BALTIC FORESTRY
I COMMERCIAL FORESTRY AS A VECTOR OF ALIEN TREE SPECIES /.../ - \\/OZIWODA ET AL. I

Commercial Forestry as a Vector of Alien Tree Species -
the Case of Quercus rubra L. Introduction in Poland

BEATA WOZIWODA*!, MICHAL POTOCKI 2, JACEK SAGAN 3 ZASADA MICHAL* ROBERT TOMUSIAK *
AND SLAWOMIR WILCZYNSKI *

! Department of Geobotany and Plant Ecology, Faculty of Biology and Environmental Protection, University of
Lodz, Banacha 12/16, 90-237 Lodz, Poland; e-mail: woziwoda@biol.uni.lodz.p!

? Bureau for Forest Management and Geodesy, Warsaw Regional Office, Sekocin Stary, Lesnikow 21, 05-090
Raszyn, Poland, e-mail: Michal Potocki@warszawa.buligl.pl

3 Regional Directorate of State Forests in Warsaw, Warsaw, Grochowska 278, 03-841 Warsaw, Poland, e-mail:
jacek.sagan@warszawa.lasy.gov.pl

* Laboratory of Dendrometry and Forest Productivity, Faculty of Forestry, Warsaw University of Life Sciences—
SGGW, Nowoursynowska 159, 02-776 Warsaw, Poland, e-mail: Michal. Zasada@wl.sggw.pl;
Robert. Tomusiak@wl.sggw.pl

3 Department of Forest Protection, Entomology and Forest Climatology, Faculty of Forestry, University of
Agriculture in Krakow, Al. 29 Listopada 46, 31-425 Cracow, Poland, e-mail: rlwilczy@cyf-kr.edu.p!
*Corresponding author, e-mail: woziwoda@biol.uni.lodz.pl; phone:+48 696049605, fax:+48 42 6354660

Woziwoda, B., Potocki, M., Sagan, J., Zasada, M., Tomusiak, R. and Wilczynski, S. 2014. Commercial
Forestry as a Vector of Alien Tree Species — the Case of Quercus rubra L. Introduction in Poland. Baltic Forestry
20(1): 131-141.

Abstract

The paper presents the history of Quercus rubra L. introduction and current distribution in the state forests of
Poland. We followed the extent of Q. rubra planting on a spatial and temporal scale, based on data obtained from the
Information System of the Polish State Forests (SILP) as of 2011. The current distribution of Northern Red oak, the
characteristics of Q. rubra stands, the purposes of cultivation, the type of occupied forest habitat and differences of
tree age were also analysed.

Q. rubra has been deliberately introduced to Poland as a commercially important tree since the beginning of the
19t century. During two hundred year period, the area of its intentional cultivation has been successively increased. In
the second part of the 20™ century, the scale and the rate of its planting have significantly accelerated. At present, Q.
rubra occurs in the whole country and occupies 14.3 thousand ha of the state forests, including 10.5 thousand ha of
timber plantations. Within the remaining area, Q. rubra was planted as an admixture woody species. Despite the relatively
small proportion of area with planted Q. rubra in the total forest area (just 0.16%), red oak seems to occur commonly,
mainly due to the very high number (over 80 thousand) localities through which it is spatially dispersed. It is planted in
a wide range of forest soils: from dry and poor areas that are suitable for coniferous forest, to soils that are flooded and
rich in nutrients and naturally overgrown by deciduous forests. The biggest area of its plantation, however, is located in
mixed deciduous forests (with moisture and medium-rich soils). It is commonly used in forest restoration of post-industrial
(e.g. post-mine) soils as well as in the afforestation of abandoned or poor post-agricultural lands. Currently, most of the
stands are too young for logging, so the commercial significance of Q. rubra wood in the timber market is still low, but
it is considered one of the most commercially important trees of alien origin in Poland.

The long lasting (200 years) and widespread cultivation of Q. rubra in European forests, however, in combination
with the noted abundance of vital acorns, seedlings and saplings produced by numerous mature trees, may lead to a
sustained propagule pressure and the expansion of this “sleeper weed”.
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Introduction tentionally introduced for timber plantations or for
restoration of degraded areas with success (Palmberg-

Contemporary commercial forestry is in substan-  Lerche et al. 2001). These introductions are justified

tial part based on cultivation of deliberately introduced by numerous positive silvicultural properties of plant-
non-native trees (Zobel et al. 1987, Sutton 1999, FAO ed trees: high capability of adapting to a wide variety
2001, FAO 2010). Many woody species have been in- of environments in new areas of introduction, easy
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establishment, fast growth and high wood and fibre
quality (Richardson 1998, Mead 2001, Sedjo 2001, Fen-
ning and Geshernzon 2002). Some alien tree species
used in commercial forestry, however, are negatively
noted due to their real and/or potential invasiveness
causing ecological, economical and/or social damage
in new areas of introduction (Binggelli 1996, Peterken
2001, Rouget et al. 2002, van Wilgen et al. 2001, Kohli
et al. 2009, Richardson and Rejmanek 2011, PySek et
al. 2012a). The deliberately introduced alien species
can host insects or pathogen fungi, which may also
be a threat to native woody species (Mitchell et al.
2010, Mutenko et al. 2010, Vannini et al. 2012). As a
result, the introduction of alien woody species for
commercial reasons has led to controversy over wheth-
er the alien species are really economically necessary
to forestry, and whether the further introduction
should be limited or even stopped for environmental
concerns (de Witt et al. 2001, Essl et al. 2010, Rein-
hardt et al. 2011, Dodet and Collet 2012, Low 2012,
Yokimozo et al. 2012). One such species that gives rise
to controversy is Quercus rubra L., native in eastern
parts of the USA and Canada (Sander 1990), and in-
tentionally introduced across large areas of Europe.

Q. rubra was first brought to Europe, primarily for
ornamental purposes and for botanical curiosities, in
the 17" century (Magni Diaz 2004). Planted in numer-
ous botanical and residential gardens, and as a road-
side tree, it has become very common. The success-
ful acclimatisation, large ecological amplitude, fast
growth and suitable wood properties of this species
were recognised by European foresters towards the
end of 18" century, which initiated its widespread in-
troduction into timber forests (Krol 1967). The inten-
sification of the wood market due to the growing de-
mand for wood products by developing industry in
Western Europe, together with the shrinking amounts
of wood acquired from impoverished or degraded na-
tive forests, favoured and justified the introduction of
this fast growing exotic species for timber production
(Magni Diaz 2004). At present, Q. rubra is a commer-
cially important tree (Vansteenkiste et al. 2005, Redei
et al. 2010) and one of the most frequent deciduous
species of foreign origin noted in European forests
(Figure 1).

