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An important aspect of the problem of plant cover
adventization concerns situations when alien species
gain dominance in phytocenoses. This usually takes
place after serious disturbances of native communities
(Reinhart, Greene, and Callaway, 2005; Smith et al.,
2009), and it cannot be excluded that alien dominants
may manifest certain properties having an adverse
effect on the species richness of phytocenoses.

For example, alien species may prove to be stronger
competitors than native species commonly dominating
in given habitats and, consequently, exceed them in
abundance and dominance level (Meiners, Pickett, and
Cadenasso, 2001; Silliman and Bertness, 2004; Hejda,
Pysek, and Jarok, 2009). The higher this level, the
smaller the amount of resources available to associated
species and, therefore, the lower the possible abun�
dance and species richness of communities (Mirkin and
Naumova, 1998; McKane et al., 2002; Kunte, 2008).
The significance of this factor for species richness is
confirmed by the facts of increase in the diversity of dif�
ferent types of communities after the removal or sup�
pression of dominants or reduction of their diversity
after an increase in the abundance of dominants (Bob�
bink and Willems, 1987; Kunte, 2008; Vasilevich,
2009). Therefore, the replacement of native dominants
by more competitive alien dominants in plant commu�
nities may have serious consequences for the species
richness of both native plants (Meiners, Pickett, and
Cadenasso, 2001; Silliman and Bertness, 2004; Hejda,
Pysek, and Jarok, 2009) and alien plants (Alvarez and
Cushman, 2002; Hulme and Bremner, 2006).

Moreover, the environment�forming activities of
some alien species (selective utilization of mineral
nutrients, alteration of light regime and physicochem�
ical soil properties, allelopathy, etc.) may interfere
with the growth of native species commonly occurring
in a given habitat type (Callaway and Ridenour, 2004;
Reinhart, Greene, and Callaway, 2005; Hulme and
Bremner, 2006). As a result, communities with preva�
lence of alien plants may consist of a smaller number
of species, compared to the initial communities, even
when the relative abundance of alien and native spe�
cies is equal.

It should be noted, however, that the concept of
significant dependence of phytocenosis species rich�
ness on specific bioecological features of dominant
species accounting for their superiority over other
plants is apparently not applicable to all communities
and situations. In particular, this follows from the
results of long�term observations on communities of
different systematic groups in which the species abun�
dance distribution and species richness of certain
cenoses are relatively stable, whereas their species
composition and ranks of particular species consider�
ably change with time (Brown et al., 2001; Nally,
2007). Such observations provided a basis for the
hypothesis that the level of dominance, species abun�
dance distribution, and species richness may be
regarded as emergent community properties (Brown
et al., 2001; Raybaud et al., 2009; etc.). In this context,
the proportion of total available resources utilized by
the most abundant (dominant) species is not a partic�
ular quantity depending on bioecological features of
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plants or on some random factors, but it rather reflects
the general pattern of distribution of niche space
among species under given conditions. If this hypoth�
esis is true, the replacement of native dominants by
alien species should neither lead to a significant
increase in the level of dominance neither have any
serious consequences for the species diversity of com�
munities.

There is also the opinion that the level of domi�
nance does not determine species richness but rather
depends on it or, more precisely, on the community
species pool (Vasilevich, 1991; Chernov, 2005), and
the size of this pool, in turn, can be determined factors
acting on a local or regional scale (Ricklefs, 1987).
The larger the pool and the higher the species richness
of cenoses, the greater the number of species capable
of reaching high abundance and the lower the level of
their individual dominance in particular areas (Vasi�
levich, 1991). Therefore, the enrichment of the com�
munity species pool with alien plants (particularly
those capable of reaching high abundance) should
lead to a decrease, rather than increase, in the level of
dominance in this community.

