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(TYTO ALBA) (TYTONIDAE, AVES)    

 
. .  

 
   

, 344006, . - - , .  , . 105 
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.       .  (Tyto alba)   -
   ,        .  

 1942 .       .    .  -
       ,    I .  -

   ,    ,  ,    -
.       ,   

       : T. a. guttata, T. a. alba  T. a. erlangeri. 
         -

        , -
  , ,        . 

          , 
         1-2 .    

.   ,        -
   ,       -

 -      ,     
           . -
          -
   ,    ,    

         . 
           -
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  .         
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 .      . 
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   ,  , -

         , 
   ,     (Dementiev, 1936, 1951; 

Ivanov, 1953; Gladkov et al., 1964; Pukinsky, 1977  ).   -
       ,   -

 ,   Tyto alba (Bruce, 1999; Konig et al., 
2009; Marti et al., 2020).  

             
    ,     -
,         -

 .          
   ,          

      .     -
         (Charle-

magne, 1933; Tatarinov, 1965; Kvartalnov et al., 2011; Kucherenko et al., 2019, 2020).  
           
          -

           . 
 

   
,     Strigiformes     

Tytonidae,   2 : Phodilinae  1  2   
 Phodilus,     -  ,  Tytoninae  

  Tyto,    , , , -
     ,   ,  9  18  (Demen-

tiev, 1951; Ivanov, 1953; Wolters, 1982; Zubkov, 2005; Dickinson, Remsen, 2013).  
          

 ,   ,   -
    ,      

  – Tyto alba.     , -
   ,  ,    20 – 35  

(Dementiev, 1951; Ivanov, 1953; Wolters, 1982; Bruce, 1999; Stepanyan, 2003; Zubkov, 
2005; Konig et al., 2009; Dickinson, Remsen, 2013).     
4 : T. a. alba (    ,      

); T. a. ernesti (   ); T. a. erlangeri ( , ,   
); T. a. guttata (        ). 

 ,   T. a. stertens,    , 
         ,   

         .  
   (alba, ernesti, erlangeri)    

 ,        ,  
 T. a. guttata (=flammea)   (= )   

        ( . 1).   
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    -
  ,  

    
 , 

   -
   

(Konig et al., 2009) ( . 2). 
 ,   -

    -
,     

T. a. alba    
        ( .: Murashov et al., 

2016),       T. a. guttata ( . 3).   
  -

, ,    -
 .    

   ,  
    -

 T. a. erlangeri  , 
   ( . 4), -
 –    (Ana-

nian et al., 2021). 
  -

    , 
   ,   -

 ,   
,      

   
 ,     -     -

      .  
  , 

   -
,    

(Stepanyan, 2003; Bakhtadze, Fa-
rafontov, 2004; Zubkov, 2005), 

   
   -

  T. a. guttata   –  T. a. 
alba  T. a. erlangeri,   -

    -
     

 (Vaurie, 1965; . 5). 
    

  T. a. stertens, 

 

. 1.     
( : Marti et al., 2020) 
Fig. 1. Typical coloration of various subspecies of the 
Barn Owl (from Marti et al., 2020) 

 

. 3.      Tyto 
alba alba   ( : Murashov et al., 2016) 
Fig. 3. A brood of adult and young Barn Owls Tyto 
alba alba in an enclosure (from Murashov et al., 2016) 

 
 

. 2.     -
 ( : Konig et al., 2009): 1 – T. a. alba, 2 – 4 –

T. a. guttata ( ,    ) 
Fig. 2. Color variations of some subspecies of the Barn 
Owl (from Konig et al., 2009): 1 – T. a. alba, 2 – 4 –
T. a. guttata (dark, yellow and typical morphs) 
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   T. a. erlangeri   -  -
    (Konig et al., 2009; Marti et al., 2020).  
 

   
            -

        -
  .        

       ,     
    
.    

,    T. a. 
guttata     I  . 

  (  -
),   ,   

   -
     

    
 (Menzbir, 1882, 1895).  

  .     
 ,   

   , -
       ,    

1928 .      ,     
      (Dementiev, 1936, 1951). 

         -
   .  1837 .      (Nordmann, 

1840);   I  .  
     

(Wagner, 1850; . : Bogdanov, 
1879);  1856 .   

,    -
 2 ,     
  (Irby, 1857; Ni-

kolsky, 1891; Beskaravayny, Gira-
gosov, 2023).    

   I  .  -
  (Fischer, 

1870; . : Malchevsky, Pukin-
sky, 1983).    -

    -
   -

 (Daniloff, 1864)  -
     -

   

 
 

. 5.  T. a. erlangeri   -
; ,  04.10.1942 .  , 
.  ( - ).  

; R-72387 (  . . ) 
Fig. 5. Barn Owl T. a. erlangeri with bare tarsus; female
caught on October 4, 1942 in Turkmenistan, village Esen-
guly (Hasan-Kuli). Zoological Museum of Moscow State
University; R-72387 (photo by Ya. A. Red’kin) 

 
 

. 4.      ,
   ( : Ananian et al., 2021) 

Fig. 4. Coloration of a young and two adult Barn Owls
caught in Armenia (from Ananian et al., 2021) 
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(Menzbir, 1895);     ,     1890 . -
  .      (Chernai, 1853; Zarudny, 1892; Somow, 1897); 

   .       (Ognev, 1908; Nedosekin, 
2013),   1911 .        .  -

    (Ognev, Vorobyev, 1923). 
 ,   . .  (Eversman, 1866),    
          

, ,    ( , 1871; . : Menzbir, 1879, p. 20). 
  1864 .      .      

 -  (Severtsov, 1873; Menzbir, 1895),     -
, ,  .    . .  (Menzbir, 1882, 

p. 473)           
   ,       

  I  .       .    -
       , 

        :  (Platalea 
leucorodia),   (Anas angustirostris),  (Francolinus francoli-
nus),  (Porphyrio porphyrio),  (Cettia cetti),   
(Luscinia megarhynchos)  . (Belik, 2011, 2012, 2015, 2023; Kvartalnov, 2020  .). 

   –  I .       
( . 6)        ( , , 

, ,   )    ,     -
   (Stepanyan, 1975, 2003; Snow, Perrins, 1998).    -
   .        -

     (Charlemagne, 1933, 1938),    
  .        (Vo-

ronetsky, 1998).  
    

   -
,   -

   ( . 7), 
      . 

   
     

(Peklo, 1994).  
   

  ,   -
    1940-  ., 

  ,   
1962  1996 .   -

  .    -
  .    -

  ,   2022 . 
    

 
 

. 6.       
 . ( : Snow, Perrins, 1998) 

Fig. 6. Ranges of the Barn Owl in the Western Palaearctic at
the end of the 20th century (from Snow & Perrins, 1998) 
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  (Vilks, 1953; Briedis, 1955; Pl vurp ce Tyto alba alba, 2023; . , 
. .).  

    .         
  :  -  (  1987 .),   
 (1990-  .)    (1970-  .),   (24.09.1989  

27.01.2000 .),    (24.10.1997 .),  ,   1998 .   
      (Domashevsky, 1993; Burakov, Sulik, 2000; 

Sviridova, Zubakin, 2000; Appak, 2001; Sotnikov, 2002; Bukreev, 2003; Gaginskaya, 
2003).  ,     .       -

      ,   , -
,    . 

, 10.04.1974 .      , -
 13.06.1971 .   (Margolin, 2000; Margolin, Khohlov, 2005) ( );  

 1980-  .         
.    (Belik et al., 2022);    

19.04.1988 .  ,   03.06.1987 .   (Bo-
rodin et al., 2005) ( . ).        1974 .  

  (Ivanchev, Nazarov, 2005);     
10.11.1990 .   ,   13.06.1990 .  

 ( . ),  23.07.1975 .   ( )  -
     2   4  (Kuz'menko, 2005).  

 ,  9 ,   1978 – 2020 .  ,  
1-2 ,   -  ,    -

, , , , ,  
   ( . ).       -

  1996 – 2009 .   (Pl vurp ce Tyto alba alba, 2023).  -
     

     
  ( . ).  

  I .  
   

      
  

  . -
    -

  ,  
   

   (Vetrov et 
al., 2008; Prokopenko, Beska-
ravayny, 2009; Beskaravayny, 
2015; Kucherenko et al., 2017; 
Lastukhin, 2017; Naydanov, 
2017; Kostin, 2020; Sikorsky, 
2021  .).   -

 
 

. 7.       
1970 . ( : Peklo, 1994) 
Fig. 7. Distribution of the Barn Owl in Ukraine before and
after 1970 (from Peklo, 1994) 



 
 
 
 
 

   

      2   2024                                                                    135 
 
 
 
 

      ,  24.12.2002 .  -
       . . alba   -

  (Koshelev, Belashkov, 2002),   2019 .    -
      9 – 10   ,   

  4 – 5   (Diadicheva et al., 2021).  2020 .    -
  15 – 16  ,    

 10 ,     ,   ,   
20   500 2 ( . . , . .). 

 
     ,   .   

