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      ,   
  ( )       

  Globularia (G. bisnagarica  G. trichosantha),   -
   ,     . 

 
   

   25   G. bisnagarica,  
 -  :   (VU)  -  

(BBU) ,   (SYA),   (OS),  
 (ZP)   -   –    

(SU).        -
 G. bisnagarica (Kondratieva et al., 2021).    -

  G. trichosantha:  –    (CM),  –   -
   (GC) ( . 1). 

      2019  2022 .  -
        100 2.  -

   ,      
,     ( )    

( ) .         
(  , 1934 – 1964; , 1949; ..., 1972; .., 1974 – 
2004; , 1978, 1980 , ; …, 1988; …, 1989; -

  ., 2000;   ., 2009; , , 2009; , 2014; 
  ., 2014).     Plants of the World Online 

(POWO, 2023). 
      Globularia  -
  ( , 2006).  ,     

  -   ,   -
    G. trichosantha.   (  , -

 ,      )  
    ,      -

.  
      Globularia  -
       -

        
EcoScaleWin (   ., 2008).     

        10 -
  . .  ( , 1983). 

       Globula-
ria     (REV),    -

 –    (It) ( …, 2010; …, 2020).  
      ( )  
,      ( ) 

( …, 2010):  ( ) – REV (It)   
0.33;  ( ) –  0.34  0.45;  
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( ) –  0.46  0.56;  ( ) –  0.57 
 0.66;  ( )  –  0.67  . 

 

 
        

 G. bisnagarica  G. trichosantha,       -
        

     (distance based Redundancy Analysis, 

 

. 1.     G. bisnagarica  G. trichosantha: BBU –
-   (Abd, Bun, Mur, Dem (  -

), Krb, Bvl (  )  Bkv (  )); OS –  
(Alb, Slt (  )); VU –   (Lhv, Grm, Cha, Skv
(  ), Epf (  ), Pch, Elh, Trm, Zay, Tep (  -

)); SU –   (Nvm (  )); SYA – 
 (Nkv, Kms, S_Ya, Bkm (  )); ZP –   (Prb (

)); CM –   (Zel, Pro, Hds (  )); GC – 
   (Arm (  )) 

Fig. 1. Location of the studied communities with G. bisnagarica and G. trichosantha: BBU –
Bugulma–Belebey Upland ((Abd, Bun, Mur, Dem (Republic of Bashkortostan), Krb, Bvl (Repub-
lic of Tatarstan) and Bkv (Orenburg region)); OS – Obshchy Syrt (Alb, Slt (Orenburg region));
VU – Volga Upland (Lhv, Grm, Cha, Skv (Ul'yanovsk region), Epf (Samara region), Pch, Elh,
Trm, Zay, Tep (Saratov region)); SU – Stavropol Upland (Nvm (Stavropol territory)); SYA – Sok-
skie Yary (Nkv, Kms, S_Ya, Bkm (Samara region)); ZP – Zilair Plateau (Prb (Republic of Bash-
kortostan)); CM – Crimean Mountains (Zel, Pro, Hds (Republic of Crimea)); GC – Armyanskiy
pass of Greater Caucasus (Arm (Krasnodar territory)) 
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dbRDA).         
     19 -

     WorldClim (Fick, Hijmans, 2017)  -
  30  (~1 ) ( . 1).    -

      ,   
SoilGrids (Poggio et al., 2021)    250×250   

 8 ,      
 ( . . 1).   ,    

  ,        .  
 

 1.   ,     -
   G. bisnagarica  G. trichosantha 

Table 1. Environmental variables used in redundancy analysis of the communities with G. 
bisnagarica and G. trichosantha 

 / Variable   
 / Code 

  
 / Unit 

1 2 3 
  / Annual mean temperature bio1 °  

C    / Mean diurnal range bio2 °  
 / Isothermality bio3 % 

  / Temperature seasonality bio4 °  
     / 

Maximum temperature of warmest month bio5 °  

     / 
Minimum temperature of coldest month bio6 °  

    / 
Temperature annual range bio7 °  

     / 
Mean temperature of wettest quarter bio8 °  

     / Mean 
temperature of driest quarter bio9 °  

     / Mean 
temperature of warmest quarter bio10 °  

     / 
Mean temperature of coldest quarter bio11 °  

   / Annual precipitation bio12  / mm 
     / 

Precipitation of wettest month bio13  / mm 

     / Precipitation 
of driest month bio14  / mm 

   (  ) / 
Precipitation seasonality (coefficient of variation) bio15 % 

     /  
Precipitation of wettest quarter bio16  / mm 

     /  
Precipitation of driest quarter bio17  / mm 

     /  
Precipitation of warmest quarter bio18  / mm 

     /  
Precipitation of coldest quarter bio19  / mm 
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 . 1 
Table 1. Continuation 

1 2 3 
    / Soil organic 

carbon content carbon /  / cg/kg 

  / Nitrogen content nitrogen /  / cg/kg 
pH pH – 

  / Bulk density bulk / 3 / cg/ m3 
   / Coarse density coarse 3/ 3 / m3/dm3 

  ( ) / Clay content clay /  / g/kg 
   / Sand content sand /  / g/kg 
   / Silt content silt /  / g/kg 

    / Elevation elevation  . . . / m a.s.l. 
  / Slope angle slope ° 

  / Exposure exp   / cardinal 
 

    R (R Core Team, 2023)    
vegan (Oksanen, 2019). 