The bioecological features of alien species and the
complex, not yet completely understood nature of
dominance (Akatov and Perevozov, 2011) make it diffi�
cult to predict probable consequences of the replace�
ment of native by alien dominants. This follows from
the results of field studies, which show that alien domi�
nants can have a significant effect on the species rich�
ness and composition of phytocenoses (Meiners, Pick�
ett, and Cadenasso, 2001; Silliman and Bertness, 2004;
Reinhart, Greene, and Callaway, 2005; Hejda, Pysek,
and Jarok, 2009) and, on the other hand, that such an
effect may be absent (Houlahan and Findlay, 2004;
Sagoff, 2005; Hulme and Bremner, 2006), even when
dealing with invasions of the same species but in differ�
ent areas (Hejda and Pysek, 2006; Mills et al., 2009).
On the whole, published data on this problem are
scarce, despite its theoretical and practical importance.

The purpose of this study was to analyze the conse�
quences of replacement of native by alien dominants
for the species richness of tree and shrub layers in
riparian forests of the Western Caucasus.

MATERIAL AND METHODS

In the course of field studies in the Western Cauca�
sus (2007–2010), we revealed and described 64 plots
(300 m2 each) where the tree layer of riparian forests
was dominated by alien species (Robinia pseudoacacia,
40 plots along the Belaya River; Acer negundo, 14 plots
along the Pshish River; Ailanthus altissima and Ficus
carica, 7 and 3 plots, respectively, along rivers of the
Black Sea Region), and also 90 15�m2 plots with dom�
inance of Amorpha fruticosa in the shrub layer (along
the Belaya River). Below, these communities are
referred to as invaded.

The above dominants found in riparian forests are
escaped introduced species native to North America
(Robinia pseudoacacia, Acer negundo, and Amorpha
fruticosa) or East Asia (Ailanthus altissima), where they
grow in temperate or moderately warm bioclimatic
zones, but the range of Acer negundo also extends to
the boreal zone (Pilipenko, 1978). The question con�
cerning the region of Ficus carica origin is debatable.
This species, which was introduced in cultivation in
the Antique period, has spread far beyond the bound�
aries of its initial range due to human activities. Hav�
ing escaped to the wild, it is now a component of vari�
ous natural forest cenoses in subtropical and moder�
ately warm regions of Asia and Europe, including
Transcaucasia.

Data on invaded communities were compared with
those on similar communities dominated by native spe�
cies growing either in the same forest areas or in analo�
gous habitats located elsewhere (taken as a reference
communities). In particular, specific features of the tree
layer in riparian forests dominated by Robinia pseudoa�
cacia were evaluated in comparison with two groups of
forest plots (42 plots each) dominated by native species
(Populus nigra, Alnus incana, and Salix alba) and
located in identical habitats of the same Belaya River
valley at similar elevations (150–200 m a.s.l.). For for�
ests dominated by Acer negundo, we used 14 reference
plots in riparian forests dominated by Salix alba and
Alnus incana in the Pshish River basin (100–240 m
a.s.l.). For forests dominated by Ailanthus altissima (the
Sochi, Matsesta, and Tekos river valleys, 17–130 m
a.s.l.), three groups of reference plots (seven plots each)
were selected in Sochi, Matsesta, Shakhe, and Ashe
river valleys (100–130 m a.s.l.), with Alnus glutinosa
dominating in two groups and Alnus incana in one
group. Three plots dominated by Ficus carica in riparian
forest on the steep right bank of the Mzymta River (133
m a.s.l.) were compared with two groups of three and
four plots located on the same bank between 110 and
185 m a.s.l. and one group of three plots in similar hab�
itats of the Shakhe River valley (102 m a.s.l.). Alnus glu�
tinosa was dominant in all these plots except one, where
Alnus glutinosa dominated.

To evaluate specific features of the shrub layer
dominated by Amorpha fruticosa, we used 85 reference
plots with dominance of native shrub species (Swida
australis, Corylus avellana, Euonymus europaea, and
Ligustrum vulgare) located in the same riparian forest
areas along the Belaya River (150–200 m a.s.l.).

