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Abstract—The purpose of the work was to establish how much the illumination conditions change under the
crowns (canopy of leaves) of Acer negundo and Sorbaria sorbifolia, two invasive plant species in the Middle
Urals. In June–August 2020, we performed 8370 illumination measurements in forest parks (at a height of 1.5
and 0.5 m, that is, above and below the canopy of the leaves of the invasive shrub S. sorbifolia and the local
shrub Rubus idaeus; at random points under the crowns of Pinus sylvestris; in glades, trails, and near forest
boundaries) and in urban habitats (at a height of 1.5 and 0.5 m in dense thickets of the invasive tree A. negundo and
other tree species) using a portable light meter. The average illumination intensity was as follows: 4 ± 1 lx × 102

under S. sorbifolia; 7 ± 1 lx × 102 under R. idaeus; 13 ± 2 lx × 102 in stands of A. negundo; 25 ± 4 lx × 102 in
urbanized plantations from other types of trees; 80 ± 10 lx × 102 under the canopy of urban pine forests;
96 ± 14 lx × 102 at the edge of the forest. Dense clumps of A. negundo intercept about 94% of the light from
their crowns, and S. sorbifolia intercepts about 93%. This level is significantly higher than the level of light
interception in control habitats: crowns of other tree species of highly urbanized habitats intercept about 89%,
and thickets of R. idaeus intercept about 82%. Thus, invasive plants reduce the amount of light available to
other species in communities significantly more strongly than native plants.
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INTRODUCTION

In some cases, alien invasive plants are capable of
exhibiting the properties of strong edificators (Rich-
ardson et al., 2000). Environment-forming influences
from such alien species, which alter the conditions or
the amount of resources available to native species, are
taken into account as a leading explanation in several
hypotheses of their success: Global Competition
Hypothesis—GCH; Sampling Hypothesis—SPH;
Ideal Weed Hypothesis—IWH (Catford et al., 2009).
The effects of invasive plant species can be realized by
influencing the light regime of communities, the cycle
of nutrients, and various components of the biota.

The idea that the availability of light determines the
structure of plant communities is trivial: it is a central
concept of plant ecology that does not require any spe-
cial evidence. However, there are also numerous
experimental confirmations that lighting conditions
determine the productivity of the ground cover (Gil-
liam and Roberts, 2014; Landuyt et al., 2019) and its
species composition (Canham, 1994; Knight et al.,
2008). There is a lot of evidence that invasive plants
create a denser canopy of leaves than native ones
(Reinhart et al., 2006; Nilsson et al., 2008; Cusack and

McCleery, 2014; Berg et al., 2017). It is often con-
cluded that shading is an active mechanism of the
influence of invasive plants on indigenous communi-
ties (Reinhart et al., 2006; Nilsson et al., 2008; Bravo-
Monasterio et al., 2016). However, sometimes higher
shading under the crowns of alien plants is not con-
firmed (Lanta et al., 2013; Dyderski and Jagodziński,
2019).

With regard to specific invasive species, the
hypothesis about the effect on light conditions
requires a separate verification. Thus, the shading
effect of Acer negundo L. in the secondary range is not
unambiguous: it may be stronger than that of local
trees (Saccone et al., 2010; Bottollier-Curtet et al.,
2012), or it may not differ with A. negundo and native
trees (Berg et al., 2017). Also, no evidence of a special
shading effect of the invasive Sorbaria sorbifolia (L.)
A. Braun in comparison with the local shrub Rubus
idaeus L. was found earlier (Lanta et al., 2013).

Purpose of the work was to establish the extent to
which the lighting conditions change under the crowns
(canopy of leaves) of two species of invasive plants,
Acer negundo and Sorbaria sorbifolia. We compared
the illumination under the crowns of A. negundo and
S. sorbifolia with the illumination in different urban-
22
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ized habitats, microhabitats, and communities,
including specially selected communities that can be
considered as controls to communities dominated by
the studied invasive species.