-       
Table. Records of ringed Barn Owls in the Russian Federation, Belarus and Ukraine. Database of 
the Scientific Information Center for Bird Ringing, A. N. Severtsov Institute of Ecology and Evo-
lution, Russian Academy of Sciences 
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) / Place of ring finding (region, 
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Co
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s  / 
 D
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nc
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 k
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, 
 / 

 
In

te
rv

al
, d

ay
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1 2 3 4 5 6 7 8 9 
 / Russia 

06.07.1978 Germany 52.10ºN, 
8.23ºE 

juv 01.05.1979  ,  
,  / Kaliningrad region, 

Gusevsky district, Lipovo 

54.35ºN, 
22.12ºE 

952.5 314 

23.05.1989 Germany 50.16ºN, 
8.42ºE 

pull 05.01.1990  ,  
 / Smolensk region, Gagarinsky 

district 

55.35ºN, 
35.00ºE 

1844.8 227 

08.06.1996 Germany 49.16ºN, 
9.32ºE 

pull 16.04.1997  ,  
,  / Novgorod region, 

Soletsky district, Nevskoye 

58.09ºN, 
30.17ºE 

1672.8 312 

22.09.2007 Germany 54.05ºN, 
11.59ºE 

1  15.11.2009  ,  
,  / Vologda region, 

Kirillovsky district, Barakovo 

60.00ºN, 
36.45ºE 

1622.4 788 

03.06.1987 Slovakia 48.42ºN, 
22.02ºE 

pull 19.04.1988  ,  /  
Ulyanovsk region, Barysh 

53.39ºN, 
47.18ºE 

1832.6 321 

15.06.1978 Germany 51.51ºN, 
13.43ºE 

pull 20.10.1978  ,  
,  / Oryol region, 

Dolzhansky district, Dubrovka 

52.07ºN, 
37.02ºE  

1612.5 127 

13.06.1971 Czech 50.07ºN, 
14.12ºE 

1  10.04.1974  ,  
,  / Kaluga region, 

Peremyshlsky district, Hotisino 

54.24ºN, 
36.33ºE 

1584.9 1032 

10.06.2002 Germany 51.14ºN, 
15.00ºE 

pull 09.02.2003  ,  
 ,  / 

Voronezh region, Kantemirovsky district, 
Pisarevka 

49.52ºN, 
40.11ºE 

1775.5 244 

18.06.2020 Germany 53.45ºN, 
12.54ºE 

pull 08.05.2021  ,  
,  / Voronezh region, 

Rossoshansky district, Stetsenkovo 

49.57ºN, 
40.08ºE 

1903.4 324 

24.06.1983 Germany 50.05ºN, 
8.59ºE 

pull 21.12.1983  , -
  / Rostov region, 

Rodionovo-Nesvetaysky district 

47.34ºN, 
39.50ºE 

2257.4 180 

27.05.1986 Germany 52.41ºN, 
9.39ºE 

pull 25.02.1987  ,  
  /  

Rostov region, Konstantinovsky district 

47.45ºN, 
41.20ºE 

2297.9 274 
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Table. Continuation 

1 2 3 4 5 6 7 8 9 
 / Belarus 

27.06.1977 Switzerland 47.29ºN, 
7.01ºE 

 27.02.1979  ,  /  
Brest region, Lyakhovichi 

52.57ºN, 
26.31ºE 

1507.3 610 

 / Ukraine 
26.06.1981 Slovakia 48.39ºN, 

22.13ºE 
pull 25.02.1982  ,  / 

Zakarpattya region, Uzlovoye 
48.37ºN, 
22.02ºE 

14.0 244 

05.06.1983 Slovakia 48.39ºN, 
22.13ºE 

pull 24.01.1984  ,  / 
Zakarpattya region, Chop 

48.27ºN, 
22.10ºE 

22.5 233 

31.08.1977 Slovakia 48.43ºN, 
22.10ºE 

pull 03.02.1980  ,  
,  / Zakarpattya region, 
Khust district, Iza 

48.11ºN, 
23.15ºE 

99.4 886 

26.06.1988 Germany 52.29ºN, 
10.49ºE 

pull 21.10.1988  ,  
 / Lviv region, Drohobych district 

49.21ºN, 
23.30ºE 

952.6 122 

10.06.1952 Germany 50.58ºN, 
11.02ºE 

juv 01.08.1953  ,  
,  / Vinnitsa region, 

Komsomolsky district, Volchinets 

49.45ºN, 
28.35ºE 

1248.3 432 

01.09.1961 Germany 49.44ºN, 
10.21ºE 

pull 01.12.1962  , -
 / Khmelnitsky region, 

Kamyanets-Podilskyi 

48.40ºN, 
26.35ºE 

1182.1 461 

14.06.1990 Netherlands 52.10ºN, 
5.40ºE 

pull 15.02.1991  ,  / 
Zhytomyr region, Orepy 

50.31ºN, 
27.33ºE 

1832.6 321 

13.06.1990 Germany 53.51ºN, 
13.15ºE 

pull 10.11.1990  ,  /  
Chernigov region, Nizhyn 

51.02ºN, 
31.52ºE 

1294.9 150 

 
         -

-     . ,    24.10.1997 . 
 .    (Burakov, Sulik, 2000),  08.11.2005 .  -

  .        (Timoshen-
kov, 2017),   2019 .     .   -

    ,  04 – 06.03.2020 .     
       (Vengerov, Numerov, 

2021).           
  (Belik, 2021). 

 1990-  .  –      –    -
        .  2022 .  -
    ( , , , -
  -  ),     
   ( . ,    )  -

  .       (Khokhlov et al., 
2006, 2010; Gozhko et al., 2010, 2011; Ilyukh, Khokhlov, 2010; Naydanov, 2016; Tilba, 
2017; Naidanov et al., 2018, 2023; Belik, 2019; Mnatsekanov et al., 2020; Semashko, 
Semashko, 2022).    2001 .    .   

   (Farafontov, Bakhtadze, 2003; Bakhtadze, Farafontov, 
2004),   2005 .       
(Parfyonov, Bayramukova, 2006),    2006 .    .  
( . . , . .). 
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     -
  , 

     
(1998 .),    

 (2016 .),   (2003 – 
2006 .)     
(2003 .),      

     
 3  (Bukreev, 2003; 

Malandzia, Ivanitsky, 2005; 
Ti'lba, Mnatsekanov, 2005; 
Til’ba, 2007, 2017; Peklo et al., 
2016; Naidanov et al., 2023). 

    
     

,    
T. a. erlangeri,   1990-  ., 

    
 (Osaei et al., 2007; Ashoori 

et al., 2011) ( . 8)   
 (Kasparek, 1986; Göçer, 

Johnson, 2018) ( . 9).   
 .    

   -
,      -
     -

,    I .   
    (Galvez et 

al., 2005; Schmidt et al., 2008; Shienok et al., 2009; Kvartalnov et al., 2011; Ananian et 
al., 2021; Almasi, Roulin, 2020).   ,   2004 .  . -

   .      T. a. erlangeri (Malandzia, Ivanitsky, 
2005),            -

    .    , 
 27.09.2005 .  ,   ,  

. . ,   . . alba. 
 T. a. erlangeri,     ( . . 9),   -

, - ,    -  ,   -
, ,   ,         

 , , T. a. alba,     -
  .   -     
  T. a. alba  T. a. guttata (Kasparek, 1986).   -

         -

 
. 8.    .   

1970-  .  -    
;    2007 . 

   ; 
    ;
   1990 .  

( : Osaei et al., 2007) 
Fig. 8. Expansion of the Barn Owl in Iran. Three records
in the 1970s in the southwestern Iran are shown with
large circles; confirmed nesting in 2007 in Gilan is
marked with a large square; possible nest finds are indi-
cated by small squares; other meetings after 1990 are
indicated by crosses (from Osaei et al., 2007) 
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,    
,  -

    
       

  (Göçer, Johnson, 
2018). 

,    
,    -

,     -
  , -

     
   

-   -
     

  -
   .  

    -
    

   -
  -

   
     

(Kostin, 2010, 2020; Murashov et al., 
2016; Bykhalova et al., 2017; 
Gozhko, Lokhman, 2020).  

,    
     

    
   T. a. guttata, 

    T. a. 
alba. ,    -

 T. a. guttata ( -  
   )  -

 10.02.2014 .  ,    2003 .    ,   
T. a. alba (Peklo et al., 2016) ( . 10). 

       , ,   -
  I  .,     1837 .     -

          (Nordmann, 
1840, . 111). . .  (Charlemagne, 1936, 1938) ,   -

    . a. alba       , 
             

 (Dementiev, 1936, 1951; Ivanov, 1953; Stepanyan, 1975, 2003).   
            

(Koshelev, Belashkov, 2002; Farafontov, Bakhtadze, 2003; Bakhtadze, Farafontov, 

 

. 9.        –
 I . ( : Kasparek, 1986; Kirwan et al.,

2008; Göçer, Johnson, 2018) 
Fig. 9. Expansion of the Barn Owl in Turkey at the
end of the 20th – beginning of the 21st centuries (from
Kasparek, 1986; Kirwan et al., 2008; Göçer, Johnson,
2018) 
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2004; Khokhlov et al., 2006, 2010; Gozhko et al., 2010; Petrovich, Redinov, 2010; 
Naydanov, 2017; Naidanov et al., 2018; Sikorsky, 2021; Semashko, Semashko, 2022). 

   . a. alba  T. a. guttata  -
  ( . 11),  ,      

         (Charlemagne, 
1933, 1938; Peklo, 1994; Snow, Perrins, 1998).    , -

  ,      .       
1969 .      5  (Mank, 1970) ,    -

  2   25.05.1990  13.06.1991 . (Leibak et al., 1994), -
      (Briedis, 1955; Graubits, 1983; Priednieks et al., 1989, p. 332; 

Snow, Perrins, 1998)   (Paltanavièius, 2007),    , -
     (Dolbik, 1959; Dolbik, Yaminski, 1993; 

Gritschik et al., 2005; Grichik, Yaminsky, 2006)   -   ,  
   23.07.1975 .   ( )   
 (Kuz'menko, 2005). 

   T. a. guttata   , , , 
, ,            -

 (Gavrilenko, 1929; De-
mentiev, 1951; Stepanyan, 
1975, 2003; Afanasyev, 1998; 
Matviyenko, 2009; Belik, Mos-
kalenko, 2018).    

,    -
 (Nankinov, 2002; 

Kasparek, 1986),  -
, - , -

   
T. a. guttata  . a. alba. -

    T. a. 
guttata   

   (Sikorsky, 
2021)     
( . 12).    

,   . a. alba, 
    
   –     

 
    .  (Mank, 1970)        

 (Leibak et al., 1994),       -
   .        -

          (Stepanyan, 1975, 2003; 
Osieck, Shawyer, 1997; Snow, Perrins, 1998; Koblik, Arkhipov, 2014; Almasi, Roulin, 2020  

.).      ,  ,   
  .  

