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THE COENOTIC ROLE OF ACER NEGUNDO IN FORESTS
DOMINATED BY SALIX ALBA IN THE VALLEY OF PINA RIVER (BELARUS)

Obijective of the research was assessing the influence of A. negundo invasion on the coenotic structure of
willow river valley forests in conditions of Belarusian Polesie.

Materials and methods. The structure and floristic composition of communities were studied by
permanent sample plot, forest valuation, Ramensky and Raunkiaer methods, on 400 m?plots.

Results. All studied communities belong to Salix alba—Rubus caesius association, and had up to 33/100
m? trees of A. negundo older than 3 years, with the total trunk volume of A. negundo up to 4.75 m*/100
m? With the increase of A. negundo projection coverage on a plot from 0-13% to 25-46%, Shannon
diversity index (SDI) for vascular plants declined from 3.2-3.3 to 2.7-3.0. For the species of lower
community level (living ground cover), SDI = 3.1 on the plot without A. negundo trees, and SDI = 2.6 on
the plot with the highest A. negundo concentration. The light intensity under A. negundo crowns was 3-8
times lower, than under S. alba. On 5 sample plots 59 vascular plant species were recorded, of which 6
herbaceous species had various degree of gravitation or preference to the crown projections of A.
negundo.

Conclusion. The communities of Salix alba—Rubus caesius association are favourable for the
propagation and growth of A. negundo. Development of A. negundo simplifies the coenatic flora. Along
with this negative effect, the possible positive effects of A. negundo growth are: saving soil humidity,
prevention of soil erosion, accumulating humus, protecting the neighbouring water bodies.

Keywords: community cluster analysis, community mosaics, crown shadow effect, Drude abundance,
Negundo aceroides, Pripyat' Polesie, tree stand formula.
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HEHOTHUYECKASA POJIb ACER NEGUNDO B JIECAX
C IPEOBJIAJIAHUEM SALIX ALBA B TIOJIMHE PEKHU IINHA (BEJIAPYCb)

Ilenv uccneoosanus — oyenxa enusnus ungazuu Acer negundo Ha YyeHOMUUECKYIO CIPYKMYPY OOJIUHHO-
PEUHBIX UB0BYIX N1eco8 8 yenosusix benopyccroeo Tlonecws.

Mamepuanst u memoowt ucciedosanus. Vcnonvsosanvl: mMemoo HOCMOAHHBIX NPOOHBIX niowaoel (no
400 x* kadrcoas), memodwl iecholi maxkcayuu, onpedeieHue POEKMUBHO20 NOKPbIMUS U OOUIUS 6UO08 NO
Pamencromy, Paynxuepy u Jpyoe.

Pesynibmamol. Bce usyuennvie coobwecmea npedcmasnsiom accoyuayuio Salix alba—Rubus caesius.
Marxcumanshas konyenmpayus A. negundo 6 nux docmuzana 33 depesa cmapue 3 iem na 100 Mm% ¢ 3a-
nacom opesecunwvt 00 4.75 m*/100 m°. C yeenuuenuem npoekmusHo20 NOKpbImus KNeHa Ha niowaokax om
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0-13% 00 25—46% unoexc pasnoobpasus Lllennona ons yenopaopvl cocyoucmvix pacmeHuil ymMeHbua -
cac 3.2-3.3 00 2.7-3.0. [{na scusoco nanousenno20 NOKpo8a 3mom unoexc cocmasisii om 2.6 (coobuye-
CMBO ¢ MAKCUMATbHOU KOHYeHmpayuel KieHa) 0o 3.1 (coobwecmeso 6e3 depesves A. negundo). Ocese-
WeHHOCMb NOO KPOHAMU KleHa 0biia 8 3—8 pas MeHvule, Yem noo KpOHaMu ugvl benou. Bcezo na 5-mu
naowaokax ommeyeno 59 U008 cocyoucmvix pacmenutl, u3 KOmopwvix 6 6U008 UMeNU PAIUYHYIO ce-
nenv mseomenust Kk npoexkyusim kporn A. negundo.

3aknrouenue. Coobuecmsa accoyuayuu Salix alba—Rubus caesius 6naconpusimust 0151 pazMHONCEHUSL U
pazeumusi A. negundo. Maccogoe pazsumue A. negundo 6 Hux ynpowaem yeHomuseckyro ¢uopy u co30a-
em mo3zauxy. Hapsady ¢ nHecamusnvim s¢pghexmom 0annou uneasuu 0ONYCKAaemcs, 4mo cyujecmeyiom no-
s3umuenvle d¢hpexmul pazeumusi A. negundo: coxpauenue enazu 6 nouse, HaKONJIEHUe 2ymycad, npeoom-
epawyere NOYGEeHHOU IPO3uUU, 60000XPAHHASL POIlb.

Knioueswie cnosa: xnacmepuwviil ananus coobuecms, Mo3audHoCms cmpykmypul pumoyenosa, Ilpunam-
ckoe lonecve, npupocm depesves, popmyna opesocmos, s¢hgpexm 3amenenus, Negundo aceroides.

What this paper adds
It was stated for Salix alba forest communities, that Shannon diversity index for vascular plant coenotic
flora decreased with the increase of A. negundo tree concentration. The correlation between A. negundo
projection coverage and number of vascular plant species in community was calculated (r = —0.81). The
plants gravitating to A. negundo crown projections (6 species) and avoiding them (8 species) were stated
by Raunkiaer 1 m® plot method.