MATERIALS AND METHODS
Location. Yekaterinburg (56°50′ N, 60°35′ E) is a

city in Russia with a population of 1.5 million people,
the administrative center of Sverdlovsk Region. Yekat-
erinburg is located in the southern taiga subzone of the
boreal forest zone. Pine (Pinus sylvestris L.) forests on
sod-podzolic soils and burozems dominate in the veg-
etation cover (Kulikov et al., 2013). The climate is
temperate continental; winter is long and cold with a
stable snow cover; summer is short. The average
annual temperature is +3.0°C, the average January
temperature is –12.6°C, and the average July tempera-
ture is +19.0°C. The average annual precipitation is
550–650 mm. The maximum precipitation occurs
during the warm season (May–August), during which
about 60–70% of the annual amount falls. The height
of the standing of the sun at true noon in June–July,
when the measurements were taken, is 52°–56°.

Invasive plants. Acer negundo is a tree up to 20 (25) m
high and 90 (100) cm in diameter. Its natural range is
North America from the Rocky Mountains to the
Atlantic coast and from Canada to Florida (Rosario,
1988). Deliberately brought to Europe in the 17th cen-
tury, it has been known in Russia since the second half
of the 18th century. At present, A. negundo is included
in the list of the most dangerous invasive species in
Europe (Pyšek et al., 2009), Belarus (Chernaya kniga…,
2020), and Russia (Vinogradova et al., 2009). In its
primary range, it grows in f loodplain, mesotrophic
deciduous and coniferous forests, in open oak forests,
in various prairies, and in fields and bogs (Rosario,
1988). In the secondary range, it inhabits coastal phy-
tocoenoses, mesophytic oak forests, and pine forests
and colonizes a wide range of seminatural habitats
(Vinogradova et al., 2009; Chernaya kniga…, 2020). In
Sverdlovsk Region, A. negundo is actively introduced
into natural and seminatural communities as a domi-
nant and edificator species (Tretyakova, 2016), where
it forms single-species thickets, prevents the regenera-
tion of species of natural f lora, and leads to the trans-
formation of biocoenoses.

Sorbaria sorbifolia is a shrub 1–3 m high. The nat-
ural range of S. sorbifolia includes Western and Eastern
Siberia, the Far East, Kamchatka, Japan, Korea,
China, and Central Asia (Flora Sibiri…, 1988). It has
been known in cultivation since the middle of the
18th century and is widely used in landscaping (Koro-
pachinsky and Vstovskaya, 2002). In the secondary
range, S. sorbifolia is an invasive colonophyte species,
listed in the Black Book of Flora of Central Russia
(Vinogradova et al., 2009). The introduction into nat-
ural communities was found in Poland (Tomaszewski,
2001), Latvia (Jurševska, 2007), Lithuania (Dobravol-
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skaitė and Gudžinskas, 2011), Finland (Lanta et al.,
2013), and Belarus (Chernaya kniga…, 2020). Occur-
rences of S. sorbifolia in Yekaterinburg are located
1000 km west of the western border of its natural range
(Flora Sibiri…, 1988; Koropachinsky and Vstovskaya,
2002).

In Sverdlovsk Region, S. sorbifolia disperses and
naturalizes in disturbed habitats (Tretyakova, 2016). It
has been found that S. sorbifolia forms continuous
thickets under the forest canopy in the forest parks of
Yekaterinburg and displaces native species (Veselkin
et al., 2020). In a number of regions of the European
part of Russia, S. sorbifolia persists for a long time in
places of cultivation, naturalizes (runs wild), and
forms extensive thickets (Vinogradova et al., 2009).

Areas and habitats. Illumination was measured in
different habitats and microhabitats. Habitats were
continuous, relatively homogeneous areas of vegeta-
tion, the size of which was sufficient to accommodate
one or several test plots (TPs) 10 × 10 or 20 × 20 m.
Microhabitats are small with a linear size from tens of
centimeters to several meters, areas located continu-
ously (small glades, paths) or intermittently (areas
under the crowns of individual individuals). TPs were
not used during the study of microhabitats; instead,
20–50 measurements of illumination were made in
different parts of forest parks. Measurements were per-
formed as follows:

(1) inside forest parks (forest parks: Southwest;
Foresters of Russia; Uktussky; Shartashsky; Kali-
novsky) and urbanized forests; according to the
EUNIS classification (EUNIS…, 2021), X11 type of
habitats: large parks:

(a) in the darkest microhabitats at a height of 0.5 m
from the soil surface, which were specially selected as
a positive control for subsequent comparison with the
results of measurements in other conditions; as a rule,
areas under the crowns of dense low shrubs, both local
(Salix spp., Ribes spp.) and alien (Cotoneaster spp.,
Syringa spp.) were chosen;

(b) above the canopy (at heights of 1.5–1.8 (2) m
above the soil level; hereinafter, the unified designa-
tion 1.5 m is used in the text) and below (at a height of
0.5 m) the canopy of S. sorbifolia leaves in several
clumps with an area of 300–4000 m2; TP 10 × 10 m.

