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2010, 2011). 

, . 
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. , «

( , ), 

» (Renzaglia et al., 2007). , , 

. , 

, , 

, 

. 

, , 

(Renzaglia et al., 2007). 

, , 

.  

(Donoghue, 2004; Donoghue & Cracraft, 2004;

Hillis, 2004), 

. , 

, 

, 

, 

(Lignore et al., 2000; Mishler, 2000; Renzaglia et al., 2000). 

(Renzaglia et al., 2007), 6



8

, 

. , 

( ).  

(Shaw and

Renzaglia, 2004; Renzaglia et al., 2007, , 2007, Troitsky et al., 

2007, Crandall-Stotler et al., 2009)

, 

. 

, 

, –

. , 

–

(Goffinet, 2000)

. 

, , , 

, 

(Renzaglia et al., 2007). 

, 

. , 

, 

, 

. 

. , 

« » –
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, (Mishler, 2000). , 

(Renzaglia et al., 2007).  

, 

. 

. 

- . . (1972):

« , 

, 

, 

, 

» ( . 277). 

, 

. 

, 

. 

, 

. . , 

. 

. . , 

.- . . . .- . 

. . 
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, . . . . . 

, . . . . . , . . . . . , . . . 

. . , . . 

, 

. . . . 
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, , , 

, 

. 

, 

, 

. 

Coleochaete, , 

, 

, 

. 

, 

Charales Coleochaetales

, 

. Charales

, 

. 

, , 

( , , ), 

, 

( )

, 
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– . 

Coleochaete

, Charales, 

, 

, ( )

. 

Coleochaete

, 

, . , 

, 

Coleochaete . 

Coleochaete

, 

. , 

Coleochaete, 

, , 

, 

. 

, , Coleochaete, 

, , 

. , 

- Parka decipiens , 

, 

, 

(Hemsley, 1989). 

, 
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. 

Coleochaete, . 

, 

– . , 

-

, , 

, 

. 

, 

, 

, « » . 

, , 

, 

. 

(Schuster, 1966), 

( , , 

Coleochaete)

, 

-

, . 

(Schuster, 1966)

(Davis, 1903), . 

, 

–
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( , 

, 

) , , 

. , , 

, 

. 

, , 

, , . . 

. , 

, , 

, , 

, , 

. 

, 

. 

(Church, 1919; , 1958; - , 1965; .)

(1958) , , 

, 

, . 

. 

( ) , 

, 

, 

– . 
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, , 

. 

, , 

, 

. 

, 

. 

, ( , 

– )

. 

Anthoceros. 

( ) , 

, 

. 

, 

– . , 

. 

, . 

, 

. 

. 
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. 

, 

Coleochaete

. 

, 

. 

, , 

. (Campbell, 1971)

. 

, , 

( ), , 

, . ., , 

. 

, 

, 

, 

. 

, 

, 

, 

(

) .  

, 
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, , 

.  

J. Shaw & K. Renzaglia (2004), 

, 

, 

, 

(Renzaglia et al., 2007). –

.  

-

, 

( ), 

( : , 1959). 

, , 

, 

. 

, 

, . 

( , 

Coleochaete, 

, , ). , 

« », 
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, 

, . 

-

, . . 

( )

- . 

Coleochaete , , 

, 

, 

. 

, 

, 

, , 

. 

. 

, , 

( , , ), , 

Chlorophyceae

, , , 

, . 

(1946), 

, 

. 
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(Graham, 1984, 1985)

(1981). , 

. 

. 

, 

, 

-

. , 

. , 

( ) , 

( )

, . . . 

. 

, 

« », 

, , 

, , 

. 

( ), . . 

. , 
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. 

, 

, , 

. 

–

, 

, . 

. , , 

( , , 1979), 

. 

, , 

, . 

, , , , 

, , -

. , 

( –

, 

) , 

. 

, , 

( )

, , . . 

-

, , 
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. 

. , 

. 

, , , 

, . 

, 

- Coleochaete, 

c , 

, , –

, 

, 

. , 

( , , 1983). 

, 

-

(Bower, 1908; Goebel, 1930; , 1945, 1966, 1972;

, 1958; , 1981; Graham, 1984, 1985; .), 

, 

. 



22

-

, . 

, 

«

». 

, 

c , 

, 

« » . 

, 

, , . . 

, 

, , , 

(1981), 

. , , 

, 

( ) , 

, , 

, , 

, , , 

– , 

c , –

. 

. 

, 
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. 

–

. , 

, 

.  

, 

, 

. , 

, 

, , , (

). 

, 

, 

, 

. 

(
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), , . . 

« ». 

, 

, - , 

. , 

« » . 

, 

« ». 

, , 

, 

, 

. 

. 

, , 

, , , 

, 

. 

, 
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, , , 

, , Coleochaetales. , 

, –

. 

, 

. Coleochaetales, 

« » , , 

, , , . 

, 

Coleochaetales, 

- . 

, Charales. 

Coleochaetales

Embryophyta ( Anthocerotopsida) , , 

. 

( , 

, , 

Chlorophyceae Charophyceae) , 

. , 

, 
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( , ). 

, -

Trentepohlia, (Graham and McBride, 1974)

. , 

, - , , 

.  

Trentepohlia – , 

, , , 

, . . , - , 

, 

. 

, , 

- , -

( 1). 

-

, 

.  

, 

( Charales ), , 

, 

. 
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1 –
  

, 

(

– Anthoceros spp. .). 

. 

, 

, 

. , , , 

, 

. 

, , 

, 

, , , 

. 
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Coleochaetales

. 

. 

. 

. . (1954), 

:

, 

, 

– . 

, 

. 

. 

( ). 

(Krassilov, 1981)

Orestovia, 

(Banks, 1975), 

, (Niklas, Phillips, 

1976). , , 

( –

, 

) , , 

. 



29

, 

, , . 

, Orestovia , 

, , 

, , 

. 

( , 1982) , 

. 

, 

. 

(

)

, 

( , , , 

1987). 

, 

, ( , 1987). 

. . , . . (1981)

–

( )

( ) , 

. 

Bitelaria

Bitelariales. , 

, , 



30

, 

. 

( , , , 1987)

, « »

, 

. 

, , 

. 

, 

. 

, , , 

. 

. 

. 

. 

, 

. 

, 

. 

, 

. 

, , 

, 

–
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. 

, 

. 

, (

), 

, -

( , , 

), 

. 

, -

, 

. 

, 

, , . 

, 

, , , 

, 

, : , 

, 

. 

, , 

, 

, 

. 

, 

. 
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. 

. , 

, . 

, -

. , 

, . , 

( ), –

( , ). 

(Edwards, Fanning & Richardson, 1986), 

. 

Cooksonia

. 

, , 

, 

, 

. 

, 

(Gray,1984), 

(
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). 

, , 

, 

, , , 

(Edwards, 

Fanning & Richardson, 1986). 

, 

, , 

(Edwards, 1986), 

Aglaeophyton major ( Rhynia major). 

A. major , 

, , 

. . 

. 

, , , 

, 

, , 

( ). , 

A. major

. 

, A. maj r

. A. major, 

, . 

(Scheirer, 1980), 



34

(Lyon, 1964)

, Nothia ( Asteroxylon), 

. 

, , 

, , 

. , 

, 

. , 

. 

(Tomas, 1988) , 

, 

. , Aglaeophyton major

, 

( , , 

) . , , 

, 

, . -

(Wellman et. al., 2003). 

, 

( , Cooksonia- )

, , . 

, -

, . 
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. , , 

Aglaeophyton major Nothia

( ), 

, 

. 

- , 

, , 

, . . , 

, 

, 

, 

. 

, , 

, , , 

, 

, 

, ( ), . . 

. 

. , –

, 

. 

, 
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. 

, , 

, 

, 

(Esau, 1977; Hebant, 1977). 

, , 

« »

, 

( ). 

. 

(Schmid, 1998), , 

. 

Takakia, 

, 

, 

(Kobiyama & Crandall-Stotler, 1999; Lignore et

al., 2000). , , 

, , 

(Carafa et al., 

2005), , 

. 

, . 

. 

, 

( , , 
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) , 

, (

Orestovia). . . 

(1966), 

– , , 

. . 

Orestovia, 

, , 

, , 

, , , 

. 

(1954), 

, 

, 

, . 

, , ( ). 

, 

( , 1983). 

Protosalvinia, 

, , 

(« »), 

. 

, 

. 

, Protosalvinia
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, 

, . (Krassilov & Schuster, 1984)

. , 

« » Protosalvinia –

, . 

- , -

– , 

« » , , 

, , , 

. , , , 

, 

. 

, , 

. , , 

. 

Sporogonites, ( , 

)

, . 

, - , 

, , –

, –

–

( . . 

)

, ( 2). 
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2 –

, 

. , 

Horneophyton

, . . . 

, , 

. 

(Hebant, 1977, 1979; Schofield & Hebant, 1984; Crandall-Stotler, 

1980; Gray, 1984; Mishler & Churchill, 1984; Mishler, 1986; Edwards, 

1986; Thomas, 1988 .), . . 

. 

, , 

(

)

, 

, 

. 



40

, . . (1934), 

, 

. 

, . 

, 

, . 

, 

( )

( , )

( ), 

, , 

( ), ( )

. 

, . 

. , 

, . . 

, –

. , Horneophyton
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. 

, . 

(Psilotophyta). 

( , - , 1941), 

, 

. -

, . 

, 

(Holloway, 1938, 1939) Psilotum triquetrum, 

, 

, -

(1941) . 

, 

(

Horneophyton). 

, , 

. - (1941), , 

, 

. , 

Psilopsida, Psilophytales Psilotales. 

, , , , 

, Rhyniaceae. 

- , 

, 

. 

. 



42

, 

« » , , 

, –

. 

- , 

, 

( Anthoceros

fusiformis). 

. , . 

, -

. 

, 

, , 

Nostoc.  

Psilotum triquetrum

Psilotum nudum, 

-

, ( , 1978). 

, . . 

. 

- (1941)

( Psilotum 2x=208, 

Tmesipteris 2x=200). , 

, 

. (1966), , 



43

–

« » ( . . ), 

, 

. 

P. nudum, , 

, 

. , (

) , 

, 

, 

. 

, 

, 

, , 

. 

, 

. 

, , 

(1987) , 

( , )

. 

, 

( )

, 



44

, . 

- , , 

, 

, 

( ), 

. 

, , , 

, 

, 

( ) . 

, 

, 

, 

, 

, 

, 

( ) . 

, 

(Taylor, 1982), 

. 

( , , 

« ») , 

(Raven, 1984).  

(Stebbins & Hill, 1980), 

, 



45

. 

, 

, . 

, , 

– , 

(Graham, 1985). 

, , 

, 

, , ( , 

Trentepholia) . (1982), 

, 

. 

, 

, 

. 

– , 

. , 

, 

. , , 

. 

( , 1945, 1966, 1972; , 1931, 
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1946, 1958; Schuster, 1964, 1966, 1967, 1969, 1971 , b, 1972, 1974, 1977, 

1979, 1981, 1982 , b, 1984 , 1984b; Hebant, 1977, 1979; Smith, 1978;

Crandall-Stotler, 1981, 1984, 1986, 2009; Asakawa, 1986; Duckett, 1986;

Renzaglia, 1978, 1987, 1994, 1997, 2000 , b, 2001; .). 

. 

. 

(ANTHOCEROTOPHYTA)

« » , 

, . 

. , (Asak wa, 1986)

, , 

. 

(Markham &

Porter, 1978), 

. 

(Brehm & Comb, 1967; Markham & Porter, 1978), 

(Huneck & Schreiber, 1972), 



47

. 

, , 

. 

. 

, , 

, , 

, , 

. 

, , (Cronquist, 1960). , 

, 

( ) , 

, , 

, 

. 

. , 

. 

- (1941)

, 

, Bryophyta, 

Pteridoanthophyta. 

(1947) , 

( , 

), , 

. 

, . 

(1916) , –



48

, , 

, , 

– . - . 

- (1949)

Anthocerota Bryophyta, , 

. 

. ( - , 1965), 

, 

. 

, , 

. 

( - , 1965). 

, 

- , 

. 

(1972), , 

, , 

. (1975 ), 

(Rothmaler, 1951, 1955), (Steere, 1958)

(1961), 

(Anthocerotophyta) Bryophyta, 

( ) . 

(1975 )

, . 

(Renzaglia, 1978)



49

, . 

(Carothers, Rushing, 1988). 

, 

, . . 

. 

, , 

, 

(Crandall-Stotler, 1984). 

, , 

. :

, , 

, , 

, . -

( Stotler and

Crandall-Stotler, 1977). 

(Schuster, 1979), 

, . 

(Schuster, 1979, 1984 ) -

. (Schuster, 1966) , 

, 

- ( – - )

:

, 



50

. 

( , 1916), (Corsinia)

. 

-

(

). 

. 

, - , 

;

(Crandall-Stotler, 1984). 

(Schuster, 1977) , 

. (1984 )

, 

. 

, 

(Schuster, 1979), (1984 )

, , , 

. 

. 

. 

(1956), , 

, 

, 



51

, 

. (Schuster, 

1984c) , (Leitgeb, 

1879; Lampa, 1903), 

, 

. 

, 

, , 

, . . 

. 

, , 

, , 

, , . . 

. 

–

.  

, 

, 

, 

, 

. , –

, 

. 
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, 

. 

, 

. 

. 

–

- , 

(Megaceros).  

, 

(Dendroceros). 

(Notothylas). , 

– - , 

– . -

, 

( , ) , 

. 

. 

Leiosporoceros, , 

, 

. 

, , 

, 



53

, . . 

.  

- (Crandall-Stotler, 1984) , 

, , 

, , 

. 

(Schuster, 1984c) , 

«

»

Tmesipteris, 

, 

(Blaikley, 1933). 

, 

, , 

. 

(Holloway, 1921 – , 1982). , 

. 

, 

. 

. 

, , 

, 

. 



54

, , 

, 

, . Buxbaumiaceae

( , , 1991) Jackiellaceae

(Schuster, 1966) Schistochilaceae (Schuster, 1971b). 

:

, , 

, 

, , 

, , . 

Buxbaumia , , 

( ), 

. 

(Schuster, 1984b)

–

Bryophyta ( ). 

. 

, Monoclea, , 

. , 

, , . 

, 

4- , 

, 2 , . 



55

, 

. 

Aspiromitus ( ). 

. , 

. 

, 

, , 

, , 

. 

–

4- , . 

, 

, 

. 

4- , 

.  

. 

. 

, 

. 

(Rink, 1935)

, 



56

, . 

(Thomas et al., 1979 – . Crandall-

Stotter, 1984), 

Phaeoceros , , 

, . . 

. 

(Gambarella et al., 1981 – . 

).  

- (Crandall-Stotler, 1984) , 

, , 

. , 

. 

, , , 

, , 

, . . 

. , 

, 

. , , 

. 

. 



57

(Schuster, 1981, 1984c) , 

, , 

. , , 

( ) . 

, 

Bitelaria

, , , 

, , -

, R.M. Schuster, 

, , . 