For the wood industry, Q. rubra is an important
source of hardwood timber (Vansteekieste et al. 2005).
It produces a close-grained, heavy and hard wood that
can be used in a broad range of applications (Gilman
and Watson 1994, AHEC 2005). The high fuel value of
Q. rubra wood makes it excellent firewood as well
(USDA 2002). Due to these characteristics it is called
an “American Beauty” in the timber market (AHEC
2005). It is also noted as a valuable species that pos-
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and invasive
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Figure 1. The distribution of Q. rubra in Europe (based on
NOBANIS data and additionally on Magni Diaz 2004, Ver-
loove 2006 and Redei et al. 2010)

itively impacts on degraded or poor habitats and is
also decorative and ornamental (Gilman and Watson
1994, Redei et al. 2010). It is also considered to be a
threat to native biodiversity (RiepSas and Straigyté
2008), which generates warnings against its further
cultivation (Reinhardt et al. 2003, Straigyté and Zal-
kauskas 2012). Accurate data are required on areas of
planting and on the scale of invasion events, before
the species will be classified as “invasive”, and the
appropriate management proceedings will be applied
(Haysom and Murphy 2003).

The aim of this study is: i) concerned with the
reconstruction of the course of Q. rubra introduction
in the state forests in Poland on a temporal and spa-
tial scale; ii) the recognition of the current distribu-
tion of Q. rubra within different types of forest; iii)
the analysis of the age and structure of stands; and,
iv) the assessment of the impact of contemporary Q.
rubra on forest management.

Materials and Methods

Data on Q. rubra occurrence in Polish state for-
ests were obtained from the Information System of the
National Forest Holding State Forest (SILP). The study
concerns only the Northern red oak stands that were
planted intentionally. The current data on the State
Forests of Central Statistical Office (CSO 2011) were
also used. The year of plantation was calculated based
on the SILP data on the current age of Q. rubra tree
stands. It was carried out for all cultivations that cur-
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rently exist in the State Forests, which allowed us to
follow the history of Q. rubra spread on a temporal
and spatial scale. The process of this alien tree culti-
vation and its current distribution were analysed in 16
administrative provinces (binding administrative divi-
sions of Poland) and presented on the map set using
the ArcGIS 10.0 Geographic Information System soft-
ware.

Two types of cultivated Q. rubra stands were
distinguished in accordance with its role in forest
management and to the proportion of introduced trees
in tree-stand composition. The timber forests include
those forests where Q. rubra dominates or co-domi-
nates and where the trees were planted for commer-
cial purposes. The second type of introduced Q. ru-
bra stand includes those forest patches where it was
planted as a biocenotic admixture, usually in small
clusters (10 x 10 m in area) with other broadleaved
species (e.g. Fagus sylvatica, Acer pesudoplatanus)
or as single individuals dispersed between native trees.
In such cases, the area occupied by Northern Red oak
stands was calculated at a level of 1.5% of the total
area of the division where it was planted as an admix-
ture. The range of forest types where Q. rubra cur-
rently occurs was analysed. The current age structure
of stands and the participation of Q. rubra in differ-
ent layers of forest communities (understory and/or
overstory) were also studied.

Results

History of Q. rubra introduction and extent of
its new range

The first Q. rubra introduction in the forests of
Poland took place at the turn of the 18" and 19* cen-
turies. The oldest stands occur in the northern part
of the country (currently in the Elblag Forest District)
and in north-western Poland (Gryfino Forest District)
where Q. rubra was planted as an admixture species
in 1798 (Figure 2). In 1805 it was also introduced in
the south of the country (in Tulowice Forest District).
The first commercial plantation of Q. rubra was es-
tablished in 1835 in Zawadzkie Forest District (south-
ern Poland). Only ten experimental cultivations of this
alien tree species were established in dispersed local-
ities until 1840 (Figure 2). The number of stands with
planted Q. rubra then increased gradually up to the
end of 19 century (Figure 2). The forests located in
the western and north-western parts of contemporary
Poland were managed at that time by Prussian forest-
ers, and the south-western and southern forests by
Austrian foresters.

The whole of the 20" century was a period of
common plantation of Q. rubra in Polish forests, with

a significant increase in the number of spatially dis-
persed oak cultivations. Simultaneously, the border
range of area with planted Q. rubra was moved suc-
cessively to the east (Figure 2). This process was
especially intensive in the second part of the last cen-
tury when Q. rubra was commonly cultivated in over
10 thousand hectares.
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Figure 2. The location of Q. rubra stands over the course
of its intentional planting in Polish State Forests. The pres-
ence of the Q. rubra during a given time period is based on
its present age, which was derived from the SILP data

The scale and rate of introduction decreased tem-
porarily between 1972 and 1993, but then increased
markedly again until 2001 (Figure 3). The Q. rubra
introduction reached its peak in 1996 when this tree
was planted in more than 450 ha of state forests. The
establishment of new cultivations has reduced signif-
icantly in the last decade and is now at the same lev-
el as the 1890s (Figure 3).

At present, the total area of Q. rubra stands is
14.3 thousand ha. The occurrence of the species is
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widespread in Polish state forests in almost all of the
country (Figure 2), with the exception of the moun-
tain belt in the south. The concentration of its plan-
tation is notable in southern provinces (Figure 4a)
where it often makes compact plantations in areas over
5 ha. In general, it is much more common in the west-
ern part of Poland, and, so far, this alien tree species
is less popular in eastern provinces (Figure 4a). Indi-
vidual Q. rubra also occurs, however, in numerous
dispersed localities within the middle and eastern parts
of the country (Figure 2), due to its common planting
as an admixture tree.
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Figure 4. The area of introduced Q. rubra (QR) stands in
administrative provinces (a) and its proportion to the total
area of state forests (b) occurring in the province (own cal-
culations based on CSO 2011 and SILP data)

It is noteworthy that the percentage share of Q.
rubra stands in the total forest area is slight in all
provinces (Figure 4b). These cultivations constitute
only 0.16% of the total forest area managed by the
State Forests Holding.

During the early periods of cultivation, Q. rubra
was planted exclusively as an undergrowth component
or as an admixture species (Table 1). Since 1800, most
of the new plantations of Q. rubra were established
initially as experimental cultivations, and then as com-
mercial cultivations. In the subsequent twenty-year
period, timber plantations constituted over 60% of the
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introduction area. The significant advantage in the
areas of Q. rubra stands planted for production pur-
poses, over areas where it was applied as an admix-
ture in tree stands, was noted in the last decade of
20™ century, when the commercial stands covered al-
most 80% of the area with Q. rubra share. The area of
planting increased significantly — the biggest chang-
es (period to period) were up to 1920, but the biggest
increase was in 1960-2000. The rate and scale of Q.
rubra plantation, however, decreased in the last dec-
ade (Table 1).