Relev@es of the tree stand in 300�m2 plots included
brief characteristics of forest phytocenosis and counts
of all individuals of tree species with a breast�height
diameter of more than 6 cm. Relev@es of the shrub
layer were made in 15�m2 plots arranged in groups of
20, where all shrubs taller than 0.5 m and young trees
0.5–2 m high were counted. The abundance of species
was estimated from the number of individuals. Param�
eters used to compare communities dominated by
alien and native species were as follows: N, the average
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number of trees or shrubs per plot; K1, the proportion
of dominant individuals among the total number of
individuals (the Berger–Parker dominance index)
(Lebedeva and Krivolutskii, 2002); Sl, the average
number of species in the plots; Sr, the total number of
species in a group of plots; and Dc the average density
of associated species in the plots. The patterns of spe�
cies abundance distribution in plots (communities)
dominated by alien and native species were compared
by plotting and analyzing average logarithmic rank–
abundance diagrams for the groups of plots, with the X
axis showing the abundance rank (the most abundant
species is given rank 1, the second most abundant is 2,
etc.) and the Y axis showing the average abundance of
corresponding species on a log scale (Lebedeva and
Krivolutskii, 2002).

RESULTS AND DISCUSSION

Data on characteristics of forest plots dominated
by alien and native tree and shrub species are summa�
rized in Tables 1–6 and Figs. 1, 2. In particular, Table
1 shows data on the degree of correlation between the
level of dominance and the species richness of plant
communities, with the groups of plots dominated by
alien and native species being considered together. It
can be seen that, in all cases, these parameters showed
a significant negative correlation with each other.
Therefore, it could be expected that strong dominance
of alien species in communities would results in reduc�
tion of their species diversity. Let us consider this issue
using the examples of forest plots described in the
study area.

Table 1. Relationships between the level of dominance and species richness in the tree and shrub layer of riparian forest
phytocenoses of the Western Caucasus

Communities dominated by alien species 
and corresponding reference communities n r R2 P

Ailanthus altissima 28 –0.731 0.535 <0.001

Ficus carica 13 –0.718 0.516 <0.01

Robinia pseudoacacia 124 –0.677 0.482 <0.001

Acer negundo 28 –0.662 0.438 <0.001

Amorpha fruticosa 175 –0.777 0.603 <0.001

Table 2. Characteristics of tree and shrub layers in riparian forests of the Western Caucasus dominated by alien or native
species

Dominant species n N K1(K1max) Sl Sr Dc

Ailanthus altissima 7 26.86 0.74 (0.95) 2.71 7 4.05

Native species 7 24.29 0.88 (0.96) 2.57 6 2.07

Native species 7 26.29 0.85 (1.00) 2.29 5 1.74

Native species 7 24.00 0.95 (1.00) 2.00 5 0.93

Ficus carica 3 44.67 0.52 (0.66) 7.67 14 3.29

Native species 3 36.33 0.50 (0.63) 6.67 13 3.49

Native species 4 38.75 0.51 (0.63) 6.00 11 4.22

Native species 3 25.00 0.64 (0.83) 5.33 10 2.02

Robinia pseudoacacia 40 27.53 0.63 (1.00) 3.85 25 2.95

Native species 42 26.02 0.61 (1.00) 4.05 17 3.40

Native species 42 24.74 0.60 (0.98) 4.00 22 3.33

Acer negundo 14 27.79 0.63 (0.95) 3.35 12 4.90

Native species 14 24.71 0.51 (0.72) 4.07 14 5.33

Amorpha fruticosa 90 25.93 0.87 (1.00) 2.47 22 1.74

Native species 85 24.76 0.61 (0.95) 4.65 30 2.65

Note: (n) the number of plots, (N) the average number of trees (shrubs) per plot, (K1) the ratio of the number of trees (shrubs) of dominant
species to the total number of trees (shrubs), (K1max) the maximum value of this index, (Sl) the average number of species per plot,
(Sr) the total number of species in groups of plots, and (Dc) the average density of trees (shrubs) of associated species per plot.
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Characteristics of the tree layer in riparian forest
plots dominated by Ailanthus altissima on the southern
macroslope of the Western Caucasus and in three
groups of corresponding reference plots are given in
Tables 2–4 and Fig. 1. As follows from Table 2, the test
plots hardly differed from the reference plots in tree
stand density but had a lower level of dominance and
higher species richness (Sl and Sr) and average density