, 

. , (Schuster, 1984c), 

, ( )

(

)

, Actinostachys (Bierhorst, 1971). 

, . 

(Schuster, 1966), , , 

. (Schuster, 1984 )

. , 

. 

Nostoc. 



58

, 

. , 

, . 

, 

, 

. 

, , 

(

)

( ), 

. , 

, , 

, 

, . . , , , 

. 

, 

– . 

-

, . 

, , 



59

, , 

, , 

. 

(Mishler & Churchill, 1984), 

, 

, , 

. , 

- (Crandall-Stotler, 1980), 

« »

– –

. 

(Mishler & Churchill, 1984)

(Mishler, 1986)

. 

– , 

(Sluiman, 1985)

. 

, (Mishler, 1986), 

– « , ». 

(Duckett, 1986), 

, 

. 

, 

– (Neidhard, 1979). 

(Burr, 1970) , 



60

, 

. . 

. , 

Megaceros

( . . ). 

(Renzaglia, 1978) , , 

Megaceros , 

, 

. , 

, 

. (Wilsenach, 

1963), . 

, (Duckett, 1986), -

( )

. 

, 

, , 

, 

, –

, , 

. 

, , 

(Shaw & Renzaglia, 2004). 

, 

, 

, (Smoth &



61

Griffitths, 1996), 

. 

, , 

(Burr, 1970; Duff et al., 2007;

Vaughn et al., 1992), , 

.  

, 

, 

, 

. 

(1975 ), 

Megaceros , 

, . 

, , 

, 

, 

. 

, 

( , 

, 

)

(Duckett, 1975). 

(Burr, 1970; Gibbs, 1962) , 

, 

. 



62

(Crandall-Stotler, 1984). , 

(Magaceros)

. 

(Schuster, 1984c). , 

, 

(s.l.) . 

(Duckett, 1986), 

, , 

. 

(Steer, 1985), 

– , 

. 

, 

. 

Notothylas, 

, , (

). 

Notothylas. 

(Renzaglia, 1978) , , 

(Lang, 1907) (Bartlett, 1928) , 

Notothylas , 

Anthoceros. Notothylas

, . 

Notothylas
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(Campbell, 1924; Bartlett, 1928). 

, , 

. , 

. 

-

Nostoc, –

, 

, 

(Richardson, 1981). , , 

-

, . 

. 

, -

, . 

. (Pierce, 1906) , 

, . 

(1956). (Ridgway, 1967)

, , , 

, 

Nostoc , , 

. , Nostoc

Dendroceros, , . . 

. Blasia

pusilla, - , 



64

, , 

. 

, , 

-

. 

, , 

, , 

, .  

Leiosporoceros. 

Leiosporoceros . 

: Nostoc , 

, 

. 

Nostoc - (Villareal & Renzaglia, 2006 ). 

Leiosporoceros –

.  

Leiosporoceros

, 

. 

. 

, , 

( )

- , 

, (Dendroceros, Megaceros). , 

, 

, , - , 

, . 



65

Notothylas, 

, 

, 

, , 

, ( , 

), , 

. 

Dendroceros , 

, Megaceros

. 

Notothylas

, 

.  

, 

, 

-

. , 

, . 

. , 

. 

(1983), 



66

, Notothylacites filiformis (Nemejc

& Kvacek, 1976)

, 

, 

. 

, , 

, 

, 

. , 

–

, . 

, 

, 

. 

, 

(

) -

, . 

( ), 

Notohylas, 

– , , 

, -

, - . 

, Notothylacites

- , 

Anthoceros , 

. 

Notothylas , « », 



67

, 

, 

. 

(Krassilov & Schuster, 1984)

, , 

Notothylas, , , 

Hepaticites nidpurensis, H. k naschovii H. discoides, 

( ) , 

, Sphaerocarpales (

Notothylacites, ) , , -

Ricciineae. , 

. 

, 

, Sphaerocarpales

- , 

, , 

. 

« , 

, »

. , , 

. (Schuster, 

1984c), , , , 

(Jarzen, 1979), 

(Chitaley &

Yawala, 1980). 

, , 

, (1987). , 



68

, –

, , 

, –

. 

. 

, 

, , 

, 

. 

, (Proskauer, 

1960), Megaceros

, 

. Dendroceros

, 

. , 

, . 

(1982), , 

– , 

. , Dendroceros

, , . 

( , 1982). , 

. 

, 

, 

. , Megaceros, 

Denroceros , . . 



69

, 

, 

. 

« », , 

, . 

, 

, 

. 

(O ymitra)

(Megaceros). 

Denroceros. , 

« »

, 

. , 

–

. 

. 

, 

, 

Archidium



70

, 

. 

Archidium

(

, ). 

. 

, ( Notothylas)

, , , , 

( ), 

( ) , 

( )

. 

. 

, 

« »

, 

, .  

, , 

, 

. 

, 

. , 



71

Metzgeriales.  

-

, . 

- , , 

, 

. 

, 

, 

« »

, 

, 

Notothylas, 

, . 

Notothylas « » . 

(

Magaceros Dendroceros)

, 

. -

, 

, 

. , , 

, 



72

– – . 

. 

, , 

. , 

, 

. 

Notothylas Archidium -

, 

. , 

, 

, 

. 

. 

, 

, 

–

. « »

. 

Anthoceros, , , 

, 



73

, ( , 

, , 1987). 

, 

, Anthoceros. 

Bitelaria , 

, , 

: –

, 

, , 

, , 

. 

, 

, , 

. 

, , , 

– , 

, 

. 

-

- (1965), 

, , 

. 

(Schuster, 1966), 

, 



74

, , , 

, , 

( (Schuster, 

1984c) , 

- ). 

« » « »

, - , 

, 

, , 

. . 

, 

, 

, 

. -

, 

. 

« », « »

, , 

, 

c , 

, 

, . 

, 

, 

, , , 

, , , 

. 



75

–

–

–

, , –

. 

, , 

. 

, 

, – , 

, , (

) . , 

, 

. 

, 

–

. , 

, , 

, 

. 

, 

, –

, , , 

, 

. 



76

, 

. 

–

. 

. 

, 

, 

, , 

, , , , 

. 

( Dendroceros), - , -

( ), 

, ( , , 

)

. 

, , . 

, , , 

, 

. 

( , , , 1987), 

. 

, 

. 

. 



77

, , 

. , 

:

(

). 

, , 

, 

:

« » –

. , 

, , , 

, , , 

Dendroceros

( , ). 

, -

, -

. 

« »

, 

+ , , 

, 

. , - , 

, 

. , . . , , 

, 

, 



78

. , 

, 

. 

, 

. 

. 

, (1968) Sciadophytopsis, 

. (1972) , 

Anthoceros, 

, 

, 

. (1975)

. 

( , , 1979). 

Sciadophytopsis, (1983), 

, . 

. 



79

. 

. 

, , , 

, , -

( ) . 

(Schuster, 1979, 1984c), -

(Crandall-Stotler, 1986), (Duckett, 1986). 

, 

, – , –

. 

, , 

« » , . . 

. 

:

(Heintze, 1927; Jennings, 1928; Scott, 1929;

- , 1947, 1949; , 1950, 1953, 1956; Schuster, 

1966, 1979, 1984c; , 1975 ; Miller, 1982; Smith, 1986; Thomas, 

1988), (Underwood, 1984;

Wettstein, 1903; Holloway, 1921; Campbell, 1925, 1940; Smith, 1938, 

1955). 

. 



80

(Schuster, 1966, 1977, 

1979, 1981, 1984c)

, « »

, 

, , 

. 

. 

(Christensen, 1954), , 

, 

. 

, 

-

. , , 

. 

, -

Megaceros

, , , 

(Renzaglia, 1978), 

. 

. 

. 

, , 

. 

- (1941, 1965), 



81

. (1965), , , 

, , 

, -

. 

, , , 

, –

. 

- , , 

, , , 

, . . (1982)

, , , 

, , 

, , . -

, 

.  

. , , 

( )

, . 

. , . . 

. , 

. 

. 



82

( ) . 

, , , 

–

. 

Dendroceros, , , 

. 

Dendroceros

, 

Metzgeria. 

(Schuster, 1966), , 

( , ) , , 

, , 

Anthoceros

Sphaerocarpales, 

, . 

. , , 

, , 

, Horneophyton

Rhynia. 

(Schuster, 1984 )

. , , 

, 

– ;

. 

, 

. 

– . , 



83

, 

– . 

. 

, (Schuster, 

1966), 

, 

. . 

(1954), 

, 

« » . , 

. 

, , 

, , 

, 

. 

, Actinostachys, 

« » . , 

. 

, 

–

. 

. 



84

, 

, , , 

. 

. . . (1991) , 

, 

. . 

, 

, 

, . , 

, 

(1958). 

, 

( )

, . . 

. 

– , 

. , - , 

, , 

, 

. 

. , , 

. , 

, 



85

, ( 3)

, 

, , 

. 

, , 

. 

3 –

, , 

-

( ), 

( 3). 

. 

, 

. 

, , 



86

, 

. , 

( ), 

. 

, 

(

)

( )

, 

, , 

, 

. 

–

. 

, 

, 

. , . . (2007), 

, - , 

–

- , 

– . 

. , 

, 



87

–

, 

Notothylas, . 

, 

, 

. 

(Schuster, 1984c) , 

, 

, , 

( ), – , 

( 4). 

(Schuster, 1984c)

, 

( , 

). 

, 

, 

. , , 

, 

, 

( 4). 



88

4 –

, 

, , . . 

, , 

, . 

, , 

( – – )

. 

, 

. 

, 

. 

, 

. 

, 

- , Notothylacites filiformis, 

, . . , 



89

, . 

, 

( , ), 

. 

, 

, , 

, , , 

, 

, 

(R th, 1969), 

. 

, 

( ), 

, 

. , 

, , , 

-

. 

( - , 1941), 

, , 

, –

, . . 

, – . 



90

, 

, 

, 

( 5). 

, 

(

)

– Bryopsida ( , 

). 

. 

5 –
( –

; - –
; – ( ) –

; – )

, 

, , , 

, –

. 



91

. 

, « »

, 

, 

. 

, 

« »

( ) . 

( )

, 

. 

, , 

( –

– ) , 

– , 

, , 

. , 

. 

, , 

. 

(1972, . 239), 

, , 



92

, , 

. 

. (Roth, 

1969)

(Kienitz-Gerloff, 1878; Glime, 1963; , 1986, 1991). 

. 

. . (1991) , 

( – . .)

, . 

, , 

. 

( ), , 

( ), – , , 

. , 

, , 

, – , . . 

, 

, 

(

). 



93

, , 

, 

, (

). 

(

), , 

– , 

. 

, , , 

( , 

). 

( )

( 2 4). , 

, (s.l.)

, 

. 

, 

, 

, , 

. 

, , 

( , 

). 



94

-

. , 

, 

. - , 

–

, 

, , 

. 

. , 

, (

), (

). 

« »

« » . 

, 

Jungermanniidae ( ). 

( ). 

, 



95

( ), 

. , 

, 

, 

. 

( ) . , 

, , 

, 

( ). 

, 

-

, , 

, 

, 

« ».  

, , , 

, , 

. 

, -

( , 1974). 

, , 



96

, 

(

), , . 

, . 

. 

(Renzaglia, 1978), 

, . 

, , –

. 

, 

. 

( ) . 

. 

(1957), , 

, 

(Campbell, 1925, Smith, 

1938, 1955) (1945, 1951, 1971). 

(Schuster, 1966, 1972, 

1984c). (Steer, 

1985, Duckett, 1986). 

, 

. 

: 1)



97

, 2)

. 

( )

, . . 

, 

, , .  

, 

, , 

. , 

, 

. 

(Neidhard, 

1979), 

, 

, , 

, . 

, 

, , 

, , 

. 

, , 

, ;



98

, ;

, , 

, 

;

Filicales (Polypodiales);

, , 

, , 

;

( )

;

( ), ;

( , 

(Selaginella)

Crandall-Stotler (1984). , 

Notothylas javanicus

Horneophyton ( , 1956). 

( ), 

, D-1 L- . , 

( ), 

. 

, , . 

, - , 

, , 

-



99

. 

, 

.  

, 

(

) . , 

, , –

, 

. 

( )

, , 

, 

.  

« »

« » , , 

, , 

-

. –

« » . 

( ) , 

, 

- . 

(Schuster, 1977), , , 

, 

. (1916) , 



100

, 

. 

(1947), 

, , 

( , 

)

, 

. ( ) , 

, . 

(Notothylas)

, . 

, 

( 4). 

, , 

, 

. 

Notothylas

. 

, , 

, , 

, 

, , 

. 



101

( 1). , 

, 

, 

, , 

. 

, 

. 

(Schuster, 1984c)

( )

, , , . . 

( )

– , . 

, 

, 

, 

, 

. 

, 

, 

.  

, , 

. 

Leiosporoceros, Anthoceros Folioceros

, 

/ . 

( , , 

(Notothylas, Dendroceros), egaceros –



102

. 

, 

, , . 

, , , 

« » , . . 

. , , 

, 4-

, . 

, 

, , , 

. 

- , . 

, –

. 

R.M. Schuster (1984c), , 

, 

.  

, 

. 

, 

– . 

.  



103

, 

, , 

. 

. 

, , 

. 

, 

, 

. , 

. 

, 

. , 

. 

, 

, 

. 

, , 

. 

, , 

, . 

. , 

. 



104

. , 

, , , 

, 

, . 

« »

. 

. 

, , 

.  

-

, 

, . 

, 

.  

, 

, 

, 

. , 

, 

. 

(Duff et al., 2004, Stotler, Crandall-

Stotler, 2005, Stotler et al., 2005, Duff et al., 2007)

: Leiosporocerotopsida

Leiosporoceros Anthocerotopsida, 

. 

: Anthocerotales



105

Anthocerotaceae (Anthoceros, Folioceros, Sphaerosporoceras), . 

Nothotyladales . Nothotyladaceae (Nothotylas, Phaeoceros, 

Hattorioceros, Mesoceros), . Phymatoceros . Phymatocerotaceae

(Phymatoceros) . Dendrocerotaceae (Nothoceros, Dendroceros, 

Megaceros, Phaeomegaceros). 

, 

« » , 

, –

, –

. 

– , , 

. 

(Nozaki et al., 2002). 

–

. 

, 

. –

.  

, 

, 

(Samigullin et al., 

2002; Kelch et al., in press.). , 

, 

, 

. 

« »

, ( , )

, , - , –



106

- .  

, , 

. , 

, 

. , 

( , ), 

.  

, - , 

, 

, . 

. 

, 

. 

, –

. 

(MARCHANTIOPHYTA)

, 

, (Wellman et

al., 2003) 475 . .  

(Steer, 1985), 

(Asakawa, 1985)



107

, 

(Duckett, 198)

. 

, , .  

(Renzaglia et al., 2007), –

, , 

. , 

. 

, 

377 5200

Jungermanniales . 

–

. « »

. 

( )

, , 

, , 

, 

, 

.  

( ), 

, , , 

-

, 

, 



108

( ). 

( )

. 