 
    

  G. bisnagarica      -
  :  ,  , . .   -

 ,          
 .  ,  ,   5  45°,  – 

 10°.      .  
   G. bisnagarica      

  (Tm)  . .      
 /    ( . 2). 

 
 2.   G. bisnagarica  . .  (    

   ) 
Table 2. Assessment of G. bisnagarica habitats according to D. N. Tsyganov (by the average 
scores of the scales at most intersections) 

  / 
Ecological factor 

   / 
Scale score   / Regime type  ( ) /  

Coenopopulations (communities) 
1 2 3 4 

Tm ( -
 / thermoclimatic) 8  /  /  

Subboreal / nemoral Zay, Cha, Epf, Kms, Krb, Abd 

9  / Nemoral 
Trm, Nkv, Prb, Bvl, Tep, Pch, Grm, Lhv, 

Slt, Skv, Elh, S_Ya, Bkm, Alb, Bkv, 
Dem, Mur, Bun, Nvm 

Kn ( -
  / cli-

mate continentality) 

9  / Mainland Bkv, Kms, Zay, Skv, Nvm 

10  /  
/ Mainland / subcontinental 

Trm, Elh, Pch, Grm, Epf, Slt, Alb, Bvl, 
Lhv, Cha, Nkv, Bun, Dem, Tep, S_Ya, 

Bkm, Prb, Krb, Mur, Abd 
Om ( -

  – 
 / ombrocli-

matic aridity–humidity) 

6  /  /  
Mesoarid / subarid Mur 

7  / Subarid 
Lhv, Nkv, S_Ya, Slt, Prb, Krb, Bkv, Tep, 

Trm, Cha, Dem, Zay, Elh, Pch, Kms, 
Bkm, Nvm 

8  /  /  
Subarid / subhumid Grm, Skv, Epf, Alb, Bvl, Bun, Abd 
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 . 2 
Table 2. Continuation 

1 2 3 4 
Cr ( -

 / cryoclimatic) 
7   / Temperate winter Slt, Prb, Mur, S_Ya, Bkm, Bvl, Dem 

8   /   /  
Temperate winter / mild winter 

Tep, Cha, Grm, Kms, Alb, Krb, Bun, 
Abd, Elh, Trm, Lhv, Bkv, Zay, Skv, Pch, 

Epf, Nkv, Nvm 
Hd (  -

 / soil moisture) 8  / -  / 
Middle-steppe / meadow-steppe 

Epf, Nkv, Bkm, S_Ya, Krb, Abd, Elh, 
Pch, Skv, Prb, Zay, Slt, Alb, Dem, Mur 

9 -  / Meadow-steppe Tep, Nvm, Bvl, Lhv, Grm, Trm, Cha, 
Kms 

10 -  /  / 
Meadow-steppe / dry-forest-meadow Bkv, Bun 

Tr (   
 / soil salt regime) 7    / Richish soil 

Trm, Tep, Zay, Skv, Epf, Slt, Alb, Bun, 
Nvm, Lhv, Prb, Elh, Pch, Grm, Kms, 

Dem, Bvl 

8   /   / 
Richish soil / rich soil 

Bkv, Abd, Cha, Bkm, Krb, S_Ya,  
Nkv, Mur 

Rc (   / 
soil acidity) 9   / Neutral soil 

Tep, Trm, Zay, Elh, Pch, Cha, Grm,  
Skv, Epf, Lhv, Kms, Nkv, S_Ya,  

Bkm, Slt, Alb, Prb, Bvl, Krb, Bkv,  
Dem, Mur, Bun, Abd, Nvm 

Nt (   
 / soil nitrogen 

richness) 