Hayuynasi HOBH3HA CTaTBHH
BriepBbie KOMMUYECTBEHHO M3Y4YE€HA CBS3b MEKIY BUIOBBIM pazHooOpasueM (uHaekc IllenHona) u BUz0-
BbIM OOTaTcTBOM C000IIIECTB ¢ JoMuHHpoBanueM Salix alba, B 3aBHCHMOCTH OT KOHIIEHTpAIIUK JICPEBHER
Acer negundo u ux o6IIero MPOEKTUBHOIO MOKPhITHA. MeTonoM PayHkmepa Ha 1 M” muomankax ycra-
HOBJICHBI BHJIBI PACTEHHIA, KOTOPBIC B Pa3HOM CTEMEHH MPEANOYNTAIOT MpoeKnio kpousl A. negundo (6
BUIOB) WK u3berarot A. negundo (8 Buaos).

Introduction. The vegetation cover, both inclined and curved trunks [11]; the trunk has a
vegetation and flora, are undergone strong tendency to develop burls [10]. In general the
changes in the areas of human agricultural and species has high phenotypic plasticity in
industrial activity. Such transformations are physiologically beneficial foliage allocation
associated not only with the change in the [18]. The species prefers well-watered, but
abundances of indigenous species, but also with enough drained soils and it is of middle shadow-
appearance and population progress (invasion) tolerance [9]. In wild state the tree lives usually
of alien species. There are the estimations that 65-70 years [8]. The ability of A.negundo to
invasive plants development can lead to large form regular arbuscular mycorrhiza was
economic losses [13]. One of such invasive communicated [21]. In Eurasia the plant is
species is boxelder maple — Acer negundo L. usually not attacked by any serious disease or
(Negundo aceroides Moench), indigenout to pest [7]. Initially A. negundo was brought in
east-central parts of North America, but now Europe and Asia with the aim to create
known in Europe and northern Asia [2; 22]. It is ornamental and protective plantations, but later
remarkable that the species is classified as it started to spread as naturalized one [23]. In
invasive in North America too [17]. It is a Belarus the species was brought to culture in
middle-sized dioecious tree with wide crown, XIX century [14]. Today, the activity on
which starts to fructify in age of 6 years, and has introduction of A. negundo in Belarus is
soft, easily broken wood [22]. It is anemophilous prohibited on the legal base (the decree by the
and anemochoric species [12], but hydrochoric Ministry  of  Natural  Resources  and
manner of seed spreading is much more Environmental Protection of the Republic of
effective, where it occurs [2; 22]. The plant has Belarus No. 106 of 28 November 2008, with
the tendency to form bush-like trees or (in modifications according to the decree No. 35 of
conditions of limited light) trees with strongly 28 October 2016).
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More than 4000 populations (localities) are
estimated to grow in Belarus, with the occupied
area of more than 300 ha [15]. There were a
special research devoted to geography and
ecology of A.negundo near Dobrush, in
southeast Belarus [3], showed the diversity of
life forms of this species depending on the
conditions of juvenile development, and the
differences in  ontogenetic  structure of
populations grown in different environmental
conditions.

The aim of this work was assessing of the
influence of A. negundo invasion on the coenotic
structure of Salix-dominated river valley forests
in conditions of Belarusian Polesie.

Material and methods. The field research
was carried out in 2017-2018. Five permanent
sample plots, 400 m? each, sized 15 x 27 m,
were put along the Pina river, south of Pinsk
town (Table 1). The area of research belongs to
Polesie Lowland, Pina-Prypyats' valley; the plots
were situated on flat, occasionally or never
flooded (but with high ground water level during
high flooding) river terrace, with old alluvial
soils. Selecting the size of plots we followed the
recommendations [1; 6]. We were guided by the
principle of physiographical and ecological
identity of all sample plots, i.e. they have similar
position in landscape above the water level of
the river, similar micro-relief, soil and watering
conditions. Before fixing the plots, the general
distribution of A.negundo in the Pina rivel
valley (both banks) south of Pinsk was studied
by route method. Plots were selected using the
principle to create a gradient of density of A.
negundo plants from zero (A. negundo absent) to
high density, typical to this area, but keeping
similar physiognomy of the main tree level of
Salix alba. The presence of the set of
characteristic plant species in lower levels of all
communities was also taken into account.

Sample plot corners were fixed by pegs and
also bound on a paper sketch to small local
objects (e.g. forest roads). Plot sides were kept
using a compass. During the total tree inventory
the trees were marked by paper patches with
numbers. For the measurements of annual
growth sampled trees were marked by color
threads; three occasional lower branches were
taken for the measurements on each sample tree.
Vascular plants were identified directly in field,
or using the detailed photographs or temporary
herbarium.
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Tree level was studied according to the
methods of forest inventory, or forest valuation
[6]. Tree diameters were measured 1.3 m above
the ground; tree heights were determined by
altimeter. Tree crown projections were accepted
as elliptical and determined from the length of
these projections in directions north-south and
west-east. Age of trees was determined on kerns
after boring four different-aged sample trees by
a trunk bore; then the diagram age/trunk
diameter was built and the age of non-bored
trees was determined.