( )

, Prehepaticites ( , 1975), 

. , 

, 

Hepaticites sp., Ricciopsis. - , 

, 

( , 1976). 

(1983). 

, 

– Hepaticites devonicus Hueber

Metzgeriales Jungermanniidae. 

Metzgeria Pallavicinia (Hueber, 1961), Pallavicinia

(Schuster, 1964), Hymenophytum (Kuwahara, 1966). 

. . (1983) . 

, Metzgeriales. –

Treubites kidstonii Treubia (Walton, 

1925; Schuster, 1964), , 

Treubites Treubiales, Blasineae

Metzgeriales (Schuster, 1981). 



109

Metzgeria, Riccardia, Pelliaceae. 

. 

-

Jungermanniales. , 

, 

, , 

(Schuster, 1966). , , 

, 

, (Krassilov &

Schuster, 1984). 

, 

, 

Protosalvinia, 

, 

Sporogonites. 

, 

. . , . . (1979) , 

(1983) , . 

, 

(1982) Marchantiidae (

) . 

. 

( , 1987 ), 



110

, , 

- (Crandall-Stotler, 1986), 

–

– . , 

. 

« »

« »

(Schuster, 1966, 

1979). , , 

, 

. (Schuster, 1984 ), « , 

« » – . 

». 

, 

« »

( -

) . 

R.M. Schuster (1966), 



111

. , 

-

( ). 

. , 

. 

, 

-

. 

. 

. 

« »

. 

. 

, 

. 

, 

. , 

, 

, , 



112

. 

-

, , 

.  

- (1965) , 

, , 

( , 

, Pallavicinia), 

( , 

, 

, . .). 

, 

. 

, -

, -

, 

, . 

, 

, . 

. , 

( , , 

, ) , 

, -

. 

, , 

, - , . 

, 



113

, , 

.  

. , 

. , 

( ), 

, , 

, , 

. . (2007), Schreiher

(1975). . 

(Renzaglia et al., 2007), 

, 

Haplomitrium

–

, , 

. Moerckia, , 

-

(Hebant, 1977), Blasiaceae

, , 

R.M. Schuster (1992) « »

. , 

(Lignore et al., 2002), , 

. 

2- :

. . 

:

( Lophocolea) , –



114

(Neidhard, 1979). 

, 

. (1966), 

, 

. , , 

, 

, . . 

. 

(1940), , 

, 

. 

, , , 

, . . , 

(1940), . 

, , 

, , 

( , 1966). , , 

. 

, 

, , 

(1966), 

. 

, , 



115

. 

, 

« »

. 

. 

, 

. 

, 

, 

. 

, , 

, 

. 

, 

. 

.  

, 

(Margolin, 2002), 

( )

, , (Wellman



116

& Gray, 2000) – . 

. 

, , 

, 

, 

. 

, 

-

, , , 

, 

, 

, , 

, 

. 

.  

, 

, 

. 

, 

- , 

, 

, , 

, –

, 



117

, 

. 

. 

, 

, 

, 

.  

- . 

, 

. 

. 

. 

. 

, (

)

- , 

. , 

, 



118

. . – . 

–

( :

, ( Crandall-

Stotler & Stotler, 2009)), 

, 

. 

, , 

. , 

, 

. 

, 

, , 

, 

. , 

, 

, 

. 

, 

(

). 

, 

, 

. 



119

, 

, , 

, 

( )

(Smith, 1986). , , 

(Banerjee, Sen, 1979). 

, . 

( , 

) , , 

(

, . . 

), , 

. 

, , 

. . (1971), – , 

. 

-

, .  

. Leitgeb (1874-1881)

- , , Delpina

(1888) Wettstein (1903-1908) – - . 

, . . 



120

(2007), R.M. Schuster

(1966, 1984; .)

-

« »

. . . , 

, He-Nygrin et al. (2006, 

.). , 

(Heinrichs, 2005;

Ahonen, 2005). 

, 

( Cooke et al., 2003). 

, , . 

(Campbell, 1971), 

, , 

. , 

(Schuster, 1984 ). 

, , 

, 

, , , 

. , 

, 

( )

. , 

, , , 

, 



121

. 

(Schuster, 1984 ), 

, 

. 

, , 

, 

. , , 

« »

( ), , 

, . 

, 

, 

, 

(

);

. 

–

, 

. 

. 

(

Jungermanniopsida)

, 

, . 



122

( ), 

, . 

(

Marchantiopsida), 

. 

« »

(Haplomitriopsida), (Jungermanniopsida) . 

(1958)

, , , , 

. 

. 

, 

. , 

( Ptilidium) (

Jungermanniopsida). , 

. 

. 

, , 

: 1)

2)

, . 

, . 



123

(Goebel, 1930) , 

. 

, -

. 

. 

, , , 

. 

(

), 

. 

. , 

, 

, 

. 

. , 

. . . (2007) , 

Pleuroziales . 

– . 

( Haplomitrium



124

Fossombronia, ). 

. 

, . . 

. 

, 

– , 

(Crandall-Stotler, 1984). 

– , 

, 

( , 2007).  

, -

, 

. 

, 4-

(

6). 

6 – ( )

. Jungermanniopsida, 

, 

, (1937, 



125

1946, 1958). 

( 6). , 

- ( Ptilidium, 

Herberta .). 

Jungermanniales, 

, 

( , 1963), 

, . 

. 

, , 

. 

. 

(Schuster, 

1966, 1979, 1981, 1984 ). 

, , 

, 

( Zoopsis)

( Phycolepidozia) ( Schuster, 1984a). 

, 

( Metzgeriales, , 

, ), 

(Schuster, 1984 ). -

« »

- , 

R.M. Schuster (1966, 1984 ), « , , , 

Marchantiidae, , 

« »

. , « –

, , , 



126

». 

Metzgeria

. 

, , 

, 

- , 

, (

)

.  

. . (2007) , 

, 

(Osterdorp, 1987; Kenrik, 

Crame, 1997). , , 

, , , 

« »

- , 

-

.  

, 

, . . (2007) , 

, 

(Renzaglia et al, 2000)

. 

-



127

. . 

/

. , 

– , - , 

, -

. 

. . (2007) , 

, 

( Treubia, 

Apotreubia), (Blasia, Calycularia), (

Sphaerocarpales Marchantiales; Monoclea)

( Pelliales Fossombroniales s.l.) . 

Metzgeriidae, Aneuraceae, 

Metzgeriaceae, Valdiemiaceae

Pleuroziales

(Crandall-Stotler et al., 2005; He-Nygrin et al., 2006).  

, 

, . . , , 

Haplomitrium

( Jungermanniidae): Porellales, Pleuroziales

Jungermanniales. , 

-

. 

(Marchantiales), , 

(Riccia, 

Oxymitra). 

(Renzaglia et al., 2000), «



128

, 

, 

», , 

. 

. 

–

. 

, . 

. . (2007), 

( ) , 

( , , 

2003). , 

. 

, 

, 

. (

) . 

( )

, 

– , 

.  

, , 

. . 

, , , 

, 



129

. , 

. , 

, 

, 

. , 

, 

, . 

, 

, . 

, 

, 

. 

, 

, , 

. , 

, . 

, , , . , 

, 

. , 

, . , 

, 

, -

, . . . 

. 

, -

, . 

(



130

), , , , -

.  

( )

. 

, , 

. 

– , 

– , 

. , 

:

, –

, , 

. 

, , 

– , . . , 

, 

, 

. 

. 

, 

– , 

. , 



131

, 

. , , 

, 

. , 

.  

, - . 

- ( , )

. , 

, - , 

. 

. 

, 

. 

, , 

( ) , -

. 

, 

, 

. 

, 

–

, - , , . 

, 



132

. 

, 

, . 

(

)

, . 

.  

, -

, 

, , 

. 

( )

( ), 

. 

-

( )

, 

, , 

, 

. , 

. 

, 



133

( , 

). 

. 

, 

( 7). 

7 –

, -

, , 

, 

(

, ), 

. 

« » , 

, 

, . 

(

), , , 

, 



134

, 

. 

, 

( 7), 

. , – , 

, , 

, , . 

, 

, . 

, –

, . . 

, , 

. 

, 

( ) -

. , 

. 

. 

, . . .  



135

, 

- . 

-

–

, 

, , 

. 

, 

, , , 

, 

( , 1961), 

.  

, , , 

, . 

-

, , 

, 

. 

. 

(1983), 



136

( Cheirorhiza, Laticaulina)

. , 

, 

. 

, 

, 

. , 

, , , 

, , . 

, , 

, 

. 

, 

( )

, 

. 

. , 

. 

, 

.  

, , 

, 



137

, . 

, , 

(

). 

. 

( ), 

, 

. , 

- , , 

. 

, 

, 

. 

(During, 1979) – (

- )

. 

. 

, , 

(During, 1979), ( , 1987 , ). 

, 

(



138

), 

, , , 

, 

, , , 

, 

. 

, 

, , 

( , 1975 ), , , 

. 

, 

, 

. 

(Nehira, 1974), 

:  

1) ;  

2)

.  

. 

, 

, 

. 

Calobryum

. (1975 ). , 

, , 



139

, . 

, 

.  

Haplomitrium mnioides (Bartolomew-

Began, 1989). , 

4 , 

, . 

, 

. , 

Haplomitrium , 

Takakia, Monoclea Fossombronia. 

, - , 

. , , 

Jubula Ceratolejeunea , 

, 

(Crandall-Stotler & Guerke, 1980). 

, , 

, Haplomitrium mnioides , 

. 

Haplomitrium , 

, . 

Calobryum, , 

( Fossombronia), , 

, . 



140

, , 

, 

. 

( , , 

Bazzania), 

, , , 

. 

(Schuster, 1984 ), (Leitgeb, 1876)

(Lampa, 1903), , 

( , Nardia – ) ( , ), 

. 

, , 

Blepharostroma, , 

( , - )

, . 

, 

. 

- , 

.  

, 

Cephaloziaceae Blepharostroma. 



141

, 

Calypogeia, 

, , , 

. 

(Schuster, 1966, 1984 ), 

, 

« », 

, 

Geocalycineae ( , Chiloscyphus)

. 

(Schuster, 1984 ), , 

Cephalozia- , , Jungermanniales, 

Marchantiidae. 

. 

, , 

, 

, , 

.  

. . (1981), 

, , 

– , , 

( – ), 

. 

, . 



142

, , 

, , 

. , , 

, . . –

, , 

, , 

-

, , 

. 

( , ) -

.  

, 

-

, 

, -

. 

. 

. 



143

. , 

( , , , 

.) ( 8). 

8 –

, , 

Nardia, Scapania, Riccardia, Metzgeria, 

Fossombronia, , - , 

. 

–

( 8). 

. 

, 

, 

. 

( Nehira, 

1974) , , , 

, , 

. (Schuster, 1984 ), 

. , 

, , 



144

« »

, , , 

. 

, (

, 

), , , 

( , , 

–

). 

, 

. 

, , 

-

. 

. , 

, 

, , 

, 

( , , )

, . 

, , 

. 

, Fossombronia Cavicularia, 

. Riccardia Metzgeria

, , 

. 



145

Metzgeriales

Jungermanniales . 

( )

, 

. 

( )

Jungermanniidae, 

Marchantiidae. 

, , 

. 

. 

, , 

, , 

, 

. 

, . 

, , 

, , 

, 

- , 

, 

, . 

. 

, , 



146

( ), , 

, 

. 

( , 

) - , 

, 

. 

, 

, 

, 

. 

, (Nehira, 1987), 

( Sphaerocarpales), 

, , 

. , 

Pellia, Conocephalum conicum Trichocoleopsis

sacculata, , , 

. 

, 

Conocephalum, Pellia

( )

, , 

. 

, –

. 

, 



147

. 

. 

, – . 

, , 

. 

, –

, . 

, , 

, 

( ), 

–

. 

, , 

–

( ), 

–

( ). 

, , , 



148

, 

, , , 

. 

( 9 ), . 

, 

, 

. 

, ( , 

- )

. 

9 – : –
Jungermanniopsida; – Marchantiopsida

, 

( , 

, 

)



149

. 

, 

. 

, 

, . 

- , 

. 

, 

. -

, 

, 

( , 1961), 

r- . 

(Schuster, 1979) , 

, 

. 

, , . 

. 

(Schuster, 1981) , 

, 

, , 
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- . 

, « » « », 

, 

. 

, 

, , 

( )

, . 

, 

-

. 

, , 

, 

. 

, 

, 

, , 

, 

( )

. 

, . 
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, 

. 

(Schuster, 1966; 1979) , 

, 

, , 

, . 

, , 

(

– . .)

. 

(Schuster, 1966; 1981; 1984 )

, . 

(Schuster, 1984 ), 

, 

Psilotum Tmesipteris, Stromatopteris, Actinostachys, Ophioglossum

, Lycopodium , 

(Bierhorst, 1971; Schuster, 1971 ). , , 

( , 

). 

(Schuster, 1984 ), 

. 
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. 

, 

. –

, 

( , , 1972). 

. . (1974), 

, , 

, , 

, 

. , 

, 

:

. , -, 

– , 

. 

, . 

, 

, 

. . (1963) , 

. , 

, , 
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(Mnium undulatum). , 

, 

. 

. , 

. 

(1963), 

. , 

, ( ). 

. . (1984), , 

. 

( , 1934). , 

, 

. 

( , , 1989), 

, 

. 

, 

, 

( )

. 

. 

, 

. 

(1963), 

, 
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. ( )

, 

, 

( , 1963). , , 

, 

. 

. -

(Crandall-Stotler, 1984), 

, 

( , 

Jungermanniales), , - , 

, .  

, 

, 

, , 

. 

.  

, 

, 

(Crandall-Stotler, 1984), , 

, . , 

« », 

( )

, , , 

. 
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( )

(Herberta)

( )

Jungermanniidae, 

. 

, , . 

-

, 

, , , 

. 

, 

, . . 

. (Schuster, 1979), , 

, 

, –

. , 

. 

, 

, 

, 

, 

. 

( ). 
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(Schuster, 1979, 1981), 

, , , , 

, , 

. (Schuster, 1981)

« »

. Jungermanniidae

(Jungermanniopsida, ), 

, 

. Marchantiidae (Marchantiopsida), 

, , 

, 

. , 

, , 

Marchantiidae: , 

(Marchantiales)

« » (Geothallus)

( , Riella, Sphaerocarpos)

. 

Monocleales , , 

Jungermaniidae, 

, , 

. 

, 

. 

, , 

, , 

( ), 
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Marchantioilites, Ricciopsis, Marchantiites Preissites, 

(Krassilov & Schuster, 1984). 

, Marchantiales

, 

– , 

, 

. 

Sporogonites (Schuster, 

1979)

, Sporogonites

. 

Actinostachys , 

, 

. , 

, Anthoceros

-

Actinostachys. 

, 

, , 

, 

. , 

, , 

« » -

, , 

. 

, 

. . . (2006), 

Grammitidiaceae, Hymenophyllaceae
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Vittariaceae. 

, (1970)

Jungermanniales – Cheirorhiza brittae

, (

). 

-

Jungermanniales , (Schuster, 1966) , 

, 

, , 

. 

