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Introduction

Due to the immensity of the current anthropogenic impact, serious environmen-
tal changes are occurring worldwide. Plants respond to these changes accordingly; 
first of all they disappear in some types of habitats and appear in other. That is 
why ecological research of flora is a very relevant and topical task. Studies of spe-
cies ecology, estimation of species’ tolerance amplitude to the effects of different 
ecological factors, ways of adaptation, behavior and population renewal strategy, 
as well as the abilities to resist changes of ecological factors are closely related 
with problems of biodiversity conservation. Species organization and structure 
ensure functioning of the whole ecosystem pyramid, energy accumulation and 
transformation, circulation of substances, soil formation processes, existence of 
heterotrophic component, and evolution of ecosystems and their components. On 
the one hand, the modern knowledge about ecosystem organization and autotro-
phic component, and, on the other hand,  – high sensitivity of plants as a reaction 
to the changes in the environment, are used for the phytoindication of ecological 
factors.

The concept of species’ ecological tolerance is the key principle for conducting 
the phytoindication studies; it requires quantitative estimation of the dimension 
of species’ ecological amplitude. Such quantitative dimension estimation needs 
elaboration of appropriate scales. This paper is dedicated to solving this problem. 

Information as to ecological characteristics of plant species is collected inten-
sively nowadays, and is the basis for the estimation of the influence of different 
ecological factors using the methods of phytoindication. Obtained quantitative 
indices can be processed by using special software (TURBOVEG), allowing to 
use achieved results for further operations based on such mathematical methods 
as principal components, gradient, ordination, and cluster analysis; to estimate 
correlation not only between plant community changes and ecological factors, but 
also to define the nature of this correlation, which is important for elaboration of 
prognosis and models etc. 

I wish to express my gratitude to Burlaka M.D., Kozak O.M., Mosiakin A.S., 
Alioshkina U.M. for their help in preparation of this work.
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1. Ecological scales and their 
dimension

Nowadays there is a number of scales reflecting 
the distribution of plant species in relation to various 
ecological factors. The most integral scales were 
published in specialized monographs (Ramensky, 
et el., 1956; Tsatsenkin, 1967, 1970;  Tsyganov, 
1983; Zólyomi et al., 1966; Landolt, 1977; Zarzycki, 
1984, Zarzycki  et al., 2003; Ellenberg, 1979; 1991; 
Frank, Klotz, 1990).

The list of scales and their dimension is presented 
in Table 1. Factors designation: Hd – soil humidity; 
fH  – variability of damping; Sl – total salt regime; 
Rc  – acidity; Nt – nitrogen content; Gm – humus 
content; Ae – aeration of soil; Tm – thermal climate; 
Om  – humidity; Kn  – continental climate; Cr – cryo-
climate; Lc  – light in community; Dg  – pasture 
degradation; Ca – carbonate content in soil. 

Such diverse information has to be generalized 
and compared. As shown in Table 1, scales have 
different principles of construction apart from 
different dimension. This causes difficulties in scale 
comparison and unification, but it is an important 
operation. 

It is very big and troublesome work, which cannot 
be conducted basing on mathematical calculation, 
but requires appropriate corrections. There was 
attempt to elaborate methods of such comparison 
(Didukh, Plyuta, 1994, Didukh et al, 2000) and the 
graphs, which allow converting indices of main 
type of scales in basis scale (Fig.1-7). 

However, obtained data showed, that scales on 
many species did not match. The appropriate own 
scales were elaborated based on critique analysis. 
Apart from this, new scale was proposed, which 
reflects species’ relation to carbonate content in 
soil. 

TABLE 1. General quantitative estimation of ecological scales

Author 

Ecological factor

Hd fH Sl Rc Nt Gm Ae Tm Om Kn Cr Lc Dg Ca

The scores in scale

Ellenberg 12 3 9 9 9 9 9

Landolt 5 4 2 5 5 5 5 5 5  

Zolyomi 11 6 7 2

Frank and Klotz 12 2 3 9 9 9 9 9

Zarzycki 6 3 6 5 5 5 5 5 5

Tsyganov* 23 11 19 13 11 17 15 15 15 9

Ramensky* 120 20 30 10 10

Tsatsenkin* 120 30 10

Didukh and Plyuta* 23 11 19 13 11 11 15 17 23 17 15 9  13

*Scales reflecting the factor amplitude 
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Fig. 1. The correlation of the score estimates of soil humidity (Hd) according to Ramenski (а), Tsatsenkin (b), Ellenberg (с), 
Frank and Klotz (d), Landolt (e), Zarzycki (f), Zólyomi et al. (g) phytoindication scales. On the left graph the edges of scale 
transition with 95% probability are depicted with solid lines, 75% - with dashed lines and 50% - with dotted lines. On the right 
graph there is a number of indicator species used in the estimation.
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Fig. 2. The correlation of the score estimates of the general salt regime (Tr=Sl) according to the phytoindication scale of Tsyga-
nov, Ramenski (а), Tsatsenkin (b). More explanations are given on the Fig. 1.

Fig. 3. The correlation of the score estimates of the soil acidity (Rc) according to the phytoindication scale of Tsyganov, El-
lenberg (а), Frank and Klotz (b), Landolt (c), Zarzycki (d), Zólyomi et al. (e). More explanations are given on the Fig. 1.
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Fig. 4. The correlation of the score estimates of the nitrogen content (Nt) in the soils according to the phytoindication scale of 
Tsyganov and also scales of Ellenberg (a), Frank and Klotz (b), Landolt (c), Zarzycki (d). More explanations are given on the 
Fig.  1.

Fig. 5. The correlation of the score estimates of the variability of damping (fH) according to the phytoindication sale of Tsyga-
nov and Ramenski. More explanations are given on the Fig. 1.
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Fig. 6. The correlation of the score estimates of climate thermoregime (Tm) grade estimations according to the phytoindica-
tion scales of Tsyganov and the scales of Ellenberg (a), Frank and Klotz (b), Landolt (c), Zarzycki (d), Zólyomi et al. (e). More 
explanations are given on the Fig. 1.