 
 / a                                           / b 

. 10.   ,   , 
   ( : Peklo et al., 2016):  – ,

10.02.2014;  – ,  2003 .  
Fig. 10. Various forms of the Barn Owls caught in Adler,
top and bottom views (from Peklo et al., 2016): a – female,
February 10, 2014; b – female, September 2003 
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-  (Lobanov, 
2015; Pl vurp ce Tyto alba 
alba, 2023),    
T. a. guttata ( . . 12). 

   
   – 

   -
 T. a. guttata –  -

 -  (Mal-
chevsky, Pukinsky, 1983; Ga-
ginskaya, 2003; Lobanov, 
2015),  , 

 15.11.2009 .  
,   -
 ( . ), -

 –   
(Sotnikov, 2002),   -

   
 (Borodin et al., 2005; 

Belik et al., 2022).  -
    
,   1990-  . -
   -

    (Svi-
ridova, Zubakin, 2000; . . -

, . . , . 
.),  16.04.1997 .  

   
    

( . );   
    -

  (Ivanchev, 
Nazarov, 2005; Murashov, 2018).  

     , ,  
   (Daniloff, 1864; Menzbir, 1895; Lavrov, 1983; Margolin, 2000; 

Margolin, Khohlov, 2005; Murashov, 2018),   ,   -
  (Ognev, 1908; Ognev, Vorobyev, 1923; Sarychev, 2009; Ne-

dosekin, 2013; Vengerov, Numerov, 2021).      -
   ,    ( : Ognev, Vorobyev, 1923; 

Murashov, 2018).         -
 , - ,  .  

  . a. alba,    , -
   , ,      -

      .   T. a. er- 

 
. 11.      

     I .  –
 ; -   –  -

;   –    
Fig. 11. Distribution of the Barn Owl in Northern Eurasia
within the borders of the former USSR at the beginning of
the 21st century. Pouring marks the breeding area; black/red pun-
ches – nesting sites; red punches – meetings of solitary birds 
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langeri   -
   -

    
,   

       
 –    

.  
,  4  

1942 .  , -
   . a. alba,  

 –  T. a. erlangeri 
(Dementiev, 1951, 1952; Ste-
panyan, 1975, 2003).   

  , 
   

   , -
   -
  . . , 

   
T. a. erlangeri ( . . 5). 

   -
  . .  ( . 

.).    
       1983 .   -   

  (Sopyev et al., 1988),     -
 . 

 
    

  ,     
   ,  , ,     . -

 ,      ,    -
,          -

.         
    ,      

 . ,   , ,  -
 ,    ,    -
       « » .  
            
 ,  ,    ,     .  
    ,     -

    . 
      ,     

,  ,   30%     -
  60    .   , ,   

 / a                                           / b 
. 12.    , -

 13.12.2003 .   (“alba”) ( ) (  A. Avoti š
(Pl vurp ce Tyto alba alba, 2023))  29.03.2020 .  -

-     (“flammea”) ( )
(  . , : www.european.russia.birding.day)  
Fig. 12. Long-distance dispersers of different phenotypes,
found on December 13, 2003 in Latvia (“alba”) (a) (photo
by A. Avoti š (Pl vurp ce Tyto alba alba, 2023)) and on
March 29, 2020 in Primorsko-Akhtarsky district of the
Krasnodar region (“flammea”) (b) (photo by A. Bazdyrev,
website: www.european.russia.birding.day) 



 
 
 
 
 

. .  

142                                                            2   2024 
 
 
 
 

    102.9±162.03 (SD) ,     
     61.4±52.04    ,   

 –  35.7±36.61 .       
,       800 – 1900    -
 (Dementiev, 1951; Bruce, 1999; Zubkov, 2005; Marti et al., 2020).   , 

   ,  180  274 ,    , 
        2257 – 2298   
  ( . ).  

       -
   2   3   ,     – 

     – ,     – ,   
    4 – 8,    10 – 13  (Charlemagne, 1933; Nankinov, 

2002; Grishanov, 2005; Zubkov, 2005; Naidanov et al., 2018; Mnatsekanov et al., 2020; 
Marti et al., 2020  .).         

,     «  »     
4 – 5  6 – 8  (Charlemagne, 1933).   ,  

       , -
         . 

          -  -
     ,      
    (Charlemagne, 1933; Nankinov, 2002; Grishanov, 

2005; Zubkov, 2005; Pl vurp ce Tyto alba alba, 2023; . , . .). 
 

  
      I .   100 – 210  111 – 

230 .         
(European Birds…, 2000, 2017; Birds in Europe…, 2004),     

        20 – 70  40 – 110  (Mischenko 
et al., 2004, 2017).      XXI .   , -

  ,   ,   ,   
 30 – 100  (Belik, 2005),    ,   

 ,  , ,     
  100 – 300  (Belik, 2021, . ).  30   

   (Sikorsky, 2021),  10 – 20    -
  (Grishanov, 2005, 2010).  

        -
 ,      2020 .    -

  20   500 2,       50    
 ( . . , . .).       -
          

  1 – 10 /50 2,     12 – 25  / 50 2 
(Osieck, Shawyer, 1997). 

     (   )    
(50 – 90),  (16 – 29),  (10 – 50),  (6 – 13),  (6 – 
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9),  (3 – 6),  (3 – 5)   (3 – 5) (European Birds…, 
2017).        5   , 30 – 70   

, 30 – 50   , 25 – 35   , 30 – 50   , 
 500 – 1500   , 500 – 700     800 – 1200   -

.        ,   
   – ,    –  (Bokotey, Bashta, 

2009; Snow, Perrins, 1998; Paltanavièius, 2007; European Birds…, 2017),    
    . 

 ,       , 
 ,   ,       

 .    ,   ,  
       ,  , -

   ,      
       ,    

   ( ,   . .).    -
   ,  ,     -

   ,     ,   -
          ,  

        3 – 5 ,  
            -

.        
 , , , ,    ,  

        -
  .       

      ( . . , . .). 
             

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

, . . , . . , . . , . . , 
. . , . . , . . , . . , . . , 
. . , . . , . , . . , . . , 
. . , . . , . . , . . , . . , 
. . , . . , . . , . .   . 
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Abstract. In the north of Eurasia, until the mid-twentieth century, the Barn Owl (Tyto alba) was 
sporadically distributed only in the Baltic states, in the west of Belarus and Ukraine, and in Mol-
dova. Once, in 1942, a vagrant bird was caught in Turkmenistan also. At the end of the 20th centu-
ry, reports appeared of rare recordings of barn owls in Eastern Europe, and since the beginning of 
the 21st century, pronounced expansion of these birds has been noted, observed in the south of 
Ukraine, Crimea, Ciscaucasia, and Transcaucasia. Different subspecies living in Central and 
Southern Europe and the Middle East are simultaneously expanding their nesting areas, namely: 
T. a. guttata, T. a. alba, and T. a. erlangeri. However, visual identification of subspecies and clari-
fication of the direction of their expansion are complicated by the similarity of various forms and 
their significant individual variability associated with age, sex, intergradation with neighboring 
subspecies and other factors. The appearance of sedentary barn owls in new places is usually pre-
ceded by their post-nesting dispersion, directed in all directions and in some cases reaching 1–2 
thousand km from the place of birth. Owing to the expansion of its range, barn owl populations 
have increased many times in a number of regions over the past decades, but accurate estimates of 
their numbers there are missing due to the rarity and sporadical nature of new finds, the very secre-
tive lifestyle of these birds and insufficient knowledge of their ecology and ethology in the north 
of Eurasia. The article examines the taxonomy of various barn owl populations in Northern Eura-
sia and main diagnostic characteristics of some subspecies living in the north of Eurasia, as well as 
analyzes features of their historical and current distribution and expansion in Eurasia. The author 
also discusses possible causes and mechanisms of the barn owl dispersion and touches on infor-
mation on the dynamics of their numbers in few regions. 
Keywords: Barn Owl, range, expansion, Russia, Baltic states, Ukraine, Transcaucasia 
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     (n = 384, p < 0.05) 

(Siegel, Castellan, 1989). 
 

 1.          ( -
  -2 - , 50°3' . ., 85°6' . ., 978   . ) 

Table 1. Average air temperature and amount of precipitation by months (data of the Gorno-Altai 
Center for Hydrometeorology and Environmental Monitoring M-2 Ust-Koksa, 50°3' N, 85°6' , 
978 m asl) 

 / Year 
    / Average temperature by months, º  

 / April  / May  / June  / July  / 
August 

 / 
September 

2004 3.7 12.1 15.2 16.5 13.9 8.9 
2008 3.5 12.3 16.2 18.4 15.6 7.8 
2022 4.5 14.5 15.8 15.3 14.1 10.7 

 / Year 
,  / Precipitation, mm 

 / April  / May  / June  / July / 
August 

 /  
September 

2004 66 28 42 87 88 46 
2008 48 12 44 51 62 83 
2022 14 5 111 151 54 33 

 
     Microsoft ffice Excel 

2010 (Microsoft Corp.).      -
  Statistica 10 (StatSoft Inc., OK, USA). 

 
    

      
( . 2).         

.         
     (   ,  

     (    3 – 4 )   
  (  g3 – s – 3 – 4 ),   

  (5 – 7 )) (   ., 2019).  2022 .  
         -

 ,          1 
  80.9  2004 .  70.6%  2022 .,    2    

(79.5% – 2008 ., 77.3% – 2022 .).     -
 D. ruyschiana      . ,  

  www.pogodaiklimat.ru,  2004  2008 .      
,  ,         

  ( . . 2).  2022 .,    ,   
        .  
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 2.    Dracocephalum ruyschiana   
  

Table 2. Ontogenetic spectra of the coenopopulations of Dracocephalum ruyschiana in different 
years of study 

  / No. CP  / Year   / Ontogenetic states, % 
j im v g1 g2 g3 ss s 

 1 / CP 1 2004 0 2.6 2.6 3.8 43 34.1 7.6 6.3 
2022 8.1 3.7 11 28.7 28.7 13.2 3.7 2.9 

 2 / CP 2 2008 0 4.6 3.4 17 46.6 15.9 7.9 4.6 
2022 2.2 8.2 8.2 16.5 56.7 4.1 3.1 1.0 

. j – , im – , v – , g1 –  -
, g2 –  , g3 –  , ss – , s – .  