Projection coverage of plant species was
determined according to Ramensky and
Raunkiaer methods [19; 24], on 1 m? subplots;
10 such subplots were put uniformly within each
400 m*> plot. Within each 1 m? subplot, each
species was measured in 9 smaller quadrates (for
herbs), and in 5 smaller quadrates — 4 in corners
and 1 in center (for A. negundo in upper level).
For the estimation of species abundance, 6-grade
scale of Drude [19] was used. Light intensity
under crowns was determined by light meter
Testo 545, in the conditions of clear heaven,
between 12 and 14 h, in period 31 Jul — 23 Aug.

Cluster analysis of communities was carried
out in STATISTICA 6.0, with unweighted pair-
group average amalgamation rule. Correlation
analysis was carried out in MS Excel. Shannon
diversity index was calculated according the
formula from [4]. For this index calculation, the
shares of species were taken from their Drude
abundances, which were summarized for the all
species in  community. Then the Drude
abundance for each individual species was
converted to the proportional fractional value, if
accept the sum of all abundances = 1.

Results and discussion. After study the tree
level (Tab. 1) and floristic composition on the
plots (Tab. 2), it was confirmed that all sample
plots belong to one community type, called here
Salix alba—Rubus caesius association. The
values of A. negundo concentration were
obtained after total inventory of all trees on the
plots and taking their biometric characteristics
(Tab. 2). Regardless the community No.3 had no
saplings or large A.negundo plants, several
seedlings of this species were recorded there,
which indicated a potential of future invasion of
A. negundo on this plot too.
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Table 1. — Position of plots and valuation characteristics for the tree level of sample communities

. Sample plot No.
Characteristic 3 5 4 > 1
Geographical coordinates 52°06'02" N, | 52°06'48" N, | 52°07'15" N, | 52°06'15" N, | 52°06'12" N,
26°04'35" E | 26°07'10"E | 26°07'S3"E | 26°0524"E | 26°0523" E
Average age, Salix alba, years* 12 38 12 27 28
Average age, Acer negundo, years — 3 5 5 4
Number of trees on the plot, Salix alba 59 14 24 13 22
Number of trees on the plot, 0 26 29 52 131
Acer negundo™**
Tot_al vqume3of trunk wood, 121 68 70 63 75
Salix alba, m
Total volume of t3runk wood, 0 2 9 17 19
Acer negundo, m
Stand formula (calculated from the 10Sa 6AN4Sa 5AN5Sa 8AN2Sa 9An1Sa
number of trees)***
Stand formula (calculated from the 10Sa 10Sa+An 95alAn 8Sa2An 8Sa2An
trunk wood volume)
Stand density 0.7 0.7 0.7 0.7 0.8
Average height of Salix alba, m 10 18 9 13 12
Salix alb_a _stand quality I v m v v
(productivity class)

*Some individual trees of S. alba on the plots were from 55 to about 100 year old.

**excluding seedlings
***An — Acer negundo, Sa — Salix alba

A more exact characteristic that illustrates the
abundance of A. negundo in community, and,
consequently, the degree of its invasion, is trunk
wood volume. It is seen (Tab. 1) that having
bigger number of trees, A.negundo has lesser
volume of wood, than S. alba. Thus the stand
formulas, based on wood volume, are
significantly different from those based on tree
guantity. From the average age of A. negundo it
is seen that the most of invasion began only
about 3-5 year ago. Tree level of the
communities contains uneven-aged plants of
both S. alba and A. negundo. However, seldom
trees of A.negundo on the plots were 10-18
years old. Since the fruiting of A. negundo
begins on the 6th year, the most of plants in
sample communities are not the source of seeds.
The stand quality of Salix alba, as a feature
illustrating its productivity (based on average
age and height), was the highest in the
community No.3 lacked the influence of A.
negundo (Tab. 1). However, the relative
decrease of stand quality in other plots, possibly
associated with A. negundo, is not high.

The dependence was observed between the
number of vascular plant species in community
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(species richness) and the concentration of A.
negundo (Tab. 2). The number of species in tree
and underbush levels clearly increases with the
decrease of A. negundo concentration in the raw:
plots 1-2-4-5. A reason may be the mutual
concurrence between A. negundo and other tree
species at earlier stages of their ontogeny. In
respect to the plants of living ground cover, the
richest list (24 species) was in community
without perennial A. negundo, and the poorest
list (15 species) — in community with the highest
abundance of A. negundo. In respect to the
diversity, estimated via Shannon index (SDI),
the most diverse was the community without
A. negundo trees, SDI=3.1; the least diverse was
phytocoenoses with the highest abundance of A.
negundo, SI=2.6 (Tab. 2). Also the plot with the
highest concentration of A. negundo had the
lowest average number of plant species in
ground cover level per 1 m? (3.2 species). There
is a strong inverse correlation between boxelder
maple projection coverage and the number of
ground cover plant species in community (r =
-0,81).
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Table 2. — Floristic composition and the abundance (Drude grades) of vascular plant species in sample
communities

Sample plot No.
3 5 4 2 1

Species

wooden and semi-wooden
(tree and bush level)
Acer negundo (bush and trees) -
Acer negundo (seedlings) 2
Acer platanoides -
Betula pendula 2
Cornus sanguinea 2
Fraxinus excelsior -
Parthenocissus quinquefolia - -
Populus alba —
Populus tremula 2
Ribes nigrum 2
6
6
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N