(c) above (at a height of 1.5 m) and below (at a
height of 0.5 m) the canopy of leaves of the local shrub
Rubus idaeus in several clumps of 300–1500 m2 in dif-
ferent forest parks; PP 10 × 10 m; these measurements
were used as control measurements in S. sorbifolia
thickets;

(d) in random places with an average crown density
of Pinus sylvestris; at a height of 0.5 and 1.5 m; TP 20 ×
20 m;

(e) in microhabitats on small glades and trails and
in habitats near the forest boundaries at the TP 20 × 20 m
(0–20 m inside from the edge of the stands);
l. 13  No. 1  2022
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(2) in urban habitats (according to EUNIS: small
green areas completely or almost surrounded by build-
ings (X22) or roads (X23); large parks (X11)); mea-
surements on the same TPs were repeated in 2 rounds,
in June and at the end of July–early August:

(a) in dense thickets of A. negundo with an area of
500–10000 m2 at a height of 1.5 and 0.5 m; TPs 20 ×
20 m; when choosing plots with A. negundo, we were
guided by its absolute predominance in the crown
cover: 75–100% of the total crown cover;

(b) in dense thickets of other species, both local
(Prunus padus L., Pinus sylvestris, Salix alba L., Sorbus
aucuparia L., Tilia cordata Mill.) and alien (Malus
baccata (L.) Borkh and Ulmus laevis Pall.) tree species
at a height of 1.5 and 0.5 m; TPs 20 × 20 m; these mea-
surements were used as control measurements in
A. negundo thickets.

The investigated forest parks and urbanized forests
are the remnants of conventionally native forests of
Pinus sylvestris of the same age, which arose before the
start of intensive urban development. Forests were in a
zone of active development 40–60 years ago; the age
of trees of the main generation is 90–120 years (Vesel-
kin et al., 2015; Shavnin et al., 2016). The investigated
plant communities of urban forests are represented by
two groups. Pine forests are less numerous, the grass-
shrub layer of which is composed of typical forest and
forest-edged species with dominating Calamagrostis
arundinacea (L.) Roth and Vaccinium myrtillus L. or
forbs. The herbaceous layer of most urbanized forests
is dominated by forest-edge and ruderal-forest nitro-
philes: Glechoma hederacea L., Urtica dioica L., Aegop-
odium podagraria L. Urban forests are characterized by
a low density of the tree layer (0.5); the presence of a
layer of tall shrubs and low trees (average density of
0.3) with dominating Sorbus aucuparia; the presence
of a shrub layer (average coverage of 15%), the basis of
which is formed by Rubus idaeus, Rosa acicularis
Lindl., and Cotoneaster lucidus Schlecht.; and a low
projective cover of the grass-dwarf shrub layer (average
projective cover of 50%). Inner-city plantations with
A. negundo and their control, as a rule, were located
near buildings and infrastructure facilities. The origin
of the stands was both artificial and natural.

The local species R. idaeus was used as a control for
S. sorbifolia because of their phylogenetic proximity,
similarity of life forms (creeping-rooted shrub), and
the possibility of picking up clumps of S. sorbifolia and
R. idaeus in close proximity to each other. The areas
dominated by S. sorbifolia and control areas with
R. idaeus, as well as areas dominated by A. negundo
and control areas with dominance of other tree spe-
cies, were selected in such a way that they formed a
linked pair: they were maximally homogeneous and
located in close proximity to each other, in the same
landscape element, in the same cenotic environment
with similar levels of urbanization and disturbance. In
RUSSIAN JOURNAL O
addition, plots with A. negundo and control plots were
selected so that they had similar levels of crown density.

Names of taxa are given according to the database
World Flora Online (World…, 2021).