Note. j – juvenile, im – immature, v – virginal, g1 – young generative, g2 – mature generative, 
g3 – old generative, ss – subsenile, s – senile. 
 

  1     Caragana arbores-
cens, Spiraea media  Cotoneaster niger  2004  2022 .  10%  -

     .     -
 ,     .   -

        (j + im + v) 
(rs = 0.323, p = 0.05). ,  2022 .   1    (j + im + v) -

  4.5  (  5.2  22.8%)    2004 . ( . . 2).  
          

    (28.7%).   
  im  g1  2022 . (r = 0.563, p = 0.001).    -

  43  28.7%  2022 .    . -
        

((g3 + ss + s) c 48  19.8%)         
.    2004 .  2022 .   2  ( . 3).  

 
 3.     ( ) Dracocephalum 

ruyschiana 
Table 3. Some demographic indicators of the coenopopulations (CP) of Dracocephalum ruyschiana 

  / 
No. CP 

 / 
Year 

  / Demographic indicators 
, . / 2 / 

Pecol, ind. / m2 
 ln(n+1) / 

Density ln(n+1)   I  I  I  

 1 / CP 1 2004 6.7 2.34 0.61 0.78 0.06 0.14 0.05 
2022 3.32 1.27 0.38 0.71 0.24 0.07 0.3 

 2 / CP 2 2008 1.1 0.33 0.51 0.79 0.09 0.13 0.09 
2022 2.26 0.43 0.41 0.8 0.19 0.04 0.22 

.  –  ;  –  ;  –  
; I  –  ; I  –  ; I  –  . 

Note. Pecol is ecological density;  – index of efficiency;  – index of age; I  – index of re-
covery; I  – index of aging; I  –index of replacement; CP – coenopopulation. 

 
         
        ln(n+1). 
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         (rs = -0.736, 
p = 0.05).  2022 .       13.2% 

      (6.6%)   1,  -
  2004 .,       0.14  0.07 ( . . 3). 

         1   
. ,    1,    ,  

      .  
18     :    2004 .    2022 . (  

  –  . . ).    
 (V )    (r )   -

    1  2004  2022 .     
(V  = -0.012, r  = -0.019).    1     
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Abstract. The different-year structure of two coenopopulations (CP 1 and CP 2) of Draco-
cephalum ruyschiana L. located in different ecological and cenotic conditions of the Altai Moun-
tains is considered. The monomodality of the ontogenetic spectra with the predominance of mature 
generative individuals has been established. In the ontogenetic spectra, there is an accumulation of 
young plants and a reduction in the proportion of old individuals. A density drop in CP 1 from 
2004 till 2022 and an increase in CP 2 from 2008 till 2022 were revealed. The calculated demo-
graphic indicators and those of the development rate confirm the rejuvenation of the studied CP. 
According to the delta–omega classification, CP 1 develops from aging to mature, while the type 
of CP 2 has not changed, it remains mature. Our CP analysis shows a significant vulnerability of 
demographic indicators from non-simultaneous germination of seeds due to their different dor-
mancy and the amount of precipitation. Also, the changes in the ontogenetic structure and demo-
graphic indicators in 2022 are caused by overgrowth of the communities with shrubs, namelt: 
Caragana arborescens Lam., Spiraea trilobata L., Cotoneaster niger (Ehrh.) Fr. in CP 1, and the 
presence of plant debris in CP 2. 
Keywords: Dracocephalum ruyschiana, monitoring, dynamics, ontogenetic spectrum, demographic 
indicators 
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      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)) 



 
 
 
 
 

   

      2   2024                                                                    171 
 
 
 
 

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 

 
 / c                                                / d 

 
 / e                                                / f 
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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  .). 
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     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) 

 
 / a                                                / b 

 
 / c                                                / d 

 
 / e                                                / f 
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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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 . .      (   -
   ). :  , 2006. 311 . 

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

212 . 
     . Onocleaceae – Fumariaceae / 

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

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

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

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

    . .: , 1956. 472 . 
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Ecological characteristics of biotopes and the structure 
of communities with Globularia L. (Plantaginaceae, Magnoliopsida) 
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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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PELOPHYLAX RIDIBUNDUS  P. LESSONAE (AMPHIBIA: RANIDAE), 

  
 

. .  , . . , . .  

 
     

. . .  
, 603950, .  , . , . 23 

   21.11.2023 .,   23.12.2023 .,  25.12.2023 .,  28.06.2024 . 
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 : Pelophylax ridibundus, P. lessonae, Hepatozoon spp.,  , -

  
 

  .         
      

. . .  (   38  03.03.2020 .). 
 

 .      . 
 

 .  . .,  . .,  . .  -
  Pelophylax ridibundus  P. lessonae (Amphibia: Ranidae), 
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 (Smith, 1996; Netherlands et al., 2014; Peskova et al., 2018; Mehus, 
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, 2010; Smith, 1996; Netherlands et al., 2014; Peskova et al., 2018).  
,       

       
     -

  .       
         

       ,   
   ,       

    . 
 :       -

     Pelophylax ridibundus Pallas, 1771  
P. lessonae Camerano, 1882     Hepatozoon spp. 
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 (3.5 – 7.0%) ( , , 1981)    -
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  .  
       -

  ( . ):  
-   ( ): = + +  / + ; 

   ( ): = ×  / + × ; 
-   ( ): = ×10 / + + ; 

     ( ): = +  / ; 
     ( ): =  / ; 
     ( ): = +  / ; 
   ( ): = + +  / + ; 
    ( ): = + +  / , 

  – ;  –  ;  –  -
;  –  ;  – ;  – ;  – -

;  – .  
   Hepatozoon spp.   500 

  . :   ( , %) – -
  ,  ,      -

 ;    (I, . .) –  
,      ;   ( , . .) – 

 ,    . 
-     (2a)   (2b)  

   .  ( 2)   
  : S =  × a × b, ,  –   ; b –  

 ;  = 3.14. 
        

  – , ,  –  ( , 
2008).          

   (  < 0.05),     
  .       

    .   
      : -

 –  (U) (     );  –  
(H) (        )  

 ;  (Z) (     
 ),     ( ),  z 

(   ),        
   ( Wilks)    . 

     , -
  (p- )     -

   ( , , 2014).  -
        

  (  ,   -
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),      Statistica 8 (StatSoft Inc., 
OK, USA).        = 0.05. 
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     .  -
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   ( . 1).        

    .   
 .  (2021, 2022)    ,  

          -
  2020 .   « »   « » –  (2021),   –   

« » –   (2022),       
,      ,   -

      .     -
         -
   , -

 ,  
. 
  III 

 ( . -2  
. )  -

  -
,    -
 ,  

  
, ,   

  
 :  

 .   
 IV , -

 ,  
   

    -
 , -

, ,   -
  ,  

0             1             2             3             4             5            6 
  / Euclidean distances

.  / 
Silikatnoe lake_2020 

.  / 
Vtorchermet lake_2020 

.  / 
Vtorchermet lake / 2021 

.  / 
Silikatnoe lake_2021 

 

.  / 
Silikatnoe lake_2022 

.  / 
Gruzdevskoe swamp_2022 

. -2 / 
Belkino swamp-2_2022 

. -1 / 
Belkino swamp-1_2021 

 / 
Peat quarry_2021 

 

. 1.    -
    (2020 – 2022 .) 

Fig. 1. Hierarchical clustering dendrogram of water bodies of
the Nizhni Novgorod region (2020–2022) 
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  . -1 (2021)  ,    -
  (2021) –  . 

 
 1.  -  ( )    , -

     
Table 1. Excesses over the maximum permissible concentrations of chemical elements (used for 
fishery reservoirs) in water bodies, grouped by hydrochemical composition 

 / 
Cluster 

 /  / , .  / 
Water body / Year / Specific  

Combinatorial Index of Water  
Pollution, rel. u.s 

Fe Mn Cu Cr NO2 SO4 Zn Ni Co 

I 

.  / Silikatnoe lake / 
2020 /5.1 

– 30 15.5 2.0 24.3 – 39 – – 

.  / Vtorchermet lake 
/ 2020 / 5.59 

1.3 60 90 3.3 10.3 – 37 – – 

.  / Vtorchermet lake 
/ 2021 / 4.4 

– 30 60 4.9 – – 4 – 1.6 

II 

.  / Silikatnoe lake / 
2021 / 7.15 

– 50 30 2.5 – 600 11 – – 

.  / Silikatnoe lake / 
2022 / 8.82 

– 20 40 2.0 – 800 8 – – 

III 

.  / Gruzdevskoe 
swamp / 2022 / 10.36 

7.9 130 410 7.3 – 74 – 2.8 6.3 

. -2 / Belkino swamp_2 / 
2022 / 11.03 

15.3 120 310 5.2 – 22.6 50 6.23 6.4 

IV 

 / Peat quarry / 2021 / 
19.2 

13.7 220 440 8.2 – 2200 2 1.8 – 

. -1 / Belkino swamp / 
2021 /34.02 

17.3 330 770 12.05 – 5000 17 4.1 9 

.  –   -   . 
Note. Dash means the absence of any excess over the maximum permissible concentrations 

(used for fishery reservoirs) of the chemical element. 
 

     (II, III )   (IV -
)     Hepatozoon spp. (Hepatozoidae, 

Adeleida, Sporozoa).  ,   Hepatozoidae  
   ,    

  ( , 2009; Smith, 1996; Netherlands et al., 2014).  
   ,  Hepatozoon spp.   
.        

 ,      .  
  ,   .     -
  ,         . 

        -
  ( . 2, ).      ,  

 ,     ( . . 2, ). 
       –  -

 Hepatozoon spp. 
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   -

     
   . 

  -
    -
     

 .  (II 
)    

2021 – 2022 . (z = 2.6, p = 0.01) 
   ,   

    
(z = 0.17, p > 0.05). -

       III  ( . -2) 
Hepatozoon spp.    (z = 6.33, p = 0.001),   

           
 (z = 4.26, p = 0.001)    ,    -

   ( . 2). 
 