PR (NP N o
I
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|
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|

Rubus caesius
Salix alba
Salix caprea —
Salix cf. cinerea -
Salix cf. pentandra -
Sorbus aucuparia —
Tilia cordata -
Ulmus glabra —
Ulmus pumila —
herbs (living ground cover)
Agrostis gigantea
Bidens tripartita
Calamagrostis canescens
Calystegia sepium
Carex acutiformis
Chamaenerion angustifolium
Deschampsia caespitosa — — — 2
Echinocystis lobata
Epilobium montanum
Epipactis palustris
Equisetum pratense
Eupatorium cannabinum
Filipendula denudata
Galeopsis tetrahit
Galium aparine
Galium palustre — —
Geranium robertianum — —
Glechoma hederacea - 3
Humulus lupulus - 2
Impatiens noli-tangere 6
Lathyrus pratensis
Lychnis flos-cuculi
Lysimachia nummularia — — —
Lysimachia vulgaris
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Table continuation 2.

Species Sample plot No.
3 5 4 2 1
Mentha aquatica 2 — — — —
Moehringia trinervia — 1 2 — —
Phragmites australis 5 4 5 - 4
Scirpus sylvaticus — 1 — — —
Scutellaria galericulata 1 — 2 - -
Solidago canadensis — 2 — —
Stachys palustris 1 — 2 1 —
Stellaria nemorum — — — — 1
Symphytum officinale 2 — 2 — —
Trifolium repens — — 2 2
Valeriana officinalis 1 — — — —
Veronica longifolia — — — 1 —
Vicia cracca 1 2 — 2 —
Urtica dioica 2 2 6 5 6
Asteraceae indet. 1 — — — —
Caryophyllaceae indet. — — — 1 —
Acer negundo projection coverage on
olot, % 0 13 25 27 46
Number of plant species of tree level and 5 12 6 5 4
underbush
Number of plant species in living ground 24 19 16 20 15
cover
Average number of plant species of 4.8 55 4.7 4.4 3.2
ground cover level per 1 m? plot
Shannon diversity index (for living 3.1 2.9 2.8 2.9 2.6
ground cover)
Shannon diversity index (for all species) 3.2 3.3 2.9 3.0 2.7
Cluster analysis of similarity between sample negundo (1, 2, 4) occurred to be the most
communities, based on vascular plant species similar. This analysis shows the clear increase in
lists with the values of their abundances, is dissimilarity between communities along with
illustrated by dendrogram (Fig.). The the decrease of A. negundo concentration.
communities with the highest abundance of A.
1
2
4
5
3
045 040 035 0.30 025 020 0.15

Figure — Dendrogram of similarity between coenotic floras of sample plots.
Plots are numbered according to Tab. 1. Distance measure: 1-Pearson r
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We have studied the changes in light regime
under crowns of A. negundo. Shadow effect,
provided by a plant species, is considered here
as a part of its phytogenic field [5]. Depending
on the complexity of tree level (number of tree
species and their abundance), from 20 to 35
measurements of light intensity were done in
different points on a plot. The change in light
under A. negundo was compared with other tree
species (Tab. 3). In the row plot 4-2-1 there is a
distinct decrease of light under crowns of
A. negundo, associated with the increase of this
plant concentration. Each of sparsely distributed
A. negundo trees gives less shadow, than those
growing as closed groups. It is seen that A.
negundo provides the greatest shadow effect
among the trees, inhabiting  studied
phytocoenoses, except of Ulmus scabra. Light
stream under A. negundo is in average 3.3 time
less, than under denser part of S. alba crowns,
and 8 times less, than under S. alba crown
periphery. Consequently, shadow-preferring and
shadow-tolerate herbaceous and bush species are
able to develop under A. negundo, whereas more
light-preferring plants gravitate to Salix alba,
Betula pendula, and Populus alba.

Acer negundo changes the horizontal
structure of communities by creating the mosaic.
First of all, the higher diversity of ground cover
was observed on the 1 m* subplots with zero or
minimal coverage of A.negundo. Some
subplots, which were 77-86% covered by
A. negundo crown, contained a single lower
level species (Rubus caesius), or even naked
litter only. Contrary, some 1 m? subplots with
zero coverage of A.negundo contained 10-12
species of living ground cover. The number of

species in dense A. negundo groups (plot 1) did
not exceed 5 per 1 m% The number of plant
species of lower level were 0-7 per 1 m?
subplots with presence of A. negundo, and 3-12
without A. negundo. A specific parcelles of A.
negundo (covered 70-85% by this species) were
observed on plots 1 and 2: they had 3—4 species
in ground cover, with abundance 6 for
Glechoma hederacea and Geranium
robertianum. The preference of phytogenic field
of A.negundo was observed for these two
species. Other species, having gravitation to A.
negundo, were Lysimachia nummularia,
Impatiens noli-tangere, Epipactis palustris,
Trifolium repens. They were recorded on
subplots with A. negundo shadow only.
Contrary, there were 8 species, recorded on plot
3 only, and thus avoiding boxelder maple. The
abundance of Carex acutifomis decreased near
A. negundo, whereas the abundance of Urtica
dioica — increased. The horizontal structure of
community No.3 looked uniform, almost lacked
any mosaic. The herbaceous level here had
dense, vigorous, and aesthetic appearance.