(Krassilov & Schuster, 1984), 

Ricciopsis Riccia-

, Marchantiales

. , , 

, 

Metzgeriales, 

Sphaerocarpales, Marchantiales Jungermanniales. 

, 

, 

Calobryales, 

Monocleales (Krassilov & Schuster, 1984). 

Naiadita. 

. . (1962) , , - , 

, 

, 

. 

, 

( , 1980). 
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Ricciopsis (?) anakitensis

, . –

R. parva , 

R. scandica (Lundblad, 1954). 

Jaganovia

ziminkensis, Riccia fluitans, 

. 

Marchantiales , 

( , Monoclea)

, 

. 

, Marchantiales. 

Jungermanniales

Dietteria montanensis, 

, , 

, 

Jungermanniales (Krassilov & Schuster, 1984; Schuster, Janssen, 1989). 

, 

– Bryopsida, - , 

. 

, (Krassilov &

Schuster, 1984), 

, 

, D.H. Vitt, 

. 
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, , , 

(Schuster, 1979). 

, . 

(Jungermanniopsida)

(Schuster, 1984 ), 

, 

, 

. , 

, , , 

Jungermanniales. 

Jungermanniidae (Jungermanniopsida,

Haplomitriopsida). , 

« »

, Marchantiidae (Marchantiopsida). 

, , , 

Calobryales Jungermanniales, , 

, . 

Calobryales (Haplomitriales). 

Metzgeriales (Schuster, 

1971 , 1984 ). 
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Calobryales

, Metzgeriales , , 

(Schuster, 1984 ). 20

. Metzgeriales (s. l.) – Treubia

tasmanica – , 

Haplomitrium (Carothers, Rushing, 1989). 

. 

(Schuster, 1984 ), (=

), , , 

, 

« ».  

Haplomitrium

. 

, H. ovalifolium

, , 

(Schuster, 

1971 ). 

Takakia (Schuster, 1984 ). 

(Schuster, 1966, 1981, 1984 )

Calobryales, 

, . 

, 

, 

. 

(Schuster, 1984 )

Metzgeriales , 

. 

(1975 , ), Metgeriales
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, , Sporogonites, 

. 

(Schuster, 1984 )

Jungermanniales, 

Metzgeriales, . , 

, 

, Jungermanniales, , 

(

« » , « »

). , , , 

« » – . 

, . 

, 

, . 

, 

, 

. , , 

Radulineae, Porellineae, Lepidolaeineae Ptilidiineae

. 

. 

, , 

, , 

- , 

, 

. 
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. 

, 

( )

, -

, 

, 

. 

, 

Haplomitriopsida

Jungermanniopsida. 

Haplomitrium Treubia «

». , 

Haplomitrium, Treubia Arotreubia (Treubiales) –

, 

. 

. 

, 

. 

, 

Jungermanniopsida . 

Haplomitrium

-

. 

. 

Haplomitrium , , 

Treubia. 
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, 

. 

Treubia -

. , 

, 

Treubiales Haplomitrium

. 

, Treubiales Haplomitrium

Metzgeriidae (Bartholomew-Began, 1990, 1991; Renzaglia, 2004). 

, 

, 

(Bartholomew-Began, 1991;

Shaw & Renzaglia, 2004). , 

, , 

, 

, 

- . 

Treubia

, 

(Renzaglia et al., 2007). 

( ) . 

Treubiales Haplomitrium

, 

, , 

(Bartholomew-Began, 1991; Inoue, 1961). 
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Treubia

Haplomitrium , 

(Renzaglia & Garbary, 2001), 

. 

Haplomitrium blumei, 

Blasia pusilla

, Haplomitrium Treubia

(Renzaglia et al., 1994; Shimamura et al., 2001, 2003). 

, 

Angiopteris (Brown & Lemmon, 

2001). 

.  

a lomitrium (

Renzaglia et al., 2007) , 

– , , 

:

? (Schuster, 1992;

Mishler and Churchill, 1984). , 

, 

, 

. 

a lomitrium

(Smith, 1995, Schuster, 1984; Renzaglia et

al., 1994), . 

a lomitrium (Bartholomew-Begans, 1990, 1991) , 

. 

L.L. Forrest & B.J. Crandall-

Stotler (2004) Qiu (2003) , a lomitrium + Treubia
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. 

a lomitrium . 

, Treubia a lomitrium

. « »

. Treubia

(Renzagilia, 1982), 

a lomitrium

(Bartholomew-Begin, 1991). 

. , 

, , 

, (Renzaglia et al., 2007). 

-

, 

, 

. –

–

, -

. 

, 

. –

. 

. 

, 

-
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. 

, . 

. 

, 

– . 

-

. 

(Notothylas)

, , , 

. , Archidium, 

, 

, , , 

, , 

, 

. 

, .  

, 

, 

. 

, , 

-

, 

. 
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, 

, 

. 

, , 

. 

– . 

– -

, ( , 

) . 

, 

, 

. -

(

, , 

Haplomitriopsida), . 

, 

, (

, , 

, 

, 

.  

. , 
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, 

. , 

, 

. 

. 

–

. 

–

, - , 

. 

, , 

. . 

, , Haplomitriopsida. 

Metzgeriidae ( ). Metzgeriidae

, 

« » . 

. 

, . 

, . 

, , 

. 

, 

, , 

. 
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Jungermanniidae. ( )

Phyllothallia, Treubiales, 

Fossombroniales

Pallaviciniineae Metzgeriales ( Crandall-Stotler

Stotler, 2000). Phyllotallia, Pellia, Calycularia, Noteroclada –

(Forrest & Crandall-Stotler, 2004). Phyllotallia Noteroclada –

« » , , 

, 

(Renzaglia, 1982). Pellia Calycularia – , 

. 

« » , 

. Pallaviciniineae

Metzgeriales

Hymenophyton, Moerckia, Symphyogyna, Pallavicinia, Jensenia, 

Podomitrium . (Crandall-Stotler & Stotler, 2000; Forrest & Crandall-

Stotler, 2004). 

, 

. 

.  

, 

(Lignore et al., 2000).  

Metzgeriales (

2) Jungermanniidae (« »

) E.C. Davis (2004), 

L.L. Forrest and B.J. Crandall-Stotler (2004) . 

( , , Pleurozia). 
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Metzgeriaceae

(Renzaglia, 1982). 

Davis

(2004) Pleurozia Metzgeriinae ( 2). 

-

Porellales (

). , 

, (Thiers, 

1993)

(Crandall-Stotler, 1976), « »

– , 

, 

:

, « » , 

Pleurozia 2 , 

(Crandall-Stotler, 1976). 

Pleurozia , 

Metzgeriidae 12- , 4-

Davis (2004). 

Renzaglia et al. (2007). 

Jungermanniidae ( ).

, 

. 

–

, . 

( ) 20

(Zartman, 2003). 

Jungermanniidae Metzgeriidae

, 
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. 

, , 

. 

, 

. 

-

. R.M. Schuster (1966)

–

. 

, Davis (2004) 2

Jungermanniidae. 

-

( Porellaceae, Jubulaceae, Radulaceae, 

Leieuneaceae), – . 

. -

, 

. Herbertus, R.M. Schuster

, , 

( , Anthelia, Triandrophyllum)

.  

-

( ) 2

, 

( ). 

. 
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Renzaglia et al. (2007). 

, , 

, . 

, , 

, 

(

). 

Haplomitrium , 

. 

(

), 

. 

( , )

, , 

. 

– . 

–

. , –

, 

(

) . , 

, ( ), 

. 

( ) -

(

), 

. 
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.  

(Marchantiopsida)

. 

(Schuster, 1984 ) : 1-

;

. , , , 

, 

– 6- (

Grolle (Hassel, 1980) )

, 

, , Riella, , -

, 

. 

(Schuster, 1979, 1984 ) , 

, 

Marchantiopsida

(

). 

.  

(1987), 

, , 

. 

, 

, 

. 
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. . (1966), –

, , 

. 

, 

, , 

. 

(1972), (Lundblad, 1954), 

, , , 

. 

(1975 ), (

) , , 

– ( , ). 

, 

, 

( , ). 

, (Schuster, 1979). 

- (Bishler and Jovet-Ast, 1981), 

(Jovet-Ast, 1967; Schuster, 1980), 

, Marchantiales, , 

. 

Marchantiales , , , 

, 

. , , 
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Marchantiales. 

r-

, 

, 

, 

- , 

. 

(Schuster, 1992; Wheeler, 

2000). 

, , 

, , 

, 

, , 

, 

(Schuster, 1966; 1992; Renzaglia

et. al., 2000; Renzaglia and Garbary, 2001). 

. 

( ) . 

, , 

. 

, - , , - , 

. 

. 

, 
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. 

, 

, , 

(Apostolakos & Galatis, 1985)

. 

. 

, , 

, 

, , 

, 

, , . 

( )

, 

. 

, 

, 

, , , 

. , 

, , 

( , - , 

). , , 

, , . , 

, 
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.  

. 

, , 

. 

, 

, , 

– . 

, 

. 

( )

. 

, 

, , 

, 

. 

, 

, 

, 

(

). 

, , 

, 
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. 

–

. , 

. , 

, , , 

. 

, , , , 

, , , 

, , 

. 

Nardia

Jungermanniales, . 

Fossombronia

(Humphrey, 1906) Blasia (Muller, 1905-1916), 

. 

(Schuster, 1984 )

Machantiopsida . 

(Sphaerocarpales Marchantiales)

. 

, Marchantiidae (Machantiopsida) –

« » , 

, , , , 

, 

. 

, Sphaerocarpales Riccineae

, « »

( ) , 

: , 
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;

. 

Marchantiales –

Marchantiineae Riccineae , 

, 

. , 

, 

( r- ) , , 

, , . . , 

, , . 

, 

Marchantiales, , 

. 

. 

. 

( , ) , 

, 

, 

, 

. 

. 

Marchantiineae. 

( )

, 
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( ) , -

Riccineae. 

, 

. 

-

Ricciineae, 

, 

Marchantiineae, . 

, Marchantiineae, 

, , 

, 

, 

. 

, Ricciineae. 

Jungermanniopsida

– . 

Marchantiineae , 
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, , , 

( 9 ). 

, . 

. Marchantiineae -

(

)

. 

, , 

, 

( 9 ).  

, 

- , 

(1982), , 

( , 

). 

, 

, Marchantiineae, 

, 

. 

, 

( )

, , 

, 

, 

, 

. 
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- , 

, , 

– , 

, . 

, 

, 

-

, 

. , 

Marchantiineae , Ricciineae. 

- (Bishler and Jovet-Ast, 1981), 

, Marchantiales

. 

. . 

(Grime et al., 1988), 

, 

, 

. 

, 

. , , 

, , 

, , 

, 

, . 
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. 

. 

, 

, 

, 

, -

. , 

, , 

. 

Marchantiales -

, 

. , , Archidium

Bryopsida, - , , 

Ricciineae Machantiopsida. 

–

, , 

, 

, ( , 1987 ). 

- , 
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– , 

, 

. , , 

. Ricciineae , 

Marchantiineae, 

, 

. , 

. 

Ricciineae

, , 

, (

7) , , , 

« »

. 

, 

, , , 

, , 

( )

, ( ). 

, 

, 

. 

(Goebel, 1930)

(Marchantiidae) , , 

Marchantia – , Riccia –
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, . 

(1916) , Ricciiaceae

Corsiniaceae , 

, - Marchantiaceae

(Proto-Sphaerocarpaceae). 

. 

, Ricciiaceae

Marchantiidae

(Goebel, 1910). , , 

, -

.  

(1958) . 

, Riccia , 

, 

. 

(1975 )

, (Muller, 1951-1958), , . 

Ricciaceae , 

Marchantiineae , . 

Corsiniaceae. 

(1972)

(

Sphaerocarpales, Ricciineae Marchantiales)

, , 

, . 

, 
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, , 

( ) ( ), 

. 

, , 

(Notothylas) , , 

, 

(Archidium), 

, , 

. 

, , 

( ) , 

, 

( Archidium Notothylas)

, 

( , ), 

, , . 

(

)

. 

, , 

. 

( )

, 
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, 

. (1975 )

, 

, 

. 

, 

, , 

, . , 

, , , 

, 

( , 

), , , 

. 

Archidium, 

, 

, « ». 

« »

, 

, . . , 

. 

, 

E.S. Davis (2004) L.L. Forrest and B.J. Crandall-Stotler (2004)

Blasia

, 

(Renzaglia, 1982). 

, , 
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Blasia

(Renzaglia and Duckett, 1987; Pass and

Renzaglia, 1995; Renzaglia and Garbary, 2001). 

, 

Blasia + Cavicularia .  

(Pihakaski, 1966, 1972; Suire, 1970;

Galatis et al., 1978a, 1978b; Crandall-Stotler, 1984; Duckett, 1986)

. 

, 

, 

, . 

. , , 

Marchantiidae, , 

Jungermanniidae , , 

. 

, 

(1975 )

, 

, 

. , 

Apotreubia nana , 

, « »
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, 

( , 1986). , , 

, 

, ( )

. 

( )

, , 

, 

(

). 

, 

, 

(

, 

). 

. 

, 

, 

( ). 

, , (Suire, Asakawa, 1978), 

Marchantiales

, 

; , , 



191

, 

. H. Bishler, S. Jovet-Ast (1981) , 

Marchantiales

. , , 

, . . 

, 

. , 

, 

. 

. (Schuster, 1953, 1963 , 1966)

Monoclea

Marchantiidae. 

, Monocleales

, 

, Marchantiales, 

Calobryales + Metzgeriales. , 

Schuster, – (

):

, 

, Jungermanniidae Marchantiidae

(Schuster, 1984 ). 

. . (1956) . . (1975 ). 
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R.M. Schuster, 

, 

, , 

Marchantiales (

). , 

Jungermanniales

Monocleales

Marchantiidae. 

Marchantiales. 

, 

. 

: Cyathodium, Dumortiera, 

Monoclea, Riella, Sphaerocarpus. 

, Monoclea + Dumortiera

, , , 

(Wheeler, 2000). 

(Ri cia, Ricciocarpus, 

Oxymitra) Monoclea. 

(Renzaglia et al., 2000). , , Monoclea c

, 

, , 

. , 

(Schofield, 

1985; Renz et. al., 1994), 

Monoclea Marchantiopsida. 

Monoclea Dumortiera.  
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. 

Naiadita lanceolata. (1972), 

, 

, 

Sphaerocarpales. 

, Naiadita

. 

, (1975 ), (Schuster, 

1966), Naiadita, 

Sphaerocarpanae (Sphaenocarpales – . .), 

(Marchantiidae)

. , , 

Marchantiineae.  

( , 

Marchantianae (Marchantiales –

. .) )

Marchantiidae . , 

, Marchantiales

Jungermanniidae (

), 

. , , 

( , - ). 
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Naiadita lanceolata

(Hemsley, 1989) , 

N. lanceolata Riella, 

N. lanceolata, . 

Geothallus, 

Riccia, Conocephalum Lunularia. 

, N. lanceolata, 

, , 

, , 

, Riella, 

, .  