Table 1. The area of Q. rubra (QR) intentional planting in
Polish State Forests since 1798 (own calculations based on
SILP data)

as Increase Changes
Qmbra  dominant  asan i uiheaoh relaion
planted treg admixture successive tothein last
Species period period

in years [ha] [ha] [ha] [ha]
1798-1820 0.00 0.20 0.20 0.20
1821-1840 0.14 0.09 0.23 0.43 2.15
1841-1860 3.35 2.42 5.77 6.20 14.42
1861-1880 24.62 11.21 35.83 42.03 6.78
1881-1900 165.13 54.89 220.02 262.05 6.23
1901-1920 616.76 174.27 791.03 1053.08 4.02
1921-1940 976.37 428.43 1404.80 2 457.88 2.33
1941-1960 1 599.46 788.20 2387.66 4 84554 1.97
1961-1980 325890 1247.60 4 506.50 9 352.04 1.93
1981-2000 3 340.20 918.17 4 258.37 13610.41 1.46
2001-2010 521.06 157.05 678.11 14 288.52 1.05

total 1050599 378253 14288.52

At present, there are 10.5 thousand ha of stands
where Q. rubra dominates or co-dominates and where
it was planted for wood production (Table 1). The small-
est plantations, however, (in areas below 1 ha) predom-
inate numerically (Table 2). The number of monocultures
in areas bigger than 4 ha amount to only 153, and they
cover just less than one thousand hectares in total. As
a tree-stand admixture, Q. rubra occurs within 3.8 thou-
sand ha of state forests, but it is dispersed in more than
63.5 thousand localities (Table 2).

Table 2. The number of Q. rubra local-
ities and the area of Q. rubra stands in
Polish State Forests(based on SILP data)

Area of Number Area in total
plantation [ha] of localities [ha]
=<1.0 17 335 5549.6
1.01-2.0 1681 2354.6
2.01-4.0 620 1667.3
4.01-8.0 131 693.0
8.01-14.0 18 175.9
14.01-21.0 4 65.6

in admixture 63553 37825
in total 83342 14 288.5

Current Q. rubra age structure

The age of Q. rubra stands is diversified. At
present, the youngest tree stands (Ia and Ib age class-
es) and single trees under 20 years of age constitute
almost 27% of all stands (Figure 5). The area of tree
stands over 100 years of age (VI class and higher) and
suitable for logging, amounts to just 4.5% of all stands
established for commercial purposes. Such old Q. ru-
bra also grows as dispersed single trees or small
clumps in 146 ha of forests.
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Figure 5. The current age structure of Q. rubra (QR) stands
(based on SILP data)

The oaks from the first age classes (Ia and Ib) are
the components of the understory within 3.8 thousand
ha of forest communities, one-fifth of which have
patches where this species was planted as a biocenot-
ic admixture. The trees over 20 years of age and be-
low 60 years of age (II"and 11" classes) compounds
the lower layer of the tree stand. These forests con-
stitute around 50% of the total Q. rubra area. The trees
over 60 years of age constitute almost a quarter of all
stands and usually build the upper tree-stand layer
(the forest overstory). The forest area with trees in the
reproductive phase (over 25-30 years of age) and able
to form new self-sown generations amounts to almost
9.5 thousand ha and constitutes 67% of all Q. rubra
cultivations.

General characteristics of forests with planted
Q. rubra

The vast majority of Q. rubra stands (90.5%) are
located in lowland forests. This 12.9 thousand ha
constitute just 0.17% of the total area of state forests
growing in lowlands (SILP and CSO data). The next
1.2 thousand ha (8.7%) occur in uplands and in the
sub-mountain zone, which constitute only 0.24% of the
total forest area managed by the State Forests. The
proportion of Q. rubra patches located in the moun-
tains amounts to less than 1% and 0.01% of the total
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area of mountain forests. The majority of Q. rubra
stands were established in deciduous and mixed de-
ciduous forests (Tables 3 and 4). Currently they cov-
er in total around 9 thousand ha, of which two-thirds
are timber plantations (they constitute 66% of all Q.
rubra timber plantations in Polish State Forests). The
next 47% of forest patches with this alien tree spe-
cies is located on soils suitable for mixed coniferous
and coniferous forests (Tables 3 and 4). This species
was also commonly planted in mixed deciduous for-
ests, as well as in mixed coniferous forests, for the
enrichment of tree-stand composition (Table 3). The
proportion of forests patches, however, with Q. rubra
in the total areas of determined types of forest is
sparse (Table 3). Deciduous and mixed deciduous for-
ests were preferred for its plantation, however, the
permanent and significant increase of coniferous and
mixed coniferous forests included into Q. rubra plan-
tation areas is notable since the 1940s (SILP data).

Table 3. The Q. rubra occurrence in different forest types
(based on SILP data)

Type Q. rubra planted as % of the total
timber . ’

of forest plantation an admixture in total area of forest

areain area in o area in o type in Poland
ha % ha % ha %

mixed deciduous 39725 37.8 1309.3 346 52818 364 0.22

deciduous 29126 277 824.9 21.8 37375 257 0.18

mixed coniferous 27191 259 12055 319 39246 275 0.14

coniferous 901.8 8.6 442.8 117 13446 94 0.07

Q. rubra trees were planted in a wide range of
forests in accordance with soil fertility and moisture:
from poor (oligotrophic) to rich in nutrients (eutroph-
ic), and from dry to wet, or even boggy or flooded
(Table 4). The biggest area with Q. rubra, however,
occupy moisture and mezo-eutrophic soils suitable for
mixed deciduous forests.

Most of the sites where Q. rubra was planted are
classified as natural or close-to-natural (SILP data).
The area of distorted or transformed forest habitats
constitutes more than one-fifth of the total area of Q.
rubra plantation (it amounts to around 3.2 thousand

Table 4. The general characteristic of soil fertility and mois-
ture within forest sites with planted Q. rubra (based on SILP
data)

Soil fertility (type of forest) .SO” humidity
dry moisture wet  swampy flooded
. f ; area [ha] 10.38 1312.30 21.55 0.38 -
oligotrophic (coniferous) %[ ] 0.07 018 0.15 " B
oligo-mezotrophic (mixed area [ha] — 342585 49243 6.30 -
coniferous) % - 23.98 3.45  0.04 -
mezo-eutrophic (mixed area [ha] — 433137 94270 7.74 -
deciduous) % - 30.31 6.60 0.05 -
eutrophic (deciduous) areoa [ha] — 3201.02 39343 15,60 127.47
% - 22.40 2.75 0.1 0.89
intotal area [ha] 10.38 12270.54 1850.11 30.02 127.47
% 0.07 85.88 1295  0.21 0.89

ha). The further 1.8 thousand ha is classified as de-
graded.