The growth dynamics of A. negundo in
studied communities, determined after
measurements at the end of vegetation seasons
2017-2018, is shown in Table 4. There are no a
dependence between A. negundo plants
concentration and growth of branches in length
and trunks in diameter. The highest phytomass
accumulation was observed on plot 4, where
trunks become thicker and crown projection
become broader about 1.5 times.

Table 3 — Values of light intensity under the crowns of tree species

Tree species 3 5 SaArfane plot No. 5 1 Average
Salix alba (10-20 cm
from trunk of | 5440 (16)* | 5030 (12) 2330 (11) | 9090 (7) 3150 (14) 4680
individual trees)
Salix alba (under the
crown periphery in S. - 25930 (1) 21560 (1) | 4780 (1) 2130 (2) 11300
alba parcelles)
Betula pendula 6330 (3) 7390 (9) — — 520 (1) 6620
Populus alba 13640 (1) — 900 (3) 6250 (4) — 5170
Fraxinus excelsior - 1940 (1) - - - 1940
Acer negundo — 1430 (9) 2760 (13) | 1310 (18) 540 (18) 1420
Ulmus scabra - 1300 (1) 610 (3) - - 780

*Ic, average within the plot, rounded to 10 (in brackets: number of measurement points)

35




ISSN 2078-5461 BECHIK ITAJIECKAT'A Z\[}BﬂP)KAS"HAFA VYHIBEPCITOTA.
CEPBIA ITPBIPOJIABHAYUYBIX HABVYK. 2019. Ne2

Table 4. — Annual enlargement in dimensions (%) of A. negundo in sample communities

Plot No. (number of All plots

trees sampled) 5() 40) 203 1) (10)

Branch length,

minimal—maximal /| 0-4.1/1.6 0-27/13 3.4-13.4/8.7 0-12.2/5.4 7

average

Average trunk diameter

1.3 m above the ground 1 aLT 24.9 153 23

Crown projection 3.7 56.5 21.4 17.4 24
Other workers described various negative lower level of Salix alba—Rubus caesius

effects of A. negundo on the communities,
similar with those observed by us, e.g. stopping
the renewal of Salix and Populus in river valley
stands [22], the descrease of biometric
characteristics of Alnus glutinosa of the main
tree level [20], the release of allelopatic toxins
by living shoots and roots [25].

We consider the spread of new plant species
is various areas (including Belarus) as an
element of evolution of plant cover. Because of
too mass distribution of A. negundo, its full
removal is economically and strategically
impossible, but measures to reduce population
growth rate are applicable. The measures that
cause minimal damage to communities may be
trunk girding [16] and arboricide infusion in
trunk [7]; these actions must be applied first to
the female individuals of A. negundo.

Conclusions. The communities belonged to
Salix alba—Rubus caesius association are
favourable for the development of A. negundo
because of ecological requirements of the latter
coincide well with those of Salix alba and the
accompanying plants. The number of A.
negundo trees older than 3 years in this
association can reach 33/100 m?, the total trunks
volume — 4.75 m*/100 m?, projection coverage —
up to 46%. In stands of Salix alba with average
age 23 years, the average age of A. negundo is 4
years. The phytomass accumulation by
A. negundo is classified as rapid and seen from
the average annual enlargement in branch length
(7%), trunk diameter 1.3 m above the ground
(23%), and crown projection (24%). The shadow
created by A. negundo crowns was about 3 times
stronger, than by Salix alba. As a consequence,
A. negundo development simplifies the coenotic
flora: the species richness and species diversity
were declined. It also creates certain mosaic, i.e.
changes the horizontal structure of communities.
The plant species, avoiding A. negundo and less
frequent under it coverage, were recorded in
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association. Besides, 6 herbaceous species (of 59
vascular plant species, recorded on all 5 plots)
had various degree of gravitation to crown
projections of A. negundo.

However, along with negative effect on the
floristic diversity in river valley forests, we
believe the growing of A. negundo has positive
effects: saving soil humidity, prevention of soil
erosion by root system, accumulating humus,
protecting the neighbouring water bodies, i.e. the
maple strengthens the environment-building
functions of the phytocoenoses.

Acknowledgements. The authors are grateful
to M.A. Dzhus (Minsk), G.Yu. Konechnaya (St-
Petersburg), and N.N. Sychak (Lviv) for the help
in identification of some plant species.

References

1. Andreeva Ye.N. et al. Metody izucheniya
lesnykh soobshchestv [Methods for study of
forest communities]. St-Petersburg:
NIIKhimii  SPBGU, 2002. 240 p. (In
Russian)

2. Chernaya kniga flory Sibiri [Black book of
Siberian flora] / Edited by Yuk
Vinogradova, A.N. Kupriyanov. Novosibirsk:
Geo, 2016. 440 p. (In Russian)

3. Daineko N.M., Timofeev S.F., Bulokhov
A.D., Panasenko N.N. Invaziya klena
yasenelistnogo  (Acer negundo L.) v
usloviyakh Dobrushskogo raiona Gomel'skoi
oblasti [Invasion of boxelder maple in
Dobrush district of Gomel' region]. lzvestiya
GGU. Series: Natural sciences, 2017, no.
3(102), pp. 35-39. (In Russian)

4.Daly AJ., Baetens JM., De Baets B.
Ecological  diversity: ~ measuring  the
unmeasurable. Mathematics, 2018, Vol. 6,
article no. 1109.