3     / Soils 
very poor in nitrogen 

Dem, Zay, Pch, Grm, Skv, Epf, Bkm, Slt, 
Alb, Bvl, Mur, Nvm, S_Ya, Nkv, Trm 

4 
   /  

  / Soils very poor in nitro-
gen / soils poor in nitrogen 

Prb, Krb, Cha, Abd, Elh, Kms, Bun 

5    /  
Soils poor in nitrogen Tep, Lhv 

6 

  /   
   /  

Soils poor in nitrogen / soils with 
sufficient nitrogen content 

Bkv 

fH (  -
 / moisture 

variability) 6 

  /  
   /  
Slight periodical moistening /  

periodical moistening 

Alb, Bvl, Mur, Bun, Dem, Bkm, Nvm, 
Skv, Lhv, Trm, Zay, Prb, Pch, Tep, Grm, 

Kms, S_Ya, Slt 

7    / 
Temperate periodical moistering Nkv, Abd, Elh, Cha, Epf, Krb, Bkv 

Lc (  – -
 / llumination– 

shading) 2  /   
/ Open / partly open spaces 

Tep, Trm, Zay, Elh, Pch, Cha, Grm,  
Skv, Epf, Lhv, Kms, Nkv, S_Ya, Bkm, 
Slt, Alb, Prb, Bvl, Krb, Bkv, Dem, Mur, 

Bun, Abd, Nvm 
 

   (Kn)     G. bisnagarica -
  /  ,     – -

.     (Om)    
G. bisnagarica     /    / 

.           
(Mur).       ,   – -

 /  .   (Cr)  -
  G. bisnagarica      /  ,    – 

   .    (Hd)   G. bisnagarica 
     / -   -  / 

.         / 
- ,   –  - ,    –  -
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 /    .    (Tr) – 
       /  .    -

   ,   –     .  
      G. bisnagarica  .  
     (Nt)  G. bisnagarica   

 ,           
      /    . 

        ,   –  -
  /   ,  –      –   

 /    . 
  (fH)    G. bisnagarica   

 /     .   
    .    – -

  G. bisnagarica    /    
 . 

  G. bisnagarica    -
       . .  -

  . 3. 
    G. bisnagarica    

   ,      
       : -

 (Tm),   (Kn),  -
 (Om)   (Cr),   : 

REV –  0.03  0.11 ( . . 3). 
        : 

  (Hd),    (Tr),    
(Nt),  (Rc),   (fH): REV –  0.05  0.27.  

       (REV = 0.001).  
     « » 

       (     -
,  )  ( …, 2010),  -

       ,  
 ,   , . .  -

    .      
       , -

 .  ,      G. bisnagarica  
  .    ,   -
   ( …,  2010),   -

     (     -
 )   ,  REV   ,      -

      (PEV).   
 G. bisnagarica   ,      PEV  

 ,  REV, ,  ,  . 
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 3.     . .    -
  (REV) G. bisnagarica     

Table 3. Ecological amplitudes according to D. N. Tsyganov’s scales and realized ecological va-
lence (REV) of G. bisnagarica in European Russia 

 / Index  / Factor 
Tm Kn Om Cr Hd Tr Rc Nt fH Lc 

 -
 / Ecological amplitudes +NN MM+ +DD+ NN+ +CC+ ee+ e kl+ +ss G+ 

REV 0.03 0.09 0.07 0.11 0.06 0.08 0.05 0.27 0.10 0.001 
. Tm – , n –  , Om – -

 (  –  ), Cr –  ( -
 ), Hd –  , Tr –   , Nt –   , 

Rc –  , fH –  , Lc –  – ; 
 : N – , +N –     -
, M – , M+ –     -

, +D –     , D+ –  -
   , N –  , N+ –   -

    , +C –     - , C+ –
  -   , e –   , 

e+ –         ; e – 
 , k –    , l+ –    

       , +s –   
       , s – -

  , G+ –      
  . 

Note. Tm – thermoclimatic, Kn – continental climate, Om – ombroclimatic (aridity–humidity 
of climate), Cr – cryoclimatic (frost climate), Hd – soil moisture, Tr – soil salt regime, Nt – soil 
nitrogen richness, Rc – soil acidity, fH – moisture variability, Lc – illumination–shading, N – 
nemoral, +N – intermediate between subboreal and nemoral, M – continental, M+ – intermediate 
between continental and subcontinental, +D – intermediate between mesoarid and subarid, D+ – 
intermediate between subarid and subhumid, N – moderate winters, N+ – intermediate between 
moderate winters and mild winters, +C – intermediate between middle-steppe and meadow–
steppe, C+ – intermediate between meadow–steppe and dry-forest meadow, e – rather rich soils, 
e+ – intermediate between the regime of poor soils and rather rich soils, e – neutral soils; k – very 
nitrogen-poor soils, l+ – intermediate between the regime of nitrogen-poor soils and sufficiently 
nitrogen-supplied soils, +s – intermediate between the regime of weakly variable humidification 
and moderately variable humidification, s – moderately variable humidification, G+ – intermediate 
between the regime of open spaces and semi-open spaces. 
 

   ,    G. bisnagarica, 
  It = 0.09,        

 . 
 G. trichosantha         

.      (  )   (   
) ,         -

  .       5  45°. 
   G. trichosantha      -

    (Tm)    / -
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   / .    -
  /     Arm   -
  .       -
  G. trichosantha:   –  Hds,  / -

   –  Pro  Zel ( . 4). 
 