Fig. 7. The correlation of the score estimates of light (Lc) in community according to the phytoindication scales of Ellenberg 
and scales of Zarzycki (a), Frank and Klotz (b). Further explanations are given on the Fig. 1.
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2. Construction methods  
for edaphic scales

There are no unified methods of scale construction; 
different authors use different approaches for this 
operation. Geobotanical surveys are the basis for 
obtaining the appropriate information and scales 
construction, on which vegetation classification 
and further ranking of syntaxa concerning the 
appropriate factor changes are based. Extreme 
syntaxa are defined, which are limiting the 
distribution of all existing plant communities. The 
next step is a choice of scale dimension and method 
of species or syntaxa ranking; different researchers 
perform it differently, however, several approaches 
can be distinguished: method of nicks, method of 
limitation and method of mean values. 

1. Method of nicks, which was used by 
Ramensky (1938, 1956), Tsatsenkin (1967, 1970) 
and their followers, is based on geobotanical 
surveys, where lines and appropriate indices are 
constructed basing on dependency of abundance-
cover and factor changes. Such method shows 
good results for coenophilic species and is basis 
for scale construction, for distinguishing “rapper” 
indices. However, if Ramensky scale is analyzed, 
it will be obvious that all amplitudes of species’ 
distribution are not always successfully defined 
by such way; it means that other methods are 
required, (in particular, method of limitation), 
detailed geobotanical information about habitats, 
where species are presented, is needed. This is time 
consuming and does not guarantee success. Such 
scales are “incomplete” on this stage, which makes 
it complicated for using them in further analysis. 

2. Method of limitation is the search of amplitude, 
which limits the possibilities of particular species 
growth. Although this method has been mathe
matically less precise, we cannot do without it 
during the construction of ecological scales of 
coenophobic species. This method was used by 
Ramensky (1938), Tsatsenkin (1967;1970), Hundt 
(1966), and Tsyganov (1983). 

3. Method of mean values lies in the determination 
of optimum (median, mode) in scale of particular 
factor and was used in the works of Ellenberg 
(1979, 1981), Landolt (1977), Frank and Klotz 
(1990), Zólyomi et al. (1966), Zarzycki (1984), 
Zarzycki et al. (2003). 

Method of limitation with some corrections 
was used in our elaborations. It consisted in the 
estimation of three parameters (minimum, optimum 
and maximum indices). Minimum and maximum 
indices were considered as symmetric concerning 
optimum and were determined based on the limit 
where species cannot grow. The reverse operation 
was also possible, when optimum was corrected 
basing on minimum and maximum means. 
Therefore, species amplitude depended on ratio of 
three indices, when two of them were known, and 
third was determined by the ratio between previous 
positions. Furthermore, amplitude correction 
was conducted basing on other indices similar to 
ecological characteristics of species. Although 
such approach had been less precise, it allowed 
estimating ecological amplitude of coenophobic 
species, which represents about 50  % of flora. 

One of the problems, which was defined by 
us during scale construction, was issues of scale 
comparison and unification. This operation 
consisted in the following. All species, containing 
some grade in scale, were fixed, and then indices 
of species occurrence were projected on the indices 
of basic amplitude scale adopted by us. The further 
work consisted in the statistical analysis of obtained 
distribution curves. 

TABLE 2. Distribution of tolerance amplitudes of species 
estimated by grade 8 in 10-grade scale of soil acidity of 
Ellenberg, in the dimension of 13-grade scale Tsyganov 

The degree  
of basic scale  
of Tsyganov

The quantity  
of common species, 

specimen
Probability

1 5 0,02

2 5 0,02

3 6 0,03

4 7 0,03

5 24 0,11

6 28 0,13

7 224 1,00

8 222 0,99

9 222 0,99

10 221 0,99

11 221 0,99

12 54 0,24

13 47 0,21
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A an example we give the distribution of soil 
acidity indices, estimated by the grade 8 in the 
scale of Ellenberg (1979), concerning 13-grade 
scale of Tsyganov (1983) adopted by us as basic 
scale (Table  2). 

As can be seen from such distribution, these 
indices (99-100% occurrence) correspond to the 
amplitude of 7-11 grades, because outside of them 
occurrence indices decrease (13-24 %). Based on 
such calculations, transition graphs of different 
scales in basic were constructed (Didukh and 
Plyuta, 1994), which allow conducting analysis on 
any of the scales. Although scale dimension have 
been used according to Tsyganov (1983) in most 
cases, it does not mean that the original Tsyganov 
scale was used, because indices of this and other 
scales for specific species can be different during 
such conversion. The analysis of calculation for 
the specific community type was conducted for 
the estimation of result precision, presented in 
chapter  4.

3. The estimation scales of basic 
ecological factors

Based on comparative analysis of scale and 
estimation of species distribution concerning 
ecological factor changes, we elaborated basic 
scales, in which amplitude characteristics of 
species are reflected. These characteristics have 
to be examined, specified and elaborated based on 
field and experimental data. 

Twelve factors are operated in our research, 
among which some were used by the researchers 
traditionally (humidity, acidity, and nitrogen content 
in soil), others (carbonate content in soil and plant 
concerning them) were elaborated firstly. 

3.1. The edaphotope
The eco-groups by the relation of plant 

species to soil water regime (Hd). Some of the 
most significant and well-studied are factors 
characterizing soil (edaphic) conditions. Soil 
humidity  has the leading value among them. The 
23-grade Tsyganov scale of soil humidity was used 
as basis, but quantitative indices for particular 
species were revised, specified, and not coincided 
with indices of this author. 

1. Hyper-xerophytes – plants adapted to very dry 
desert habitats with limited rain drenching of soil 

layer where plant roots penetrate (Wnp = 15-25 
mm). The habitats of such type are not represented 
in Ukraine. 

3. Per-xerophytes – plants adapted to very dry 
semi-desert habitats with limited rain drenching of 
soil layer where plant roots penetrate (Wnp = 25-
35  mm).

5. Xerophytes – plants adapted to very dry steppe 
habitats with very small rain and melted water 
drenching of soil layer where plant roots penetrate 
(Wnp = 35-55 mm). These are species of the driest 
steppe community, rocks and outcrops. 

7. Sub-xerophytes – plants adapted to meadow-
steppe habitats with small rain and melted water 
drenching of soil layer where plant roots penetrate 
(Wnp = 55-75 mm).

9. Sub-mesophytes – plants adapted to rather dry 
forest-meadow habitats with moderate rain and 
melted water drenching of soil layer where plant 
roots penetrate (Wnp = 75-100 mm).

11. Mesophytes – plants adapted to fresh forest-
meadow habitats with total rain and melted water 
drenching of soil layer where plant roots penetrate 
(Wnp = 100-150 mm).