Marchantiales, , 

N. lanceolata

, . 

-

Marchantiales. N. lanceolata

, , 

, 

. 

(Schuster, 1966, 1984 ), 

(Harris, 1939), (1983)

Naiadita lanceolata (

Sphaerocarpales, Calobryales)

. , 

Calobryales, Sphaerocarpales. , 

Naiadita Calobryales, 

– Sphaerocarpales, 

. 
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Calobryales

Naiadita, 

, 

, 

, 

. 

, , 

, 

Naiadita. 

, , 

: , 

, 

, 

« ». , , 

, . 

, , 

, Naiadita

, . . 

. 

Calobryales , –

. 

, ( , 

)

, 

, , 

, 

, 

, 
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.  

- , 

, 

.  

, , 

, 

Calobryales, 

( ). Naiadita

. 

Riella

, 

Haplomitriopsida. 

Riella Sphaerocarpos, , 

, 

, . . Riella

, Sphaerocarpos, 

. 

, 

-

, 

, 

. 

(

, r- ) , 
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Marchantiidae

, 

. 

Sphaerocarpos , , 

, 

« », 

(

), Marchantiales

, 

. , 

Riccia-

. 

Ricciineae – . 

, Monocleales

, 

Marchantiidae Jungermanniidae. 

. 

Marchantiales

-

.  

, -
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Pellia epiphylla, 

, « » Marchantiales.  

, 

, 

, 

. 

. 

, 

, , 

. 

Jungermanniidae. 

Jungermanniidae

. 

Jungermanniidae

, 

, , , 

, , , 

. 

Metzgeriidae , , 

, . . , 

, . ., , 

.  
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, 

, 

, . 

. 

. 

. 

, 

, - , 

. Marchantiales, 

. 

, , 

Metzgeriales - , 

, 

-

, 

. , , 

, 

. 

(Schuster, 1984 )

. 

Marchantiopsida, , 

, Marchantiales, Monocleales

Sphaerocarpales
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.  

Marchantiales , 

-

:

. Marchantiineae , 

, , 

. Riccineae –

. 

, , 

, 

. 

Marchantiales

. 

, Riccineae

, 

( ), , 

, 

. « »

. 

, Naiadita

, 

Sphaerocarpales

, , , -

, 

. 
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Marchantiopsida

, , 

. 

: , Monocleales, Sphaerocarpales Marchantiales, 

(Wheeler, 2000; Boisselier-Dubayle et al., 2002). , 

(Boisselier-Dubayle et al., 2002).  

(Renzaglia et al., 2007), 

. a lomitrium

Treubia . Sphaerocarpos, Blasia

. Phyllothalia, 

Noteroclada Pleurozia

. 

: , 

. Phyllothalia Noteroclada

, 

Pleurozia – . 

, 

. 

Jungermanniidae –

. 2-

, . 

, 

– , 
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(Garbary and Renzaglia et al., 2000). 

, 

. 

, . . 

(2007), , 

. 

, , 

, 

, 

. 

, 

. 

. 

, . 

.  

, 

– , . 

, , 

-

( ). (

. « »

)

, 

. 
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, , 

, 

, , 

, , 

.  

, 

. Phyllothallia nivicola

12-14 . Makinoa

1 , Pallaviciniaceae, 

Haplomitrium 2 , 

Podomitrium, Gackstroemia Cryptothallus 4

, 

, 

( , 2007). 

. 

. 

-

, 

, . 

, 

, 

. 

, 

. 

, 
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(Renzaglia et al., 2000). 

, 

. 

, 

, . 

. 

(Shaw, Renzaglia, 2004). 

. 

( )

, 

. 

. 

:

? :

? , , 

, , 

, 

, 

, 

, . 

, 

( )

. 

-

(Haplomitrium). 
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, 

. 

, 

, 

(Zoopsis)

(Phycolepidozia) ( Schuster, 1984 ). 

, . 

(Jungermanniidae)

. 

, –

, –

, 

, . 

. 

. 

, 

. 

.  

(Krassilov &

Schuster, 1984) , 

( )

, . . Cephaloziella, Bazzania, 

Nipponolejeunea, Frullania, Radula ( Miller, 1984, . 1202). 
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, , 

( , 

Radulaceae, Jubulaceae, Lejeuneaceae), , 

. , , 

( , Calobryales, Herbertineae)

. , 

, . , 

, , 

(Schuster, 1979), 

, 

, 

. 

( ). 

, 

, « »

, . 

, 

, 

. 

Marchantiophyta (Crandall-Stotler et al., 2009) , 



207

. , 

, , 

, 

. 

, . 

Metzgeriidae (Crandall-Stotler & Stotler, 2000) 4 6

( , Forrest et al., 2006; He-Nygren et al., 2006;

Heinrichs et al., 2007). Treubiales Haplomitriales, 

(Schuster, 1984), , 

;

Blasiales Marchantiidae

Marchantiopsida

, Pelliidae

Metzgeriidae (He-Nygren et al, 2000). , 

Jungermanniidae , 

Pleurozium, Metzgeriidae. 

, 

, 

. 

, , 

, 

, . 

( , Pelliidae)

, (Marchantiidae)

. 

( , Jubulineae)

( , 
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Lophocoleineae). 

, , 

(Crandall-Stotler

et al., 2009):  

Marchantiophyta Stotler & Crand.-Stotl.:  

Haplomitriopsida Stotler & Crand.-Stotl.,  

Treubiidae Stotler & Crand.-Stotl.,  

Treubiales Schljakov;  

Haplomitriidae:  

Calobryales Hamlin;  

Marchantiopsida Cronquist, Takht.& W. Zimm.,  

Blasiidae He-Nygren,  

Blasiales Stotler & Crand.-Stotl.  

Marchantiidae Engl.:  

Sphaerocarpales Cavers,  

Neohodgsoniales D.G.Long.,  

Lunulariales D.C.Long,  

Marchantiales Limpr.;  

Jungermanniopsida Stotler & Crand.-Stotl.,  

Pelliidae He-Nygren,  

Pallaviciniales W.Fray & M.Stech.,  

Metzgeriidae Bartthol.-Began,  

Pleuroziales Schljakov,  

Metzgeriales Chalaud,  

Jungermanniidae Engl.,  

Porellales Schljakov.,  

Ptilidiales Schljakov.,  

Jungermanniales H.Klinggr.  

, Marchantiophyta

2 : Jungermanniophytina Marchantiophytina. 
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Haplomitriopsida Jungermanniopsida, 

– Marchantiopsida. , 

, . . . 

(BRYOPHYTA)

( 12800 ), 

( ) , 

, « », 

Bryopsida, 

Bryophyta. 

– (Sphagnopsida), (Andreaeopsida)

(Bryopsida) . , 

, , , 

. 

, 

, 

Takakiopsida, Sphagnopsida, 

Andreaeopsida, Andreaeobryopsida, Oedipodiopsida, Polytrichopsida, 

Tetraphidopsida Bryopsida (Goffinet & Guck, 2004). 

–

, 

. (Crandall-Stotler, 1980), 
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. , 

. 

« » , 

, 

, , , 

, 

.  

, , 

, , 

, 

. 

, , , 

, . 

. 

, 

. 

. 

, 

. , 

, . 

, , 

, , 

. 

, (
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). , , 

–

, , , 

, 

. 

, , 

, 

. 

- (Crandall-Stotler, 1984). 

. , , 

(Goebel, 1898; Chorpa, 

1968; Crandall-Stotler, 1980) Fontinalis

. 

, 

, 

, - (Crandall-

Stotler, 1984), « »

, , , .  

, , 

, 

(Hebant, 1977). 

- , « »

, Sphagnidae, , , 
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. 

, 

, 

, , 

« » (Scheirer, 1975). 

Takakia , . 

. 

, , 

, Sphagnum Polytrichum, 

, 

(Crandall-Stotler, 1984). 

( )

. 

(Grolle, 1969), , 

, 

( ). 

, , .  

, . 

, ( )

. 

. 

. 

. , 

, 
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. 

, , 

. 

, 

( ) , 

, (Nehira, 1983), 

– (Murray, 1988), . . 

. 

. . (2007) , 

, 

, 

, , 

. , 

, , 

, , 

. , , , , 

.  

, 

. , 

, , , 

. , 

, 

, . 

, 
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. 

, , 

( , 

). 

. . , 

, 

, . , 

, 

. 

. 

, 

. 

, , 

, 

. 

, , 

. 

, 

. 

, 

, 

. 

, , 

, . 
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, 

( ), , , , 

. 

, , 

. 

Muscites plumatus

(Thomas, 1972)

Dicranaceae Grimmiaceae ( , 

(Krassilov & Schuster, 1984)

), 

– Muscites polytrichaceus M. bertrandi

Polytrichum (Renault, Zeiller, 1888; Lignier, 1914), 

, (Plumstead, 

1966; Lacey, 1969) – Dicranaceae ( Dicranum). 

M. polytrichaceus (Walton, 1928)

« » , 

Polytrichum. 

. 

« » M. plumatus , 

, 

. 

:  

1)

, , 

;  
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2)

, . . 

, 

, . 

(Plumstead, 1966)

, 

Dicranum. 

(Nanomitrium, Ephemerum

serratum), (Amblystegiaceae, Hypnaceae)

(Busche, 1968), 

-

. 

(Krassilov & Schuster, 1984)

( )

, 

– . 

, 

( ), 

. 

, . 

, 

(Schuster, 1966; Mishler, & Churchill, 

1984). 

. 
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. . (1956, 1958, 1960), 

, 

( , 

, ) 9

, 6 , 3 –

(Protosphagnales). 

, -

. 

, , 

Protosphagnales Sphagnidae. 

. 

, , 

, 

, , 

. 

( , , 1966). 

, Protosphagnum nervarum

, , 

( ). 

( , 1976). 

. . (1978), 2 . 

. . , 

. . (1986) . . (1987). 
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, , 

Bryidae. 

. 

Protosphagnum P. nervatum, 

Rhizinigerites

Muscites. 

P. nervatum:  

1) « »   

2) , 

, ( Intia). , 

, Protosphagnum

Protosphagnales. 

Rhizinigerites

, 

( , ). 

, 

, Sphagnales, , 

Protosphagnum, 

. 

, (1987), 

, 

. 

20. 

Arvildia, Gomankovia, Aristovia, Protoochyrea, 

Viledia, Ignatjevia, Servicktia, Ristalvia, Palaeosphagnum, 
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Vorcutannularia Uskatia, 

Protosphagnum Rhizinigerites. 

, 

, . 

, - « »

, 

. 

Arvildia , 

, 

Trichostomaceae Pottiaceae; Gomankovia – Funariales, 

Splachnobryaceae;

Aristovia – Jsobryales Hypnobryales, . . 

; Protoochyraea –

Ochyraea tatrensis; Viledia –

Dicranales

; Jgnatjevia –

(Myurella, Pterygynandrum, Lescuraea). 

Servicktia delicatula , 

;

. , 

–

, 

. 

Rhiziginerites – Rh. neuburgae, 

, , 

. , 
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, 

« ». , 

–

. 

Rh. neuburgae

( ). 

, Rh. 

neuburgae Isobryales, Hypnobryales. 

, , 

. Odontoschisma, Bazzania, Lepidozia

, , 

, , , 

( . . ). , 

Rh. neburgae

, , 

Odontoschisma « » , 

Rh. neuburgae – . 

. 

, 

, , 

, , 

, - , 

. , , –

, , 

. 

, - , , 

Uskatia – . , 
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, Intia, Salairia, Kosjunia, 

Intia Junjagia Protosphagnum – . 

5 , , 

; . 

, , , 

, Mniaceae. 

Uskatia –

Mniaceae . 

Protosphagnum. , –

, 

Protosphagnum . 

. 

, 

Protosphagnum Sphagnum:

, 

, 

:

. 

: Protosphagnum

; . 

Palaeosphagnum meyenii – , 

. 

. 

P. meyenii
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Vorcutannularia minima Ignatov sp. nov.: , , 

, , , 

, . 

, 

, 

(Sphagnum reichardtii

), 

(Eddy, 1985). 

, - P. meyenii

« ». 

, Ristalvia, , 

, , , 

(Uskatia-

), , Ristalvia

Vorcutannularia. 

Protosphagnales, 

, 

:  

1) Intia – Junjagia – Protosphagnum;  

2) Ristalvia – Vorcutannularia – Palaeosphagnum ( , 1987). 

. . . . (2009)

( . ) ( ) Palaeocampylopus buragoae. 

, , 

Dicranaceae (Campylopus) Polytrichaceae (Polytrichum, 

Polytrichastrum)

, 
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. 

, . 

, 

. , , 

Merceria augustica ( ) –

, 1/6 ½

(Smoot & Taylor, 1986). , 

Polytichaceae Eopolytrichum antiguum (

) (Konopka et al., 

1997). 

Bryopsida - , 

, , , 

, , 

. 

, , , 

. 

. (Krassilov & Schuster, 1984)

, , , 

Sphagnum (Reissinger, 1950). 

(1983) , 

(Krassilov & Schuster, 1984). 

( ., 1988), 

. Sphagnaceae (

) . 

, , , 

. 

, , 
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- . 

. . - , . . (1958) , 

, 

. 

(1988)

-

. , 

, 

, , 

. , 

, , 

, . 

. , , -

, , 

, . 

Muscites guescelinii

, 

, 

. 

(Krassilov & Schuster, 1984), (Townrow, 1959)

Leucodontaceae, (Pant, 1977)

. 

Sphagnophyllites , 

M. guescelinii, 

.  

, 

«Protosphagnales»

Tricostium . 

, , , 

, 
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, Bryidae. 

Isobryales, Sphagnales, 

. 

Muscites fontinaloides, Fontinales, Gorckiella –

Fissidentales. 

, 

Dicranum. 

:  

1)

;  

2)

, 

;  

3)

Pseudobryum, , 

, , 

, Isobryales, 

Sphagnales;  

4)

.  

, 

. 

( , , 1986;

, 1987) , 

. 

, 

, - , , , 

. 

, 
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« »

, , 

, 

-

( , 

Muscites plumatus) (

, ). 

, 

. 

, , , . . 

(

) , 

, - , 

. 

, , 

, Andreaeopsida , , 

, Bryopsida. 

« » , 

, . . 

, 

, 

. 

, , 

, 

, 

, . , 
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. 

. 

, , 

, 

, . 

, 

, , . 

, 

- « »

. Muscites guescelinii, 

. Leucodontaceae. 

, 

, . 

, ( )

–

Calliergon, Drepanocladus, Sphagnum . 

, 

, 

. 

-

, . 
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(

, ) ( ) , 

, 

- , 

Bryophyta. 

( - , , 1958)

. 

« »

, 

, . 

- . 

( , 1972; , 1975 ; .)

( , 1987 )

. 

, , 

, . 

, 

(Crandall-Stotler, 1984, 1986, Duckett, 1986, 

Steer, 1985, Grolle, 1969 .). , 
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, 

, 

, , 

. 

, . 

, 

. 

, , 

(

), , 

, 

. 

« »

«

». , 

, 

, . 

. (Hebant, 1977;

Schofield, Hebant, 1984), 

. 