of associated species. The rank distribution of species
abundance in invaded and reference communities had
similar patterns (Fig. 1). Moreover, the rank–abun�
dance ratio in three groups of plots were adequately
described by a linear function (R2 = 0.97–0.98;
Table 3), indicating that the structure of species abun�
dance conformed to the geometric model. According
to the niche pre�emption hypothesis (Whittaker,

Table 3. Parameters of the logarithmic rank–abundance model for dominant species (logy = loga + x logb)

Dominant species n a b R2

Ailanthus altissima 7 131.72 –1.72 0.98

Native species 7 87.76 –1.67 0.98

Native species 7 95.16 –1.60 0.97

Native species 7 148.29 –2.19 0.94

Ficus carica 3 27.60 –0.50 0.97

Native species 3 16.99 –0.45 0.93

Native species 4 31.57 –0.60 0.99

Native species 3 18.03 –0.61 0.99

Robinia pseudoacacia 40 24.63 –0.76 0.98

Native species 42 31.34 –0.82 0.99

Native species 42 31.21 –0.82 0.99

Acer negundo 14 43.35 –0.99 0.98

Native species 14 18.76 –0.61 0.98

Amorpha fruticosa 90 64.17 –1.43 0.99

Native species 85 22.86 –0.67 0.99

Table 4. Species composition of the tree layer in riparian forests of the Western Caucasus dominated by alien species (Ficus
carica and Ailanthus altissima) or native species (average number of trees per 300�m2 plot)

Species composition

Communities

with Ficus carica with  Ailanthus altissima

Ref Ref Ref Aln Ref Ref Ref Aln

Number of plots 3 4 3 3 7 7 7 7

Adventive dominants

Ficus carica L. 0.33 0.25 2.00 23.00 0.14 1.00

Ailanthus altissima (Miller) Swingle 0.25 1.57 19.86

Native dominants

Alnus glutinosa (L.) Gaertner 16.67 19.75 16.00 2.33 21.29 20.29 3.57

Alnus incana (L.) Moench 7.33 0.25 22.71

Most common associated species

Paulovnia tomentosa (Thunb.) Steudel 2.33 5.25 3.33 0.43 0.29

Salix alba L. 1.67 5.50 1.67 0.57

Ulmus glabra Hudson 1.33 0.75 0.33 4.67

Corylus avellana L. 0.25 1.00 0.67 0.57 0.29

Acer campestre L. 0.33 0.33 0.29 0.14

Note: (Aln) communities dominated by alien species; (Ref) communities dominated by native species (here and in Tables 5, 6).
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1980), this can be regarded as evidence that each in the
series of species arranged in order of decreasing abun�
dance (increasing rank) utilizes a constant (Kth) part
of remaining community resources.

Plots of riparian forests dominated by Ficus carica
in the Mzymta River valley were similar to reference
plots in the level of dominance and average density of
associated species but had higher values of tree stand

density and species richness (Table 2). The rank distri�
bution of species in invaded and reference communi�
ties had similar patterns (Fig. 1).

Characteristics of the tree layer in riparian forest
plots with dominance of Robinia pseudoacacia in the
Belaya River valley (the northern macroslope of the
Western Caucasus) and in two groups of reference
plots are given in Tables 2, 3, 5 and Fig. 2. It can be
seen that these barely differed in the majority of
parameters, but plots in invaded communities on the
whole included a somewhat greater number of species,
compared to plots dominated by native species, and
the average density of species in invaded communities
was consequently lower (Tables 2, 5). The patterns of
rank distribution of species in the invaded and refer�
ence communities was similar and well conformed to
the geometric model (Fig. 2, Table 3).