Due to the broad tolerance of Q. rubra to habitat
conditions (broader than oaks native to Poland), it has
been readily used in wasteland afforestation pro-
grammes. So far, 3.3 thousand ha of these alien tree
stands have been established within recent forests
growing on abandoned lands and on the poorest post-
agricultural soils. The area of tree stands planted on
reclaimed lands, however, amounts to only 87 ha (0.6%
of the total Q. rubra area).

The adaptive capacity of Q. rubra to grow in
heavily polluted areas allow this tree to be success-
fully planted within industrial zones. There are around
950 ha of forests, however, (in which there are 216 ha
of forest with dominant or co-dominant Q. rubra),
where this tree also experiences damage by industrial
emissions (SILP data). There are 448 ha of forests with
Q. rubra which are threatened by pathogenic fungi.

Other Q. rubra applications in forestry

Q. rubra is commonly planted to create suitable
habitats for wild and game animals (Burzynski 1999).
Such places are attractive to dear, boar, mice and oth-
er herbivores browsing broadleaved trees or eating oak
acorns. In this way the animals are “drawn away” from
agricultural fields or from younger forest cultivations
where they readily feed. Where the density of herbiv-
ores is too high within forest complexes it may, how-
ever, result in the intensive browsing pressure that
could have a detrimental impact on tree growth (Stan-
ge and Shea 1998). It might cause economic losses,
mainly due to planted seedling destruction and the
limitation of natural spontaneous regeneration of trees.
The damage caused by herbivores was reported at 6.9%
of the Q. rubra tree stands (SILP data).

Due to the very decorative red autumn leaves, this
tree is planted near forester’s lodges and forest settle-
ments (Danielewicz and Wiatrowska 2012), along forest
roads, and in the past, even near the information boards
located in entrances to nature reserves or nature parks.
It is also universally cultivated in cottage gardens and
in urban residential areas, located in the neighbourhood
or even within forest complexes.

Discussion

The results show that Q. rubra is a widespread
alien broadleaf woody species in Polish state forests
(Figure 2). It was intentionally introduced both for
commercial purposes and for the increased structural
complexity of forest communities (Tables 1 and 2). It
has been planted in a wide range of forest sites (Ta-
bles 3 and 4) and used in the restoration of degraded
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or abandoned lands due to its high capability of adapt-
ing to a wide variety of environmental conditions. The
majority of Q. rubra stands were established in semi—
fertile and moist soils suitable for deciduous and mixed
deciduous forests (Table 4), which is in accordance
with the ecological preferences of this tree, both in
its native range (Crow 1988) and in the introduction
area in Europe (Rameau et al. 1989 in Magni Diaz 2004).

The common and deliberate Q. rubra plantation
is justified by numerous positive silvicultural and
growth characteristics of this species. It grows faster
and produces more wood than native oaks Q. robur
and Q. sessilis (Vanstekeeste et al. 2005, Redei et al.
2010). The high survival rate and good growth of Q.
rubra in unproductive sites, where our native oaks
perform poorly (Bellon et al. 1977, Danusevicius et al.
2002), also justify its further use in afforestation of
the permanently increasing area of abandoned agricul-
tural land (CSO 2011) and in forest restoration of post-
industrial land (Zielinski and Nowak 2011).

The thousands of hectares of stands, where Q.
rubra dominates or co-dominates and where it was
planted as timber plantation (Table 2), will bring sa-
tisfying economic profits (Kuc et al. 2012). The best
increase of stand volume is obtained, however, when
Q. rubra is planted as an admixture species in mosaic
with other coniferous or deciduous trees (Jaworski
1995, Murat 2002), i.e. the high proportion of areas
where it occupies small patches (Table 2). At present,
the majority of Q. rubra stands are very young (Fig-
ure 5) and the increase of profits from wood sale can
be expected in only 50-70 years, when trees achieve
harvestable size. The significant increase of interest
in Q. rubra wood, noted in European and Asian tim-
ber markets (AHEC 2005, Vansteenkiste et al. 2005) is
a positive indication for its commercial value.

So far, however, the total area of Q. rubra stands
constitute just 0.16% of the total forest area managed
by the State Forest Holding State Forests and only
2.2% of the total area (649 thousand ha) of tree stands
of all oak species (SILP data) in Poland. Moreover, in
the last decade, the tendency towards a decrease in
Q. rubra plantation rate and scale is noted (Figure 3).
This slowdown is the response of the State Forests
to international awareness on the negative effects of
the aliens’ introduction (Moore 2005, COM 2011, Rob-
erts et al. 2011, Simberloff 2011, Vila et al. 2011), but
there is no clear assessment of the negative and pos-
itive effects of this woody species introduction. The
thick net of over 80 thousand patches with intention-
ally planted alien trees located in a wide range of for-
ests (Figure 2, Table 2), however, already constitute
the real source for spontanecous spread of self-sown
Q. rubra seedlings. The combination of such strong-

ly dispersed localities with observed abundance of vital
corns and seedlings and saplings (Bodyt 2011) pro-
duced by numerous mature trees (in age over 25-30
years, Table 5) may potentially lead to the expansion
of Q. rubra in new areas. Long-lasting and widespread
alien cultivation leads to a sustained propagule pres-
sure in the new range, which dramatically increases
the chances of finding suitable sites for colonisation
(Pysek et al. 2009, Richardson 2011, McGregor et al.
2012, Proches et al. 2012). According to Kfivanek et
al. (2006) and Bucharowa and van Kleunen (2009), the
long introduction history and, particularly, the high
planting frequency, determine the naturalisation suc-
cess and invasiveness of North American woody spe-
cies in Europe. The problem of uncontrolled Q. rubra
spread can be imperceptible due to its live trait: like
other persistent woody species (Schrader and Starfin-
ger 2009, Aikio et al. 2010, Webster and Wangen 2009,
Pysek et al. 2012a), Q. rubra has likely a long-lasting
lag-phase between introduction and naturalisation and
expansion. Admittedly it is unable to establish beneath
its own canopy within even aged monocultures, but
(in the native range) it regenerates effectively through
gap-phase replacement (Crow 1988). In new areas it
germinates and self-reproduces successfully in differ-
ent forests and it is possible for it to establish new
self-sown and self-sustaining stands in proper condi-
tions. It is already reported in Poland as a naturalised
species (Chmura 2004, Otrgba and Ferchmin 2007) as
well as an invasive species (Tokarska-Guzik 2005), like-
wise in adjacent countries (RiepSas and Straigyté
2008, Pysek et al. 2012b), which generates warnings
against further Q. rubra cultivation in European for-
ests (Reinhardt et al. 2003, Straigyté and Zalkauskas
2012). Q. rubra is probably one of the “sleeper weeds”
(sensu Groves 2006), which is why its spontaneous
spreading outside areas of cultivation calls for more
focused research concerning the risk of uncontrolled
invasiveness. The inappropriate decisions, both on
further Q. rubra plantation as well as on introduction
cessation, may also bring long-lasting negative effects.
The full recognition of positive and negative ecolog-
ical, economic and social effects of Q. rubra introduc-
tion in forest ecosystems is essential for proper man-
agement and requires further studies (Otr¢ba and Fer-
chmin 2007, Woziwoda et al. 2012).