13. Hyhro-mesophytes – plants adapted to damp 
forest-meadow habitats with temporary excessive 
wetting of soil layer where plant roots penetrate 
(Wnp = 150-180 mm).

15. Hyhropytes – plants adapted to grey soil 
forest-meadow habitats with constant capillary 
wetting of soil layer where plant roots penetrate 
(Wnp = 180-250 mm).

17. Per-hyhrophytes – plants adapted to wet bog-
forest-meadow habitats with maximum capillary 
wetting of soil layer where plant roots penetrate 
(Wnp = 250-330 mm).

19. Sub-hydrophytes – plants adapted to wet bog 
habitats and highlands of subalpine zone (Wnp = 
330-360 mm).

21. Hydrophytes – plants adapted to coastal-
water and water habitats with constant flooding of 
soil layer where plant roots penetrate (Wnp > 360 
mm), but are hardy to temporary drying of soil. 

23. Hyper-hydrophytes – plants adapted to water 
habitats with constant flooding regime. 

The eco-groups by the relation of plant species 
to variability of damping (fH). The variability 
of damping is very important factor of species 
distribution, which grow in flood plains, because 
this factor influences the period and duration of 
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plant vegetation, soil aeration, soil enrichment with 
nutrients etc (Ramensky, 1938; Tsyganov, 1983). 
ω  – coefficient of variability of damping, which 
vary from 0 to 0,5.

1. Hyper-hydrocontrastophobes – plants adapted 
to water and boggy habitats with constant flooding, 
maximum capillary wetting of soil layer where 
plant roots penetrate, or habitats with groundwater 
supply, or constant dry desert habitats (coefficient 
of variability of damping (ω=0,01-0,05). 

3. Hydrocontrastophobes – plants adapted to 
damp forest-meadow habitats with equable stable 
wetting by ground and partly surface waters of soil 
layer where plant roots penetrate, or dry habitants 
which are sporadic drenched by precipitations 
(ω=0,06-0,15). 

5. Hemi-hydrocontrastophobes – plants adapted 
to fresh forest-meadow habitats with moderately 
irregular wetting of soil layer fully drenched by 
precipitations and melted waters (ω=0,16-0,24).

7. Hemi-hydrocontrastophiles – plants adapted 
to dry forest-meadow and meadow-steppe habitats 
with irregular wetting of soil layer where plant 
roots penetrate, or with soil small drenched by 
precipitations and melted waters (ω=0,25-0,34).

9. Hydrocontrastophiles – plants adapted to 
dry steppe or damp habitats which are formed in 
conditions of extremely irregular wetting of soil 
layer small drenched by precipitations and melted 
waters (ω=0,35-0,40).

11. Hyper-hydrocontrastophiles – plants adapted 
to extremely dry semi-desert and desert habitats, 
saline, or river swells with clearly irregular wetting 
of soil layer slightly drenched by precipitations, 
and habitats with long wetting (ω=0,41-0,49).

The eco-groups by relation of plant species to 
soil aeration (Ae).  Aeration  is a factor influencing 
the chemical processes (oxidation), defines the 
character of soil formation, composition and 
development of microflora and limits the distribution 
of many plant species. Two factors cause aeration – 
soil irrigation and mechanical composition of soil, 
since water can be intermixed and supplies oxygen 
better in sand soil, than in clayey and silty soil, in 
which anaerobic conditions are formed. 

The 15 groups are distinguished by relation of 
plant species to aeration of soil.

1. Hyper-aerophiles – plants, root system of 
which is located in air (aeration porosity (Ae=95-
100% of total porosity). This group includes 

epiphytes, which grow in tropical zone, but they 
are cultivated in greenhouse in our zone. 

3. Aerophiles – plants adapted to very aerated 
habitats with gaps; plants, which grow in conditions 
with limited drenching by precipitations of soil 
layer where plant roots penetrate (Ae=80-95%).

5. Sub-aerophiles – plants adapted to highly 
aerated habitats with inclusions of broken stones 
and sand; and also plants which grow in conditions 
of slight and moderate drenching of soil layer by the 
precipitations and melted waters (Ae=50-80%).

7. Hemi-aerophobes – plants which grow on 
moderately aerated soils, dry clayey or damp sandy 
with full drenching of soil layer by precipitations 
and melted waters; or temporary drenching of soil 
layer by grounded waters (Ae=35-50 %).

9. Sub-aerophobes – plants which grow on 
weakly aerated damp clayey soils with almost 
constant capillary wetting of soil layer where plant 
roots penetrate (Ae=20-35%).

11. Aerophobes – plants which growth on damp 
gleyed soil with maximum capillary wetting of soil 
layer where plant roots penetrate (Ae=3-20%).

13. Mega-aerophobes – plants adapted to coastal 
habitats on bog shoalwaters, and plants of flowing 
streams with minimum aeration (Ae=1-3%).

15. Hyper-aerophobes – plants of stagnant basin 
with silty bottom and anaerobic oxidation (Ae<1%).

The eco-groups by the relation of plant species 
to soil acidity (Rc). The acid regime depends on 
the chemical composition of bedrocks, soils, type 
of vegetation. The chemical composition of soil, 
acidity in particular, promotes special reactions 
taking place in soil. This is one of the allopathic 
mechanisms of particular species’ selection: 
elimination of some species and contribution to the 
development of others. 

The soil acidity varies from very acidic (pH-3,0-
3,5) – sphagnum bogs, to very alkaline – solonetz 
and saline (pH=10-11). This amplitude is divided 
into 15 classes, expressed in grades. 

1.  Hyper-acidophiles – plants which growth 
on very acid (pH<3,7) soils of oligotrophic bogs, 
alpine meadows. 

3.  Per-acidophiles – plants which growth on 
quite acid (pH=3,7-4,5) soils of alpine and subalpine 
meadows, poor pine forests, mesotrophic bogs.

5.  Acidophiles – plants which grow on acid 
(pH=4,5-5,5) typical sod-podzolic and brown forest 
soils of pine and spruce forest, meadows.



12

7. Sub-acidophiles – plants which grow on faintly 
acid (pH=5,5-6,5) sod-podzolic and gray forest soil 
of acidophilic coppice, meadow marsh habitats. 

9. Neutrophiles – plants which grow on acidulous 
and neutral (pH=6,5-7,1) soils of basophilic coppice 
on grey forest soils, leached, usual and typical 
chernozems (black earth) of meadow steppe and 
steppe meadow. 

