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Abstract⎯In addition to a specific morphotype, each species has a unique ecologo-climatic niche and a geo-
graphical area. The study of ecologo-climatic and geographical divergence may significantly contribute to the
comprehension of species genesis and amount. The aim of this work is to compare ecologo-climatic niches
of Poa palustris L., P. nemoralis L., and populations combining the features of both species (assigned in this
work to the hybridogenic complex of P. intricata Wien), as well as reveal their identity. As a result of these
researches, the areas of the both species were verified. The ecologo-climatic niches were determined with the
use of GIS technologies and on the basis of their coordinates. Then potential areas of species—the regions
where climatic conditions are favorable for their growth—were determined on the basis of six independent
bioclimatic variables. A comparison of the ecologo-climatic niches calculated by MaxEnt software has shown
that their distinctions are statistically significant.
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INTRODUCTION
The climatic profile of a species determined on the

basis of climate parameters of biological importance is
often called an ecological niche, but this is not really
correct. This concept was first introduced by J. Grin-
nell (1917), who determined the ecological niche as a
place occupied by a species in biocenosis, including the
combination of its biocenotic relations and demands for
environmental factors. The concept of ecological niche
was then elaborated in a number of works (Elton,
1927; Hutchinson, 1957; MacArthur, 1968; Dzhiller,
1988). At the present time, there is more than one
interpretation of this term (Ozerskii, 2011). The eco-
logical niche may be determined as a sum of factors at
which the species exists, with the predominating role
of its place in the food chain. It may be also described
as a combination of all factors of the environment at
which the species may exist in nature. Preference is
now given to the model by J.E. Hutchinson, according
to which the ecological niche is an n-dimensional vol-
ume on the axes of which ecologic factors are given.
The conditions under which the species can exist are
characterized by a particular range of each factor. If the
limit points of the ranges of each factor are projected,
we will obtain an n-dimensional figure, where n is the
number of ecological factors significant for the species.
According to Hutchinson, the ecological niche may be
fundamental (determined by the combination of condi-
tions and resources, which enables the species to main-

tain the viable population) and realized (its properties
are determined by competing species). It is pointed out
that the factors are independent, and the reaction to
one of them does not depend on the effect of another
factor (Grant, 1980).

According to conventional notions, an ecological
niche should be determined with the consideration of
factors such as humidity, illumination, and tempera-
ture regime at sites of plant growth, and it is calculated
by ecological scales (Ramenskii et al, 1956; Tsatsen-
kin, 1967; Seledets and Probatova, 2007). In addition,
an indirect effect of micro- and mesofeatures of
topography, shadowing, groundwater level, and gran-
ulometric composition of soil is considered. This
approach requires very detailed instrumental research
or the use of laborious bioindication methods. At the
same time, GIS technologies enable one not only to
determine the range of each biologically important cli-
matic variable typical for the taxon, but also to reveal
the areas with climatic parameters favorable for its
growth. These data are obtained with the use of precise
geographical coordinates of known sampling sites of
plants and of 19 biologically important ecologo-cli-
matic parameters received for the entire land surface
by the extrapolation of data of meteorological stations
from 1950 to 2000, which are freely available in the
Internet (Hijmans et al., 2004, online). The deter-
mined niches only reflect the general tendencies in the
change of the main ecological factors and do not take
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the features of particular habitats into account. This is
especially pronounced in mountain regions, where
humidification and temperature conditions may
strongly differ at a distance of several meters. Thus, the
niche determined by the described GIS technologies
should be called ecologo-climatic (and not ecologic).