5. Dedyu L.1. Ekologicheskii entsiklopedicheskii
slovar' [Ecological encyclopaedical
dictionary]. Kishinev: Glavnaya redaktsiya




ISSN 2078-5461 BECHIK TTAJIECKAT A IE3HP)KAS"HAF A VHIBEPCITOTA.
CEPLIA ITPBIPOJIASHAYUYBIX HABVYK. 2019. Ne2

Moldavskoi sovetskoi entsiklopedii, 1989.
406 p. (In Russian)

6. Ipatov V.S., Mirin D.M. Opisanie fitotsenoza:
Metodicheskie rekomendatsii [Phytocoenosis
description: Methodical recommendations].
SPh., 2008. 71 p. (In Russian)

7.Kling A.P., Gaivas A.A., Kumpan V.N.
Sredstva bor'by s klenom yasenelistnym v
sadakh i parkakh v usloviyakh Zapadnoi
Sibiri [The means for control of boxelder
maple in gardens and parks in West Siberia].
Plodovodstvo i yagodovodstvo Rossii, 2014,
Vol. 39, pp. 105-109. (In Russian)

8. Koltunova A.l.  Kuz'min N.I.  Klen
yasenelistnyi  (Acer negundo L. v
Orenburzh'e [Boxelder maple in Orenburg
region]. Izvestiya Orenburgskogo
gosudarstvennogo agrarnogo universiteta,
2017, no. 5(67), pp. 211-213. (In Russian)

9. Koropachinskii ~ 1.Yu., Vstovskaya T.N.
Drevesnye rasteniya  Aziatskoi  Rossii
[Wooden plants of Asian  Russial.
Novosibirsk: lzdatel'stvo SO RAN, 2002.
707 p. (In Russian)

10. Korovin V.V, Shcherbinina AA.

Obrazovanie kapov u klena yasenelistnogo v
gorodskikh usloviyakh [The development of
burls on boxelder maple in towns]. Lesnoi
vestnik, 2000, no. 6, pp. 148-151. (In
Russian)

11. Kostina M.V., Min'kova V.O., Yasinskaya
O.l. O biologii klena vyasenelistnogo v
zelenykh nasazhdeniyakh Moskvy [On the
biology of boxelder maple in Moscow
plantations]. Russian Journal of Biological
Invasions, 2013, vol. 6, no. 4, pp. 32-43. (In
Russian)

12. Leont'ev D.F., Zvereva K.A. Invaziya klena
yasenelistnogo i oblepikhi po Moskovskomu
traktu na uchastke Irkutsk—Angarsk [Invasion
of boxelder maple and sandthorn along
Moscow road in the part Irkutsk—Angarsk].
Byulleten' nauki i praktiki (Nizhnevartovsk),
2016, no. 11(12), pp. 40—44. (In Russian)

13. Marbuah G., Gren I.-M., McKie B.
Economics of harmful invasive species: A
review. Diversity, 2014, no. 6, pp. 500-523.

14. Maslovskii O.M et al. Kharakteristika
rasprostraneniya nekotorykh invazivnykh
vidov rastenii na territorii Svetlogorskogo i
Zhlobinskogo raionov Gomel'skoi oblasti
[The characteristic of distribution of some
invasive plant species in Svetlogorsk and
Zhlobin districts of Gomel' region]. Problemy
sokhraneniya biologicheskogo raznoobraziya

37

i ispol'zovaniya biologicheskikh resursov:
Materialy 11l konferentsii. Part 1. Minsk:
Konfidom, 2015, pp. 136—139. (In Russian)

15. Maslovskii O.M et al. Ekspansiya i
osobennosti prostranstvennogo
raspredeleniya naibolee opasnykh vidov
invazivnykh rastenii na territorii Respubliki
Belarus' [Expansion and the features of
spatial distribution of the most harmful
invasive plants in the Republic of Belarus].
Botanika: issledovaniya (Minsk), 2016, issue
45, pp. 129-144. (In Russian)

16. Merceron N.R., Lamarque L.J., Delzon S.,
Port¢ A.J. Killing it softly: girdling as an
efficient eco-friendly method to locally
remove invasive Acer negundo. Ecological
Restoration, 2016, vol. 34, no. 4, pp.
297-305.

17. Planty-Tabacchi A.M., Tabacchi E., Naiman
R.J., Deferrari C., Décamps H. Invasibility of
species-rich communities in riparian zones.
Conservation Biology, 1996, Vol. 10, pp.
598-607.

18. Port¢ A.J., Lamarque L.J., Lortie C.J.,
Michalet R., Delzon S. Invasive Acer
negundo outperforms native species in non-
limiting resource environments due to its
higher phenotypic plasticity. BMC Ecology,
2011, Vol. 11, article no. 28.