, – . 

– . 
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, Aglaeophyton major

(Edwards, 1986) . 

, 

, . , 

« »

( ) , - , 

. 

, , 

, 

. . (1966):

, « »

, 

, 

, 

. 

, , 

, –

. . (1972), 

, 

. 

(Schuster, 1966, 1984b)

(
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) , . 

(Schuster, 1966) , «

« »

». 

23 . 

, 

, 

. 

, 

. , 

-

, . 

. 

, , 

, . 

, 

, , 

( )

« ». 

, 

, . 

–
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, , , 

, –

, . 

, , 

, 

( ). 

4-

. 

, 

. 

, 

. 

. 

. , , 

. 

, . 

- . , 

, , 

, 

, 
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. 

, , 

, 

, , . 

, 

. 

. 

, , 

. 

, 

. 

, , (Duckett, Carothers &

Miller, 1982), Sphagnum

, 

, 

. 

Sphagnum , 

(Fabre, 1987). 

, 

, 

, -

, 

. 

, 



234

, 

, , 

( )

( ). 

. 

, 

, , 

, 

. 

, , 

, 

. 

. 

( , 

) , 

. , - , 

( , , 

), 

, , - , 

, . 

( )
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, , 

( ) . 

, , , 

, , , 

, . 

, , 

. 

, 

, . 

. 

– . 

, , 

( 10). , , 

, 

( ) , 

, 

. 

, 

, 

.  

, 

( , 

, )

.  
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10 –

, ( )

. , 

–

, 

, 

, 

. 

(Schuster, 1984b) , 

, :

Fontinalis , 

Fontinalis Cyathophora, – Fissidens

Schistostega. 

Jungermanniales. , 

, , Fontinalis –

. , - , ( )

. 

. 
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– . 

, 

( ). , 

. 

, 

: Schistostega

, . 

Schistostega , , 

, 

( ). , , 

– . 

, , 

, 

. 

, , 

. 

–

( , 

) –

, 

. -
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, . 

, , 

, 

( ), , 

. 

:

. , 

, , 

, , , 

. 

, , , 

, 

, 

( 11). , , , 

( )

. 

, , 

, , , 

. (1947), 
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, 

, 

. 

11 –

. 

, 

, 

. 

, . . 

. 

, 

. 

(Miller, 1979), 

, , 

. , 
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, . 

, 

. 

(

), 

. , 

, 

. 

, 

, , 

(

), 

. 

, , (1951), 

(

) , , 

. 

, 

( )

. , 

, . 

, 

(
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)

. 

Bryophyta, 

( , ( ), 

(

) Bitelariales. 

, , 

, –

. 

, , , 

, 

( ) , , , 

. 

, 

. 

, Ambuchonania

. 

, , 

. 

, , 

, 

. 

. , 
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, 

, 

, - , –

« » . 

R.M. Shuster (1984c), 

, 

. 

( , 1975, 1991). 

, 

, .  

, 

, –

. , , 

( )

( ), 

, 

, , , 

( ).  

, , – , 

, , , 

, , 

. 
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, 

. 

. 

, 

. , , , 

( ), –

, . , , 

, , , 

« » . 

, - , 

« » . 

, 

. , , 

, 

, 

. 

. –

( , Sphagnum) – . 

( , , 

)

. , , 

« », , 

. 
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. , 

Takakia, 

, . . 

, 

. –

( ), 

– . 

, 

. , 

, . 

, . . 

. 

( ). 

( ), , , 

, 

, .  

, , 

, 

. 

, , , 

. 
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, 

( ). 

, . 

, , , 

. 

, 

, 

. 

, 

(Goebel, 1930) , 

. , 

Anthoceros, 

(

)

. , 

. 

, , 

, 
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, 

. , 

, 

. 

, 

– –

. , 

, (

), 

, 

, .  

, 

. 

, , 

. 

, , 

. , 

, 

, 

. 

-

, 
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, , 

, 

. , 

(

Andreaea) , . . 

, 

, 

(

). 

, 

–

. 

( ), 

, –

, , 

- . , 

, 

. 

, 

– :

– ( ) – . 

, 
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( 4 12). 

, 

, , 

(

– , – ). 

. 

12 –
( ) ( )  

, 

, , , 

. , 

, , 

, , 

. 

, 

-

, 
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(

)

, . 

( )

, , 

( ) , , 

. , 

-

, . . ( )

- ( ). 

, 

. 

(TAKAKIOPHYTINA)

Takakia, 

. (

)

, 

Calobryales. 

(Proskauer, 1962), (Schuster, 1966, 1984c), 

Takakiinae. 

– Takakiales (Hattori

& Inoue, 1958, Hattori, Iwatzuki, Mizutani and Inoue, 1974), 

Takakiopsida (Mizutani, 1972)



250

Bryopsida Hepaticopsida, , 

Takakiophyta (Crandall-Stotler, 1986). 

Bryophyta.  

(Davison et al., 1989;

McFarland et al., 1989). . (Smith, 1990), 

, 

. 

T. ceratophylla

( ), 

(McFarland, Smith, Davinson, 1989). 

, Takakiopsida

Andreaeopsida. 

1990 . Takakia

. (Smith, 1990) , 

Takakia

Andreaeopsida – , 

(Mizutani, 1974) (Murray, 1988). 

Takakia . 

T. ceratophylla « » , 

T. lepidozioides, ( ), 

, , 

. . (Hattori, Jwatsuki, 

Mizutani and Yamada, 1973). 

. lepidozioides –

, , 

, T. ceratophylla. , 
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– . 

. 

(Hattori, Iwatsuki, Mizutani and Inoue, 1974), 

( )

. , 

, - , 

( , 

)

( -

). 

Takakia , 

, 

(

)

(Hattori, Iwatsuki, Mizutani and Inoue, 1974). 

(1975 )

Takakia Haplomitrium

. , 

, 

Takakia

Haplomitrium, -

, 

Takakia

Haplomitrium, 

Haplomitrium –

. , 

Takakia
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, Haplomitrium. 

Takakia

Calobryales (Hattori, Iwatsuki, Mizutani and Inoue, 1974). 

. 

(Mizutani, 1972), 

, Takakia , 

, 

. 

, , 

Takakiopsida. 

Takakia, Calobryales

Metzgeriales, . 

(Ignatov and Tan, 1992). 

, , 

, Jungermanniales. 

, 

, 

. 

Takakia , 

Haplomitrium Takakia (Mehra, 1967, 1970)

. 

(1975 ), , , 

. 

, (n=4 5), 
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. 

Takakia

, 

, . 

. 

Takakia

- (Crandall-Stotler, 1986) , 

, , 

, 

. 

, 

Haplomitrium Takakia, , 

, Takakia

(

Coleochaete). 

– Takakiophyta. 

, 

- , , 

. 

, , 

. , 

, 

Haplomitriales. 

, 

, 

.  
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, 

. 

, 

. 

(Renzaglia et al., 2007), Takakia

, 

, 

, ( )

, . 

, , , 

. 

. ( )

, 

-

. 

. . 

, , 

(Renzaglia et al., 2000).  

, 

, , , 

, (1975 ). 

, - , 

, , 
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, 

(Schuster, 1967, 1984b). 

, 

, 

. 

, 

, , 

, , 

.  

–

– . 

, 

– , , , 

-

. 

, , 

. 

, 

, 

. –

, 

, , 

. 

, 

.  

, , , 

, 
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, . 

. 

R.M. Schuster (1984) . 

, 

, 

. 

, , 

. 

, , 

, - , 

, , 

, 

. 

. 

( , – ), 

( , – ), 

, 

. 

, 

. 

, -

–

, 
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. , 

, , 

, –

. 

. 

, , 

, 

. 

. 

, , 

, 

.  

. 

, 

. 

, , 

« »

, 

, 

, , 

, , . , 

, 

, 

– , , 
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( , 2001).  

, , , 

, 

, . 

. 

, 

. 

, 

. , 

.  

« », 

. 

, 

, . , 

. 

, Haplomitrium, 

. , 

, , 

, , 

(

;

).  
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, 

. , 

, 

, (

) . 

, , 

, 

. – , 

, 

. . 

, , . 

. , 

Takakia , 

(Renzaglia et al., 1997). 

, (Renzaglia et al., 2007), 

–

, 

, , , 

. , , 

, 

.  

, 

, 

, . 

, 

. 
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, , 

. 

, , 

. 

, Bryophyta (

, 

( , 1995)). 

( , 

). 

, 

(Renzaglia et al., 2007). 

Takakia « » , 

. 

, 

, , –

, 

. , 

, , 

, 

. , 

, . 
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, , 

. 

, , 

, 

. 

, (

D.K. Smith, 1978) . 

. 

. 

Treubiales

Haplomitriopsida. Apotreubia 2 , 

. , 

, – (Schuster, 

1984b; , 1986). 

Takakia. 

Treubiales – Treubia , 

(Schuster, 1984b), ( –

, – ). 

, – , 

(Schuster, 1984b) . 

, Treubia

, Apotreubia

, , 

. 

, Takakia

Apotreubia, – , 
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, . , 

, , -

, 

Takakia -

, , - -

. , 

T. lepidozioides , 

T. ceratophylla

. , 

-

. 

, , , 

Andreaeopsida Bryopsida, 

Andreaeobryum (Andreaeobryopsida), -

. 

Andreaea

Andreaeobryum, . . 

, , . , Takakia, 

Apotreubia Andreaeobryum , - , 

, 

. Takakia

. 

, , 

Calobryales. (Schuster, 1984b)

« » Haplomitrium
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ovalifolium (

) Takakia, , , 

, «

» (Schuster, 1974). 

, -

, 

, -

, , , 

, , , 

, , 

, 

. 

, - , 

. , 

(Troitsky et al., 2007) IT53

Takakia 27-bp, , 

Andreaea Sphagnum, 

. , 

Takakia

. 

Takakia . 

T. ceratophylla

, T. lepidozioides, 

. 

T. lepidozioides

. 
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. 

, , 

, , . 

« » « » , - , 

, , 

( , , 4-

) . 

. 

T. ceratophylla. 

, Takakia

, 

, , , 

– , , - , 

. 

T. ceratophylla

, 

. T. lepidozioides, 

, 

, 

, . 

, 

, . 
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T. ceratophylla

, 

T. lepidozioides. 

. 

. 

T. ceratophylla . 

, 

. 

, 

, , 

. , 

. 

, - , 

–

. , 

, , , 

, , -

. 

, . -

, , , 

- . , 



266

, 

, -

. 

, , , 

, 

, .  

(BRYOPHYTINA)

(Sphagnopsida)

( -

)

– . 

, 

. . 

, . 

- , 

, 

. 

. 

Bryophyta

, 1 –Sphagnum. 20
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, Ambuchanania

. Sphagnum

100 , . 

, 

. , 

, 

. 

Sphagnum Bryophyta. 

, 

, -

, ( - , 1952). 

(Fabre, 1978), 

Sphagnum palustre Mnium undulatum

Fossombronia angulosa, 

. 

. . - (1952) , 

(

) , , 

, 

. 

(1968) , (

Sphagnum)

. , 

, 



268

. 

Jungermanniales. 

, , , 

, 

. 

, , , , 

. 

, , 

, , 

. , 

. . (1967) . 

, 

, , 

, . 

, , 

. , 

( , 

). , 

, 

. 

(Duskett, 1986), 

Sphagnum . , 

, (Duckett, Carothers, 1979)

, 



269

, 

. 

. . . 

(1984 ), 

( - , 1965), , 

( , 1972; .), 

( , 1956;

.) , , 

, Ochrobryum

Leucobryum (Gams, 1959). 

, - (1954)

, . . 

, . 

, 

Protosphagnales

. 

( , - , 1963), -

, Protosphagnum

Sphagnum. . . (1970)

. , 

– , 

, 

. , 

( , 1977), 

, 

( )

. , , 



270

, . 

. . . , . . (1968) , 

(1960)

(Intia – Protosphagnum – Sphagnum)

, . 

Intia Mniaceae. 

(1983), « »

, « », 

. 

, (

), « »

. , 

(Krassilov & Schuster, 

1984). 

(1983), , , 

. . (1983), 

(Mniaceae) « », , 

. (Koponen, 1968)

, Intia Bryaceae

Mniaceae, Plagiomnium Pseudobryum. , 

( P. speciosum)

, . 

. . . . (1985) , 

, 

Protosphagnum (

), , , 

. , 

Protosphagnum

Sphagnum, , , , 



271

, , 

( - , , 1963; Jovet-Ast, 1967), 

, , . 

Sphagnum

(Eddy, 1979). , 

– , 

Sphagnopsida Bryopsida. 

(1985), 

Sphagnum capillifolium, 

(Brown, Lemmon & Carothers, 1982)

. , 

Sphagnum , 

, 

. 

Protosphagnum

Sphagnum

. 

( , , 1986), 

, , 

. 

, 

(Gams, 1959). 

Sphagnidae

, 

Ochrobryum Leucobryum ( , 

) Dicranaceae, , 

Bryopsida

Sphagnopsida. 



272

( , 

1983), 

– – Leucobryum

. 

, 

, 

, 

, 

( ), 

. 

, « »

« » (

(1987)). 

, , 

. 

-

, 

, . , 

, « » (

) , , 

(Crandall-Stotler, 1984). , 

Rhizinigerites neuburgae

. 

« » , 



273

« »

, 

. 

. . (1970), , 

, -

. 

, 

. , 

. (1970), 

, 

. , , , 

, 

. , 

, 

, 

( , 1958; Wiener, 1969). , 

, 

, Sphagnopsida. 

, 

Sphagnopsida , 

Protosphagnales, 

Mniaceae Bryaceae. 

, 

Sphagnopsida



274

Bryopsida

– . 

Bryopsida. 

Bryopsida

Sphagnopsida, 

Andreaeopsida. , 

, 

( , , ), 

, 

, . , 

, 

. 

, , 

Bryopsida, 

Sphagnopsida. 

Sphagnopsida

Jungermanniidae (

Jungermanniales), . . 

, 

Andreaeopsida. 

(

, ), 

, 

Sphagnopsida. 

Sphagnopsida , 



275

. . . 

(1969), 

, 

. 

. . (1968) , 

« , ». 

, 

, 

. 

, , 

« » (

), 

( ). 

, 

, - , 

( ). , 

( )

. 

, , 

:

, , 

, . 
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, 

, . 

( Sphagnum). , , 

, 

. , 

« »

, 

. 

-

. 

. . (1987)

« »

( )

, 

, 

, 

. , 

« »

. 

, 

( , 1982; , 1986), 



277

, , 

Sphagnopsida, 

, , 

. , 

Sphagnum, , 

, 

. 

Ambuchanania. 

-

-

. 

. 

, 

–

. 

- . 

(Schofield, 1981), , 

Sphagnum , 

, 

(

), 

. 

(Boatman and Lark, 1971), 

, 



278

, 

. 

. . - (1946) , 

– , 

. 

Ambuchanania. -

(1952)

, 

. , 

. 

, , 

, , , 

(

) (

), . 

, 

-

. , , 

, , , 

. 