Illumination measurement. A total of 8370 illumi-
nation measurements (Table 1) were performed with a
TKA-PKM-42 luxmeter, which measures illumina-
tion in the visible region of the spectrum of 380–760 nm.
All measurements were performed in the period from
June 22 to August 3, 2020. The time interval of mea-
surements during the day was from 10:00 to 15:00. In
all cases, control measurements were made in an open
place, 15–20 m from the nearest buildings, structures,
and the edge of the forest, with an interval of no more
than 10–20 min before or after measurements inside
forest parks or inside urban areas occupied by trees.
During each cycle of measurements in each habitat or
microhabitat or on each sample plot, the nature of
cloudiness was recorded, reducing it to three grada-
tions: cloudy, partly cloudy, and clear.

Data analysis. The average value of 20–50 initial
measurements of illumination on one test area (plot,
habitat, microhabitat) for one round was the unit of
observation. Two quantities were used as the illumina-
tion characteristic. The graphs and text show the
untransformed values of the illumination intensity (L,
in lux × 102). However, the transformation of illumi-
nation intensity by means of the natural logarithm
ln(L) was used in statistical comparisons. In addition,
the IL index or the characteristic of the relative light
contentment was used (Larcher, 1978), which was
defined as the ratio of the illumination intensity in the
habitat to the closest measurement of the illumination
intensity in an open place IL = Llocation/Lopen place. It was
assumed that this parameter is less dependent on the
weather, that is, cloud conditions, than L. Arcsine-
transformed IL values were used in statistical compar-
isons. To compare the characteristics of illumination
in communities dominated by S. sorbifolia and control
communities with Rubus idaeus and in communities
dominated by A. negundo and control communities
with other tree species in an urban environment, we
used the t-test for pairwise related variables. The coef-
ficient of variation (CV) was used to characterize the
unevenness in the distribution of loci of different illu-
mination within individual habitats and microhabi-
tats. The averaged values given in the text are arithme-
tic averages with indication of the standard error of the
mean (SE) through the symbol ±.

RESULTS
Illumination intensity varied greatly between the

studied habitats/microhabitats and within them
(Table 2). Naturally, microhabitats, which we spe-
cially chose as the most shaded areas, were the darkest,
and the open areas were the most illuminated. The
total range (min–max) of the recorded L values was
F BIOLOGICAL INVASIONS  Vol. 13  No. 1  2022
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Table 1. Places, dates and number of illumination measurements
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Forest parks and urbanized forests (EUNIS: X11)

The darkest microhabitats 40–90 July 24–August 3 5 1 25 125 0 75
Thickets of Sorbaria sorbifolia 30–80 July 10–23 6 1 25 150 150 75
Thickets of Rubus idaeus 30–80 July 10–23 6 1 25 150 150 75
Areas with medium crown density 40–90 June 3–July 15 28 1 40–50 440 1300 480
Glades, trails, forest boundaries 0–70 June 3–August 3 20 1 25–50 0 705 175

Urban habitats (EUNIS: X11, X22, X23, F9)

Thickets of Acer negundo 70–95 June 22–30, 
July 24–August 3

12 2 20 480 480 480

Thickets of other tree species 65–95 June 22–30, 
July 24–August 3

12 2 20 480 480 480

Table 2. Illumination intensity (range of average, lx × 102) in different habitats and microhabitats and at different heights
above soil level

Habitats and microhabitats
Height above soil surface

1.5 m 0.5 m

Open places 34–946 No measurements

Forest parks and urbanized forests

Darkest microhabitats No measurements 1–4
Thickets of Sorbaria sorbifolia 13–112 1–7
Thickets of Rubus idaeus 21–57 5–9
Areas with medium crown density 11–342 11–354
Glades, trails, forest boundaries 10–302 No measurements

Urban habitats

Thickets of Acer negundo 4–29 3–24
Thickets of other types of trees 5–85 3–63
1–946 lx × 102, that is, three orders of magnitude.
Within one type of habitat or microhabitat, the range
of L values ranged from 3 to 30 times at one height
above the soil level and from 7 to 110 times when tak-
ing into account the variability between measurements
at heights of 0.5 and 1.5 m above the soil surface.