Conclusions

Quercus rubra, a woody species native to North
America, has been deliberately introduced to Polish
forests since the beginning of 19" century. During this
two-hundred-year period, the rate of its intentional
cultivation increased, and the area with Q. rubra suc-
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cessively spread from western to eastern parts of the
country. Currently, this tree species is widespread
throughout the whole country, and it can be consid-
ered as one of the most commercially important trees
of alien origin. Despite the relatively small proportion
of area with Q. rubra compared to the total forest area,
Q. rubra seems to occur commonly, mainly due to the
very high number of localities. It is planted in a wide
range of forest sites, suitable for coniferous, mixed
coniferous, mixed deciduous and deciduous forests.
It is successfully used in forest restoration of post-
industrial lands as well as in the afforestation of aban-
doned or poor post-agricultural lands. The majority of
Q. rubra stands are too young for logging, so the
commercial implications of its wood in the timber mar-
ket are currently low. The long-lasting and widespread
cultivation of Q. rubra, however, in combination with
abundant self-reproduction, may potentially lead to a
sustained propagule pressure which suggests the
possible spread of this alien tree species both in Polish
and in other European forests.

Acknowledgements

The authors acknowledge the National Forest
Holding State Forest for sharing of data on Quercus
rubra from the SILP databases. We are also grateful
to anonymous reviewers for their valuable comments
and suggestions during the preparation of this manu-
script.

References

AHEC (American Hardwood Export Council). 2005. Red oak
revisited: A closer look at global red oak consumption,
trends & promotion. <http://www.ahec.org/publications/
AHEC%20publications/AHEC_Red_Oak_Final.pdf>  (ac-
cessed 07.11.2013).

Aikio, S., Duncan, R.P. and Hulme, P.E. 2010. Time lags
in alien plant invasions: separating the facts from the
artefacts. Oikos 119: 370-378.

Bellon, S., Tumilowicz, J. and Krél, S. 1977. Obce gatunki
drzew w gospodarstwie lesnym [Alien tree species in for-
estry]. PWRIL, Warszawa, (in Polish).

Binggeli, P. 1996. A taxonomic, biogeographical and eco-
logical overview of invasive woody plants. Journal of
Vegetation Science 7: 121-124.

Bodyl, L. 2011. Zotedzie debu czerwonego [Acorns of North-
ern Red oak]. Glos Lasu 3: 19-21, (in Polish).

Bucharova, A. and van Kleunen, M. 2009. Introduction
history and species characteristics partly explain natu-
ralization success of North American woody species in
Europe. Journal of Ecology 97: 230-238.

Burzynski, J. 1999. Drzewa i krzewy w remizach i podszytach.
Kompleksowo-ogniskowa metoda biologicznej ochrony
lasu [Trees and shrubs in coverts and understories. The
comprehensively-focal method of biological forest pro-
tection]. Glos Lasu 5: 11-15, (in Polish).

Chmura, D. 2004. Penectration and naturalization of inva-
sive alien plant species (neophytes) in woodlands of the
Silesian Upland (Southern Poland). Nature Conservation
60: 3-11.

COM. 2011. Our life insurance, our natural capital: an EU bio-

diversity strategy to 2020. Communication from the Com-

mission to the European Parliament, the Council, the

Economic and Social Committee and the Committee of the

regions, Brussels, 3.5.2011. 244 final. <http://ec.europa.eu/

environment/nature/biodiversity/comm2006/pdf/2020/

1_EN_ACT partl_v7[1].pdf> (accessed 07.11.2013).

(Central Statistical Office). 2011. Lesnictwo. Forestry.

Warszawa. <http://www.stat.gov.pl/cps/rde/xbcr/gus/

rl_lesnictwo 2011.pdf>  (accessed 07.11.2013).

Crow, T.R. 1988 Reproductive mode and mechanisms for self-
replacement of Northern Red oak (Quercus rubra) — a
review. Forest Science 34(1): 19-40.

Danielewicz, W. and Malinski, T. 2003. Alien tree and shrub
species in Poland regenerating by self-sowing. Rocznik
Dendrologiczny 51: 205-236.

Danielewicz, W. and Wiatrowska, B. 2012. Motives, cir-
cumstances and environmental consequences of the in-
troduction of alien tree and shrub species into forests.
Studia i Materialy CEPL w Rogowie 33(4): 26-43, (in
Polish, with English abstract). <http://cepl.sggw.waw.pl/
sim/pdf/sim33_pdf/sim33_ Danielewicz_Wiatrowska.pdf>
(accessed 07.11.2013).

Danusevicius, J., Gabrilavi¢ius, R. and Danuseviius, D.
2002. Quality of red oak (Quercus rubra L.) stands on
abandoned land. Baltic Forestry 8(1): 51-56.

Essl, F., Moser, D., Dullinger, S., Mang, T. and Hulme,
P.E. 2010. Selection for commercial forestry determines
global patterns of alien conifer invasions. Diversity and
Distributions 16: 911-921.

de Wit, M., Crookes, D. and van Wilgen, B.W. 2001.
Conflicts of interest in environmental management: es-
timating the costs and benefits of a tree invasion. Bio-
logical Invasions 3: 167-178.

Dodet, M. and Collet, C. 2012. When should exotic forest

plantation tree species be considered as an invasive threat

and how should we treat them? Biological Invasions 14:

1765-1778.

2001. Future production from forest plantations. Report

based on the work of C. Brown. Forest Plantation The-

matic Papers, Working Paper 13. Forest Resources De-
velopment Service, Forest Resources Division. FAO,

Rome. <ftp://ftp.fao.org/docrep/fao/006/ac133e/

ac133e00.pdf> (accessed 07.11.2013).

2010. Global forest resources assessment. Forestry De-

partment. FAO, Rome. <http://www.fao.org/docrep/013/

i1757¢/i1757e.pdf> (accessed 07.11.2013).

Fenning, T.M. and Gershenzon, J. 2002. Where will the
wood come from? Plantation forests and the role of bi-
otechnology. Trends in Biotechnology 20(7): 291-296.

Gilman, E.F. and Watson, D.G. 1994. Quercus rubra -
Northern Red oak. Environmental Horticulture Depart-
ment, FCES, Institute of Food and Agricultural Sciences,
University of Florida, Fact Sheet ST-560.

Groves, R.H. 2006. Are some weeds sleeping? Some concepts
and reasons. Euphytica 148: 111-120.