, , , 

( )

, , 
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, 

. -

, . . (1984), 

- , 

. , 

, , , , 

, , 

, 

, 

. 

. 

-

, 

, 

( ). . . , 

. 

, 

. , , 

Sphagnopsida. 

, 

( )

, 

r- , 

. 
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, , 

. 

. . 

(1972 , ) , , 

, «

» , 

. . . (1981), 

. . (1956)

, , 

( – , ). 

- (1946) , 

, 

, 

, 

. 

. 

, , 

, 

(

Bryopsida). 

-

. 

. 



281

, 

, 

, . 

. 

, ( , 

) , . 

( 13). 

13 –

– ( ) Sphagnum
( ), Acutifolia ( ), Cuspidata ( ) – Sphagnum riparium ( l- )

. . (1971) , 

, . 

, . 

, 

. 
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, - , , 

, 

( )

, 

, 

. 

, 

, , 

, 

. 

( )

, 

, - , . 

, 

, 

, . 

, , 

. –

( Sphagnum), 

, 

, 

( ). 



283

, Sphagnopsida . 

, 

, 

. 

-

. 

, . . 

, , 

, 

. 

( r-

), 

. 

, , 

, 

. 

, , , 

(

). « » , 

, « »

, 

. 

, 

. 

- («

») . 

, Sphagnopsida



284

, , , . , 

« »

–

, 

. 

. 

« »

. 

, , 

( )

( ). 

, , 

. 

(1971), «

( ) , , 

, . 

, 

, - , 

» ( . 96). , 

, 

-

, , 

, . 
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, 

, 

. 

, , 

. 

.

, 

, , , 

(Gams, 1959). 

. 

Leucobryaceae. . . (1951)

, , , 

, 

, (

)

. , 

. 

, 

( , 

), 
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. , 

–

, 

Ambuchanania ( ). 

(Pottiaceae, Trichostomaceae, Calymperaceae, Encalyptaceae), 

(

), 

, 

(Proctor, 1979). , , 

, 

- . 

, 

. , , 

. , 

, 

, , 

, 

, 

, (

). 

, , 

, . 

, , 

, 



287

, 

. 

, 

, , , 

. 

, 

, , 

, 

, . . 

. 

, , 

, 

, 

, , 

. 

, 

. 

« », 

, . 

( ) , 

, 

, 

. 

. 

, 

Dicranaceae – Paraleucobryum – Leucobryum – Octoblepharum –



288

Ochrobryum – Sphagnum

( ) , 

(

, –

). , 

« », 

. « » Ochrobryum

. , , 

. 

.

, 

(

), , , 

– Bryophyta. 

, 

( , 

, 

)

. 

, 

. 



289

, 

. 

, 

. 

, , , 

, . 

« » , 

« »

. 

. « »

-

, 

, 

. 

, , 

, 

. , 

Bryophyta ( ). 

, 

, , 

, 

. 

, , 

. 

, 



290

, 

, 

. 

Leucobrium, 

. 

.

. 

, 

K- r- . 

, , 

. 

, r-

( 12), 

. 

. 

, 

, , , 

. -

, - , 

, 



291

( 12). 

( ). 

, 

, 

, 

, 

. 

, 

, 

, -

. , , , 

, 

(

) , , 

. 

, 

( ), , 

, . 

( )

( 4), , , 

( , 

). 
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. , , 

Sphagnum (Ymaguchi et al., 1990) – Sph. leucobryoides

T. Ymaguchi, R. Seppert et Z. Iwatsuki. 

Ambuchanania (Crum & Seppert, 1999), 

- , 

- . 

. 

Sphagnum , 

, 

, - , 

, 

. Sphagnum

, 

. 

, 

. –

, 

. 

. 

, 

Sphagnum. 

, , 

Ambuchanania, , Sphagnum, 

Bryopsida.  

, 



293

- . 

. 

. 

, 

. 

, 

, 

, 

. 

. 

, . 

, , 

. 

, 

, 

, , , 

, 

. , 

, , –

, 

(



294

, ( ). 

, , 

, 

.  

.

-

( ). , , 

, 

, 

- , , 

. 

-

(

) (

). - , 

. 

(

, 

) , , 

, 

. , 
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( ) , 

. , 

. 

, 

( , 

), 

, 

-

, . 

. 

, 

-

, , 

, 

, . 

.

, , , 

, 

, (1954)

. , 

, 

, (

) . 



296

« » , , 

Cuspidata – Sphagnum riparium ( 13)

(

). 

Sph. riparium, - , 

-

, 

, 

, . 

, , , S. riparium

. , 

, 

( , , 

), 

. 

, 

, 

. 

Cuspidata -

Sphagnum L. – Sph. palustre ( 13 1), 

( ) (

). 



297

-

. 

, 

, 

, . . 

( 13 3 1). 

Palaeosphagnum meyenii , 

, 

, , 

. 

Sph. riparium, P. meyenii , 

Sph. riparium – , , , 

Sph. riparium. , 

P. meyenii - , 

« » . 

.

, 

, 

, 

. 

, 



298

, 

Sphagnidae, 

- . 

–

. 

- -

. 

, 

( ), 

, . 

, 

, , 

, , 

, 

, . 

, 

. 

- , 

, , 

, 

, , . 

, , 

, 

( , , 

), 

, , –

, , . 

. 
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, 

, 

-

. , ( )

. 

-

, , -

. 

–

-

, 

. 

, , 

- , 

. , 

-

. 

Bryophyta

, Marchantiophyta. 

Jungermanniales . 

Bryophyta, 

, . 



300

. 

, , , 

, 

–

, . 

, 

, , 

, 

( – )

, 

. 

(Andreaeopsida)

. 

. 

(

)

-

. 

, . 
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(100-120 ) Andreaea

Andreaeobryum. 

, . 

, « »

, 

(Bold, Alexopoulos & Delevoryas, 1980; Crandall-Stotler, 1980, 

1986), (Smith, 1978; Crum, 

1982; Vitt, 1984), (Miller, 1982), 

( , 1984 , ), (Fleischer, 1906-1908, 

1920; Brotherus, 1924-1925; Dixon, 1932), 

(Robinson, 1971). 

, 

, 

, . 

, 

, 

Bryopsida ( - , 1954; Schultze-Motel, 1970; .). 

(1972). 

(Gams, 1969) , 

, 

, 

. 

Andreaeopsida (Crosby, 1980). 

(Schuster, 1966). - (1965)

, 

. 

. 
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(Murray, 1982), Andreaeopsida

Sphagnopsida Bryopsida. 

(Miller, 1979), 

, 

. 

- (1954) , 

, . , 

Andreaea rupestris . 

, . 

(Moenkemeyer, 

1927; - , 1954), 

( ) (

)

. . 

, 

, , . Marsupellaceae

(Monkemeyer, 1927). , 

( ), , 

, , –

Marsupella, Andreaea, 

, 

. 

(Fleischer, 1920), (Brotherus, 1924), -

(1954)

Sporogonites, (Halle, 

1916). , (1984 , ), 

Sporogonites , 



303

, , 

. 

, Sporogonites

, Andreaea, 

, , , 

, 

Andreaeobryum. 

, 

S. exuberans , 

(Andrews, 1960). 

, 

, 

H rneophyton, . 

(1984 ), 

H rne phyton, , , 

(Eggert, 1974), , 

, 

, 

, 

, Horneophyton Sporogonites

– . 

( , 

), 

Andreaea rupestris

( , 1984 , , 1985; , , 1984)

. 

, 
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-

, 

. 

, 

, 

. 

, 

Andreaea . 

(Brown and Lemmon, 1984)

Andreaea

rothii , 

, , , 

, Andreaea . 

, , 

, , 

, , (1984). 

, 

, , 

, 

, 

. (1984 ) Andreaea

. 

(1984 , 1984 ), 

(Robinson, 1971) , 
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, , , Tetraphidales. 

. 

, , , 

, 

, 

. 

- (1954)

. 

(Gams, 1959) . 

, , 

. 

Sphagnidae Bryidae. 

. 

, 

. 

.

( 90 )

Enerviae

Andreaea. , 



306

. 

, , 

. 

- (Schultze-Mot l, 1970), 

, 

Protosphagnum ( , 1960), , 

Enerviae

, 

. 

( ) , , , 

, 

. 

( Leucobryaceae) , , 

, 

, . 

. 

, 

. 

(Nishida, 1971) (1984 ). 

, , 

, . 

(

, . . ), 

, 

– . 

, 



307

, 

, 

. 

, , , 

, , 

, 

( ), – -

( ), 

. 

, , 

, . 

(1985), ( , 

)

. , , 

. , , 

, 

, . 

, , 

- , . . 

, . 

, , 

, 

, , 

( ) -
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, , 

. 

, 

. 

(Mogensen, 1981), , , 

, . , 

, 

. (Goebel, 

1930), 

, 

. 

, 

, , 

, . . 

. 

, 

, 

(

Andreaea), ( Andreaeobryum), 

. 

(Nischida, 1971), 

, 

. 

. , 

Andreaea

rupestris var. fauriei (



309

), . 

(1985), 

, 

( , ). , 

, 

, 

. 

, 

( , )

-

( ). 

, , 

(Nehira, 1974), 

, . 

. 

, 

. 

. 

, 
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« » (Nehira, 1974), 

, (

, )

, 

, 

– . , , 

, 

. 

, 

. , 

, 

, , 

. 

, 

( ) , 

. 

, , Ptychomitrium- Hedwigia- , 

, 

, 

. 

–

, Hedwigia

, 

Andreaea. 

( ) . 
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, 

( ) , 

( ), . . 

( )

. 

, , 

( )

. 

, 

, -

, ( )

, . 

. , 

, 

, 

. , 

, , 

. 

, 

, , 

, 

. 

, , 

, . 

, , 

, 

. –
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, , 

-

. 

, 

, ( )

, 

. 

, 

, , 

. 

( )

, , 

- . 

r-

(

). , 

, , 

, (

). 

, 

, 

. 

.
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(1984 , 1984 , 1985)

, , 

, . 

. 

, 

, 

. 

-

Andreaea rupestris

(Miller, 1979). , 

, , , , 

, , - , 

, , , 

. , 

. 

, , 

, 

. 

, 

, , , 

. 

(1985) , 

(1958) (1972), (Scheirer, 



314

1980), 

–

Prototracheophyt , 

. 

, , 

. , 

, . 

, , 

Aglaeophyton major

. 

, 

. 

(1985) , 

, 

. 

( ). 

, 

. 

, 

(

Gould, 1977), r-

. , , , 

, 
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. 

, , 

, 

, 

Bryophytina ( ), , 

Anthocerotopsida, Metzgeriidae, Marchantiopsida, Sphagnopsida, 

Buxbaumiopsida ( , 

– . .). -

, . 

, 

, 

-

. 

, , Andreaea

, (Steere, 1978). 

. 

– , - , 

( )

. 

( , , 

1984), 

. 

( , 1979). 

, (1984 , 1984 )

. (Seki, 

1974), 



316

, , Andreaea

( , , (1988) , 

, 

, 

). , 

, , 

. 

, 

. 

, - , -

, 

, 

. , 

, 

( )

, ( ). 

, 

, 

. (

)

, 

. 

, 



317

. 

-

, 

. 

, 

, 

. 

, , 

. 

, 

, 

, , . 

, , , 

, 

, . 

. , 

, , 

( ), 

, , 

( 12, 14). 

(r- )



318

( 14), , 

, . . 

-

. 

(

) -

Andreaeobryum. 

14 –

, (

, )

, , 

( )

. 

, , 

( )

(

) , , . 

, 

, 



319

( - ), 

. 

, 

, . 

, 

. 

, -

, , 

, . . (

, , 

, 

« » ). , 

- – , 

, 

, , 

– . 

. 

, 

. 

, 

, 
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, , 

, 

. 

, , 

, . . 

( ). 

. 

(Andreaeobryopsida)

Andreaeobryum –

. 

, 

Andreaeobryum, 

, Andreaea (

). 

(Steere and Murray, 1976), 

Andreaeobryum

– A. macrosporum –

. 

(1984 ), A. macrosporum

. 



321

, , , 

Andreaea. 

, , , 

(Scharp, 1972)

(Andreaea) , 

, , , 

, 

. 

Andreaeobryum, 

Andreaea, , 

, Andreaeobryum

Andreaea –

. 

, 

, A. macrosporum

, , 

, Andreaea. 

, 

A. macrosporum

Andreaeobryum, Andreaea. 

Andreaeobryum. 

, 

. 

Andreaea

, 

, . 

, 

, 



322

-

-

, 

Andreaea. , . 

, , 

Andreaeobryum, , , 

, 

Andreaea. , , 

Andreaeobryum

- , 

. 

- (Pocs, 1982). 

, 

, , 

, , , 

. , 

Andreaeobryum -

, Andreaea, . . 

( 16). 

, 

Andreaeobryum

, 

. 

A. macrosporum

, , 

, 

. A. macrosporum, 



323

, , 

, 

, , 

, 

. , , 

, . 

. 

, Andreaea

Andreaeobryum, 

, 

, 

. 

Andreaea Andreaeobryum

, 

, 

, . 

Andreaea -

, 

, 

. 

. 

Andreaea Andreaeobryum. 

Andreaeobryum

(

). 



324

A. macrosporum

Andreaea, 

. 

–

. 

-

, 

, 

(

), 

. 

. , , 

, . 

. 

( )

: , , 

, 

( , 1982). 

, , 

, 

. 

, 



325

. 

. , 

( Andreaea) , , 

, –

, 

.  

– , 

. 

, 

, 

. 

, 

. 

. , 

, 

. 

, 

, –

, 

, 

. 

-

, – , 



326

. , 

( ) -

, 

– , 

, 

. 

, 

. 

Andreaeobryum, 

Andreaeobryopsida, 

.  

– .

, 

(

), 

, 

. 

, 

. 

– . , 

, , 

, , , 

. 

, . . 



327

. 

, 

, . 

, 

, 

. -

. 

. 

(

-

). 

, 

– , ( )

, (

)

, 

. 

, 

, , 

, , 

( 13). 



328

, , 

, 

-

, 

. 

. 

, , , 

- , 

, 

, . 

(1986), 

( ), 

. 

, 

, 

. 

(

Andreaeobryum)

, 

, 

. 

(

, 



329

), 

, 

.  

( , 

) , 

, , 

, 

- . 

( )

. 

( ) (

). 

, r-

( Andreaea) , . . 

, . 

, 

, (

), 

. , 

, 

Coloechaete. 
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, , , , 

( ), –

( ). (Steere, 1969), 

, , 

. 

, 

« », 

, . 

. , , 

, 

. 

, 

, 

-

. 

, , 

, 

. 

. 

, , 

( )

(



331

Andreaeobryum) , 

– (

) . , 

, 

, 

, - , –

. , 

, 

, . 

, , 

, , 

(

), 

. 

, , 

–

, ( ), 

, 

. 

, 

. . . 

(1977), , , 

. , 

, 
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, , , 

( )

. , , 

, 

( ) . 

, , 

. 

- -

( , 1977; , , 1984; , 1987)

, 

, , 

, , . 

, , 

, 

, , 

r- , 

. , 

( )

, 

. 