The intensity of the illumination was expectedly
dependent on the cloud cover. In open places, the
range of illumination values was L = 350–946 lx × 102
RUSSIAN JOURNAL OF BIOLOGICAL INVASIONS  Vo
under a clear sky, L = 184–726 lx × 102 with variable
cloud cover, and L = 34–269 lx × 102 in cloudy
weather. Thus, the differences in the intensity of the
incident light depending on the cloudiness can reach
an order of magnitude or slightly more. Similar differ-
ences in illumination intensity are also noticeable
under the canopy of the crowns (Fig. 1). The average
illumination intensity under the canopy of urbanized
pine forests in clear weather is 2.8 times higher than
the average illumination intensity in cloudy weather
l. 13  No. 1  2022
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Fig. 1. Illumination intensity at a height of 0.5 m in the
thickets of Sorbaria sorbifolia (Sor.sor.), at a height of 1.5 m
in the thickets of Acer negundo (Ace.neg.) and at random
locations under the canopy of urbanized pine forests
during clear weather (e) and with variable ( ) and full
(r) cloud cover. Vertical lines show the SE.
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Fig. 2. Illumination intensity at a height of 0.5 m (d) and
1.5 m (s) in different habitats and microhabitats (the dark-
est places (shading); thickets of Sorbaria sorbifolia
(Sor.sor.), Rubus idaeus (Rub.ida.), Acer negundo
(Ace.neg.), and other urban trees (urban); random points
under the canopy of urbanized pine forests (forest), edges
of stands and glades (glades), and open spaces (open)).
Vertical lines show the SE.
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and about 1.5 times higher than under variable cloud-
iness. However, the illumination under the canopy of
Sorbaria sorbifolia (at a height of 0.5 m) and Acer
negundo (at a height of 1.5 m) depends little on cloud-
iness. The average range is 2–7 lx × 102 in the first case
and 11–14 lx × 102 in the second case.

Measurements of L in each type of habitat and
microhabitat were performed under a clear sky and
with variable and full cloud cover. Therefore, it was
possible to compare the differences in illumination
intensity in different habitats and microhabitats, tak-
ing into account the state of cloudiness (Fig. 2). Aver-
age illumination intensity in open areas was L = 389 ±
29 lx × 102. In comparison with this value, the illumi-
nation in specially selected most shaded microhabitats
was lower by more than two orders of magnitude,
almost 200 times less: L = 2 ± 1 lx × 102. Strong shad-
ing is also created in the forests under the canopy of
S. sorbifolia (L = 4 ± 1 lx × 102) and R. idaeus (L =
7 ± 1 lx × 102) at a height of 0.5 m from the soil. It is
slightly lighter in the stands of A. negundo (L = 13 ±
2 lx × 102 at a height of 1.5 m) and other tree species
(L = 25 ± 4 lx × 102 at a height of 1.5 m). There is
noticeably more light under the canopy of urban pine
forests (L = 80 ± 10 lx × 102 at a height of 1.5 m), espe-
cially in the marginal zones (L = 96 ± 14 lx × 102 at a
height of 1.5 m).

Pairwise comparisons with adequate controls were
performed to make a strong conclusion about the
shading produced by invasive plants. The illumination
RUSSIAN JOURNAL O
intensity differs significantly at a height of 0.5 m under
the canopy of S. sorbifolia and R. idaeus (t = 2.91; P =
0.0336; dF = 5) and under the canopy of A. negundo (at
a height of 1.5 m: t = 3.37; P = 0.0027; dF = 23; at a
height of 0.5 m: t = 3.05; P = 0.0057; dF = 23).

Along with the assumption that invasive plants pro-
duce, on average, high shading, we also tested the
assumption about the change in the uniformity of illu-
mination under them. Thus, we estimated how large
the scatter of L estimates in each habitat was. The
average values of CVL were as follows: CVL = 50 ± 6%
in urbanized forests at a height of 1.5 m; CVL = 64 ±
13% in inner-city tree plantations from different tree
species; CVL = 59 ± 12% in inner-city tree plantations
of A. negundo; CVL = 35 ± 4% at a height of 0.5 m
under the canopy of R. idaeus; CVL = 46 ± 2% at a
height of 0.5 m under the canopy S. sorbifolia.

Thus, invasive S. sorbifolia and A. negundo create
higher shading than native plants with a similar growth
pattern. At the same time, the degree of uniformity in
the distribution of loci with increased and decreased
illumination in communities dominated by local and
invasive plants does not differ.