19. Ramenskii L.G. Izbrannye raboty. Problemy
i metody izucheniya rastitel'nogo pokrova
[Selected papers. Problems and methods of
plant cover research]. Leningrad: Nauka,
1971. 334 pp. (In Russian)

20. Turchina  T.A. Introduktsiya  klena
yasenelistnogo i ego desruktivhaya rol' v
chernool'khovykh lesakh stepi [Introduction
of boxelder maple and its destructive role in
black alder forests of steppe]. Plodovodstvo,
semenovodstvo, introduktsiya drevesnykh
rastenii: Sbornik materialov XX
mezhdunarodnoi  nauchnoi  konferentsii.
Krasnoyarsk, 2017, pp. 199-202. (In
Russian)

21. Veselkin D.V., Prokina N.E. Mycorrhiza
formation in ash-leaf maple (Acer negundo
L.) within gradient of urbanization. Russian
Journal of Biological Invasions, 2016, vol. 9,
no. 1, pp. 31-40. (In Russian)

22. Vinogradova Yu.K., Maiorov S.R., Khorun
L.V. Chernaya kniga flory Srednei Rossii.
Chuzherodnye vidy rastenii v ekosistemakh
Srednei Rossii [Black book of the Middle
Russian flora. Alien plant species in Middle



ISSN 2078-5461 BECHIK ITAJIECKAT'A Z\[}BﬂP)KAS"HAFA VYHIBEPCITOTA.
CEPBIA ITPBIPOJIABHAYUYBIX HABVYK. 2019. Ne2

Russia ecosystems]. Moscow: GEOS, 2010.
502 p. (In Russian)

23. Yakushina E.l. Drevesnye rasteniya v
ozelenenii Moskvy [Woody plants in greenery
of Moscow]. Moscow: Nauka, 1982. 158 p.
(In Russian)

24. Yaroshenko P.D. Geobotanika [Geobotany].
Moscow: Prosveshchenie, 1969. 200 p. (In

Russian)

25. Zolotukhin  A.l., Suliga Ye.M. Sornye
drevesnye rasteniya [Woody  weeds].
Voprosy ekologii i okhrany prirody v
lesostepnoi i stepnoi zonakh:

Mezhdunarodnyi mezhvedomstvennyi sbornik
nauchnykh  trudov.  Samara:  Samara
University, 1999, pp. 192-197. (In Russian)

Cuncok JuTepatrypsl

1. AanpeeBa, E. H. MeToapl u3ydeHHs JECHBIX
cooomectBs / E. H. Anmpeea [u ap.]. —
CII6.: HUM xumuu CIIOTY, 2002. — 240 c.

2. Yepnas kaura dmopsr Cubupu / A. JI. D6emns
[u np.]; mayd. pen. FO.K. Bunorpagosa, oTB.
pea. A. H. KynpusuoB. — HoBocubupck:
Axanemnueckoe u3a-so «I'eo», 2016. — 440
c.

3. Naitnexko, H. M. MHBa3us kjeHa SCEHEIUCT-
Horo (Acer negundo L.) B ycnoBusix J[06-
pyuickoro paiiona ['omenbckoit obmactu / H.
M. [aitneko, C. ®. Tumodeer, A.Jl. Byio-
xoB, H. H. Ilanacenko // MW3sectus ITY.
Cep. Ectects. Hayku. — 2017. — Ne 3(102). —
C. 35-39.

4. Daly, A. J. Ecological diversity: measuring
the unmeasurable / A. J. Daly, J. M. Baetens,
B. De Baets // Mathematics. — 2018. — Vol.
6, article no. 119.

5. emro, Y. Y. DKoaornuecKkuii SHIUKIONEIH-
yeckuii crnosapb / U. U. [lento. — Kumnes:
I'n. pen. Mona. cos. sammKI., 1989. — 406 c.

6. Wmnaros, B. C. Omnucanue ¢uroreHoza: Me-
toanueckue pexkomenaanuu / B. C. WUnaros,
OAM. Mupun. — CII6.: Mzp-Bo CIIOI'Y,
2008. - 71 c.

7. Kmunr, A. Il. CpexnctBa GopbOBI € KiI€HOM
SICEHEJIMCTHBIM B Cajax U MapKax B YCIIOBHUSX
3amanuoit Cubupu / A. II. Kimnar, A. A.
laiteac, B.H. Kymnan // IlnomoBoacTBo u
srojoBojicTBO Poccun. — 2014, — T. 39. — C.
105-109.

8. Konrynosa, A. U. Kiien sicenenuctHeiii (Acer
negundo L.) B Openbypxbe / A. U. Konry-
noBa, H. 1. Ky3emun // U3zBectus OpeH-
Oyprckoro rocyJapCcTBEHHOTO arpapHOro

yauBepcutera. — 2017, — Bem. 5 (67). — C.
211-213.

9. Koponauuuckuii, 1. }O. [IpeBecHble pacte-
Husa Asuatckoit Poccnn / U. 0. Koponauws-

ckuii, T. H. BcroBckas. — Hosocubupck:
M3n-Bo CO PAH, dwmmman «l'eo», 2002. —
707 c.

10. KoposuH, B. B. O6pazoBanue kamnoB y KjieHa
SICEHETUCTHOIO B TOPOJCKHX YCIOBHsIX / B.
B. Koposun, A. A. Illepobunnuna // JlecHoi
BecTHUK. — 2000. — Ne6. — C. 148-151.

11. Koctuaa, M. B. O Ouonoruu KiieHa siceHe-
JIMCTHOT'O B 3€JICHBIX HaCAXKACHUAX MOCKBBHI /
M. B. Koctuaa, H. O. Mmuuskoa, O. M.
Scunckas // Poccuiickuit xypHan OHONOru-
yeckux uuBasuii. — 2013. — T. 6, Ned. — C.
32-43.