Haysom, K.A. and Murphy, S.T. 2003. The status of inva-
siveness of forest tree species outside their natural habi-
tat: a global review and discussion paper. Forest Resourc-
es Development Service, Forest Health & Biosecurity
Working Papers FBS/3E. FAO, Rome, Italy. <http://
www.fao.org/docrep/006/J1583E/J1583E00.htm> (ac-
cessed 07.11.2013).

CSO

FAO.

FAO.

I 2014, Vol. 20, No. 1 (38) I, (SSN 2025-9230

138



BALTIC FORESTRY

I COMMERCIAL FORESTRY AS A VECTOR OF ALIEN TREE SPECIES /.../ = \'OZIWODA ET AL. I

drzew
trees].

hodowlana
of forest

Jaworski, A. 1995. Charakterystyka
lesnych [Silvicultural characteristic
»Gutenberg”, Krakow, (in Polish).

Kohli, R.H., Jose, S., Singh, H.P. and Batish, D.R. (Edi-
tors) 2009. Invasive Plants and Forest Ecosystems. CRC
Press, Taylor & Francis Group.

K¥ivanek, M., PySek, P. and JaroSik, V. 2006. Planting
history and propagule pressure as predictors of invasion
by woody species in a temperate region. Conservation
Biology 5: 1487-1498.

Krol, S. 1967 Dab czerwony — Quercus rubra L. w warunkach
srodowiska lesnego zachodniej Polski [Northern Red oak
— Quercus rubra L. in forest habitat in western Poland].
PTPN, Prace KNR i KNL 21: 419-482, (in Polish).

Kuc, M., Piszczek, M. and Janusz, A. 2012. Znaczenie dgba
czerwonego w ekosystemie lesnym i rachunku ekonomic-
znym nadle$nictw Regionalnej Dyrekcji Lasow Panst-
wowych w Katowicach [Importance of northern red oak
Quercus rubra L. in forest ecosystems and economic
calculus in Regional Directorate of State Forests in Kato-
wice]. SiM CEPL w Rogowie 4(33): 152-159, (in Polish
with English abstract). <http://cepl.sggw.waw.pl/sim/pdf/
sim33_pdf/sim33_Piszczek Janusz Kuc.pdf> (accessed
07.11.2013).

Kwiecien, E. 2012 Podgladajac natur¢ [Peeking at Nature].
Glos Lasu 6: 20-21 (in Polish).

Latocha, E. 1989 Mozliwosci i sposoby zagospodarowania
terenéw lesnych w okrggach przemystowych [Possibilities
and ways of management of forested lands in industrial
areas]. In: S. Bialobok (Editor), Zycie drzew w skazo-
nym $rodowisku [Life of trees in polluted habitat].
Monografie popularnonaukowe “Nasze Drzewa Le$ne” 21:
443-466 (in Polish).

Low, T. 2012. Australian acacias: weeds or useful trees? Bio-
logical Invasions 14: 2217-2227.

Magni Diaz, C.R. 2004. Reconstitution de I’introduction de
Quercus rubra L. en Europe et conséquences génétiques
dans les populations allochtones. PhD thesis, ENGREF,
Paris, <http://www4.bordeaux-aquitaine.inra.fr/var/internet
_bordeaux_biogeco/storage/htmlarea/ THESES/Magni_
2004.pdf> (accessed 07.11.2013).

McGregor, K.F., Watt, M.S., Hulme, P.E. and Duncan, R.P.
2012. What determines pine naturalization: species traits,
climate suitability or forestry use. Diversity and Distri-
butions 18: 1013-1023.

Mead, D.J. (Editor) 2001. Mean annual volume increment of
selected industrial forest plantation species. Forest Plan-
tation Thematic Papers, Working Paper 1. Forest Re-
sources Development Service, Forest Resources Division.
FAO, Rome, Italy. <ftp://ftp.fao.org/docrep/fao/006/
acl2le/ac121e00.pdf>  (accessed 07.11.2013).

Mitchell, C.E., Blumenthal, D., Jaro$ik, V., Pulley, E.E.
and PySek, P. 2010. Controls on pathogen species rich-
ness in plants’ introduced and native ranges: roles of res-
idence time, range size, and host traits. Ecological Let-
ters 13: 1525-1535.

Moore, B.A. 2005. Alien invasive species: impact on forest
and forestry. A review. Forest Resources Development
Service, Working Paper FBS/8E. FAO, Rome, Italy.
<http://www.fao.org//docrep/008/j6854¢/j6854e¢00.htm>
(accessed 07.11.2013).

Mulenko, W., Piatek, M., Wolczanska, A., Kozlowska, M.
and Ruszkiewicz-Michalska, M. 2010. Plant parasitic
fungi introduced to Poland in modern times. Alien and
invasive species. In: Z. Mirek (Editor), Biological Inva-
sions in Poland. Part 1. W. Szafer Institute of Botany,
Polish Academy of Sciences, Krakow, pp. 49-70.

Murat, E. 2002. Szczegétowa hodowla lasu [Silviculture]. Ofi-
cyna Edytorska ,Wydawnictwo Swiat”, Warszawa, (in
Polish).

Otrgba, A. and Ferchmin, M. 2007. Obce gatunki drzew miarg
przeksztatcenia przyrody Kampinoskiego Parku Narodowe-
go [Alien tree species as indicators of environmental
transformation in Kampinoski National Park]. Studia i
Materialy CEPL w Rogowie 2/3(16): 234-244, (in Polish
with English abstract). <http://cepl.sggw.waw.pl/sim/pdf/
siml16_pdf/SIM16_A/SIM16A_22 Otreba_Ferchmin_
OBCE_GATUNKI DRZEW_MIARA_ PRZEKSZTALCENIA
.pdf> (accessed 07.11.2013)

Palmberg-Lerche, Ch., Iversen, P.A. and Sigaud, P.
(Editors) 2001. Global data on forest plantations re-
sources. In: Forest genetic resources. FAO, Rome, Italy.
<http://www.fao.org/docrep/004/Y2316E/y2316e0b.htm>
(accessed 07.11.2013).

Peterken, G.F. 2001. Ecological effects of introduced tree

species in Britain. Forest Ecology and Management 141:
31-42.
Proches, S., Wilson, J.R.U., Richardson, D.M. and Rej-

manek, M. 2012. Native and naturalised range size in Pi-
nus: relative importance of biogeography, introduction ef-
fort and species traits. Glob. Ecol. Biogeog. 21: 513-523.

Pysek, P., Jaro$ik, V., Hulme, P., Pergl, J., Hejda, M.,
Schaffner, U. and Vilad, M. 2012a. A global assessment
of invasive plant impacts on resident species, communi-
ties and ecosystems: the interaction of impact measures,
invading species’ traits and environment. Global Change
Biology 18: 1725-1737.