 2.    II  III  epatozoon spp. 
Table. 2. Infestation of marsh frogs of clusters II and III with Hepatozoon spp. 

 / Samplings 
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 / 

Th
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n 
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pa
ra

si
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s  

E,
 %

 

I, 
. 

. /
 re

l. 
un

. 

, 
. 

. /
 A

I, 
re

l. 
un

. 

.  / Silikatnoe lake, 2021 (II  / cluster)  
 / Females (n = 14) 6 19 0.038 42.85 3.17 1.36 
 / Males (n = 10) 7 20 0.04 70.0 2.86 2.0 

    / Total sample (n = 24) 13 39 0.078 54.16  3.0 1.62 
.  / Silikatnoe lake, 2022 (II  / cluster)  

 / Females (n = 5) 2 20 0.04 40.0 10.00 1.25 
 / Males (n = 11) 6 40 0.08 54.55 6.67 2.63 

    / Total sample (n = 16) 8 60 0.12 50.0 7.5 3.88 
. -2 / Belkino swamp-2, 2022 (III  / cluster)  

 / Females (n = 9) 7 80 0.16 77.78 11.43 8.89 
 / Males (n = 5) 4 45 0.09 80.0 11.25 9.0 

    / Total sample (n = 14) 11 125 0.25 78.57 11.36 8.93 
.  –  , I –   ,  – 

 . 
Note. E – extensiveness of invasion, I – average invasion intense, AI – abundance index. 

  

 / a                                   / b 
. 2.    Hepato-

zoon spp.:  –  ,  –   
Fig. 2. Microphotographs of Hepatozoon spp. parasitic 
forms: a – young gamont, b – mature gamont 
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      (IV )  
 (z = 7.87, p = 0.001)      -

 (III ),        (z = 
= 6.43, p = 0.001),    (z = 4.87, p = 0.001) ( . 3).  

 
 3.    IV  Hepatozoon spp. 

Table. 3. Infection of pool frogs of cluster IV with Hepatozoon spp. 

 / Sex 

 -
  / 

Number of 
infected individuals 

   
500  / 

Number  
of parasites per 500 

red blood cells 

   
 /  

Proportion  
of cells with  

parasites  

E, % 
I,  
. . / 

rel. un. 

,  
. . / 

AI, rel. un. 

 / Females 
(n = 8) 6 32 0.064 75.0 5.33 4.0 

 / Males  
(n = 4) 1 2 0.004 25.0 2 0.5 

   
 / Total 

sample (n = 12) 
7 34 0.068 58.3 4.86 2.83 

.  –  , I –   ,  – 
 . 

Note. E – extensiveness of invasion, I – average invasion intense, AI – abundance index. 
 

      (z = 2.8, p = 0.03; z = 3.18, 
p = 0.009)   (z = 3.71, p = 0.001; z = 2.68, p = 0.04)   -

   .    ,    , -
     (z = 2.9, p = 0.02).      

 II       
   ,     

 ( . 4). 
       -

   ( Wilks= 0.809, p = 0.028)   
 /   ( Wilks= 0.814, p = 0.03).   
    ( Wilks = 0.95, p = 0.72). 

      II   -
  (z = 2.67, p = 0.007)     -

 (z = 2.31, p = 0.02)       ,  
     (z = 2.31, p = 0.02)   

(z = 2.04, p = 0.04)       
 .    III, IV     
      .   

       
,         -

 -         
 , , , , . 
      ,   
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,        
          -

 ,   II (  – U = 710.5, p = 0.12;  – U = 1536.5, p = 0.05; 
  – U = 837, p = 0.98),    III  (  – U = 182, p = 0.8; 
 – U = 147.5, p = 0.24;   – U = 133, p = 0.12). 

 
 4.      II  

( . , .  ) (Me / IQR) 
Table. 4. Morphometric parameters of erythrocytes of marsh frogs of cluster II (Silikatnoye lake, 
Nizhni Novgorod) (Me / IQR) 

 / Sex   /  
Erythrocyte a,  / m b,  / m a / b S, 2 / m2 

 / Females 

1.   / Without 
parasites, n = 100 22 / 4 14 / 2.75 1.64 / 0.27 939.34 / 267.04 

2.   / With 
parasites, n = 100 23 / 4 14.5 / 3 1.63 / 0.19 1055.57 / 282.74 

 / Males 

3.   / Without 
parasites, n = 100 22 / 3 14 / 2 1.6 / 0.35 984.88/ 243.47 

4.   / With 
parasites, n = 100 24 / 3 14 / 2 1.64 / 0.3 1083.85 / 282.74 

  / Statistical index 

H = 20.45 
p < 0.01 

H = 10.83 
p = 0.013 

H = 2.39 
p = 0.5 

H = 22.92 
p < 0.01 

z1-z2 = 2.68, 
p = 0.04; 

z1-z4 = 4.03, 
p = 0.0003; 
z3-z4 = 3.18, 
p = 0.009 

z1-z2 = 2.9, 
p = 0.02 

z1-z2 = 0.33 
z1-z3 = 0.8 
z1-z4 = 0.79 
z2-z3 = 0.3 
z2-z4 = 1.12 

z3-z4 = 1.44 

z1-z2 = 3.71,  
p = 0.001; 

z1-z4 = 4.01,  
p = 0.0003; 
z3-z4 = 2.8,  
p = 0.03 

   
 / Total 

over the sample 

  / Without 
parasites, n = 200 22 / 3 14 / 2 1.63 / 0.3 942.48 / 268.61 

  / With para-
sites, n = 200 23 / 3 14 / 2 1.63/ 0.29 1061.86 / 296.88 

  / Statistical index U = 18439 
p < 0.01 

U = 20145 
p = 0.002 

U = 23019.5 
p = 0.04 

U = 17941.5 
p < 0.01 

. a –   , b –   , S –  , H – 
  – , D –  , u –   – , n – -

  .     . 
Note. a – the major axis length; b – the minor axis length; S – the area of the cell; H – the 

Kruskal–Wallis criterion; D – the Dunn criterion; U – the Mann–Whitney criterion; n – the number 
of viewed cells. Significant differences are highlighted in bold. 

 
        -

   ,   -
   .    -

:   (z = 2.75, p = 0.006),  (z = 2.85, p = 0.004),  
(z = 3.35; p = 0.0008),  (z = 3.217, p = 0.001)    (z = 2.92, 
p = 0.004),  (z = 2.27, p = 0.023)    

      I  IV .  
      ,    
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  (IV ),     -
    (z = 2.55, p = 0.011),  

 (z = 3.75, p = 0.0002)    (z = 3.45, p = 0.0003)  
 (z = 2.05, p = 0.037) .    IV 

     (U = 41, p = 0.0004)  
    (U = 64, p = 0.009) ( . 3)   

  ,       
         

    ,    
 . 

     -
         

     II    -
 (  = -0.36,  = 0.03),   III  –    -

  (  = -0.62,  < 0.05).    (IV ) -
        

   (  = -0.57,  < 0.05)   -
 (  = 0.91,  < 0.05)  . 
        

 ,       
    ,    -

,       ,  -
   .   , -
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 82.78%        

 : -
 (2.55),  (2.26), 

 (1.54),   -
   -

:  (-8.97), 
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. 3.    
      

: 1 – , 2 –  
Fig. 3. Content of large immune complexes in the blood
serum of healthy and infected green frogs: 1 – healthy,
2 – infected with Hepatozoon spp. 
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II  / 
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. 4.      -
    (I – III )   

(IV )     , 
   : 

1 – , 2 –  Hepatozoon spp. 
Fig. 4. Dispersion graph of samples from the populations of 
healthy and infected marsh (clusters I–III) and pool (cluster 
IV) frogs in the space of the main components constructed 
by immunohematological variables: 1 – healthy, 2 – infected 
with Hepatozoon spp. 
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Comparative immunohematological profile of Pelophylax ridibundus 
and P. lessonae (Amphibia: Ranidae) infected with hemoparasites 
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Abstract. The direction of adaptive reactions of healthy and Hepatozoon spp.-infected green frogs 
from water bodies of the Nizhni Novgorod region with various hydrochemical conditions was 
studied. During the observation period, infection of pool frogs and an increase in the total popula-
tion indicators of infection of male and female marsh frogs with Hepatozoon spp. were revealed. 
Hypertrophy of the morphometric parameters of infected blood erythrocytes compared with 
healthy cells was revealed in marsh frogs. The content of neutrophil granulocytes in the blood of 
infected marsh frogs was higher compared to healthy individuals, while the level of immune com-
plexes did not differ. In infected pool frogs, an increase in the level of large immune complexes in 
the blood serum and the enlargement index was revealed compared to healthy ones against the 
background of a general decrease in the body’s resistance in conditions of severe pollution of their 
habitat with heavy metals and sulfates. For marsh frogs, a correlation was established between the 
proportion of infected erythrocytes and the content of myelocytes and young forms of neutrophils 
in the blood; while for pool frogs – with the content of neutrophils and the enlargement index of 
immune complexes. The method of multifactorial dispersion analysis revealed a significant influ-
ence of such factors as gender and the interaction of gender/infection with hemoparasites on the 
immune status of amphibians. 
Keywords: Pelophylax ridibundus, P. lessonae, Hepatozoon spp., WBC (white blood cells), im-
mune complexes 
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  ,        (-62 ).  
           – 0.3 / ,   

 – 0.4 / .  2014 .       -
,            

.     , ,   
   ,       -

.       (-63 ),  -
    (-31 ).         

 1.53 / ,   – 1.75 / . 
 

