however, regardless of their origin, 
Q. rubra young trees are a potential source of future seeds and 
offshoots, and that is why, the species prosperity index WP 
was calculated for trees in the lower stand layers. the highest 
WP values were obtained in fresh mixed coniferous forest in 
all the layers observed (herb, undergrowth and brush layers). 
+iJKer inde[ YalXeV were oEtained in tKe Głowno ,nVSectorate. 
in view of the results obtained, it can be concluded that fairly 
fertile and moderately wet habitats offer the best conditions for 
tKe deYeloSPent and VSread oI nortKern red oak. 7Ke lack oI 
competitors can be a favourable factor in the development Q. 
rubra seedlings under the conditions of fresh mixed coniferous 
forest. another habitat vulnerable to Q. rubra spread was fresh 
mixed deciduous forest, where the WP value obtained was hi�
gher when compared to other forest segments with Q. rubra. 
$dditionall\, in tKe Głowno ,nVSectorate, tKe WP values obta�
ined were higher than 1 in the undergrowth and brush layers of 
fresh coniferous forest.

7akinJ into accoXnt conditionV oI tKe )oreVt DiVtrict Grot�
niki, tKe SroSortion oI nortKern red oak in tKe Grotniki ,nVSec�
torate (38% of the total forest inspectorate area) was larger 
tKan tKat in tKe Głowno inVSectorate (2� �). 1eYertKeleVV, Q. 
rubra VSread in tKe VXE�diVtrict Głowno waV coPSaratiYel\ 
Pore e[tended. ,n tKe Grotniki inVSectorate, aIIoreVted SoVt
�aJricXltXral landV conVtitXte alPoVt �0�, and tKe SreVent�da\ 
proportion of Q. rubra in the canopy indicates that in the past, 
this species was an important admixture species in afforested 
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areaV. $EXndant occXrrence oI nortKern red oak on deJraded 
sites indicates favourable conditions for its spread. on the 
otKer Kand, in tKe Grotniki ,nVSectorate, tKe area taken XS E\ 
Q. rubra young natural regeneration calculated with reference 
to the proportion of Q. rubra mature trees (producing seeds) 
waV VPaller (�.3�) wKen coPSared to tKat (14.2�) in tKe 
Głowno ,nVSectorate (witK 2�� aIIoreVted SoVt�aJricXltXral 
lands). in view of the aforesaid differences, it is quite possible 
that a higher proportion of coniferous forest sites along with a 
Jreater diYerVit\ oI IoreVt KaEitatV in tKe Głowno ,nVSectorate 
(table 1) supported enhanced spread of Q. rubra.

in closing,  one more aspect of the existence of woody 
alien VSecieV in IoreVtV VKoXld Ee Xnderlined. ,n tKe Grotniki 
)oreVt DiVtrict, tKe KiJKeVt SroSortion oI nortKern red oak 
was observed in fresh mixed deciduous or fresh mixed co�
niferous forests. these are habitats where a variety of native 
tree species can successfully form the undergrowth forest 
layer as well as play a role of admixture species. eutrophi�
cation of forest ecosystems – recently increasing in Poland 
– enhances the growth of deciduous tree species. in the me�
antiPe, tKe SreVence oI nortKern red oak in tKe lower IoreVt 
la\erV can eIIectiYel\ Kinder tKe SroceVV. 6tar¿nJer et al. 
(2003) showed plant biodiversity loss in forests with alien 
woody species in understory vegetation. even though de�
creased plant biodiversity has no direct effect on economic 
forest productivity, it plays an important role in biological 
resilience of forest communities.

5. Conclusion

7Ke reVXltV oI tKe VtXd\ VKowed tKat in tKe Grotniki )oreVt 
District, Q. rubra occXrred on one�tKird oI tKe DiVtrict¶V area 
as a vital component of all stand layers. the largest areas of 
tKe inVSectorateV (Grotniki and Głowno) were taken XS E\ Q. 
rubra young natural regeneration, which indicates spontaneous 
VSread oI tKiV VSecieV in tKe DiVtrict. 7Ke area taken XS E\ Q. 
rubra young natural regeneration calculated with reference to 
the proportion of Q. rubra mature trees (producing seeds) in 
tKe Grotniki and Głowno inVSectorateV waV �.3� and 14.2�, 
reVSectiYel\. 1ortKern red oak VKowed tKe KiJKeVt YalXeV oI 
prosperity index (WP) in fresh mixed coniferous forest in both 
young natural regeneration and understory vegetation (under�
growth and brush layers). higher WP values were observed in 
XnderVtor\ YeJetation in tKe Głowno ,nVSectorate wKen coP�
Sared to tKe Grotniki ,nVSectorate. ,t VeePV tKat Iairl\ Iertile 
and, at the same time, moderately wet forest habitats offer opti�
mal conditions for Q. rubra VSread. 7akinJ into conVideration 
the age structure of stands as well as a variety of forest habitats 
in tKe )oreVt DiVtrict Grotniki, an increaVe in tKe nortKern red 
oak SroSortion can Ee e[Sected. ,n Yiew oI cXrrent knowledJe, 
enhanced spread of invasive alien species can disturb and di�

minish plant communities in forest ecosystems. this problem 
concerns not only forest stands with Q. rubra as a dominant or 
admixture species in state Forest (according to silP database – 
in total 14,300 Ka, :oziwoda et al. 2014E). 7Ke reVXltV oEtained 
on tKiV alien VSecieV in tKe )oreVt DiVtrict Grotniki indicate an 
increasingly challenging problem.
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