The proportion of light from illumination in an open
place. The IL values were relatively high in cloudy
weather (Fig. 3). In particular, 4 ± 1% of light under
the canopy of S. sorbifolia, 10 ± 1% under the canopy
of A. negundo, and 25 ± 2% under the canopy of pine
forests penetrated from an open area under full cloud
cover. In clear weather and variable cloudiness, the
F BIOLOGICAL INVASIONS  Vol. 13  No. 1  2022
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Fig. 3. The proportion of light penetrating at the height of
0.5 m in the thickets of Sorbaria sorbifolia (Sor.sor.), at the
height of 1.5 in the thickets of Acer negundo (Ace.neg.), and
at random points under the canopy of urbanized pine for-
ests (forests) during clear weather (e) and with variable ( )
and full (♦) cloud cover. Vertical lines show the SE.
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Fig. 4. The proportion of illumination from light in an
open place at a height of 0.5 m (d) and 1.5 m (s) in differ-
ent habitats and microhabitats (the darkest places (shad-
ing); thickets of Sorbaria sorbifolia (Sor.sor.), Rubus idaeus
(Rub.ida.), Acer negundo (Ace.neg.), and other urban trees
(urban); random points under the canopy of urbanized
pine forests (forest), edges of stands and glades (glades)).
Vertical lines show the SE.
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values of the fraction of light penetrating under the
canopy were lower: about 1% of light from an open
area penetrated under the canopy of S. sorbifolia, 2–
3% under the canopy of A. negundo, and 17–18%
under the canopy of pine forests.

On average, 24 ± 3% of light from illumination in
an open place penetrated into the marginal zones and
small edges of urban forests; under the canopy of
urban forests, it was, on average, 18 ± 2% at a height of
1.5 m and 17 ± 2% at a height of 0.5 m (Fig. 4). Under
the crowns of A. negundo, 5–6% of light from illumi-
nation in an open place penetrated; 8–11% penetrated
in thickets of other tree species. Under the canopy of
S. sorbifolia, 2 ± 1% of light from the illumination in
an open place penetrated, and 4 ± 1% penetrated in
the control variants with R. idaeus. The proportion of
light in specially selected most shaded microhabitats
of urban forests was expected to be minimal: 1 ± 1%.

The IL values differed significantly (t = 2.94; P =

0.0322; dF = 5) at a height of 0.5 m under S. sorbifolia
and R. idaeus. The proportion of illumination under
the canopy of A. negundo and other urban trees also
significantly differed at a height of 1.5 m (t = 2.19; P =
0.0393; dF = 23), but not at a height of 0.5 m (t = 1.93;
P = 0.0657; dF = 23).

Interception of light flux by invasive plants. The dif-
ference in the intensity of illumination above and
below the canopy is a characteristic of the degree of
interception of the light f lux by the crowns. L = 66 ±
RUSSIAN JOURNAL OF BIOLOGICAL INVASIONS  Vo
16 lx × 102, IL = 22 ± 7% above the leaf canopy of

S. sorbifolia; L = 42 ± 6 lx × 102, IL = 16 ± 4% above

the canopy of leaves of R. idaeus (Figs. 2–4). Conse-
quently, S. sorbifolia is a slightly more light-loving spe-
cies, which was found and studied in better illumi-
nated habitats compared to R. idaeus, at least in the
forest parks of Yekaterinburg.

The characteristic of the light f lux interception by
the crowns of S. sorbifolia and R. idaeus is the differ-
ence between the illumination at heights of 1.5 and
0.5 m. A similar characteristic for A. negundo and
comparatively studied trees in an urbanized environ-
ment is the difference between the illumination in an
open place and at a height of 1.5 m, since the effects of
shading by tall grasses begin to have an effect at a
height of 0.5 m. The amount of light interception in
S. sorbifolia thickets is 93 ± 1% of the level falling on
the crowns, and it is 82 ± 3% in R. idaeus thickets.
These differences are significant (t = 3.51; P = 0.0169;
dF = 5). The amount of light interception is 94 ± 1%
in the thickets of A. negundo and 89 ± 2% in the thick-
ets of other trees, and these differences are also signif-
icant (t = 2.19; P = 0.0393; dF = 23).