 1.   -        
(  ) (I)   (  ) (II)   -

 (  …, 2013 – 2015 .; , 2018) 
Table 1. Main parameters of the spring–summer flood in the Volga delta in the Damchik (By-
straya Channel) (I) and Obzhorov (Obzhorov Channel) (II) sections of the Astrakhan Nature Re-
serve (Chronicle of Nature..., 2013–2015; Litvinov, 2018) 

 / Parameter 

 / Year 
2012 2013 2014 

 / Section 
I II I II I II 

   / Flood start date 27.04 28.03 27.04 
    
 +4º  / Date of water temperature 

transitions through +4º  
6.04 23.03 26.03 

  ,  
 / Maximum flood level, m BS -24.91 -24.83 -25.03 

  / Maximum 
level 309 351 317 355 298 344 

   
 /   / Period of 

maximum levels / number of days / 

24.05–13.06 
21 

15.05–13.06 
30 

11.05–20.06 
41 

5.05–17.06 
44 

14.05–25.05 
12 

14.05–25.05 
12 

   / End date 
of flood 23.07 28.07 2.07 

  -
 / Total duration of flood 88 122 67 

  .    -
, 3 / Volume of river flow 

Volga during the flood period, km3 
114 140 101 

   , 3 / Volume of 
runoff per year, km3 240 271 224 

 
 2013 .  ,    -

    ,    
,          

 (-15 ),         .  
    1.43 /  –    1.53 /  –  . 

      Ex el (Microsoft Corp.) 
 STATISTICA 10 (Statsoft Inc., OK, USA),    -

 (Shapiro – Wilk- ),     -
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      ANOVA (p  0.05)  
Kruskal – Wallis H-Test.  ANOVA     -

   LSD-test (   0.05).     -
        

(   0.05)   (   0.05). 
 

 
       116  -

 ,   Rotifera – 54, Cladocera – 35, Copepoda – 
27.     2013 .   Rotifera, -

 – 2014 .    ( . 2). 
 

 2.       2012 – 2014 . 
Table 2. Species richness of zooplankton in the kultuk zone in the summer of 2012–2014 

 / Taxa  / Year 
2012 2013 2014 

Rotifera 26 44 29 
Copepoda 18 18 13 
Cladocera 27 26 19 

   / Total number of 
species 71 88 61 

 
    (  75% )  2012 – 2014 . 

 Euchlanis dilatata (Ehrenberg, 1832)  Chydorus sphaericus (Müller, 1785), 
 2012 – 2013 . – Mytilina ventralis (Ehrenberg, 1830)  Lecane bulla (Gosse, 1851), 
 2012  2014 . – Coronatella rectangul  

(Sars, 1861),  2012 . – Macrocyclops 
albidus (Jurine 1820)  Pleuroxus aduncus 
(Jurine, 1820),  2013 . – Trichocerca rattus 
(Müller, 1776). 

   -
  2013 .  -

   2014 . (  = 0.01)  
 Rotifera ( . 1, . 3). 

  -
  5.4±3.5 (2012 .)  7.7±2.2 

(2014 .) . ./ 3,   13.4±8.7 
(2012 .)  30.0±65.1 (2013 .) / 3 
( . 2).    

 Rotifera   2013 ., 
Copepoda –  2012 .,  
Cladocera – 2014 .,  –  2013 ., 

    
  ( . . 3). 
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Fig. 1. Specific species richness of zooplank-
ton in the kultuk zone in the summer of
2012–2014 
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 3.       2012 – 2014 . 
Table 3. Quantitative indicators of zooplankton in the kultuk zone in the summer of 2012–2014 

 / Index  / Taxa 2012  2013b 2014c F / HK-W  

S 
Rotifera 8.1±3.8b 13.1±2.4  10.7±6.1 F = 2.70 0.08 

Copepoda 6.8±2.6 6.0±2.9 5.3±1.4 F = 0.96 0.39 
Cladocera 5.2±2.2 5.0±1.7 4.3±1.5 F = 0.69 0.51 

N . ./ 3 

%N 
Rotifera 0.9±1.8 

33.2±23.3  
4.4±6.7 

64.4±17.6  
3.8±1.8 

43.7±18.7 
K-W = 4.50 

F = 5.77 
0.10 

0.009 
Copepoda 2.6±3.2 

48.5±21.6  
1.4±0.9 

24.5±15.3  
2.3±2.6 

38.9±25.5 
K-W = 1.61 

F = 3.08 
0.21 
0.06 

Cladocera 0.6±0.6 
18.3±12.4 

0.6±0.4 
11.0±6.5 

0.8±1.0 
17.3±13.2 

K-W = 1.61 
F = 1.18 

0.44 
0.32 

B / 3 

%  
Rotifera 1.6-3.7 

18.0±15.3 
6.7±30.3 
39.8±30.9 

4.3±2.4 
37.6±19.9 

K-W=5.50 
F = 2.08 

0.06 
0.14 

Copepoda 8.3-6.0 
39.1±22.3 

4.0±9.0 
24.8±24.9 

2.9±8.1 
29.7±23.3 

K-W = 0.92 
F = 0.81 

0.63 
0.45 

Cladocera 3.3±25.9 
42.0±29.0 

3.5±13.6 
25.3±22.1 

2.9±3.2 
32.5±16.9 

K-W = 0.21 
F = 1.14 

0.89 
0.33 

HB 3.2±0.6 3.1±0.5 2.8±0.9 F = 0.73 0.49 
wCrust 0.004±0.006 0.007±0.004b 0.002±0.0008  F = 2.72 0.08 

. N – , , . ./ 3; % N –    , 
; B – , , / 3; % B –    , ; S – -

  , ; HB –    , , ; wCrust – 
   , ; ±std.dev. –  ; F – 

 , HK-W –  – , – , ,b,c –   
(p  0.05)  ,    LSD-test. 

Note. N – numbers, median, thousand ind./m3; % N – share of the total numbers, average; B – 
biomass, median, mg/m3; % B – share of the total biomass, average; S – specific species richness, 
average; HB – Shannon’s index for biomass, average, bits; wCrust – average individual weight of 
crustaceans, mg; ±std.dev. – standard deviation; F – Fisher test, HK-W – Kruskal–Wallis test, p-
value, a,b,c – significant differences (p  0.05) between years, with pairwise comparisons LSD-test. 

 
 2013 – 2014 .      Rotifera,  

 2013 .          ( . 
. 3).  2012 .    Cladocera  Copepoda   

 .    Euchlanis dilatata 
(2012 – 2014 .), Lecane bulla (2013 .), Trichocerca rattus (2012 – 2013 .), 

 Cyclopoida (2012 – 2014 .),  Cyclopoida (2012 .),  -
 – Euchlanis dilatata (2012 – 2014 .), Macrocyclops albidus (2012 – 2013 .), 

 Cyclopoida (2012 .)  Bosmina longirostris (Müller 1785) (2014 .). 
      2012 – 

2013 .,      .  2013 . -
     ,  -

    2014 . ( . . 3). 
       

-  ,      
2013 .,     2012 .   -

 ( . 4).  2012  2014 .       
      –  . 
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       -

 -  ,      
2013 . ( . 5).     (2012 – 2014 .),  

    (2012 – 2014 .),   
(2012 .)   (2012 – 2013 .).  ,    -

        (2012 – 2013 .), 
         

(2012  2014 .),     –     
 (2014 .). 

 
 4.  (%)       -

    2012 – 2014 . 
Table 4. Share (%) of ecological groups of invertebrates in the total numbers of zooplankton in the 
kultuk zone in the summer of 2012–2014 

    
  * / 

According to the method of 
movement and relationship 

to the substrate* 

  ** / 
By way of nutrition ** 2012  2013b 2014c F  

1 2 3 4 5 6 7 
I 1 3.0±5.8 3.6±8.4 1.1±1.3 0.38 0.69 

6 0.9±1.9 2.8±4.0 7.0±13.6 1.11 0.34 
9 0.6±1.2 0.08±0.2 0.3±0.9 0.86 0.43 
10 0 0.4±0.9 1.3±1.6 2.95 0.07 
13 0 0 0 – – 
 / Total 4.6±7.4 7.0±10.3 9.8±14.1 0.41 0.66 
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Fig. 2. Abundance (a) and biomass (b) of zooplankton in the kultuk zone in the summer 
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 . 4 
Table 4. Continuation 

1 2 3 4 5 6 7 
II 2 34.0±21.2b 59.1±20.8  44.7±24.8 2.7 0.09 

7 13.9±10.6 7.0±6.6 8.2±7.4 1.6 0.22 
8 4.9±6.3 1.4±2.5 0.8±1.4 2.7 0.09 
11 1.5±1.8 2.0±4.0 6.1±16.9 0.08 0.91 
12 0 0.02±0.04 0 – – 
 / Total 54.6±24.2b 69.2±18.3  55.2±21.4 1.42 0.26 

III 5 0.7±1.4 0.9±1.8 0.1±0.2 0.86 0.43 
IV 3 32.7±25.3 16.5±9.4 28.5±19.0 1.88 0.17 

4 7.8±4.4 5.8±4.9 4.3±3.7 1.13 0.33 
 / Total 40.5±23.7 22.4±11.9 32.8±22.0 1.90 0.17 

. *I –  , II –   , III – 
      , IV –   -

 ; **1, 2 – ; 3 –  ; 4 –  ; 
5, 6 – ,    ; 7 –  ,  

 ; 8 – , ; 9 –  ,  ; 10 – -
-     ; 11 –  Copepoda; 12 – -

 ; 13 –    . F –  , - , 
,b,c –   (p  0.05)  ,    LSD-test. 

Note. *I – free-floating organisms, II – associated with the substrate, III – attached to the 
substrate and the surface water film, IV – mixed group of juvenile copepods; **1, 2 – verticalizers; 
3 – fine filters; 4 – coarse filters; 5, 6 – primary, fine and coarse filters; 7 – secondary filter feed-
ers, scrapers and detritivores; 8 – gatherers, euryphages; 9 – active predators, euryphagous cope-
pods; 10 – grasping predators with an incudate type of mastax; 11 – Copepoda predators; 12 – 
attached verticalizers; 13 – copepods are filter feeders and predators. F – Fisher test; p-value; a, b, c – 
significant differences (p  0.05) between years, with pairwise comparisons, LSD-test. 
 

 5.  (%)        
   2012 – 2014 . 