The model of distribution pattern of a species con-
structed on the basis of the revealed ecologo-climatic
niche reflects only the probability distribution of cli-
matic conditions which are favorable for the growth of
particular species. Nevertheless, the successful intro-
duction of a species into plant communities and its
development there considerably depends on other fac-
tors: competitive ability and biological features of the
species and interrelations between the components of
the community. This model corresponds to a potential
area of a species according to T.A. Rabotnov (1983)
and determines the area where climatic conditions are
favorable for species growth. This notion is similar to
the concept of ecological area elaborated by V.P. Sele-
dets and N.S. Probatova (Seledets and Probatova,
2007). However, contrary to the ecological area, which
provides a more detailed characteristic of the environ-
mental conditions, the identification of a potential area
does not require a detailed research and data on species
location on ecological scales and may be determined by
GIS technologies.

Biologically significant climatic factors strongly
determine the modern shapes of areas and their
change over the geological periods. Therefore, deter-
mining ecologo-climatic niches of taxa is an import-
ant component of ecological and biogeographical
researches.

Poa palustris L. and P. nemoralis L. are the best
known and most widespread mesomorphic species of
meadow grass (Poa L.) (the Stenopoa Dum section).
These species pronouncedly differ by two qualitative
features: the former has a naked rachilla and long (over
2 mm) ligule; the latter is characterized by tomentose
rachilla and short (no longer than 1 mm) ligule. It is
known that, in addition to morphological distinctions,
P. palustris and P. nemoralis differ in ecological condi-
tions: the former prefers open habitats, while the latter
usually occupies more or less shadowed areas. The
shift of area boundaries of P. palustris and P. nemoralis
in the Pleistocene Period provided great opportunities
for their hybridization (Tsvelev, 1974). As a result, a
number of forms which bear features of the both spe-
cies in different combinations appeared in northeastern
Europe and Siberia. These presumably hybridogenic
populations are now widespread in Siberia (Olonova,
2001; Olonova et al., 2016). At the present time, it is
proposed to assign them to a hybridogenic unit: aggr.
P. intricata (Olonova, 2010).

Modern areas of P. palustris and P. nemoralis are
close, but do not coincide: the former is a boreal spe-
cies and the latter is a nemoral one. Both of them play
a significant role in the structure of plant communi-
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ties; therefore, the study of their ecologo-climatic
optimums is not only of scientific, but also of practical
interest. The overlap of areas does not indicate a sim-
ilarity of ecological niches. In connection with this,
it should be learned whether the ecological niches of
the studied species differ and, if so, the range of the
difference.

It is known that the ecological niche of hybrids is
usually wider than that of parent species (Clausen and
Hiesey, 1958; Tsvelev, 1972), which was experimen-
tally confirmed by the example of meadow grass (Hie-
sey and Nobs, 1970, 1982). In connection with this, it
is interesting to analyze the ecologo-climatic niche of
hybridogenic aggr. P. intricata.

The aim of this work was to study ecologo-climatic
niches of P. palustris, P. nemoralis, and hybridogenic
aggr. P. intricata in Asian Russia.

MATERIALS AND METHODS
Herbarium collections (ALTB, KUZ, IRKU, LE,

MAG, MHA, MW, NS, NSK, SASY, TK, UUH, and
VLA) were used for determining the location and
mapping of areas of P. palustris, P. nemoralis, and
P. intricata in Asian Russia. Some sites were taken
from the Arctic Flora of the USSR (Tsvelev, 1964),
Flora of Central Siberia (Peshkova, 1979), Flora of
Siberia (Olonova, 1990), and the many-volume sum-
mary Sosudistye rasteniya Sovetskogo Dal’nego Vostoka
(Probatova, 1985). For modeling of their potential dis-
tribution in Asian Russia, we took into consideration
290 sites of P. palustris, 229 sites of P. nemoralis, and
97 sites of P. intricata, which obviously completely
characterize the climatic niches of these species. Cli-
mate data1 with a spatial resolution of 2.5 arc minutes
obtained by the extrapolation of data of meteorologi-
cal stations (over the 1950–2000 period) were taken
from the WORDCLIM database (Hijmans et al.,
2004, online). For the identification of ecologo-cli-
matic niche and visualization of bioclimatic parame-
ters of the species, the BIOCLIM algorithm of the
Diva-GIS software (Hijmans et al., 2005) was used
(Nix, 1986). The models of distribution patterns of the
species were constructed with the use of MaxEnt soft-
ware (Phillips et al., 2006; Phillips and Dudik, 2008).
This method is now one of the most efficient in mod-