PySek P., Danihelka J., Sadlo J, Chrtek J.Jr., Chytry M.,
Jarosik V., et al. 2012b. Catalogue of alien plants of
the Czech Republic (2nd edition): checklist update, taxo-
nomic diversity and invasion patterns. Preslia 84:155—

255.

Pysek, P., Kiivanek, M. and Jaro$ik, V. 2009. Planting in-
tensity, residence time, and species traits determine
invasion success of alien woody species. Ecology 90:
2734-2744.

Rameau, J.C., Mansion, D. and Dume, G. 1989. Flore

forestiére frangise. Guide éologique illustré. 1-Plaines et
collines. IDF, Paris, France, (in French)

Rédei, K., Csiha, 1., Keserdu, Z., Ras6, J. and Gyori, J.
2010. Management of red oak (Quercus rubra L.) stands
in the Nyirség forest region (Eastern Hungary). Hungar-
ian Agricultural Resources 3: 13-17.

Reinhardt, F., Herle, M., Bastiansen, F. and Streit, B.
2003. Economic Impact of the Spread of Alien Species
in Germany. R+D Project 201 86 211 (UFOPLAN).
<http://www.nobanis.org/files/EconlmpactNeobiota.pdf>
(accessed 07.11.2013)

Richardson, D.M. 1998. Forestry trees as invasive aliens.
Conservation Biology 12: 18-26.

Richardson, D.M. 2011. Forestry and agroforestry. In: D.
Simberloff and M. Rejmanck (Editors), Encyclopedia of
biological invasions, University of California Press, Ber-
keley, p. 241-248.

Richardson, D.M. and Rejmanek, M. 2011. Trees and shrubs
as invasive alien species—a global review. Diversity and
Distribution 17: 788-809.

RiepSas, E. and Straigyté, L. 2008. Invasiveness and Eco-
logical Effects of Red Oak (Quercus rubra L.) in Lithua-
nian Forests. Baltic Forestry 14(2): 122-130.

Roberts, W., Harrod O., Mittendorfer, B. and Pheloung,
P. 2011. Regulating invasive plants and use of weed risk
assessments. Current Opinion in Environmental Sustain-
ability 3: 60-65.

I 2014, Vol. 20, No. 1 (38) N,  SSN 2025-9230

139



BALTIC FORESTRY

I COMMERCIAL FORESTRY AS A VECTOR OF ALIEN TREE SPECIES /.../ - \'OZI\WODA ET AL. I

Rouget, M., Richardson, D.M., Nel, J.A. and van Wilgen,
B.W. 2002. Commercially important trees as invasive
aliens: towards spatially explicit risk assessment at a na-
tional scale. Biological Invasions 4: 397-412.

Sander, I. 1990. Quercus rubra L. northern red oak. In: R.M.
Burns and B.H. Honkala (technical coordinators), Silvics
of North America. Vol. 2. Hardwoods. Agricultural Hand-
book 654. Washington DC, U.S. Department of Agricul-
ture, Forest Service, p. 727-733.

Schrader, G. and Starfinger, U. 2009. Risk analysis for al-
ien plants in European forests, illustrated by the exam-
ple of Prunus serotina. In: R.K. Kohli, S. Jose, H. Pal
Singh and D.R. Batish (Editors), Invasive plants and for-
est ecosystems. CRC Press, Taylor & Francis Group, p.
195-215.

Sedjo, R.A. 2001. The role of forest plantations in the world’s
future timber supply. The Forestry Chronicle 77(2): 221-
225.

Simberloff, D. 2011. How common are invasive-induced ec-
osystem impacts? Biological Invasions 13: 1255-1268.

Stange, E.E. and Shea, K.I. 1998 Effects of deer browsing,
fabric mats, and tree shelters on Quercus rubra seedlings.
Restoration Ecology 6(1), 29-34.

Straigyté, L. and Zalkauskas, R. 2012. Effect of climate
variability on Quercus rubra phenotype and spread in
Lithuanian forests. Dendrobiology 67: 79-85.

Sutton, W.R.J. 1999. Does the World need planted forests?
New Zeal. J. For. 44(2): 24-29.

Tokarska-Guzik, B. 2005. The establishment and spread of
alien plant species (kenophytes) in the flora of Poland.
Wyd. US, Katowice, Poland, p. 192 + Appendix A-C.

USDA. 2002. Quercus rubra. USDA Forest Service. <http://
www.na.fs.fed.us/spfo/pubs/silvics_manual/volume_2/quer-
cus/rubra.htm> (accessed 07.11.2013)

van Wilgen, B.W., Richardson, D.M., le Maitre, D.C.,
Marais, C. and Magadlela, D. 2001. The economic
consequences of alien plant invasions: examples of im-
pacts and approaches to sustainable management in South
Africa. Environ. Dev. Sustain. 3: 145-168.

Vansteenkiste, D., De Boever, L. and Van Acker, J. 2005.
Alternative processing solutions for red oak (Quercus
rubra) from converted forests in Flanders, Belgium. Pro-
ceedings of the COST Action E44 Conference on Broad
Spectrum Utilization of Wood at BOKU Vienna, Austria,
June 14-15, 2005, p. 13-26.

Webster, Ch.R. and Wangen, S.R. 2009. Spatial and tem-
poral dynamic of exotic tree invasions: lesson from a
shade—tolerant invader, Acer platanoides. In: R.K. Koh-
li, S. Jose, H. Pal Singh and D.R. Batish (Editors), Inva-
sive plants and forest ecosystems, CRC Press, Taylor &
Francis Group, p. 71-85.

Vannini, A., Franceschini, S. and Vettraino, A.M. 2012.
Manufactured wood trade to Europe: a potential unin-
spected carrier of alien fungi. Biological Invasions 14:
1991-1997.

Verloove, F. 2006. Catalogue of the Neophytes in Belgium
(1800-2005). Scripta Botanica Belgica 39: 1-89.

Vila, M., Espinar, J.L., Hejda, M., Hulme, P.E., Jarosik,
V., Maron, J.L., Pergl, J., Schaffner, U., Sun, Y. and
PySek, P. 2011. Ecological impacts of invasive alien
plants: a meta-analysis of their effects on species, com-
munities and ecosystems. Ecological Letters 14: 702-708.