Table 5. Share (%) of ecological groups of invertebrates in the total biomass of zooplankton in the 
kultuk zone in the summer of 2012–2014 

    -
  * / According 

to the method of movement and 
relationship to the substrate* 

   
 ** /  

By way of nutrition ** 
2012  2013  2014  F p 

1 2 3 4 5 6 7 
I 1 1.2±2.8 0.8±1.4 0.5±0.9 0.28 0.75 

6 2.6±5.9 4.6±8.4 11.6±20.9 0.96 0.39 
9 0.9±1.6 0.6±1.0 1.1±2.8 0.17 0.83 
10 0 1.0±1.7 4.4±6.3 2.96 0.07 
13 0 0 0 – – 
 / Total 4.7±8.5 7.1±8.8 17.6±20.3 2.00 0.15 

II 2 20.3±14.5 41.2±27.6 34.4±26.1 1.53 0.23 
7 26.0±19.7 15.7±17.7 19.2±16.2 0.69 0.50 
8 13.9±18.2 2.9±4.1 6.4±12.2 1.75 0.19 
11 10.1±9.9 16.0±22.2 6.1±16.9 0.67 0.51 
12 0 0.06±0.13 0 – – 
 / Total 70.5±20.2 74.3±24.2 66.2±19.9 0.30 0.73 
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 . 5 
Table 5. Continuation 

1 2 3 4 5 6 7 
III 5 9.5±22.1 10.6±21.3 1.4±1.8 0.65 0.52 
IV 3 7.7±12.6 2.2±2.3  6.8±4.4  1.45 0.25 

4 8.9±7.5 4.9±3.9 6.5±5.1 1.12 0.34 
 / Total 16.6±14.5 7.1±5.2 13.3±7.5 2.30 0.12 

.   . . 4. 
Note. See Table 4 for symbols. 
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Keckeis et al., 2003; Frutos et al., 2006; Beaver et al., 2013; José de Paggi et al., 2014). 
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Abstract. The paper presents the results of our studies of inter-annual changes in the structure of 
summer zooplankton in the kultuk zone of the Volga delta depending on hydrological and meteor-
ological conditions. The study shows the main trends in zooplankton differences in a series of low-
water years. It was found that in low-water years in the kultuk zone with low runoff, short floods 
and weak watering of floodplain territories, zooplankton was characterized by low species rich-
ness, reduced average individual mass of crustaceans and the number of Rotifera, but a high pro-
portion of the number of juvenile Copepoda. In the year when the water level decreased before the 
flood during the period of temperature increase, and then a rapid rise with the inflow of cold wa-
ters and the removal of fish larvae, zooplankton was characterized by a minimum species richness 
and quantitative values of Rotifera, but increased biomass of Cladocera and the Shannon index. In 
every low-water year, with a stable and relatively high water level before the flood, fish spawning 
in the kultuk zone, biomass of zooplankton reduced due to Cladocera, and the number of species in 
the sample. In every mid-water year, the flood had the largest runoff and prolonged, increased 
flooding of the floodplain, zooplankton was characterized by the maximum total and specific spe-
cies richness, abundance of Rotifera, total biomass on account of Cladocera, and the individual 
mass of crustaceans, the Shannon index, but the minimum proportion of juvenile Copepoda. 
Keywords: zooplankton, hydrological regime, ecological groups, species richness, hydrological 
regime 
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Table 1. Toxicity indices of decabromodiphenyl oxide (DBDPO) based on bioassays with Chlo-
rella vulgaris and Daphnia magna 

 -  / 
Test subject type 

 ,  /  
Mass of DBDPO, mg 

  
  /  

Registered toxic effect 

   
, % / Incidence of 

toxic effect, % 

Chlorella vulgaris 

 / Control – 100±1 
2500    

   
 /  

Increasing algal culture 
colony growth through 

stimulation 

140±1* 
5000 122±2* 

7500 119±2* 

15000 115±1* 

Daphnia magna 

 / Control 
    

  / No signs of toxic effects 
 are observed 

2500 
5000 
7500 

15000 
. * –          

(p < 0.05). 
Notes. * – in comparison to the control group, the difference within the group is statistically 

significant (p < 0.05). 
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 2.        -

   Chlorella vulgaris  Daphnia magna 
Table 2. Toxicity parameters of decabromodiphenyl oxide (DBDPO) thermal degradation pro-
ducts through biotoxicity testing on Chlorella vulgaris and Daphnia magna 

 -
 / Test 

subject type 

 ,  / 
Mass of DBDPO, mg 

  
  /  

Registered toxic effect 

  
, % / Incidence 

of toxic effect, % 

Chlorella 
vulgaris 

 / Control – 100±13 
1000    

  /  
Increasing algal culture colony 

growth through stimulation 

153±9* 
4000 115±1 

6000 103±9 

Daphnia magna 

 / Control   
   / 

No signs of toxic effects are 
observed  

– 1000 
4000 
6000 

. * –          
(p < 0.05). 

Notes. * – in comparison to the control group, the difference within the group is statistically 
significant (p < 0.05). 
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 3.        -
   Planorbis 

Table 3. Toxicity indicators of thermal degradation products of decabromodiphenyl oxide 
(DBDPO) through biotoxicity assessment on Planorbis 

 ,  / 
Mass of DBDPO, mg 

  
,  / 

Initial size of 
embryos, mm 

  
 5-  ,  / 
Embryo size at 

5 days, mm 

  
,  /  

Dynamics of growth 
changes, number of 

times 

  
 5 , % / 

Incidence of  
embryo demise 

within 5 days, % 
 / Control 1.04±0.03 (n = 6) 2.5±0.07 (n = 6) 2.4±0.06 – 

1000 0.9±0.07 (n = 5) 3.6±0.10* (n = 4) 4.5±0.13* 20 
4000 0.9±0.03 (n = 7) 2.9±0.06* (n = 6) 3.6±0.08* 14 
6000 1.4±0.07* (n = 8) 4.1±0.15* (n = 8) 2.9±0.11* – 

. * –          
(p < 0.05). 

Notes. * – in comparison to the control group, the difference within the group is statistically 
significant (p < 0.05). 

 
         

.      5  -
  . 

 

 
              / a                                     / b                                  / c                                       / d 

 Planorbis  5-        
:  –  ,  – 1000 ,  – 4000 ,  – 6000  

Figure. Incubated Planorbis embryos after 5 days following exposure to the products of thermal 
decomposition of decabromodiphenyl oxide: a – control group, b – 1000 mg, c – 4000 mg, d – 
6000 mg 
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Abstract. The results of biotesting of decabromodiphenyl oxide using a multicomponent test sys-
tem are presented. It has been demonstrated that its aqueous solutions exhibit a reverse dose-
dependent effect in stimulating the growth of colonies of the green algae Chlorella vulgaris and 
show no signs of toxic effects on Daphnia magna. During the thermal decomposition of decabro-
modiphenyl oxide at a temperature of 400°C, a mixture of products is formed, one of which is 
bromine. The decomposition product is released into the air and possesses toxic properties, as evi-
denced by stimulation of the growth of colonies of the green algae Chlorella vulgaris, as well as 
the death and growth abnormalities of Planorbis mollusk embryos. Therefore, water samples con-
taining decabromodiphenyl oxide can be assessed for toxicity by biotesting methods, using cul-
tures of green algae Chlorella vulgaris and 24-hour-old Planorbis embryos as test subjects. It is 
noteworthy that in the context of the prevailing perception of the safety of decabromodiphenyl ox-
ide, based on its poor water solubility and low toxicity to biological organisms, there arises a need 
to study embryotoxic effects of the thermal decomposition products on both animals and humans. 
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. 1.    Dryophytes

japonicus   : 1 –  -
 (Lyapkov, Severtsov, 1981); 2 –  

 (  ) 
Fig. 1. Locations of studying the age of
Dryophytes japonicus in the Primorsky Krai: 1 –
Lake Tsarskoye (Lyapkov, Severtsov, 1981); 2 –
Fokino and Dunay (our data) 
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. 2.       (38.30 ) ( ), 
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Fig. 2. Cross sections of the finger’s phalanges in one-year-old male (38.30 mm) (a), three-year-
old male (40.87 m) (b), and four-year-old female (42.70 mm) (c). The scale size is 0.1 mm 
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Fig. 3. Age structure of the sexually mature part of Dryo-
phytes japonicus population in the south of Primorskiy Krai 
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 1.   Dryophytes japonicus     
Table 1. Body length of Dryophytes japonicus in several age groups 

 
 / 

A
ge

 
gr

ou
p 

 / Locality 
 / Fokino  / Dunay  / Total 

 / Females  / Males  / Females  / Males  / Females  / Males 

n SVL n SVL n SVL n SVL n SVL n SVL 

1+ 1 38.82 7 37.40±1.73 
35.01–40.41 2 31.36±2.19 

29.80–32.91 8 36.03±1.68 
34.16–38.64 3 33.84±4.58 

29.80–38.82 15 36.65±1.74 
34.16–40.41 

2+ 1 41.70 8 39.19±1.19 
37.30–41.03 2 31.07±2.36 

29.40–32.74 7 37.77±2.05 
35.84–42.07 3 34.61±6.36 

29.40–41.70 15 38.53±1.74 
35.84–42.07 

3+ 0 – 6 40.29±1.65 
36.95–41.30 1 39.78 5 37.20±2.08 

34.42–39.91 1 39.78 11 38.88±2.39 
34.42–41.30 

4+ 1 42.99 1 44.61 4 43.47±0.96 
42.70–44.80 3 39.08±1.76 

37.50–40.98 5 43.37±0.86 
42.70–44.80 4 40.46±3.12 

37.50–44.61 

5+ 0 – 1 41.68 0 – 1 41.21 0 – 2 41.45±0.33 
41.21–41.68 

. SVL –  , ,   –     -
 ,   – min – max. 

Note. SVL – body length, mm; the numerator is the arithmetic mean and its standard devia-
tion, in the denominator is min–max. 
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.         ( . 2). 

      (Borkin, Tikhenko, 1979; Sinsch, 2015; 
Lyapkov et al., 2021b),      -

  ,     . ,   -
 ,    ,     
     ( . 4). 