11. Sub-basophiles – plants which grow on 
alkaline soils (pH = 7,2-7,7) of southern cherno
zems, lime and chalky outcrops. 

13. Basophiles – plants which grow on alkaline 
soils (pH = 7,7-8,2) solonetz, saline, salt seaside 
tongues of land. 

15. Hyper-basophiles – plants which grow 
on very alkaline soils (pH>8,2), solonetz, sa-
line, salt seaside tongues of land.

The eco-groups by the relation of plant species 
to total salt regime (Sl). Although the level of 
salinization is associated with soil acidity, it has 
some particularity, since, apart from total quantity 
of salt, composition of salt is very important. The 
salt regime is very significant characteristic of soil, 
as it influences different processes of soil formation 
and defines plant adaptation. Plants sensitively react 
on salt content and peculiarity, which are used in 
such approach of phytoindication as haloindication. 
The 19-grade Tsyganov (1983) scale was used as a 
basis. This scale reflects the degree of saturation 
by ions HCO3¯, SO4¯, Cl¯; we elaborated database 
based on this. 

As salt regime is defined quantitatively by 
different salt (carbonates, sulfates, chlorides), depen
dence between grade indices and salt quantity was 
not defined, although some tendency of changes 
of salt qualitative content and total quantity was 
observed, which was reflected in our scales. 

1. Oligotrophes – soils very poor in salt content 
(30-80 mg/l), HCO3¯, SO4¯, Cl¯ are absent, present 
– H+, Al+++, Fe++. It is plants of poor bogs, 
woodland sand dunes with good flushing regime, 
alpine and subalpine broken stone substrates. 

3. Semi-oligotrophes – poor on salt, very 
leached sod-podzolic, brown forest soils, which are 
constantly leaching (75-100 mg/l), HCO3¯, SO4¯, 
Cl¯ are absent, present - H+, Al+++, Fe++.

5. Mesotrophes – soils not reach on salt (95-150 
mg/l), HCO3¯ are present, SO4¯, Cl¯ - absent. It 
is more reach sod-podzolic, grey forest, meadow 
marsh soils with leaching regime. 

7. Semi-eutrophes – soils enriched with salt (150-
200 mg/l) with a content of HCO3¯ 4-16 mg/100g 
of soil, and trace of SO4¯ and Cl¯ in some types. 
It is dark-grey forest soils, podzolic chernozems, 
Crimean forest brown soils on carbonates, where 
leaching and podzolic processes take place because 
of significant precipitation quantity. 

9. Eutrophes – reach chernozems well enriched 
in salt, developed sod-podzolic soils with absent 
sign of salting (HCO3¯ 30-50 mg/100g of soil, 
SO4¯ and Cl¯ - traces). This type of soil is formed 
on loess bedrock, deposits of dolomites, limestone 
and chalk, which are reached on carbonates. 

11. Sub-glycotrophes – salt excess of HCO3¯, 
which causes to carbonate type of salting (0,25%), 
SO4¯ - 0,01-0,05%, Cl¯ - 0,01-0,03%. It is typical 
chernozems, outcrops of chalk deposits, limestone, 
products of their leaching, which are not enough 
leached by water due to the small precipitations 
quantity (< 500 mm) and high ability to evaporate 
(evaporation coefficient < 1). 

13. Glycotrophes – presence of sulfate salt SO4¯ - 
0,1-0,3%, Cl¯ - 0,05-0,1%; traces of coda salting. 

15. Meso-halotrophes (halophites) – on soil with 
sulfate soda salting (SO4¯ - 0,5%, Cl¯ to 0,3%), 
that is solonetz. 

17. Halotrophes (halophites) – soils of chloride 
salting (Cl¯ - to 2%): seaside sand tongues of land, 
rising grounds, which contributes to partial leaching 
of salts, desalinization.

19. Super-halotrophes (super-halophites) – on 
soils with excessive chloride salting > 2% Cl¯, 
where typical saline are formed. 

The eco-groups by the relation of plant species 
to carbonate content in soil (Ca). One of the 
most important compounds, on which plants react 
sensitively, is the character of carbonate substrates, 
which are manifested in their content in soil as well 
as in a character of carbonate bedrocks deposits, 
which are in surface and outcrops. The lasts form 
specific edaphic conditions, which cause situation, 
when plants, which grow on them, are different 
from plants which grow on soil, and that is why 
very often these plants are considered as separate 
species, subspecies, forms etc. This are reflected 
in their name “calcareus”, “cretaceous”, and in 
derivative words “cretophilus”, “creticola” etc.

The 13-grade scale of plant species’ relation to 
carbonate content in soil (Ca), which is presented in 
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soil by dolomites, limestone and chalk, was firstly 
elaborated by us (Didukh et al., 2000).

1. Hyper-carbonatephobes – plants which grow 
on soil without the traces of HCO3¯. These are the 
plants of oligo- and mesotrophic bogs, which have 
not a ground, but surface nourishment by water.

3. Carbonatophobes – plants which do not grow 
on carbonate soils (CaO, MgO = 0,05%), but on 
soils, formed on acid silicate bedrocks (sands, 
granites, gneiss etc).

5. Hemi-carbonatophobes – plants avoiding 
carbonate substrates (CaO, MgO = 0,5%), that grow 
on podzolic, meadow, gley soils, where traces of 
carbonates are present. As a rule, they are indicated 
by species, which do not grow on carbonate 
bedrocks, but on region of carbonate occurrence 
and they avoid outcrops of acid bedrocks. 

7. Acarbonatophiles – plants of neutral habitats 
sustained to small carbonate content in soil (CaO, 
MgO = 0,5-1,5%), which are not raised in upper 
layers due to the flushing regime. It is, from one 
side, grey forest soils formed on loess bedrocks, but 
are characterized by podzolic processes. From the 
other side, it is solonetz, saline, where carbonate 
base is replaced by sulfates and chlorides. 

9. Hemi-carbonatophiles – grow on chernozems, 
enough enriched with carbonates (CaO, MgO = 
1,5-5%), which are washed and can occur in forms 
of inclusions. 

11. Carbonatophiles (optional carbonatophiles)  – 
plants which prefer growing on carbonate soils 
(rendzinas), where CaO, MgO = 5-10%.