 4.   G. trichosantha     . .  
(       ) 
Table 4. Assessment of G. trichosantha habitats according to D. N. Tsyganov (by the average 
scores of the scales at most intersections) 

 
 /  

Ecological factor 

  
 /  

Scale  
score 

  / Regime type 

 
 ( ) /  

Coenopopulations  
(communities) 

1 2 3 4 
Tm ( -

 / ther-
moclimatic) 

8  /  / Subboreal / nemoral Arm 
9  / Nemoral Hds 

10  /  /  
Nemoral / submediterranean Pro, Zel 

Kn ( -
 -

 / climate conti-
nentality) 

8  /  /  
Submainland / mainland Arm 

10  /  /  
Mainland / subcontinental Hds, Pro, Zel 

Om ( -
 -

 – -
 / ombroclimatic 

aridity–humidity) 

6  /  / Mesoarid / subarid Hds, Pro 
7  / Subarid Zel 

8  /  / Subarid / subhumid Arm 

Cr ( -
 / cryo-

climatic) 

8   /   /  
Temperate winter / mild winter Arm 

9   / Mild winter Zel 
10   /   / Mild winter / open winter Hds, Pro 

Hd (  
 / soil mois-

ture) 

8  / -  /  
Middle-steppe / meadow-steppe Hds, Zel 

9 -  / Meadow-steppe Pro 
11  / Dry-forest-meadow Arm 

Tr (  -
  / soil 

salt regime) 

6  /    /  
Poor / richish soils Arm 

7    / Richish soils Hds, Zel 
8   /   / Richish / rich soils Pro 

Rc (  
 / soil acidity) 8  /   /  

Slightly acidic / neutral soils Arm 

9   / Neutral soils Hds, Pro, Zel 
Nt (  

  / soil 
nitrogen richness) 

3     /  
Soils very poor in nitrogen Hds, Pro, Zel, Arm 

fH ( -
 -

 / moisture 
variability) 

5    /  
Slight periodical moistening Hds 

6   /    / 
Slight periodical / temperate periodical moistening Zel, Arm 

7    /  
Temperate periodical moistening Pro 
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 . 4 
Table 4. Continuation 

1 2 3 4 
Lc ( – 

 / llumi-
nation–shading) 

2  /   /  
Open / partly open spaces 

Hds, Pro, Zel, 
Arm 

 
   (Kn)   Arm  -

 / ,     –  /   
.     (Om)    

G. trichosantha  ,     G. bisnagarica    -
 /    / .   Arm -

    / ,    –  / -
    . 

  (Cr)    Arm –  -
  /  .   G. trichosantha     

    /  .    (Hd)   
 Arm ,   –   / -   

- .    (Tr)  /    
   Arm,     –      

 /  .      Arm  -
 /  ,    – .    

  (Nt)    G. trichosantha    -
 ,      .  -
 (fH)    G. trichosantha –      

 .    –   G. tricho-
santha    /    . 

  G. trichosantha    -
       . .  -

  . 5. 
   G. trichosantha    -

   ,        -
 ,   G. bisnagarica   ,     -

 ,    ,  : 
REV –  0.03  0.15 ( . . 5).    , -

   G. trichosantha,   It = 0.08,    
       . 

  ( …, 2010),    -
 ,        

  ,    ,    
    G. bisnagarica,   G. trichosantha. 

       , 
        

,        
( . 2, a). 
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 5.     . .    -
  (REV) G. trichosantha     

Table 5. Ecological amplitudes according to D. N. Tsyganov’s scales and realized ecological va-
lence (REV) of G. trichosantha in European Russia 

 / Index  / Factor 
Tm Kn Om Cr Hd Tr Rc Nt fH Lc 

  / 
Ecological amplitudes +NN+ +MM+ +DD+ +OO+ +Cc +ee+ +ee k rs G+ 

REV 0.06 0.07 0.08 0.07 0.11 0.05 0.08 0.03 0.15 0.11 
. N+ –     ; 

+M –     ; +O –   
     ; O+ –       

 ; c – ; +e –       
  ; +e –       

 ; r –   .   . . 3.  
Note. N+ – intermediate between nemoral and sub-Mediterranean; +M – intermediate be-

tween subcontinental and continental; +O – intermediate between the regime of moderate winters 
and mild winters; O+ – intermediate between the regime of mild winters and warm winters; c – 
dry-forest–meadow; +e – intermediate between the regime of poor soils and rather rich soils; +e – 
intermediate between the regime of slightly acidic soils and neutral soils; r – weakly variable hu-
midification. See Table 3 for symbols. 