In plots of riparian forests dominated by Acer
negundo (the Pshish River valley), tree stand density
and dominance level (both average and maximum)
were higher, while species richness and the average
density of associated species were lower than in refer�
ence plots (Tables 2, 5). The rank–abundance ratio in
both groups of plots is adequately described by a linear
function (R2 = 0.98; Table 3), but the diagram for
invaded communities is steeper. This is evidence that
tree species in communities dominated by Acer
negundo were on average characterized by lower abun�
dance than species of corresponding ranks in commu�
nities with native dominants.

In plots where Amorpha fruticosa prevailed in the
shrub layer, the level of dominance was higher, while
species richness and average density of associated spe�

Table 5. Species composition of the tree layer in riparian forests of the Western Caucasus dominated by alien species (Ro�
binia pseudoacacia and Acer negundo) or native species (average number of trees per 300�m2 plot)

Species composition

Communities

with Robinia pseudoacacia with Acer negundo

Ref Ref Aln Ref Aln

Number of plots 42 42 40 14 14

Adventive dominants

Robinia pseudoacacia L. 2.17 2.02 18.78

Acer negundo L. 0.14 0.14 0.03 4.86 17.50

Native dominants

Populus nigra L. 9.10 8.79 1.75 0.21

Alnus incana (L.) Moench 4.31 5.00 1.58 2.79 0.71

Salix alba L. 3.95 5.02 2.08 10.64 4.71

Most common associated species

Populus alba L. 1.12 1.33 0.70 1.29 1.36

Fraxinus excelsior L. 1.02 1.21 0.25 0.71 1.00

Salix triandra L. 0.88 1.24 0.05 0.43 0.14

Acer campestre L. 0.26 0.14 0.23 0.50 0.14

Table 6. Species composition of the shrub layer in riparian
forests of the Western Caucasus dominated by Amorpha fru�
ticosa or native species (average number of shrubs per 15�m2

plot)

Species composition
Communities

Ref Aln

Number of plots 85 90

Adventive dominant

Amorpha fruticosa L. 1.44 22.98

Native dominants

Cornus australis C.A.Meyer 7.61 1.43

Euonymus europaea L. 6.92

Most common associated species

Acer campestre L. 1.42 0.14

Corylus avellana L. 1.33 0.02

Ligustrum vulgare L. 1.04 0.01

Alnus incana (L.) Moench 0.92 0.10

Prunus cerastifera Ehrh. 0.45 0.20

Viburnum opulus L. 0.20 0.04



RUSSIAN JOURNAL OF ECOLOGY  Vol. 43  No. 4  2012

SPECIES RICHNESS OF TREE AND SHRUB LAYERS IN RIPARIAN FORESTS 299

cies were lower than in reference plots (Table 2). Con�
sequently, species comprising the shrub layer in
invaded plots were characterized by lower average
abundance than species of corresponding ranks in ref�
erence plots dominated by native species. The diagram
of the rank–abundance ratio for invaded plots is
steeper than that for reference plots (Fig. 2), with the
pattern of species abundance distribution being in
good agreement with the geometric model in both
groups of plots (Table 3).

The results of comparing the observed and hypo�
thetically possible consequences of replacement of
native by alien dominants (see Introduction) can be
summarized as follows:

(1) Areas of forest phytocenoses dominated by Ai�
lanthus altissima still contain a relatively large propor�
tion of the former native dominant (Alnus glutinosa)
and, therefore, are characterized by a lower domi�
nance level, compared to reference communities
(Table 4). Thus, they can be regarded as an example of
the situation where the enrichment of the community
species pool by alien species capable to reach high
abundance leads to an increase in the number of
potential dominants and a decrease in their individual
relative abundance.

(2) The relative abundance of Ficus carica and Ro�
binia pseudoacacia in the tree layer of forest phyto�
cenoses is close to the relative abundance of native
dominants in corresponding reference areas, and dif�
ferences in species richness between the invaded and
reference communities are also insignificant.