13.  Hyper-carbonatophiles (obligatory carbo
natophiles) –  plants which occur exceptionally 
on carbonate deposits (chalks, limestone) in 
conditions of soil absence (CaO, MgO > 10%). 
They are characterized by the adaptive properties 
(they have a thick and large pubescence, cuticle, 
well-developed root system etc). 

The eco-groups by the relation of plant species 
to nitrogen content in soil (Nt). One of the most 
significant components of soil trophicity is content 
of nitrogen content in soil. However, complication 
of its estimation is that nitrogen in soil is present in 
different forms of organic and mineral compounds, 
some of them are easily or hardly dissipated or are 
not soluble at all. It is accessible or inaccessible 
for assimilation by plants; forms inaccessible for 
assimilation can be decomposed with different 
rate, which depends not only on chemical and 

physical composition of soil, but also depends 
on the character of vegetation, microorganisms 
activity, which correlates with climate conditions, 
in particular with seasonal prevalence. Specific 
plant secretion through the root system actively 
influences these processes, which provide plants 
with this element. At the same time, the presence 
of accessible forms of nitrogen limits the growth of 
many species. 

To be based on this, the great attention is paid 
to phytoindication scales of nitrogen content 
estimation. However, some authors emphasize 
phytoindication of accessible forms of nitrogen 
(Ellenberg, 1979, 1991; Tsyganov, 1983), other 
authors (Landolt, 1977; Zarzycki, 1984 Zarzycki et 
al., 2003) – humus. Despite the difference between 
them, indices, have been obtained on practice, 
strongly correlate with each other, therefore we 
accepted Tsyganov (1983) scale as a basis. In 
accordance with this scale all species are divided 
into 11 groups. 

1.  Anitrophiles – plants which grow on very 
poor non-nitrogen dystrophic soils, oligotrophic 
bogs, outcrops, deposits of basic bedrock, sand 
alluvium.

3.  Sub-anitrophiles – plants which grow on 
poor on mineral nitrogen oligotrophic soils, where 
organic residue are decomposed very quickly, their 
products are washed and content of mineral nitrogen 
is 0,05-0,2% or 5-20 mg per 100 g of soil. 

5.  Hemi-nitrophiles – plants which grow on soils 
moderately provided with mineral nitrogen (0,2-
0,3%).

7.  Nitrophiles – plants which grow on soils 
enough provided with mineral nitrogen (0,3-
0,4%).

9.  Eunitrophiles – plants which grow on soils 
well provided with mineral nitrogen (0,4-0,5%).

11. Hyper-nitrophiles – plants which grow on 
soils excessively provided with mineral nitrogen 
(more than 0,5%).

3.2. The climatope 
The climate is of great importance in species 

distribution on the planet. It is a complex factor, 
which can be divided into some components. 
The four phytoindication scales were elaborated 
by us for such factors: 1) the radiation balance 
(thermal climate, Tm); 2) the aridity or humidity 
(ombroregime, Om); 3) the continentality 
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(continental climate, Kn); 4)  the rigours of the 
winter (cryo-climate, Cr). These scales characterize 
the main climatic factors (warm and humidity) of 
plant species activity by land. 

The methods of scale elaboration for climatic 
group are different from those for edaphic factors. 
It consists in comparison of species’ geographical 
range and fields (isochors) of specific climatic 
factors’ indices, estimation of maximum and 
minimum values of specific factors, which 
characterize tolerance range. The species chorology 
of Ukrainian natural flora was analyzed by all 
available sources (atlases, “floras” monographs 
and articles). The publications with maps were 
especially useful, in particular the atlases of Meusel 
et al. (1965, 1978, 1992), Exkursionflora…, 2002) 
. Some climatic fields (Tm, Cr) were lined in 
accordance with data of geographical atlases; others 
(Kn, Om) are unique and were elaborated by P.G. 
Plyuta  (Didukh et al., 2000) based on calculation 
by data for more than 2 thousands points, which 
represent all natural land regions. 

The thermal climate (thermoregime, Tm) 
is estimated basing on radiation balance – the 
quantity of heat which falls on 1 cm2 during a year. 
This value varies from several to 100 kcal per cm2. 
Based on indices’ variation the nine groups are 
distinguished: hekistotherms < 10 kcal/cm2, sub-
hekistotherms – 10-20, microtherms – 20-30, sub-
microtherms – 30-40, sub-mesotherms – 40-50, 
mesotherms – 50-60, macrotherms – 60-70, sub-
megatherms – 70-80 and megatherms – > 80-100 
kcal/cm2. The thermoragime scale has 17 grades. 
All possible values of radiation balance on Earth 
are divided into equal intervals; point value of one 
grade is 5 kcal-cm2·year–1 (209,34 MJ·m–2·year–1) 
(table 3).

The highest indices of thermoclimate are typical 
on the territory of Ukraine for Western Coast 
of Crimea (63 kcal/cm2), and minimum  – for 
northeastern plain part of Ukraine (42 kcal/cm2). 
The radiation balance is decreasing with altitude 
due to cloudiness rise in summer and albedo in 
winter; and it is 15 kcal/cm2 at altitude of 1900 m, 
which is 3th grade (sub-hekistotherms). 

The continentality of climate (Kn) – is totality 
of properties, determined by the influence of big area 
of sea and land atmospheric processes and climate 
formation. These influences are intensive and 
versatile, and have opposite trends by some factors. 

The disposition of big area of land and oceans 
influences the formation of centers of atmospheric 
pressure and global atmospheric circulation. 
The oceans are main providers of humidity in 
atmosphere. The air humidity is higher in oceanic 
regions, than in continental. In the oceanic regions 
there are more cloudy days (especially in summer), 
mists, less sunlight duration, larger amount and 
periodicity of precipitations, lower daily and annual 
amplitudes of air temperature. 

Due to the difficult estimation of all interconnec
ted complex of factors, which form continentality, 
unitary concept regarding this notion is absent. We 
use the Ivanov (1959)  formula for the estimation of 
continental climate:

where Ap – annual amplitude of air temperature 
(difference between the warmest and the coldest 
months), °C; Ad – daily amplitude of air temperature 
(on the average during year), determined as 

TABLE 3. The scale of radiation balance 
(thermoregime, Tm)

Grade Ecogroups 
Absolute value

kcal- 
cm2·year–1

MJ 
m–2·year–1

1 Hekistotherms 5 209

2 10 419

3 Sub-hekistotherms 15 628

4 20 837

5 Microtherms 25 1047

6 30 1256

7 Sub-microtherms 35 1465

8 40 1675

9 Sub-mesotherms 45 1884

10 50 2093

11 Mesotherms 55 2303

12 60 2512

13 Macrotherms 65 2721

14 70 2931

15 Sub-megatherms 75 3140

16 80 3349

17 Megatherms 85 3559
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difference between average annual maximum 
and minimum air temperature, °C; D0 – average 
annual deficiency of relative air humidity, %; 
0,36φ  – linear dependence of all three components 
of geographical latitude φ, degree; 14 – the sum of 
components of numerator on equator.