 
  ,   –  (Ajuga glabra, 

Bupleurum falcatum, Campanula sibirica, Galium octonarium, Medicago falcata  .), 
 (Achillea nobilis, Bromus riparius, Galium boreale, Pentanema 

hirtum, Potentilla incana, Psephellus marschallianus, Viola ambigua  .), -
 (Carex pediformis, Coronilla varia, Galium verum, Origanum vulgare, 

Pentanema oculus-christi, Poa compressa, Salvia verticillata  .), -
  (Festuca valesiaca, Koeleria pyramidata, Stipa pennata  .).  7  

   ,   (Astragalus 
albicaulis, Genista tinctoria, Krascheninnikovia ceratoides),  
(Alyssum lenense, Cynanchica tenella, Euphorbia glareosa, Linum ucranicum, Scabiosa 
isetensis, Thymus×cimicinus  .),   (Hylotelephium 
maximum subsp. ruprechtii).   ,   -

  (  ), Muscari neglectum,  (Asperula tinctoria, 
Bromus inermis, Carex praecox, Carex supina, Elymus repens, Imperata cylindrica), 

 (Asparagus verticillatus, Polygonatum officinale), -
 (Convolvulus arvensis, Sophora alopecuroides),  

(Neotinea tridentata, Paeonia tenuifolia),  (Pedicularis physocalyx, 
Pedicularis sibirica).    ,   

 ,  Acer platanoides, Malus sylvestris, Pinus sylvestris, Populus 
tremula, Sorbus aucuparia,  – Caragana frutex, Chamaecytisus 
ruthenicus, Crataegus curvisepala, Euonymus verrucosus, Prunus fruticosa, Rosa 
spinosissima   – Ephedra distachya.    6% 

,  : Acinos arvensis, Cerastium brachypetalum subsp. tauricum, 
Clinopodium acinos, Galium aparine, Polygonum patulum, Veronica verna  . 
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. 2.    -
  G. bisnagarica: a – -

 (Ph – , Ch – -
, Hcr – , Cr – 

, Th – ),  – 
 (Sil – , Sil-

Ru – - , SilCa – 
- , Pr – -

, PrRu – - -
, St – , StCa – -
- , StPs – -

, StPtr – - -
, StRu – - -

, Ru – ),  – -
 (OgTr – , MsTr – 

, MgTr – , 
Ps – , Pps – -

),  –  (Ks – -
, MsKs – , 

KsMs – , Ms – -
, MsHgr – , 

HgrMs – ),  – -
 (He – , ScHe – 

, HeSc – -
, Sc – ),  – -
 (MgT – , MsT – 

, OgT – ) 
Fig. 2. Spectrum of ecomorphs in communities with G. bisnagarica: a – biomorphs (Ph – phanero-
phytes, Ch – chamephytes, Hcr – hemicryptophytes, Cr – cryptophytes, Th – therophytes), b – 
cenomorphs (Sil – sylvans, SilRu – sylvans-ruderants, SilCa – sylvans-calcephytes, Pr – pratants, 
PrRu – pratants-ruderants, St – stepants, StCa – calcephyte stepants, StPs – psammophyte stepants, 
StPtr – psammophyte stepants, StPtr – psammophyte stepants, petrophytes, StRu – stepant-rude-
rants, Ru – ruderants), c – trophomorphs (OgTr – oligotrophs, MsTr – mesotrophs, MgTr – mega-
trophs, Ps – parasites, Pps – semi-parasites), d – hygromorphs (Ks – xerophytes, MsKs – mesoxe-
rophytes, KsMs – xeromesophytes, Ms – mesophytes, MsHgr – mesohygrophytes, HgrMs – hygro-
mesophytes), e – heliomorphs (He – heliophytes, ScHe – scioheliophytes, HeSc – heliosciophytes, 
Sc – sciophytes), f – thermomorphs (MgT – megatherms, MsT – mesotherms, OgT – oligotherms) 

 
      ( . . 2, ). 

 ,       (Globularia 
bisnagarica, Aster alpinus, Bupleurum falcatum, Cephalaria uralensis, Euphorbia 
glareosa, Galium octonarium, Hedysarum argyrophyllum, Jurinea ledebourii, 
Pimpinella tragium, Polygala sibirica, Potentilla volgarica, Thymus×cimicinus  .), 

    (Eremogone biebersteinii, Artemisia 
campestris, Jurinea cyanoides, Potentilla incana),     (Allium 
rubens, Psephellus sibiricus, Clausia aprica, Dianthus acicularis, Minuartia 
krascheninnikovii, Pedicularis physocalyx  .),     
(Clinopodium acinos, Alyssum desertorum, Anthemis tinctoria, Artemisia austriaca, 

 
 / a                                                / b 
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Echinops ritro, Erysimum diffusum, Nonea pulla, Verbascum lychnitis  .). -
     (Bromus inermis, Securigera varia, Filipendula 

vulgaris, Pimpinella saxifraga, Polygala comosa, Ranunculus polyanthemos, Thalictrum 
minus  .),    –   (Cichorium intybus, Elymus repens, 
Hieracium robustum, Plantago media  .).       
(Agrimonia eupatoria, Chamaecytisus ruthenicus, Fragaria viridis, Origanum vulgare, 
Pinus sylvestris, Sorbus aucuparia  .), -  (Carex pediformis)  

   (Galium boreale, Hieracium umbellatum, Viola rupestris). 
   5% (Artemisia absinthium, Bromus squarrosus, Camelina 

microcarpa, Chenopodium album, Erigeron acris, Falcaria vulgaris, Reseda lutea, 
Silene noctiflora  .),    ,     

      – 23%.   -
,       -
,       . 