DISCUSSION

The results support the assumption that the illumi-
nation under the crowns (canopy of leaves) of two spe-
cies of invasive plants, Acer negundo and Sorbaria sor-
l. 13  No. 1  2022
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bifolia, is lower than in similar habitats in which other
woody plants dominated. The reliability of this con-
clusion is due to several circumstances. First, the con-
clusion about a high shading ability was obtained for
both invasive plants. Secondly, many measurements
have been analyzed. At the same time, the effects of
shading in the communities of invasive and native
plants of similar life forms were compared, and the
illumination in a wide range of habitats was addition-
ally compared. Third, the conclusion about the high
shading effect of invasive plants was obtained with
respect to both utilized characteristics of the light
regime: both the illumination intensity and the pro-
portion of light from illumination in an open place.
The levels of light f lux interception by the crowns of
A. negundo and S. sorbifolia are significant at 93–94%,
and the average illumination under invasive plants is
400–1300 lx, which approximately corresponds to the
range of illumination levels from a cloudy day to the
moment before sunset. The lighting conditions under
the crowns of S. sorbifolia, apparently, are close to
such conditions that they can be considered a suffi-
cient explanation for the suppression of the under-
canopy vegetation. For a positive carbon balance, the
minimum photon flux density should be 0.5–1% of
the density calculated for the community in the mid-
dle of the day (Zitte et al., 2007, p. 54).

The presented data confirm that the specific effect
on the light regime is played by the real mechanism of
the environment-forming influence of A. negundo in
the secondary range (Saccone et al., 2010; Bottollier-
Curtet et al., 2012). The presented data also confirm
this mechanism for S. sorbifolia, although it was not
confirmed earlier (Lanta et al., 2013).

It should be noted that the test plots in the stands
with A. negundo and the control plots for them were
selected taking into account such a criterion as similar
values of crown density (Veselkin and Dubrovin,
2019). However, it is, on average, darker in A. negundo
thickets than in similar communities dominated by
other tree species. The ability to increase light inter-
ception can be explained by the dense crowns of
A. negundo with a higher leaf area index (LAI) than in
local species (Porte et al., 2011). It is possible that the
growth form of A. negundo as a low multilateral tree
with inclined trunks and low branches is also import-
ant (Kostina et al., 2016). It cannot be ruled out that
the high crown density of A. negundo can be partly
explained by the high preservation of leaves due to the
low levels of damage to its leaves by phytophages in the
secondary range. It is known that leaf damage by phy-
tophages is qualitatively lower in A. negundo in com-
parison with the background southern-taiga decidu-
ous trees Betula pendula Roth and Salix caprea L.
(Veselkin et al., 2019).

The biological features of S. sorbifolia in the sec-
ondary range are apparently less studied than the anal-
ogous features of A. negundo in comparison with local
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species. In Scandinavia, it was not possible to establish
the specifics of the distribution of leaves and biomass
in S. sorbifolia, as well as the amount of light penetrat-
ing under the canopy in comparison with local shrubs,
primarily R. idaeus (Lanta et al., 2013). It was earlier
shown that S. sorbifolia grows in the Middle Urals in
areas with relatively sparse Scots pine stands (Veselkin
et al., 2020), and direct estimates of illumination given
in this work confirm this. Estimates of LAI and phy-
tophage activity for S. sorbifolia in the secondary range
are not known.

The morphology of crowns, clumps, or thickets
and the way branches and leaves colonize the space are
important for the formation of the light regime in
communities. The degree of shading is obviously
related not only to the total leaf area per unit area of
the community but also to the size of the leaves and the
way they are arranged in space. For example, it is
expected that, with a decrease in the crown height, for
example, in the order pine forests–thickets of
A. negundo and other tree species–thickets of S. sorbi-
folia and R. idaeus, the degree of shading under them
greatly increases. In the secondary range, A. negundo
and S. sorbifolia are similar in their ability to form
extended closed clumps with leaves densely located in
approximately one layer. For temperate latitudes,
where the sun is not at its zenith and there is long twi-
light, the ability to intercept lateral streams of light
seems to be of great importance. Meanwhile, little is
known about the structure of crowns and clumps of
local and alien woody plants, and it is difficult to for-
malize this knowledge. An attempt to assess the het-
erogeneity of the illumination distribution, that is, to
estimate the ratio of the loci of strong and weak shad-
ing, was associated with the desire to understand
whether the effect of invasive plants could be imple-
mented not only through strong shading but also
through a decrease in the heterogeneity of the distri-
bution of light spots. So far, this assumption has not
been confirmed.