Phytoindication scale of this factor was 
elaborated using indices (table 4), which includes 
17 grades, from extra-oceanic (to 61%) to ultra-
oceanic (>  210%) climate. Ukraine is situated 
on the boundary between hemi-oceanic climate 
(120%)  – Western Ukraine and Black Sea coast; 
and sub-continental climate (150%) – steppe zone 
of Black Sea region. This index is lower in the 
Carpathian Mountains (110%) and is sub-oceanic. 

The humidity (Om) is one of the most important 
ecological factors reflecting aridity – climate 
humidity. This factor characterizes air humidity 
and is linked with precipitation quantity, flowing, 
evaporation ant transpiration, soil humidity, 
level of ground waters etc (Konstantynov 1968; 
Methods …, 1981). The humidity index integrates 
precipitation influence and thermal resources of the 
territory. It is determined as a difference between 
annual precipitation quantity and evaporation (E0)

Om = W – E0, mm.

The evaporation is potential evaporation under 
specific climatic conditions from the surface, which 
has unlimited humidity reserves. There are many 
methods of calculation E0 (Methods …, 1981), but 
we used Ivanov (1957) method:

E0 = 0,018·(t + 25)2 · (100 – f), mm

where E0 are calculated for each month separately, 
and then are added up for year; t and f, accordingly, 
are average month temperature (°C) and relative air 
humidity (%). It was proved that this formula gives 
good result for steppe zone and a little understated 
result in forest zone (Konstantynov, 1968).

The scale of humidity (table 5) includes 23 
grades  – from hyper-aridophytic (< – 2200 mm) 
to hyper-ombrophytic (> 2000 mm) climate. This 
index varies in Ukraine from semi-ombrophytic 
(1000 mm) in the Carpathians to meso-aridophytic 
(– 700 mm) in the Southern Coast of Crimea, that 
is included 35 % of scale. 

The cryo-climate (Cr) reflects cryoregime 
of climate. The main meteorological elements, 
influencing plant hibernating, are air temperature 

TABLE 4. The scale of continental climate  
(contrast regime, Kn), %

Grade Ecogroups Kn

1 Extra-oceanic To 61
2 61-70
3 Oceanic 71-80
4 81-90
5 Sub-oceanic 91-100
6 101-110
7 Hemi-oceanic 111-120
8 121-130
9 Hemi-continental 131-140
10 141-150
11 Sub-continental 151-160
12 161-170
13 Continental 171-180
14 181-190
15 Eucontinantal 191-200
16 201-210
17 Ultra-continental More than 210

TABLE 5. The scale of climate aridity-humidity 
(humidity, Om), mm

Grade Ecogroup Om

1 Hyper-aridophytes Less than -2200
2 -2200 ― - 
3 Ortho-aridophytes -2000 ― -
4 -1800 ― -
5 Euaridophytes -1600 ― -
6 -1400 ― -
7 Semi-aridophytes -1200 ― -1000
8 -1000 ― -800
9 Meso-aridophytes -800 ― -600
10 -600 ― -400
11 Sub-aridophytes -400 ― -200
12 -200 ― 0
13 Sub-ombrophytes 0 ― 200
14 200 ― 400
15 Meso-ombrophytes 400 ― 600
16 600 ― 800
17 Semi-ombrophytes 800 ― 1000
18 1000 ― 1200
19 Euombrophytes 1200 ― 1400
20 1400 ― 1600
21 Ortho-ombrophytes 1600 ― 1800
22 1800 ― 2000
23 Hyper-ombrophytes More than 2000
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TABLE 6. The scale of cryo-climate (cryo-regime, Cr), °C

Grade Ecogroup Cr

1 Hyper-cryophytes Under -34

2 -34 ― -30

3 Per-cryophytes -30 ― -26

4 -26 ― -22

5 Cryophytes -22 ― -18

6 -18 ― -14

7 Sub-cryophytes -14 ― -10

8 -10 ― -6

9 Hemi-cryophytes -6 ― -2

10 -2 ― +2

11 Acryophytes 2 ― 6

12 6 ― 10

13 Sub-thermophytes 10 ― 14

14 14 ― 18 

15 Thermophytes Above 18

and cloak of snow. The characteristic of winter 
extreme conditions is average temperature of the 
coldest month (it is mainly January, uncommonly 
February in Ukraine). Basing on this index, the 
phytoindication scale of cryo-regime was elaborated 
(table 6).

The scale includes 15 grades and characterizes 
temperature variation of the coldest months  – 
from hyper-cryophytic climate (< – 34 °C) to 
thermophytic climate (> +18 °C), that is constant 
high temperature in tropic zone. These indices 
vary in Ukraine from  – 8 (sub-cryophytic) to +4 °C 
(acryophytic).

amplitude scale cannot be equal to 1 and 9, because 
during calculation ultra-scyophytes have index < 3, 
and heliophytes - > 7 grades.

4. The ecological analysis of plant 
communities based  

on synphytoindication methods
It was elaborated the quantitative phytoindication 

scales including the characteristics of more than 
three thousand species in accordance with 12 
factors used for the ecological assessments of 
specific plant communities or syntaxa. The classic 
phytosociological surveys are used for this purpose, 
reflecting the species structure of flora and the 
degree of species participation in the community. 
The quantitative indices for phytocenoses are 
calculated based on average grade indices of all 
informative species taking into account indices of 
their occurrence or covering. 

γ
n

nn

kkk
xkxkxk

...
...
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Where x1…n – the mean of species’ tolerance 
amplitudes in accordance with scale k1…n – the 
coefficients of occurring or covering are: 1 
grade  < 1%; 2 – 1-5%; 3 – 6-20%; 4 – 21-50%; 
5 > 51%. n  – number of informative species in 
the survey. The index obtained by us reflects 
average mean, which is convenient for further 
calculations. However, it is possible to calculate 
“amplitude” index theoretically, value of this index 
is determined based on amplitude overlapping of 
75% informative species, allowing to reject random 
minimal and maximal means. Such approach needs 
the elaboration of the appropriate software and the 
comparison of obtained data. 