    ,      
(61%)   ( . . 2, ).   19%  (Achillea 
setacea, Artemisia campestris, Carex supina, Euphorbia glareosa, Gypsophila altissima, 
Jurinea arachnoidea, Onosma simplicissima, Potentilla incana, Stipa pennata  .)  

 (Bromus riparius, Convolvulus arvensis, Festuca valesiaca, Koeleria 
pyramidata, Medicago falcata, Origanum vulgare, Thalictrum minus  .).  -

,   ,     -
,          / -

.   Cuscuta approximata   Melampyrum arvense. 
    ,     
 ,    /   -

 / .   / -  -
    -    -

    ,    – .  
11%      ( . . 2, ). 

 ,       (5 – 45°) 
,       ,     -

.  ,     
      ( . . 2, ).  9%  

  (Agrimonia eupatoria, Anemone sylvestris, Asperula 
tinctoria, Brachypodium pinnatum, Cerastium arvense, Chamaecytisus ruthenicus, 
Crataegus curvisepala  .), 1%  (Galium aparine, Galium boreale) 

 2%  (Carex pediformis, Polygonatum officinale, Viola mirabilis). 
   G. bisnagarica      -

       -
-  ( . . 2, ).   10%     

   .   -  : 
Chamaecytisus ruthenicus, Festuca valesiaca, Filipendula vulgaris, Koeleria pyramidata, 
Verbascum lychnitis  .      (Elymus repens, 
Galium verum, Koeleria macrantha subsp. macrantha, Viola rupestris  .). 



 
 
 
 
 

   

      2   2024                                                                    181 
 
 
 
 

     G. trichosantha, ,   
      -

 ( . 3, ). 
  ,   –  (Alyssum 

calycocarpum, Anthriscus sylvestris, Bupleurum polyphyllum, Campanula sibirica, 
Dianthus kubanensis, Eryngium campestre, Globularia trichosantha, Jurinea ledebourii, 
Marrubium peregrinum, Onosma rigida, Plantago atrata  .),  
(Achillea ptarmicifolia, Adonis vernalis, Ajuga laxmannii, Bituminaria bituminosa, 
Brachypodium pinnatum, Bromus sclerophyllus, Carex humilis  .), -

  (Asperula galioides,  Carex flacca subsp. erythrostachys,  Carex  liparocarpos, 
 

. 3.    -
  G. trichosantha: a – -

 (Ph – , Ch – 
, Hcr – -

, Cr – , Th – -
),  –  (Sil – -
, SilRu – - , 

SilCa – - , 
Pr – , PrRu – -

, St – , StCa – 
- , StPs – -

- , StPtr – -
- , StRu – -

, Ru – ),  – 
 (OgTr – , 

MsTr – , MgTr – -
, Ps – , Pps – -

),  –  (Ks – 
, MsKs – -

, KsMs – , Ms – 
, MsHgr – -

, HgrMs – ),  – 
 (He – , 

ScHe – , HeSc – -
, Sc – ),  – 

 (MgT – , MsT – , OgT – ) 
Fig. 3. Spectrum of ecomorphs in communities with G. trichosantha: a – biomorphs (Ph – phane-
rophytes, Ch – chamephytes, Hcr – hemicryptophytes, Cr – cryptophytes, Th – therophytes), b – 
cenomorphs (Sil – sylvans, SilRu – sylvans-ruderants, SilCa – sylvans-calcephytes, Pr – pratants, 
PrRu – pratants-ruderants, St – stepants, StCa – calcephyte stepants, StPs – psammophyte stepants, 
StPtr – psammophyte stepants, StPtr – psammophyte stepants, petrophytes, StRu – stepant-
ruderants, Ru – ruderants), c – trophomorphs (OgTr – oligotrophs, MsTr – mesotrophs, MgTr – 
megatrophs, Ps – parasites, Pps – semi-parasites), d – hygromorphs (Ks – xerophytes, MsKs – 
mesoxerophytes, KsMs – xeromesophytes, Ms – mesophytes, MsHgr – mesohygrophytes, 
HgrMs – hygromesophytes), e – heliomorphs (He – heliophytes, ScHe – scioheliophytes, HeSc – 
heliosciophytes, Sc – sciophytes), f – thermomorphs: MgT – megatherms, MsT – mesotherms, 
OgT – oligotherms) 
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Clinopodium vulgare  .)   (Agropyron cristatum, Festuca tau-
rica, Koeleria brevis, Poa bulbosa, Stipa capillata). 12%   -