1 BIO1, Annual mean temperature; BIO2, Mean diurnal range
(monthly average); BIO3, Isothermality (BIO1/BIO7) × 100;
BIO4, Temperature Seasonality (Coefficient of Variation);
BIO5, Max Temperature of Warmest Period; BIO6, Min Tem-
perature of Coldest Period; BIO7, Temperature Annual Range
(BIO5–BIO6); BIO8, Mean Temperature of Wettest Quarter;
BIO9, Mean Temperature of Driest Quarter; BIO10, Mean
Temperature of Warmest Quarter; BIO11, Mean Temperature of
Coldest Quarter; BIO12, Annual Precipitation; BIO13, Precipi-
tation of Wettest Period; BIO14, Precipitation of Driest Period;
BIO15, Precipitation Seasonality (Coefficient of Variation);
BIO16, Precipitation of Wettest Quarter; BIO17, Precipitation
of Driest Quarter; BIO18, Precipitation of Warmest Quarter;
and BIO19, Precipitation of Coldest Quarter.
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eling the distribution pattern of species on the basis of
data on its presence (Anderson et al., 2003; Elith et al.,
2006; Franklin, 2009). The models constructed as a
result of the analysis were projected on the maps com-
piled with the use of the ArcGIS 10 software (ESRI,
2012). The prognostic possibility of each model was
evaluated by the Area Under Curve parameter (Phil-
lips et al., 2011, online).

The role of each variable upon modeling may be
assessed if the models are constructed on the basis of
slightly interdependent variables to avoid a negative
impact on the result (Brown, 2014a, 2014b). The test
for the independence of variables made it possible to
select eight biologically significant climatic variables
(BIO1, BIO2, BIO5, BIO7, BIO8, BIO12, and
BIO15); the correlation coefficient between them does
not exceed 0.7 and models have been constructed on
their basis. The effect of each variable on the resulting
model has been assessed by three independent meth-
ods: the percentage contribution, permutation, and
Jackknife tests (Scheldeman and van Zonneveld, 2010).

To check the hypothesis of the identity of niches, the
models were constructed on the basis of all 19 variables.

The test for identity of niches (I-test) conducted in
ENMTools software (Warren et al., 2008, 2011) makes
it possible to compare ecological niches of taxa with
overlapped areas and reveal a statistically significant
difference between models of ecologo-climatic niches.
This test requires their comparative analysis with the
use of the measures of standardized Hellinger dis-
tance (I) and the Schoener index (D) (Warren et al.,
2008). The test for identity was performed between all
studied taxa in ten replications (ten replicas).

RESULTS AND DISCUSSION
Each species is adapted to a particular range of

ecologo-climatic conditions. It may be assessed with
respect to each parameter and compared for different
species with the use of the BIOCLIM software, which
visualizes the ecologo-climatic niche occupied by the
species as histograms. They reflect frequencies of var-
ious climatic parameters revealed for the species in the
given area (Fig. 1). The intensity of the factors is given
on the abscissa axis and frequencies of occurrence are
shown on the axis of ordinates.