12. Jleouther, JI. ®@. MHBa3us kieHa SCCHE-
JUCTHOTO W oOnenuxu 1o MOCKOBCKOMY
TpakTy Ha ydactke «pkyrck—AHrapck» / 1.
®. JleontreB, K. A. 3Bepesa // bromnerens
Hayku u npaktuku. —2016. — Nel1 (12). — C.
40-44.

13. Marbuah, G. Economics of harmful invasive
species: A review / G. Marbuah, I.-M. Gren,
B. McKie // Diversity. — 2014. — No. 6. — P.
500-523.

14. Macnosckmif, O. M. XapaktepucTuka pac-
IMPOCTpaHCHHA HEKOTOPBIX MHBA3MBHBLIX BHU-
JIOB pacTeHuil Ha Tepputopuu CBeTiorop-
ckoro u XiobuHckoro patioHoB ['omenbsckoi
obmactu / O. M. Macnosckuii, JI. C. Uyma-
koB, A. B. llleekynona, U. I1. Csicoii // Ipo-
OJeMbl COXpaHEHUs! OMOJIOTMYECKOro pa3Ho-
o0pa3uss W KCIONB30BAHUS OMOJIOTHYECKUX
pecypcoB: Mart-ner [II Mexnyrap. xoH(.;
otB. pea. B.B. Turok. — Munck: Konduno,
2015.-Y. 1. - C. 136-139.

15. Macnosckuii, O. M. Dkcnancus B 0COOEH-
HOCTH TIPOCTPAHCTBEHHOTO pacIpenecHHs
HanboJiee OMacHBIX BUJIOB MHBAa3UWBHBIX pac-
TeHul Ha TeppuTopun Pecrybnuku benapych
/0. M. Macnosckuii [ np.] / Boranuka
(uccnenoBanus). — 2016. — Bem. 45. — C.
129-144.

16. Merceron, N. R. Killing it softly: girdling as
an efficient eco-friendly method to locally
remove invasive Acer negundo / N.R.
Merceron, L.J. Lamarque, S. Delzon, A.J.
Porté // Ecological Restoration. — 2016. —
Vol. 34, no. 4. — P. 297-305.

17. Planty-Tabacchi, A.M. Invasibility of
species-rich communities in riparian zones /
A.M. Planty-Tabacchi, E. Tabacchi, R.J.
Naiman, C. Deferrari, H. Décamps //

38



ISSN 2078-5461 BECHIK TTAJIECKAT A IE3$IP)KAS”HAF A VHIBEPCITOTA.
CEPLIA ITPBIPOJIASHAYUYBIX HABVYK. 2019. Ne2

Conservation Biology. — 1996. — Vol. 10. —
P. 598-607.

18. Porté, A. J. Invasive Acer negundo
outperforms native species in non-limiting
resource environments due to its higher
phenotypic plasticity / A. J. Porté [et al.] //
BMC Ecology. — 2011. — Vol. 11, article no.
28.

19. Pamenckuii, JI. I'. HM30Opannbie paOOTHI.
[TpobaeMbl U METOABI M3YYEHUs] PACTUTEIb-
Horo mokpoa / JI. I'. Pamenckmii. — JL.:
Hayxa, 1971. -334 c.

20. Typuuna, T. A. UaTpoaykuus KiieHa siceHe-
JIMCTHOI'O U €ro ACCTPYKTHBHAA POJIb B 4YCp-
HOOJIBXOBBIX Jecax crenu / T. A. Typuuna //
[TnonoBOACTBO, CEMEHOBOACTBO, MHTPOIYK-
st apeBecHbIX pactenwit: CO6. mar. XX
MexnyHap. Hayd. koH(. / oTB. pex. P.H.
MartseeBa. — Kpacuosipck: Cu6l'y, 2017. —
C. 199-202.

21. Becenkun, /. B. MukopuzoobpazoBanue y
KiIeHa scenemucrtaoro (Acer negundo L.) B

39

rpaguente ypoammsammu / JI. B. Becenxun,
H. 3. Ilpokuna // Poccuiickuii xypHan Ouo-
norumdeckux nHBasuit. — 2016. — T. 9. — Nel.
- C. 31-40.

22. Bunorpazosa, 10. K. Uepnas kaura (haopsl
Cpenneii Poccun. YyxepoaHsle BUIBI pacTe-
Huil B 3kocuctemax Cpenneii Poccun / 1O. K.
Bunorpanosa, C. P. Maiiopos, JI. B. Xopys.
—M.:TEOC, 2010. — 502 c.

23. Sxymmna, O. U. JlpeBecHble pacTeHus B
o3eneneHnd Mocksel / O. U. SkymmHa. — M.
Hayka, 1982. — 158 c.

24. Spomenko, I1. JI. 'eoboranuka / I1.[1. Spo-
meHko. — M.: IIpocsemenue, 1969. — 200 c.

25. 3onotyxuH, A. U. CopHble IpeBECHBIE pac-
tenust / A. U. 3onoryxun, E. M. Cymura //
Bompockl 3K0NOTHH W OXpaHbl MPUPOJIBI B
JIECOCTENHON U CTEIHOM 30Hax: Mexa. Mex-
Ben. cO. Hayu. Tp.— Camapa : Camapckwid
yauBepcutet, 1999. — C. 192-196.

Received 25 September 2019