,     (Juniperus excelsa, Malus domestica, 
Prunus mahaleb, Quercus pubescens, Sorbus aucuparia, Ulmus minor subsp. minor), 

 (Cornus sanguinea subsp. australis, Cotinus coggygria, Daphne pseudo-
sericea, Ligustrum vulgare, Rhamnus cathartica, Rosa spinosissima, Salix caucasica), 

 (Fumana procumbens, Genista albida, Helianthemum nummularium 
subsp. glabrum, H. nummularium subsp. obscurum, H. oelandicum subsp. stevenii).  

 12%   ,   (Arenaria serpilli-
folia subsp. leptoclados, Cerastium brachypetalum subsp. tauricum, Clinopodium grav-
eolens, Crepis setosa, Linum corymbulosum, Melampyrum arvense  .)  -

 (Erysimum cuspidatum, Iberis simplex, Scabiosa micrantha, Scorzonera parvi-
flora, Sisymbrium orientale).   9% ,   
(Salvia tomentosa),  (Cynanchica rumelica, C. tenella, Euphorbia 
glareosa, Odontarrhena tortuosa, Teucrium chamaedrys, T. polium, Thymus callieri, 
T. dzevanovskyi, T. nummularius, Veronica multifida)   -

 (Sedum acre, S. album).  6%    : -
 (Allium atroviolaceum, A. rotundum, Muscari neglectum, M. pallens), -

 (Convolvulus calvertii subsp. calvertii, C. cantabrica),  
(Paeonia tenuifolia). 

   25%     ,  
 (23%) –    (Achillea ptarmicifolia, Archanthemis 

marschalliana, Cynanchica rumelica, Asphodeline taurica, Carex humilis, Helian-
themum nummularium subsp. glabrum  .), 8% –    (Ajuga 
laxmannii, Alyssum calycocarpum, Cephalaria calcarea  .),  2% –  -

  (Onobrychis arenaria subsp. arenaria, Sedum acre) ( . . 3, ). 
  (16%)   (Betonica macrantha, Bituminaria bituminosa, 

Briza media, Bupleurum polyphyllum, Dactylis glomerata  .),   -
   (Salix caucasica)    (Carex flacca 

subsp. erythrostachys).     10%   
(Brachypodium pinnatum, Clematis flammula, Cornus sanguinea subsp. australis, 
Juniperus excelsa  .),     (Cotinus coggygria). 

    2%  (Allium rotundum, Bromus 
squarrosus, Crepis setosa  .),     7%   
(Clinopodium graveolens, Allium atroviolaceum, Cota tinctoria subsp. tinctoria  .), 
2%   (Anthyllis vulneraria subsp. boissieri, Plantago media, Vicia 
cracca)  2%   (Anthriscus sylvestris, Clinopodium vulgare, Myosotis 
sparsiflora).    , ,    -

  13%   G. trichosantha,   -
  ,   , -

     . 
       ,  

 –  (Anthriscus sylvestris, Filipendula vulgaris, Koeleria 
pyramidata, Lotus corniculatus subsp. corniculatus, Medicago romanica  .), -
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    (Odontarrhena tortuosa, Euphorbia glareosa, 
Helichrysum arenarium, Jurinea ledebourii, J. arachnoidea  .) ( . . 3, ).  

       
     –   /    

   /  . 
      G. trichosantha 

  / -     -
       ,    – -

  ,       
 ( . . 3, ).  

  G. trichosantha    
 ( . . 3, ).    ,    

 ,  ,     5  45º, -
   .      

 ,     ,  -
  . 

     ( . . 3, ),   
    ,     

,   .     
14% ,   (Centaurea scabiosa subsp. adpressa, Cotinus 
coggygria, Filipendula vulgaris, Iris pumila, Phlomis herba-venti subsp. pungens, Poa 
bulbosa  .).  ,   Galium verum. 

   dbRDA     – -
  (bio1),    (bio2)   

    (bio8)    –  
   (elevation).        

  30%.        
(CAP1  CAP2)  21%    ( . 4).  
dbRDA  ,          

.  
   (CAP1)  13%    

.        
    (bio8)      

(elevation).    (CAP2)  8%   -
        (bio2). 

  (bio1)      -
     ( . . 4).      

    –   G. trichosantha   -
 G. bisnagarica (Nvm)    –     G. bisnagarica. 

      G. bisnagarica  . , 
      -

,         . 
       , 

         -
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  -
.   14.6%  

   -
. 