Woziwoda, B., Kalucka, I., Ruszkiewicz—Michalska, M.,
Stawska, M., Slawski, M., Toloczko, W., Hachulka,
M., Kopeé, D., Rosadzinski, S. and Witkowski, J.
2012. Interdyscyplinarne badania ekologicznych skutkow
introdukcji debu czerwonego Quercus rubra L. w lasach
Polski $rodkowej — zalozenia i cele projektu [Interdisci-
plinary research of ecological effects of northern red oak
Quercus rubra L. introduction in forest ecosystems (Cen-
tral Poland) — the principles and aims of study]. Studia i
Materialy CEPL w Rogowie 33(4): 181-192 (in Polish
with English abstract) <http://cepl.sggw.waw.pl/sim/pdf/
sim33_pdf/sim33_Woziwoda i_in..pdf> (accessed 07.11.
2013)

Yokomizo, H., Possingham, H.P., Hulme, P.E., Grice, A.C.
and Buckley, Y.M. 2012. Cost-benefit analysis for in-
tentional plant introductions under uncertainty. Biologi-
cal Invasions 14: 839-849.

Zielinski, J. and Nowak, G. 2011. Drzewa i krzewy do rekul-
tywacji sktadowisk odpadow przemystowych [Trees and
shrubs used in rehabilitation of industrial waste stock-
piles]. In: M.E. Drozdek (Editor), Rosliny do zadan spec-
jalnych [Plants for special tasks], OW PWSZ w Sulechow-
ie, Sulechow-Kalsk, p. 455-466.

Zobel, B.J.G., van Wyk, G. and Stahl, P. 1987. Growing
exotic forests. John Wiley & Sons, New York.

Received 28 July 2013
Accepted 15 May 2014

I 2014, Vol. 20, No. 1 (38) I, (SSN 2025-9230

140



BALTIC FORESTRY
I COMMERCIAL FORESTRY AS A VECTOR OF ALIEN TREE SPECIES /.../ NN \\'OZIWODA ET AL. I

KOMMEPYECKOE JIECHOE XO3SIMCTBO B KAYECTBE BEKTOPA YUY KEPOJHBIX
BUJIOB JTEPEBBEB — CJIYYAH UHTPOJAYKIIMA TYBA KPACHOTO B IOJIBIIE

b. Bo3uBoaa, M. Ilotouku, 5. Caran, M. 3acana, P. Tomycak u C. Buapuunncku

Peztome

B crarse mpencrarineHa HCTOPUSI HHTPOAYKIIMHU U pacIipee]IeHHs CEeBepOaMepHKaHCKOro KpacHoro xyda Quercus rubra
L. B rocynapctBenHbIx secax Iompmu. Hamu Opimm mpoaHaM3HpOBaHBl IPOCTPAHCTBEHHBIE M BPEMEHHBIC MacIITaObl 00
UCTOPUH MHTPOAYKIUH HAa OCHOBE IOJIYYEHHBIX JaHHBIX nH(opMmanuonHo# cuctemsl Ilonsckux IocygapcTenHbIx Jlecos ¢
2011 roga. IlpoaHanu3upoBaHbl OBUIN paclpeesieHne KPacHOro Ay0a W XapaKTepHCTHKA IPEBOCTOCB B COOTBETCTBHHU C
LEJIBI0 UX BHEJPEHMS, a TAKXKe MECTO PACHOI0XKEHUs Jieca U Pa3IMyusl BO3PACTHBIX CTPYKTYpP AEPEBbLEB.

B navane 19-ro Bexa kpacHsIi 1y0 ObuT BBezieH B [lombiie B kadecTBe BaXKHOH KOMMEPUYECKOH JpeBecHHEL. B Teuenue
JBECTH JIET IUIOMA/Ab BRIPAIIMBAHIS JIECHBIX HacaXkIeHuil Oblia yBenudeHa. Bo Bropoit momosuHe 20-ro Beka, MacmTadbl U
CKOPOCTh BBEJCHHA JIECHBIX HACAXACHUI 3HAYUTENBHO ycKopuics. B Hacrosmee Bpemsa Q. rubra 3anumaet 14 300 ra
roCyJapCTBEHHBIX JIECOB B CTpaHe, B ToM uucie U3 Hux - 10 500 ra MoHOKynbsTyp. Ha ocTanbHBIX Miomansx OblI MOCaxeH B
KauecTBE CMELIaHHOW JIeCHOH mopozabl. HecMoTps Ha OTHOCHTEIBHO HEOOJIBIIYIO JOTI0 00 0OIeil romanu JiecoB (Bcero
0,16%), xpacHsIit 1y0 pacrpocTpaHeH Bo MHOrHX (Ooinee 80 ThICsSY) MyHKTOB cTpaHbl. OHM pPacTyT B MIMPOKOM JHAlla30He
JIECHBIX MECTOOOHUTAHUH: OT CyXHX M 0 OSTHBIX Cpeibl OOMTaHUs, KOTOPBIE MOIXOAAT Ul XBOIHBIX JIECOB, K 3aTOIICHHBIM
cpenoM oOuTaHHs, 6OraThIM MUTATENBHBIMU BELIECTBAMU U €CTECTBEHHO 3apOCIINMU JIMCTBEHHBIMU JecaMu. OIHaKo camast
GoubIias rIoNIab 1y0a HAXOAUTCS B Cpeie OOMTAHMUs CMEIIaHHBIX JIUCTBEHHBIX JIECOB (C BIAYKHOCTBIO M CPEAHUX IOYBAX,
6orarbix). OHM MIMPOKO UCIIONB3YETCS B BOCCTAHOBJIEHHH JICCHBIX MOCTHHIYCTPHAIBHBIX PAHOHOB, a TaKkXKe B 00JIECEHNH
3a0pOIICHHBIX WM OSTHBIX CENbCKOXO3IHCTBEHHBIX 3eMenb. B HacTosmiee BpeMs IS J1eCO3ar0TOBKH HHTPOLYIIUPOBAHHEIX
JIECHBIX HaCXKICHHUH CIMTAeTCSI MOIOJBIM M II03TOMY KOMMEpYeCKoe 3HaUeHHEe KPACHOTO Iy0a B JIECHOM PBHIHKE MO-IIPEKHEMY
ocraeTcs HU3KMM. Ho OHM MOTYT paccMaTpuBaThCs KaK OJUH M3 CaMBIX KOMMEPYECKH Ba)KHBIX JEPEBO Uy>KEPOTHOTO
npoucxoxaeHus B [lonbie.

Tem He MeHee, JumTensHoe (200 jeT) u mmpokoe BHeApeHue Q. rubra B TOIBCKUAX U €BPOIEHCKHX JIecax ¢ COYeTaHUEeM
M300MIINI CeMsH, CEesSHIIEB M Ca)XCHIIEB, IPOU3BEICHHBIX MHOTOYNCICHHBIMHI 3PEIbIMA HACAXK/CHUSIMI MOXET IPHUBECTH K
TIOCTOSIHHOMY CIIOHTaHHOMY PaclpOCTPAaHEHHIO JAHHOTO BHJA.

KiioueBble cioBa: 1y6 kpacHblil; Quercus rubra L.; rocyjapcTBeHHBIE Jeca; HHTPOALYKIHUS; HHBA3UBHOCTD
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