Among other factors not directly related to the bio-
logical characteristics of plants, but capable of influ-
encing the level of light under the crowns, it is neces-
sary to take into account the consequences of habitat
fragmentation, which always accompanies urbaniza-
tion. The availability of light, as the main resource
required for plants, is increasing in the marginal zones
of plant communities (Weathers et al., 2001; Vallet
et al., 2010). Consequently, an increase in the degree
of illumination in them with a decrease in the size of
fragmented communities can be expected. However,
the light intensity under them was low despite the fact
that some studied communities dominated by
A. negundo were highly fragmented.

The intensity of light in the visible spectrum, and
not in the photosynthetically assimilated range, PAR,
was calculated in the study. On one hand, the main
parts of the ranges of visible light (380–780 nm wave-
F BIOLOGICAL INVASIONS  Vol. 13  No. 1  2022
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length) and PAR (380–710 nm) coincide. Therefore,
the regularities established when measuring the visible
range and PAR should not differ greatly. On the other
hand, it would still be justified to carry out measure-
ments similar to those described in the PAR range.
Then it will be possible to assess the degree of change
in the spectral composition of light after selective
absorption by leaves of waves of the red part of the
spectrum in the range of 620–680 nm.

When interpreting the results obtained, it should be
borne in mind that high shading due to a closed can-
opy of leaves can correlate with the active use of not
only light but also other resources. For example, a lot
of macro- and microelements are needed to build a
large mass of leaves and their bearing branches and
shoots. A lot of water is needed to maintain the turgor
of the leaves and the transpiration process. Conse-
quently, the increased shading created by invasive
plants can indirectly indicate their high competitive-
ness with respect to the absorption of soil resources. In
addition, a lot of leaf litter, which can also have an
environment-transforming significance, is formed in
communities with a large mass of leaves. Large shad-
ing caused by dense and/or low-lying crowns is also a
possible indicator of isolation/closure of invasive plant
thickets from the f low of diaspores of other organisms.
Invasive plants usually contribute to a decrease in the
diversity and size of seed banks in aboriginal commu-
nities (Gioria et al., 2012; Gioria and Osborne, 2014).
In the Middle Urals, this fact was confirmed for
A. negundo (Veselkin et al., 2018), but not for S. sorbi-
folia (Veselkin et al., 2020).

The suppression of vegetation in the undercrown
space of invasive plants is an easily predictable and
actually observed consequence of high shading, the
possible efficient use of soil resources, and the limita-
tion of the formation of soil seed banks. There is quite
a lot of evidence for this fact (Maron and Marler,
2008; Hejda et al., 2009; Emelyanov and Frolova,
2011; Lanta et al., 2013; Kostina et al., 2016), includ-
ing in the Middle Urals, both for A. negundo (Veselkin
and Dubrovin, 2019) and for S. sorbifolia (Veselkin
et al., 2020). It is significant that the disappearance of
vegetative species under the canopy of S. sorbifolia was
selective: relatively light-loving and relatively dry-lov-
ing species predominantly disappeared, while more
shade-loving and moisture-loving species were resis-
tant (Veselkin et al., 2020).

CONCLUSIONS

In accordance with the presented results, the
amount of light under the crowns (canopy of leaves) of
two invasive plant species, Acer negundo and Sorbaria
sorbifolia, is lower than in strictly selected local control
species. On one hand, this result seems somewhat triv-
ial and intuitively easy to imagine. It corresponds to
the feelings of an unbiased observer who at least once
observed clumps of A. negundo and S. sorbifolia from
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the inside, even with the naked eye. On the other
hand, results that did not confirm the hypothesis
about their specific change in light conditions were
earlier published both for A. negundo and for S. sorbi-
folia. The main significance of the results lies in the
quantitative characterization of the degree of shading
and light interception in the thickets of A. negundo and
S. sorbifolia. A. negundo intercepted about 94% of light
from the level incident on its crowns, while S. sorbifo-
lia intercepted about 93%. Compared with the average
light interception by tree crowns in the urbanized for-
ests of the Middle Urals at the level of 82%, this value
indicates a significantly stronger shading caused by inva-
sive plants. At the same time, the average (that is, aver-
aged for different degrees of cloudiness) level of illumina-
tion is about 1300 lx in the thickets of A. negundo and
about 400 lx in the thickets of S. sorbifolia. Thus, the
ability of the studied alien plants to influence aborigi-
nal communities in the Middle Urals is explained, at
least, by a strong decrease in the amount of light avail-
able for other species in the communities under the
influence of A. negundo and S. sorbifolia.
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