 ,  -
   G. bisna-

garica   
  -

   
.   -

,    
  -

   
, : Bromus riparius, 

Coronilla varia, Scabiosa ochro-
leuca, Cichorium intybus, Stipa 
pennata.  -

  -
   -

 ,  
   

  -
.   -

-  -
   

   -
 Dem, Mur, Bun, Abd  

Bvl,      -
 Krb  Bkv  
   -
  :  

   -
 . 
  -

 -      
  ,        -

       ,  Carex pediformis, Caragana 
frutex, Helictotrichon desertorum, Aster alpinus, Potentilla incana, Stipa zalesskii, 
Onosma simplicissima.       G. bisnagarica 

    – Nvm.   -
       G. trichosantha,   

        
.    ,      

G. trichosantha     G. bisnagarica,  : Teucrium 

 
 

. 4.     G. bisnagarica
 G. trichosantha    

   .  -
  ,   -

     (p  0.05, r  0.5);
 –    -
  (     -

     -
).        -

     
Fig. 4. Ordination of communities with G. bisnagarica and
G. trichosantha using Redundancy Analysis based on the
Jaccard distance matrix. Species with the highest statistical-
ly significant correlation with the axes are shown in red
(p  0.05, r  0.5); statistically significant environmental
variables are in blue (the length of the vectors for continu-
ous variables is proportional to the correlation with the
axes). Species are given in format of first four letters of the
generic and species names 
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polium, Teucrium chamaedrys, Potentilla recta, Festuca taurica, Bromus sclerophyllus, 
Pentanema asperum, Pentanema oculus-christi, Thymus callieri.   
G. trichosantha       -

    (Arm). 
 

 
   G. bisnagarica  G. trichosantha  -

     ,    -
          -
   ,  .      

        -
,      .  

      G. bisnagarica  
G. trichosantha ,       . -

    ,   -
,   .      -

 .       -
   Globularia  .    -
     .   

        
 -   . -    -

   Globularia   ,    
,    G. bisnagarica      

  (REV = 0.001). 
 ,       

   (     ),  
   :   

(bio1),    (bio2)     
  (bio8). 

 
  

 . .,  . .,  . .   . : 
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 . .   . .  / :  -

 , 1980 . . 2. 352 . 
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 , 1980 . . 3. 747 . 
 . .   . .:  , 1949. 747 . 
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 . .      . 11-  . .: -
   , 2014. 635 . 

 . .      (   -
   ). :  , 2006. 311 . 

          
    /  . . . . : 
 , 2020. 276 . 
 . .,  . . :   . .: , 1978. 

212 . 
     . Onocleaceae – Fumariaceae / 

 . . . , . . . .: , 1988. 316 . 
     . Brassicaceae – Asteraceae /  

. . . , . . . .: , 1989. 375 . 
    /  . . . . .: . . 

- , 1972. 550 . 
 . .,  . .,  . .,  . .   -

 .   . : , 2014. . 2. 295 . 
 . .,  . .,  . .,  . .   

    . .: , 1956. 472 . 
 . .,  . .     -

. .:    , 2009. 758 . 
    (   ):  11 . /  . . . -

, . . . .; .; .: , 1974 – 1989. . 1 – 8;   , 1996 – 2001. 
. 9 – 10;    , 2004. . 11. 
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1963. . 1 – 28, 30; , 1964. . 29. 

 . .      -
 . .: , 1983. 197 . 
        /  
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Abstract. The paper presents an assessment of the ranges of ecological conditions in which 
Globularia bisnagarica L. and G. trichosantha Fisch. & . . Mey species exist in communities 
growing in European Russia. Studies were carried out in 25 communities with G. bisnagarica and 
4 ones with G. trichosantha, respectively. Our assessment of the ecological regimes of phytoceno-
ses according to D. N. Tsyganov’s scales has shown that both species live in very narrow ranges of 
climatic, soil factors and lighting, being stenovalent. For G. bisnagarica, the thermoclimatic and 
light factors were the most limiting ones. Few soil characteristics such as salinity and nitrogen 
richness were the limiting factors for G. trichosantha. According to the spectrum of ecomorphs, 
the communities of the two species were similar. The vast majority of species are classified as 
steppe ones. Hemicryptophytes were the predominant type of biomorphs. In relation to trophicity, 
more than half of the species was mesotrophic. According to the temperature regime, the meso-
therms were the predominant group. The range of moisture regimes in the habitats of communities 
contributes to the growth of xerophytes and meso-xerophyte species to a greater extent. Due to 
certain specificity of the habitats of communities with Globularia on open slopes, most species 
were heliophytes. Our analysis of regularities of changes in the species composition of the com-
munities in relation to environmental factors at global scale has shown that temperature factors 
make the greatest contribution. 
Keywords: Globularia, plant community, ecological valency, tolerance, ecomorphs, species composition 
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