The analysis of the histograms of climatic variables
and the comparison of data obtained for P. palustris,
P. nemoralis, and P. intricata has shown that the maxi-
mums of all three species approximately coincide,
though their distribution sometimes differs from the
normal. The distribution of P. nemoralis is character-
ized by two-peak curves for nine variables, reflecting
both temperature characteristics (BIO2, BIO4, BIO5,
BIO7, BIO8, and BIO10) and precipitations (BIO13,
BIO16, and BIO18). The two peaks are pronounced to
different rates, from obvious (BIO2, BIO13, BIO16,
and BIO18) to poor (BIO4, BIO6, BIO7, and BIO10).
CONTEMPORAR
It is seen that these two peaks are higher for the vari-
ables of precipitations and are more slightly pro-
nounced for temperature parameters. This is obvi-
ously explained by the very nonuniform distribution of
climatic conditions in the studied area: humidification
sharply increases on the Pacific coast, and diagrams of
the most parameters, describing humidification, are
sharply asymmetric. Two peaks of diagrams of
P. nemoralis are obviously explained by the fact that
specific features of the modern climate and historical
reasons have resulted in the division of the area of this
species in Asian Russia into two slightly isolated parts:
Siberian and Far Eastern. Each of them is character-
ized by particular distribution curve.

The two-dimensional diagrams of distribution of
species with respect to the longitude are pronouncedly
specified into two groups along the longitudinal gradi-
ent independently of the type of climatic variables
(Fig. 2). The line of discontinuity passes near 110°–
120° east longitude at the conventional boundary
between Siberia and the Far East. In the southern part
of it, the monsoon climate determines the distribution
of precipitations. The specific land line in the east also
changes the cloud shape; however it can be seen on all
the diagrams that P. palustris and P. intricate tend to the
continental part (though P. palustris successfully com-
petes with P. nemoralis in the east), while the cloud of
P. nemoralis is pronouncedly displaced to the east for
particular reasons. It is apparent that this discontinuity,
which is more pronounced for P. nemoralis, is reflected
on the plots as a two-peak curve. More comprehensive
researches of this species with the use of molecular-
genetic methods will probably answer the question of its
possible divergence into continental and pacific races.
It is seen that representatives of hybridogenic P. intricata
are mainly allocated to continental Siberia. In addition,
the diagrams show that ecologo-climatic amplitudes of
hybridogenic P. intricata are larger than those of the
supposed parental species.

The diagrams reflect the differences in climatic
demands of the studied species. These regularities are
supplemented by models of potential distribution of
the species based on bioclimatic characteristics. Pre-
dictive maps of the distribution pattern of P. palustris,
P. nemoralis, and P. intricata were compiled for a com-
parison of their climatic niches in Asian Russia (Fig. 3).
These maps reflect the potential dispersal of species
determined by climate. The competitive capabilities
and biological features of species which provide their
successful expansion and anthropogenic impact are
not taken into consideration.

The predictive maps compiled by the MaxEnt algo-
rithm in general correspond to the distribution of the
studied species in Asian Russia. With consideration for
the threshold of 10 percentiles and upon the transfor-
mation of all subthreshold values to zero (Table 1), the
resulting model predicts low probabilities of distribu-
tion of all species over most of Eastern Siberia, which
Y PROBLEMS OF ECOLOGY  Vol. 11  No. 6  2018
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Fig. 1. Gistogramms of different climatic parameters BIO1–BIO19 of P. palustris (n = 290), P. nemoralis (n = 229), and P. intri-
cata (n = 97) in Asian Russia (the abscissa axis reflects the factor rate and the ordinate axis shows is frequencies).
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is characterized by an arid climate and low tempera-
tures, and in the Arctic. According to the samples and
published data, P. palustris is widespread in Western
Siberia and in the Far East, reaching the Arctic tundra
in some places. Parallel to this, its presence in Central
Asia and Sichuan has been predicted. The assessment
of the constructed model has shown high values of
Area Under Curve (AUC): the AUC training and
AUC testing are equal to 0.887 and 0.871, respectively
(Table 1). Both characteristics exceed 0.8, which cor-
responds to a good prognostic possibility of the model
(Scheldeman and van Zonneveld, 2010). The standard
deviation is 0.016.