(3) The replacement of native by alien dominants
(Acer negundo and Amorpha fruticosa) in the tree layer
of riparian forests along the Pshish River and in the

shrub layer of forests in the Belaya River valley has
resulted in higher level of dominance and reduced spe�
cies richness of these communities.

(4) Considering the structure of species abundance
in the invaded and reference communities, attention
should be given to two aspects: (1) in most cases, it well
conforms to the geometric model; i.e., the replace�
ment of native by adventive dominants has not altered
the general pattern of resource distribution among
species; and (2) in phytocenoses where adventive
dominants have higher relative abundance than native
dominants, the plot of the rank–abundance ratio is
steeper than that for reference communities (parame�
ter b has lower values; see Table 3). The first observa�
tion supports the assumption that the relative abun�
dance of species of a certain rank is not incidental but
reflects the general pattern of resource distribution.
The second observation indicates that when an alien
dominant becomes more abundant than the former
native dominant of a given community (as observed for
Acer negundo and Amorpha fruticosa), other species of
this community (in order of their ranks) begin to uti�
lize greater proportions of available resources, but the
absolute density of these plants decreases.

The second observation can be correctly interpreted
only if we know the mechanism forming the pattern of
species abundance corresponding to the geometric
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Fig. 1. Logarithmic rank–abundance diagrams for species
recorded in the tree layer of riparian forests in plots domi�
nated by (a) Ailanthus altissima or (b) Ficus carica and in
reference plots dominated by native tree species. Here and
in Fig. 2, black circles and broken lines refer to plots dom�
inated by alien species; solid lines, to reference plots.
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model. In particular, the formation of this pattern has
been usually explained in terms of the aforementioned
niche pre�emption hypothesis (Whittaker, 1980) or its
subsequent stochastic variant named the dominance
pre�emption model, according to which every new spe�
cies invading a community intercepts part resources
available to the least abundant species, with this part
being not fixed but randomly variable within the limits
specified by the model (Ferreira and Petrere, 2008).
Some authors have noted that the geometric distribu�
tion of species abundance is observed in the communi�
ties where a single resource is utilized and the demands
of species for this resource are distributed linearly
(Puzachenko, 2006; Levich, 2007).

The geometric pattern of species abundance distri�
bution may also result from the existence of positive
feedbacks in the community, where more competitive
species exceed others in abundance not only due to
specific bioecological features allowing them to
occupy the best biotopes and utilize more resources,
but also because high abundance itself is a factor pro�
moting its further increase. This phenomenon as a
mechanism of dominance formation in plant commu�
nities was previously noted by Vasilevich (1991).

Unfortunately, the hypotheses considered above do
not give unambiguous answers to the questions as to
whether it is environmental conditions, the size of the
species pool, or bioecological features of dominant
species that determine the proportion of resources
they utilize, and what factors account for the relation�
ship between the proportions of resources utilized by
the dominant and the species of all subsequent ranks.
In such a situation, it is difficult to correctly under�
stand the behavior of alien species under novel condi�
tions and of native species in response to the replace�
ment of dominants.

The results of our studies allow some tentative con�
clusions in this respect. First, the relative abundance
of dominant species appears to be largely determined
by their bioecological features and the actual situation
in a given community. Second, the level of dominance
of the strongest competitor has an effect on the pro�
portions of remaining resources that can be utilized by
accessory species of different ranks. Third, it appears
most probable that the point is in the response of these
species to the reduction of resources available to them:
competition for resources becomes more severe, and
the competitive advantage of one species over others is
manifested more strongly.

Thus, the level of dominance in plant communities
can theoretically be determined by different factors,
and our results confirm that alien dominants do not
necessarily achieve higher levels of relative abundance,
compared to native dominants. But if they do, the spe�
cies richness of communities decreases, because alien
dominants as stronger competitors not only intercept
a greater proportion of resources, compared to native
dominants, but also provoke increasingly strict parti�
tioning of remaining resources among associated spe�

cies. In this context, the replacement of native by alien
dominants in plant communities can be regarded as a
factor placing them at high risk for reduction of spe�
cies richness.
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