     , D. japonicus -
        (Kuzmin, 

2012; Kuzmin, Maslova, 2005). , . .   . .  (Lyapkov, Se-
vertsov, 1981) ,      -

 -  ,      .  
 . .  (Lazareva, 2000),    D. japonicus 
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  11     10   . 

 
 2.      (A)    

 (k)      Dryophytes japonicus 
Table 2. Calculated values of the maximum body length (A) and growth rate coefficient (k) ac-
cording to Bertalanffy’s growth equation for Dryophytes japonicus 

 / 
Group 

 /  
Sex n  / Indicator 

A m ±95% k m ±95% p R2 

 / 
Fokino  

 / 
Females 3 42.68 0.506 41.65 43.71 1.97 0.201 1.56 2.38 <0.001 0.997 

 / 
Males 23 40.41 0.366 39.67 41.15 2.09 0.190 1.71 2.47 <0.001 0.995 

 / 
Dunay 

 /  
Females 9 46.99 2.187 42.55 51.43 0.51 0.082 0.35 0.68 <0.001 0.989 

 / 
Males 24 38.17 0.374 37.42 1.82 2.38 0.278 1.82 2.94 <0.001 0.993 

 / 
Total 

 / 
Females 12 43.08 1.319 40.41 45.75 0.89 0.137 0.61 1.17 <0.001 0.981 

 / 
Males 47 39.27 0.332 38.61 39.93 2.22 0.203 1.82 2.62 <0.001 0.990 
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Fig. 4. Growth trajectories in both sexes of Dryophytes
japonicus in accordance with the measured body length
(SVL) in each age group:  – females,  – males,  –
juveniles 
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,    .         
  . 
 ,      

(  ,  ,  970   -   -
  ),   ,    . . -

 (Lazareva, 2000),        -
       .  

 ,        
        -

      (Lyapkov, Severtsov, 1981; 
Lazareva, 2000).       ,  -

,   .  ,     
       ,   , 

   . ,   -
  D. japonicus        -

   ,    -
    .      -

      (1–2 ),   
     ,   (Lyapkov, Severtsov, 

1981).       ,   -
       -
      (Cayuela et al., 2022). 

       -
     (  -

           
   )       (Hemelaar, 

1988; Roff, 2002; Zhang, Lu, 2012).  ,    D. japo-
nicus     -   

 (Hyla orientalis Bedriaga, 1890). ,    -
     (-10 – 26   . .) H. orientalis  

          
  5 – 6  (Özdemir et al., 2012; Kidov et al., 2023c).   (800 – 850  

 . .)         3–4   -
  7 – 13  (Gokhelashvili, Tarkhnishvili, 1994; Altuni ik, Özdemir, 2013). 

.  ,   D. japonicus  
 ,      

 Hyla.         
       -

      . 
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Abstract. The article presents the results of age structure studying in a population of the Japanese 
treefrog (Dryophytes japonicus) by skeletochronology. Animals were caught in the vicinity of 
Fokino town and Dunay settlement (Primorsky Krai, Russian Federation) in the third decade of Ju-
ly, 2022–2023. Cross sections of a finger’s phalanges were used as a registering structure. To es-
timate age, preparations from 59 individuals (12 females and 47 males) were used. The body 
length of females and males was in a range of 29.40–44.80 mm (on average 38.50±5.69) and 
34.16–44.16 mm (on average 38.30 ± 2.36), respectively. The age of females and males varied in a 
range of 1–4 years (on average 2.7±1.3) and 1–5 years (on average 2.2±1.1), respectively. The 
modal age in females and males was 4 years (41.6% of all studied individuals) and 1–2 years 
(63.8%), respectively. The average age of males and females did not differ statistically significant-
ly. Body length depended on age, in both females (r = 0.82, p < 0.05) and males (r = 0.54, 
p < 0.05). The expectancy longevity in females and males was 4.41 years (S = 0.744) and 3.76 
years (S = 0.693), respectively. The growth of males stops after reaching puberty. Females contin-
ue to grow after maturation; that is why the most adult individuals are the largest ones. The growth 
rate coefficient (k) was higher in males (2.22) than in females (0.89). The authors note that in the 
south of the Primorsky Krai, D. japonicus is characterized by the minimum age of puberty and life 
longevity among all studied populations. 
Keywords: tailless amphibians, demography, geographical variability, skeletochronology 
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Fig. 1. Location of the data acquisition sites on
the territory of the Penza city and Zarechny town 
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Table 1. Carbon assimilation in various areas of the Penza city 

 
 /  

Assimilation of 
carbon 

 / District 

 
( , , , 

) / 
Zheleznodorozhny (PGUAS, 

GPZ, Shuist, Zarechny) 

 ( 1, 
. ) / 

Leninsky (Downtown1, 
Zap. Polyana) 

 ( . 
, , 

. ) / 
Oktyabrsky (prosp. Victo-

ries, Arbekovo, prosp. 
Builders) 

 
( 2, , 

) / Pervo-
maisky (Downtown 

2, Ternovka, Sputnik) 

  / 
Residential zone 

0.168 
803.4 

0.218 
411.8 

0.213 
1229.6 

0.216 
236.7 

 / Woods 1.672 
15812.9 

1.679 
692.6 

1.673 
3417.1 

1.675 
1675.0 

.  / 
Administrative 
borders 

1.142 
16616.4 

0.402 
883.5 

0.569 
4414.4 

0.382 
764.7 

.   – / / ,   – /  
Note. In the numerator – t/year/ha, in the denominator – t/year. 
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     ,  (   ) 
 ,   (     )  . 
       (Stephenson et al., 2014), 
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 2.        -
  

Table 2. Specific carbon assimilation and the corresponding values of the influence factors 

,  / 
District, site 

 
, 

/ /  / 
Specific  

assimilation, 
t/year/ha 

  / Influence factors 

  
,  -
 / Residential 

area forest cover, 
unit shares 

  
 

  100 2 / 
Number of trees 
in the green area 

per 100 m2 

-
 
 

 /  
Assimilation 

age rank 

 -
 
 / 

Average conver-
sion coefficient 

 / Column 1 2 3 4 5 
  / Zheleznodorozhny district 

 / GPZ  0.115 0.258 2.8 0.449 0.381 
 / PGUAS 0.206 0.311 8.0 0.518 0.407 

 / Shuist 0.1296 0.301 5.2 0.511 0.385 
 / Zarechny 0.222 0.315 9.2 0.585 0.387 

 / District average 0.168 0.027 0.296 0.013 6.30 1.44 0.516 0.028 0.390 0.006 
  / Leninsky district 

1 / Downtown 1 0.185 0.299 5.0 0.350 0.408 
.  / Zap. Polyana 0.25 0.311 8.1 0.467 0.406 

 / District average 0.218 0.032 0.305 0.006 6.55 1.55 0.409 0.059 0.407 0.001 

  / Oktyabrsky district 
 / Arbekovo 0.181 0.302 9.8 0.478 0.396 

 / pr. Builders 0.279 0.303 14.9 0.750 0.407 
.  / pr. Victories 0.179 0.306 5.1 0.449 0.404 

 / District average 0.213 0.033 0.304 0.001 9.93 2.83 0.559 0.096 0.402 0.003 
  / Pervomaisky district 

 / Sputnik 0.182 0.294 3.8 0.577 0.385 
 2 / Downtown 2 0.161 0.297 3.7 0.345 0.408 

 / Ternovka 0.304 0.312 9.3 0.624 0.419 
 / District average 0.216 0.045 0.301 0.006 5.6 1.85 0.515 0.086 0.404 0.010 

    
 / Forests within administra-

tive borders of the city 
0.4 – 1.7 0.3 – 0.9 9.3 – 20.3 0.5 – 0.7 0.3 – 0.4 
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Table 3. Specific correlation coefficients of specific carbon assimilation and influence factors 
 ( . . 2) / 

Columns (see Table 2) 1 t 2 t 3 t 4 t 5 

1 1.00         
2 0.99 0.01 24.8 1.00       
3 0.80 0.25 3.1 0.77 0.11 7.0 1.00     
4 0.52 0.11 4.7 0.47 0.15 3.1 0.78 0.08 9.8 1.00   
5 0.26 0.42 0.6 0.22 0.17 1.3 0.38 4.77 0.1 0.08 0.12 0.7 1.0 

. tst ={2.2-3.1-4.3}. 
Note. tst ={2.2-3.1-4.3}. 
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Fig. 3. Specific assimilation dependence on the forest cover of the residential zone and assimila-
tion age rank 
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Fig. 4. Results of our estimation of specific carbon
assimilation at the studied sites of the Penza ad-
ministrative territory using the ROBUL algorithm
(1) and RMA model (2) 
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Abstract. The dependence of carbon assimilation in mixed plantings of the Penza city on the in-
fluence factors used in the ROBUL algorithm was studied. Specific carbon assimilation in the city 
by 99% depends on the forest cover of the residential area, assimilation age rank and average con-
version coefficient. The first factor has the greatest influence, while the conversion coefficient has 
the least one. The average carbon assimilation by the tree stand of the residential zone was 
0.199 t/year/ha (43.6 kg/year/person). The highest indicators were in districts with forest park 
zones, the lowest ones were in districts with development not earlier than 2000. A positive carbon 
balance is observed relative to respiration of the population, but this balance is negative within the 
administrative borders of districts. A comparison of specific carbon assimilation at the Penza ag-
glomeration sites calculated using the ROBUL algorithm and the obtained general regression as-
similation model (RMA) showed no significant differences between them with a significant differ-
ence in the labor intensity of obtaining results in favor of the RMA model. The PMA model can be 
used to determine the temporal dynamics of carbon assimilation based on the planned area and 
composition of plantations. For the maximum possible share (42.6%) of the green residential area 
of the Penza city, the potential carbon assimilation according to the RMA model for mixed species 
is 0.44 t/year/ha and is achieved in 40 years from tree planting, after which there is a decrease due 
to self-cutting. 
Keywords: carbon assimilation, carbon balance modeling, reforestation adaptation measures 
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