The area of P. nemoralis is slightly shifted to the
east, to the nemoral zone of the Pacific coast, where it
is also widespread in areas with a colder climate. This
species is quite common in Magadan oblast and Kam-
chatka (Probatova, 1985). Similar to the previous spe-
cies, the conditions of most of Eastern Siberia, except
for humid areas of the Baikal Region, are unfavorable
CONTEMPORAR
for the growth of P. nemoralis. Nevertheless, according
to its climatic niche, it can survive on the Arctic coast
in the lower reaches of the Ob River, in the moun-
tains of Central Asia, and in the rather humid areas
of Sichuan. The AUC training and AUC testing of
this model were equal to 0.920 and 0.902, respec-
tively, which corresponds to the excellent prognostic
possibility of the model.

The potential area of the third species—hybridogenic
P. intricata—differs from that of presumably parent
species. The probability of its distribution is high in
Southern Siberia, but it is low in the Far East, espe-
cially in the northern regions, unlike P. palustris and
P. nemoralis (Fig. 3с). The prognostic possibilities of
this model are also assessed as excellent and good
(AUC training and AUC testing are equal to 0.922 and
0.884, respectively) (Table 1).

In addition to the prediction of the areas favorable
for growth of the species with respect to their climatic
indexes, the MaxEnt algorithm also makes it possible
Fig. 1. (Contd.)
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Fig. 2. Dependence of P. palustris (1), P. nemoralis (2), and P. intricate (3) in Asian Russia on longitude ((а) annual mean tem-
perature; (b) annual precipitation; (с) temperature range; and (d) precipitation of wettest period).
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Table 1. Main parameters of distribution models of P. palustris, P. nemoralis, and P. intricata in Asian Russia constructed
with the use of the MaxEnt algorithm

n tr is the size of training sampling, n tst is the size of testing sampling. AUCtr is the AUC of training sampling and AUCtst is the AUC
of testing sampling.

Poa palustris, n = 290 Poa nemoralis, n = 229 Poa intricata, n = 97

n tr/n tst 218/72 172/57 73/24

AUCtr/AUCtst 0.887/0.871 0.920/0.902 0.922/0.884

Standard 
deviation

0.016 0.020 0.036

Logistic threshold 0.236 0.210 0.273

Assessment Percentage 
contribution

Permutation Percentage 
contribution

Permutation Percentage 
contribution

Permutation

BIO12 = 32.6 BIO12 = 25.3 BIO12 = 42.7 BIO1 = 29.7 BIO12 = 36.8 BIO1 = 25.5

BIO5 = 22.9 BIO1 = 23.6 BIO1 = 15.1 BIO2 = 24.1 BIO1 = 29.7 BIO15 = 22.2

BIO1 = 20.5 BIO15 = 18.5 BIO5 = 13.5 BIO15 = 23.9 BIO15 = 22.1 BIO8 = 20.1

BIO15 = 11.1 BIO5 = 14.6 BIO2 = 13.3 BIO5 = 7.3 BIO8 = 5.3 BIO12 = 17.7
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Fig. 3. Models of potential distribution of P. palustris, P. nemoralis, and P. intricata in Asian Russia constructed with the use of the
MaxEnt algorithm on the basis of the BIO1, BIO2, BIO5, BIO7, BIO8, BIO12, and BIO15 climatic variables of the modern cli-
mate.  Locations of (a) the three species, (b) P. palustris, (c) P. nemoralis, and (d) P. intricata.
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Fig. 4. I-test, ref lecting the similarity of ecologo-climatic niches. (a) Is the standardized distance by Hellinger. (b) Is the
Schoener index.