In both cases grade indices of indicated species 
are used for the assessment of ecological factors, 
occurring in phytocenoses and characterizing its 
state. This is the reason why we call this method 
“synphytoindication”. Using of this method 
gives quite accurate results, when the quantity of 
informative indicated species is more than ten. 
Obtained quantitative data is used for the assessment 
of ecological differentiation (the degree of likeness 
or difference) of plant community; hence different 
mathematical and other methods are used. 

For the assessment of data obtained by R. Tsvirko, 
we conducted the comparison of the results based 

The light (Lc). The 9-grade scale of Ellenberg 
(1979, 1991) was used as a basis.

1. Ultra-scyophytes – plants of dark coniferous 
forests.

3. Scyophytes – plants of typical foliage forests/
5. Hemi-scyophytes – plants of light coniferous 

and little-closed foliage forests.
7. Sub-heliophytes – plants of light forests and 

shrubberies, or high herbaceous communities; 
lower layers are in the shade.

9. Heliophytes – plants of open places, which are 
located under direct sunlight.

The amplitude scale was elaborated based on 
this scale. It is understandable that averages of 
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Fig. 8. The comparison of the different values of soil humidity (a), mineral nitrogen (b), soil acidity (c), thermoregime (d), 
different scales with the identical dimension (in percentage) of the phytocenoses of the Central Belarus. The X axis has the 
following association numbers: 1 – Cladonio-Pinetum; 2 - Dicrano-Pinetum; 3 – Peucedano-Pinetum; 4 – Querco roboris-
Pinetum; 5 - Serratulo-Pinetum; 6 – Querco-Piceetum; 7 – Tilio-Carpinetum; 8 – Molinio caeruleae-Pinetum; 9 – Vaccinio 
uliginosi-Pinetum; 10 – Ledo-Sphagnetum magellanici; 11 – Sphagno squarrosi-Alnetum. The Y axis represents the percent-
age of the corresponding phytoindication scale (Tsvirko). 

on the scales of Ellenberg (1991), Landolt (1977) 
and Didukh, Plyuta (1994) (Fig.8). The calculations 
were conducted based on 265 geobotanical surveys 
of the communities with a dominance of Pinus syl
vestris in Central Belarus. The data was analyzed 
by software STATISTICA 6.0 and MS Excel 2003. 
For the description analysis TWISPAN program as 
a part of JUICE software was used.

As shown on the Fig. 8, the use of all three scales 
with the same dimension (%) demonstrates similar 
character of indices’ changes by three edaphic 
factors and differs from the indices of continental 
climate, scales of which are built according to 
different principles. 

The method of ecological profiles was used by 
us for the assessment of ecological indices changes 
in distribution of plant community on the territory 
(Fig.  9). The obtained graphic data allows asses
sment of the character of index changes (gradient) 
and dependency between them for different 
factors. The difference of visual representation 
from mathematical calculation consists in fact that 

in different parts of profile we observe different 
dependency between index changes of different 
factors and it can be easily determined as special 
“breaking points”. The gradient of factor changes 
is a very important feature, which can be seen on 
the profile as an angle of graph fall, it plays an 
important limited role. When the representative 
data for region are present, indices of “ecological 
background” are calculated – average means of 
factor for specific region (Goncharenko, 2003), 
which are used for the comparison analysis of 
indices by specific factors for the different region; 
it provides the transition from landscape to regional 
level of index representation of factor changes. 

Method of indirect ordination reflects ecological 
amplitude of the specific type of community 
(syntaxa), dependency of their changes concerning 
two selected factors, and also character of 
dependency changes between lasts based on 
distribution (location) of syntaxa in appropriate 
coordinate system (Fig. 10, 11). Such dependency 
assessment approach between factor influences 
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gives an opportunity to use cause and effect 
analysis. It is important to reflect not only direct 
or inversely linear dependency between index 
changes, but also absence of dependency between 
indices. It means that such factors have to be 
considered as independent and their role in phyto
cenoses distribution is also important. 

For the assessment of limiting factors we use the 
principal component method. This method makes it 
possible to assess the role and importance degree of 
each factor, its significance in the community and 
its distribution. Obtained significance quantitative 
data, converted into coefficients, can be used 
in assessment of cumulative effect influence in 
different factors on the character of community dif
ferentiation.

Fig. 9. The pattern of ecological factor distribution according to the landscape and vegetation cover features of Vyshneva 
Hora prereserve (Rivno region). For the indicators: 1 – Carpinus betulus, 2 – Tilia cordata, 3 – Betula pendula, 4 – Acer pla-
tanoides, 5  – Pinus sylvestris, 6 – Berberis vulgaris, Swida sanguinea, 7 – Cerasus fruticosa, 8 – Aegopodium podagraria, 
9  – Impatiens noli-tangere, 10 – Rumex confertus, 11 – Trifolium repens, 12 – Carex pilosa, 13 – C. humilis, 14 – C. acuta, 
15  – Stipa capillata, 16 – Elytrigia intermedia, 17 – Poa pretense, 18 – Festuca pratensis, 19 – Lolium perenne, 20 – Dactylis 
glomerata, 21  – Briza media, 22 – Deschampsia caespitosa, 23 – Phragmites australis, 24 – Acorus calamus, 25 – Typha 
angustifolia, 26  – Phleum pratense, 27 – Carex hirta. The mainland deposits and soils: 28 – chalk, 29 – loess, 30 – alluvial de-
posits, 31  – grey podzolic soils, 32 – gley soils on loam, 33 – rendzinas, 34 – meadow soddy and soddy soils on loam, 35 – peat 
bog soils. The ecological factors: 36 – light (Lc), 37 – thermoregime (Tm), 38 – humidity of soil (Hd), 39 – nitrogen content in 
soil (Nt), 40  – soil temperature (single measurements), 41 – ombroregime (Om), 42 – crioregime (Cr), 43 – soil acidity  (Rc), 
44   – salt regime (Sl). 

In order to assess the complex effect of limiting 
factors on the differentiation of vegetation we use 
cluster analysis. Since the dimensions of ecological 
scales are different, their “alignment” is conducted 
through the conversion of percentage indices 
of grade concerning dimension of each scale, 
which is taken as 100%. On the next stage, based 
on the index aggregate of all factors’ similarity 
degree between different types of community is 
calculated. All mentioned above is reflected in 
the dendrogramm (Fig. 13). During calculations, 
the coefficients of significance could be used, for 
each factor, which are obtained from the use of 
the principal component method. However, at this 
stage of research we didn’t use this method and 
still got quite informative results when the factors 
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Fig. 10. The distribution of vegetation classes of the TBR��������������������������������������������������������������������            “������������������������������������������������������������������          West��������������������������������������������������������������           �������������������������������������������������������������         Polesie������������������������������������������������������         ”�����������������������������������������������������          (Volyn region) according to the factors: a����������   – �������Hd�����-����Rc��; 
b���������   – ������Hd����-���Nt�.

are considered as equal. The selected clusters and 
general rule of community distribution reflects 
the influence of the main ecological factor that 
determines their differentiation.

The obtained indices of ecological factors’ 
changes are important for further research and 
calculations. In particular, ecological maps are 
built basing on this. 

Phytoindication indices can be grouped for the 
assessment of the extent of ecological and coenoses’ 
amplitudes of certain plant species, i.e. for the 
calculation of their ecological niche. Basing on these 
approaches it is now possible to create ecological 
scales for those species that were previously absent 
in the database. However, it should be considering 
that obtained amplitude indices are considerably 
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Fig. 11. The distribution pattern of the vegetation classes of Central Podillia in Ukraine according to the correlation of different 
ecological factors: a) Hd-Nt; b) Hd-Ca.

more limited than the potential scale for the 
species. However, they provide an opportunity to 
determine the optimum position in the scale, which 
is important in the further elaboration of scales.

Synphytoindication method was successfully 
used to predict the vegetation succession. As 
an example, we give the analysis of the steppe 
vegetation succession in “Mykhailivska Tsilyna” 
under the conditions of an absolute protection 
(Tkachenko, Lysenko, Vakal, 1993). Indices’ 
calculation of geobotanical surveys made in 1927-
1993 showed that the succession process under 
absolute protection is clearly directed towards the 
formation of forest communities. We observe not 
only the displacement of the appropriate indices, but 
also expanding of ecological amplitudes of certain 
types of community. As a result, the amplitude in 
1927 does not overlap with a peak in 1993. In other 
words, irreversible qualitative changes have been 
occurring for the last 60 years in “Mykhaylivska 
Tsilyna”. These changes were visually manifested 

as a transition from steppe to meadow with an 
appearance of some shrub and tree species including 
Prunus spinosa and some others (Fig. 16a). Similar 
changes have been observed in Khomutovsky steppe 
reserve (1969-2005) (Tkachenko, 2008) (Fig. 16b).

The example of assessment of ecological indica
tors, which depend on coenosis structure, is demon
strated on ecological profiles laid at the same time 
in Steppe zone (Mykolaiv region) through the forest 
and grassland communities. The differences of 
obtained indicators (Fig. 17) show the “forest effect” 
and confirm that soils and microclimate parameters 
change after forest cutting. This is the important 
result for conducting of ecological expertise and 
elaboration of models and forecasting of such types. 

The potential applications of synphytoindication 
techniques are not confined only to the mentioned 
examples. The synphytoindication needs the 
improvement and development of new scales, and 
is among the most promising trends in modern 
plant ecology.
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Fig. 12.  The method of the main components: а – the posi-
tions of ecological factors in three dimensional space; в – the 
position of ecological factors in two dimensional space of 
main factors 1 and 2; с - the position of ecological factors in 
two dimensional space of main factors 2 and 3.
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Fig. 13. The similarity dendrogramm of 90 biotopes of the Forest and Forest-Steppe zone of the flatland Ukraine built on the 
basis of assessment of mean values of the main ecological factors. C – water bodies; D – bogs; E – grasslands; F – shrubs; 
H  – inland cliffs, rock pavements and outcrops; I – agricultural biotopes.

Fig. 14. Ecological maps of “Lisnyky” reserve (Kyiv city), built on the basis of synphytoindication method.
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Fig. 15. The examples of the ecological amplitude assessment of the different types of a) plant communities of central Podillia 
and b) species (Veronica. Galeopsis) reflecting their ecological niche.
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Fig. 16. The changes in ecological characteristics of the meadow-steppe communities in the as a result of establishing absolute 
protection and their trend towards the forest formation. a) “Mykhaylivska Tsilyna” reserve: “ordination field” edges of the 
meadow-steppe conenoses in 1927.; the same parameters in 1971 р.; the same in 1991; the same for the broad-leaved forests 
(Stellario holosteae-Aceretum platanoidis) (Tkachenko, Vakal, Lysenko, 1993); b) changes in Khomutovsky steppe reserve 
(1969-2005) (Tkachenko, 2008). 
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Fig. 17. The change in the indicators of ecological factors (Y��������������������������������������������������������������           �������������������������������������������������������������         of the score point) for herbaceous and forest communities re-
lated to the terrain features in the Steppe zone of Ukraine. The terrain features: 1 – flood area, 2 – valley bottoms, 3 –  lower, 
4  – medium and 5 – upper parts of the slope, 6 – placore areas. Plant communities: 1 – Querco-Fagetea; 2 – Phragmito-Mag-
nocaricetea; 3 – Molinio-Arrhenatheretea; 4 – Festuco-Brometea (Fragario viridis-Trifolion montani); 5 – Festuco-Brometea 
(Festucion, Astragalo-Stipion).
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Didukh, Ya.P. The ecological scales for the species of Ukrainian flora and their use in synphytoindication.  – 
Kyiv: Phytosociocentre, 2011. -  176 p.

The amplitude scales of 3300 flora species of Ukraine are presented, reflecting species relation to 12 main climate 
and edaphic factors. The Tsyganov, Ramensky, Tsatsenkin, Ellenberg, Landolt, Zolyomi, Zarzycki, Frank et Klotz and 
other ecological scales’ comparisons are illustrated. The methods of synphytoindication are presented as an approach 
of ecological indices assessment based on phytosociological surveys taking into account indicator species presence and 
their occurrence in the community. The examples of practical applications of data using ordination and gradient analysis, 
the principal component method, ecological mapping, assessment of ecological factors changes in space (landscapes) 
and time (successions) are given. It is recommended for botanists and ecologists.

Tabl. 7. Fig. 17. 