(a)

(b)6

5

2

1

0
0.920.720.680.64

Poa palustris–Poa nemoralis
0.880.840.800.76

4

3
0.66389

6

5

2

1

0
0.900.700.660.64

Poa palustris–Poa intricata
0.860.820.780.74

4

3
0.657446

5

2
1
0

0.650.550.45
Poa nemoralis–Poa intricata

0.950.850.75

4
3 0.51495

7
6

8

5

2
1
0

0.990.910.89
Poa palustris–Poa nemoralis

0.970.960.93

4
3 0.90555

12

10

4

2

0
1.000.840.80

Poa palustris–Poa intricata
0.960.920.88

8

6
0.81990

5

2
1
0

0.910.890.87
Poa nemoralis–Poa intricata

0.990.97

4
3 0.88919

7
6

8
7
6

8

0.93 0.95

N
um

be
r o

f o
bs

er
va

tio
ns

N
um

be
r o

f o
bs

er
va

tio
ns
to reveal the role of each variable in the model con-
struction. The effect of the variables used at the recon-
struction of fields of potential distribution of P. palus-
tris, P. nemoralis, and P. intricata in Asian Russia has
been assessed by three complementary approaches:
percentage contribution, permutation, and the jack-
knife test. The first, which concerns a direct contribu-
tion of variables and significantly depends on the pro-
cedure of calculations, shows a similar value of vari-
ables for all the three species. A significant role of
annual precipitation (32.6% for P. palustris, 42.7% for
P. nemoralis, and 36.8% for P. intricata), annual mean
temperature (20.5, 15.1, and 29.7%, respectively), and
precipitation seasonality (11.1% for P. palustris and
22.1% for P. intricata) has been revealed. The last
parameter is not among the four most important ones
for P. nemoralis and is replaced by BIO2 (mean diurnal
range, 13.3%). Then the difference between the data
becomes greater: the four most important parameters
for P. intricata include BIO8 (mean temperature of
wettest quarter, 5.3%). After the permutation (reposi-
tion), the assessment of variables changes. The annual
mean temperature becomes the most significant for
P. nemoralis and P. intricata (29.7 and 25.5%, respec-
tively), and BIO12 remains the leader for P. palustris
(annual precipitation, 25.3%). In general, the differ-
ence between the priority variables increases (Table 1).
The differences in the value of variables for modeling
of different species determined by the jackknife test are
even greater. For example, the most valuable variables
for modeling are represented by BIO1, BIO12, and
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 11 
BIO15 for P. palustris (the variables are given in the
order of decreasing value); by BIO12, BIO1, BIO2,
and BIO 5f or P. nemoralis; and by BIO5, BIO12,
BIO8, and BIO1 for P. intricata.

The data point to some differences in ecologo-cli-
matic demands of species, but the significant superpo-
sition of their areas does not enable one to reject the
hypothesis of the identity of their ecologo-climatic
niches. In order to check this hypothesis, we used the
I-test proposed by Warren et al (2008).

As a result of the pair comparison of the ecologo-
climatic niches constructed for the three species on
the basis of all 19 biologically significant climatic vari-
ables, we have received histograms with the total infor-
mation of ten replicas (tenfold comparison). Red
arrows on the plots (Fig. 4) show the value where
ecologo-climatic niches of different species overlap.
The right diagram shows the distribution of the over-
lap in replicas. On all plots, red arrows are located at a
considerable distance from the diagrams, which testi-
fies that the null hypothesis about the identity of mod-
els of the niches should be rejected. At the same time,
R. Zink (2015) points out that, if different populations
live under various climatic conditions, the I-test may
be high, but it does not testify to their ecologo-climatic
divergence, because they can exist under different
conditions as a result of ecological plasticity. The eco-
logical, and in our case, the ecologo-climatic diver-
gence at the genetic level may be revealed by other
approaches.
 No. 6  2018
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CONCLUSIONS
An analysis of ecologo-climatic niches of P. palus-

tris, P. nemoralis, and P. intricata has revealed the dif-
ferences between the potential areas of distribution
and the role of climatic variables in construction of
models. This may testify to differences in climatic
preferences and the adaptations of the species.

The test for identity has shown that, despite the
overlap of areas, all three species occupy their own
ecologo-climatic niches that differ from one other.
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