, , 



333

.

, 

(

), 

( )

. 

, 

. 

, , 

. 

, , 

, , 

, 

, . (Robinson, 1971) , 

Andreaeales , , , 

Tetraphidales, , 

, 

. , 

, Bryopsida. , 

, 

. , «

Tetraphidaceae, - , 

Andreaeopsida Polytrichopsida» ( , , 1989, . 70)

.  

, 

, , , 
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Bryopsida

Bryopsida - Adreaeopsida

Polytrichales. , 

, , 

, 

, , . 

(

)

, , , 

, 

, . 

(Bryopsida)

. 

, , 

, 

, Bryophyta. 

, , 

, 

, . 

, 
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, 

, 

( ) . 

. 

( ), 

, 

. . . (1967), 

, 

, , 

(

, ). 

-

, , 

– . , 

, 

, 

. 

, 

, 

. -

, 

, , 



336

, . . 

. , , 

– . (

), 

, , 

, 

. 

. - (1954), 

, 

, :

, . 

, 

. - , 

. (

) (

)

Bryopsida. 

, 

, 

. , , , 
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. 

- (Crandall-Stotler, 1984), 

. 

, ( )

, . . 

. 

, , 

, 

, 

. 

, 

, 

. , 

, , 

« » , 

-

, 

, 

. 

. 

, , 

, . . 
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( ). , 

, 

, . 

, , 

« »

( 15). 

15 –

, 

, 

, 

. , 

, 

, 

. 

(

15). 

( ) . 

- (Crandall-Stotler, 1984), , 



339

Fritschiella (Bold & Wynne, 1978), 

(Pickett-Heaps, 1979; Stebbins & Hill, 

1980). (Bopp, 1978), 

, 

« » . 

Sphagnaceae, Tetraphidaceae, 

Schistostegaceae Diphysciaceae (Nischida, 1978). 

, 

, 

. 

« »

, . 

, -

, 

. 

( - , 1954). , , 

, 

, . 

, , 

( ). 



340

(Gobel, 1930), 

« »

, 

, 

. « »

( . - , 1954). 

, . 

, Andreaea, 

, , 

« ». 

. 

, 

, 

, 

, 

(Miller, 1979), , , Schistostegales, 

Tetraphidales, - Buxbaumiales. 

, - , 

« » (

), 

, , , 

– . 

, 

, 

(

). , , 

, , 

. 



341

( ), 

, , 

, . . , 

( -

). 

, 

. -

, 

( - ). 

. 

, , 

, 

. 

Bryopsida

, 

, , 

Andreaeopsida, 

. 

( ), . 

, 

- , 

, , , 

. 

. . , . . (1985), 



342

(Smith, 1972)

, 

, 

( , , 1976, 1977). , 

(1985), , , , 

, – . 

, , , 

, , 

, 

( ), 

. , , 

, (

)

, 

( , , 1985), . ., , 

. 

(Wettstein, 1924)

( )

–

. . 

, 

( , , 1985). . . (1978), 

, 

, 

. 



343

, 

, , 

, , 

. 

. , 

, Bryopsida

, . . 

- . 

(1947) , 

, , . 

. –

, 

( , , 1989). 

. 

-

, 

, 

–

- . 

, 

( )

. , 

Schistochila (Goebel, 1930)

, 

. , 

(1975 ), , 



344

, . , 

, 

, 

. 

, 

: (

) , 

, 

, 

( 11). 

–

, 

Bryopsida, . 

, –

. -

. , - , 

, , 

Schistostega pennata

(Nishida, 1964), , 

, 

. 

(Nishida, 1978), , 

(Muraoka, 1967; Noguchi & Mizuno, 1959), 

:

, . (Bopp, 

1952), , 

. 

, . 



345

, , -

, , 

. , , 

– , 

. , 

, 

. 

, 

, Sphagnum- , Buxbaumia- , Diphyscium- , 

Schistostega- , Glyphomitrium- . Buxbaumia-

, , 

– , 

. Sphagnum-

, , 

, , , 

. 

. 

Hedwigia- Drummondia- . -

, Andreaea-

, 

, 

Bryopsida. 

Hedwigia-

, - , 

( ). 



346

Drummondia- , 

(

), , 

, , 

– , 

. 

ndreaea- , . 

Mittenia plumata (Scott & Stone, 1976)

, Schistostega- Bryum-

, (Nishida, 

1978). 

(Nishida, 1978) -

Arthodonteae, 

. 

Sphagnales, Andreaeales, Tetraphidales Buxbaumiales, 

, , , 

. 

, Bryidae, -

, , , 

. 

, Andreaea-

, 

Sphagnidae Bryidae (Nishida, 1978), 

, -

, (1985). 

, , 

- , 



347

. 

, 

, 

. , 

, , 

. 

, , , 

, 

. , 

Bryophyta, 

, . 

. 

. , 

, . . 

, 

. 



348

. 

–

, . 

, 

, 

. , 

, 

. 

, , 

, r- , 

. , 

, 

, 

( ) . 

, , 

, . 

(

, 

« »), 

Schistostegales Tetraphidales. 

, , 

, . . , 

, 



349

.  

, 

, 

, 

( )

. , , , 

Schistostega

Cyathodium ( Marchantiidae). 

( .), 

–

, . , 

, , 

(

Jungermanniidae). , 

, 

( ), . . 

, . 

.

, 

. 

–

. 

-

, 



350

( 12)

, . -

(1952)

. 

, , 

. 

, , , 

, 

, , , 

, 

. 

. 

, , 

, , 

, . . , 

. 

, 

, 

, . . , 

, , 

. 

, , 

, 

. 



351

- , 

. 

, 

r- , 

, 

- . , 

, , 

, . 

, - , 

. 

, , , 

, , 

, -

. 

, 

, 

. 

, , 

. 

( ). 

, , 

, 

. (Vitt, 1981)



352

. 

( ) ( , 

), 

. 

( ), , 

, 

. 

(1951), 

Astomum crispum

, , . 

, 

, 

, 

. 

. 

(Vitt, 1981), 

, 

. 

-

, , 

Bryopsida. 

(Shaw, Anderson, 1988; Shaw, Anderson, 



353

Mishler, 1989), 

:  

1) ;  

2)

, , , 

;

3)

. 

, 

(

). 

Bryopsida, . . 

. 

, 

, , 

(Troitsky et al., 2007), 

, 

, 

. , 

, 

. 

. 

. 

.  

, , 

, 



354

, 

. 

, 

– . 

. 

, , 

, .  

, 

, , ( , 

, ), 

, , 

. 

. . (1951), , 

, , , 

, - , 

« » , 

. 

. 

, 

, 

, Bryopsida

. 

, , 



355

, 

, 

, . 

. 

, 

, , 

. 

. 

(Vitt, 1981)

, 

, , . 

-

, -

. 

, 

. 

. 

, 

, 

( , ). 



356

, , 

, 

, 

, 

. . ( , ). 

, 

, , 

. 

, 

, , 

r-

, 

, , . 

(Miller, 

1979) Schistostegales, Tetraphidales, Encalyptales, 

Buxbaumiales , 

, , . 

, Schistostega , , Bryoxiphilum

, 

. 

, , , 

. . 

, Mittenia

, –

. , Tetraphidales

Buxbaumiales , 

, 



357

Fontinales , 

. 

, 

Tetraphidales

, 

, . 

, , 

, 

:

, 

;

. 

Schistostega , , , 

(

, ), 

, , 

, 

. 

- . 

Oedipodium (Troitsky et al., 2007), 

(Takakia, 

Sphagnum, Andreaea) Polytrichaceae ( , 

). 

Oedipodium

(Newton et al., 2000, Magombo, 

2003).  

, Tetraphidales, 



358

Polytrichales – , 

. 

( , , 2003). 

, . 

, 

, , , 

. , 

-

. , 

– , 

, . . 

. 

(

)

, 

( , 

Polytrichum

) . 

. 

. 

. 

, 

, 



359

, 

, , , 

( ) . 

, , 

, 

, 

, 

. 

, 

, Diphyscium –

. 

, 

, - , 

. (La Fange-England, 1966). 

, 

. 

, , , 

, , -

, 

, , 

. 

– .

, 

, 



360

Bryopsida. -

, 

, , 

, 

, . 

. 

, 

, 

– . 

, 

-

Bryopsida. 

, 

. 

, , 

, , 

, 

. , , , 

Bryopsida, , 

, , , 

, , 

. 

, 

-



361

-

. , , 

, 

Peltaspermales Arberiales ( , , 1986). 

, (1981), 

. 

, , 

, , , 

(

), , , 

( ) , 

. 

(

), 

, , 

. 

(

)

. , , 

, , , –

. 

(Miller, 1979), 

, 

( , 1956, 1960), (Plumstead, 1966)



362

(Schopf and Miller, ), 

, 

, 

-

(Beaty, 1978). , 

, , 

. 

, (1987), 20. 

, , 

9

–

Pottiaceae, Grimmiaceae, Orthotrichaceae, Seligeriaceae, Scouleriaceae, 

Funariales, Isobryales, Hypnobryales, Dicranales . 

, , (Gams, 1962), 

Protosphagnales

Polytrichales

Dicranales, Intia Mniaceae Bryaceae, 

. . , Dicranales. 

. , 

. , 

. 

. 

, . 

, 

. 



363

, , 

, 

(Aristovia, Protoochyria, Servicktia, Rhizinigerites

Ignatjevia), . . 25% . 

, 

Bryopsida.  

. . (1969), 

, 

. 

. 

. 

, 

, 

( - , - ), 

. 

, , , 

, 

. , 

(Busche, 1968)

Bryopsida, , Hypnaceae Amblystegiaceae

( Hypnobryales), . 



364

, . . , , 

Bryopsida. 

Isobryales, Hypnobryales

Bryopsida. 

. 

. Rh. neuburgae

, . , 

, , , 

– , 

, , 

« » ( Schuster, 1966), 

. Rh. neuburgae

(« ») , 

( ), 

. 

(

)

« ». 

« »

, 



365

. « » , , 

-

Bazzania, Lepidozia, Odontoschisma (

). , 

« » , 

, 

. 

Servicktia delicatula , 

, 

. 

, , 

, . 

(Vitt, 1981)

. , 

, 

, , 

. 

, 

(

) , 

, 



366

. , , 

, 

, 

, , - , 

. 

-

, , 

, , 

, , 

. 

-

, (

). 

, 

. 

. 

, 

–

, « » –

( ). 

– « ». 

, 



367

, , 

. . . 

(1972), , 

, , , 

« », . . 

. 

, , , , 

(

) , , 

. -

. , 

, 

, 

–

. 

Andreaeopsida Bryophyta. 

. (Stoneburner, 1990)

, 

. , , -

, , 

. , « »

(Stoneburner et al. 1991), 

, . 



368

, , 

- . 

, 

, 

(Steere et al., 1954). , 

, 

( , 1969; .). 

(1992). 

, , , 

, 

, 

. , 

(Cove, 1983), 

( , 1992). 

, 

( ), . . 

, . , , 



369

, 

(Cummis, Wyatt, 1981; Leibenguth, 1985). 

, 

, 

. 

( , 1985). , 

(Allard, 

1975 – . , 1992).  

, 

, 

-

, 

, 

, , 

, . , 

, 

, 

. 

, 

, , 

, 

, , , . 

, 

, , 

(

– . .), 

, - , 



370

, 

. , 

. . 

. . (1988). 

, 

. 

, 

, 

, . . « »

, , 

. 

, 

150 . . 

, , 

, , . 

–

– .  

, 

, 

. , 

, , - , 

- , 

–

. 



371

, . . 

-

. 

(1992)

( ), 

(Miller, 1982). , 

, 

, 

. , 

, , 

. 

, 

, 

( , 1974), 

. 

. 

, 

, 

, , 

. 

, 

(Allard, 1975). 

, , 

– – 4, – 3

2. , 



372

, , 

. 

, ( )

, 

, ( )

( )

, 

( , ), . 

, 

, 

, 

. 

. , , 

, 

, , 

, 

. 

, 

« », 

, 

, 

, 

. 



373

, ( ). 

, 

, 

. 

. , 

, , 

. 

(

) -

, 

, 

. 

, , 

, , 

. , , , 

« », 

, -

. 

, 

, , , 

, , 



374

. - , , , Archidium, 

Andreaea, Sphagnum

, ; - , 

, 

; - , 

, 

- , 

.  

(

)

, , , 

. 

, 

, , 

« » –

. -

, 

. 

. 

, , 

. 

, , 



375

« » , 

, . . . 

. 

, 

. 

. , 

, 

, 

, 

. 

, 

, . 

, , 

, , « »

, . 

O

Bryopsida

. 

, , , , 

, 

. 



376

, , 

, 

Bryopsida.  

( ), 

(Intia, Uskatia, Salairia, Kosjunia, 

Junjagia Protosphagnum), 

Polytrichales Mniaceae ( ), 

. , , 

( , 

, , , 

Dawsonia)

. 

, , 

, , 

, 

, . 

, . 

, 

, , , 

Polytrichales . 

. , 

, , 



377

, . 

, 

, , , 

. 

, 

, 

(

Polytrichum). , , 

, , 

. , , 

, 

, , , Polytrichum. 

, 

Mniaceae. , , , 

, . , 

, , 

. , , 

. 

, « »

. 

, , . 

. 

Polytrichales



378

. , 

: Muscites polytrichaceus (Renault et Zeiller, 

1988) , , M. bertrandii (Lignier, 1914). , , 

, . 

, 

, 

Polytrichaceae ( , 1978). x = 7

n = 7 (n = 14, 21). 

, n = 7

2 – 3-

x = 7

, 

, . , 

, -

, , - , 

. 

Bryopsida , 

(1982), 

-

, 

. (1978, 1988), 

, 

. (1968), 

( )

, , , 

. 

. . (1980) , 



379

–

. 

. . (1979) , 

(

« »)

. 

, 

, 

. 

, , 

, , , , 

, 

, . 

, 

, 

, 

. 

« »

. 

, 

« »

, . 

–

, , 



380

Bryopsida. 

, , 

. 

, 

« » , , 

, . 

( )

, 

, 

, 

, . , , 

, 

, . 

, 

, . 

, , . 

, 

. 



381

( ).  

(Miller, 1979), -

, 

, 

. , 

. 

, , 

, 

« » . 

–

.

, 

, 

. 

, 

. 

, 

( , 1966; , 1969, 1984), 

, 

;

– , , , . 

, 

– , , 

. 



382

, (Miller, 

1979), , 

, 

, . 

, , 

, 

- . 

, 

, , 

, . 

, , 

( , 

)

( , 

, , 

). 

, - , 

. 

, 

, 

. 

, 

, , 

. 

( , , 



383

, « » , 

) , , «

», . , 

« »

, 

(

), Sphagnum

. 

, 

, 

. 

, 

, 

. , , 

, « »

, . . . 

. 

« »

, 

, -

« »

, , 

, , . 



384

, 

« »

Bryopsida. 

, 

« » ( )

. , 

, . . 

. 

Bryopsida

, 

, 

.  

, 

« »

, 

, 

Bryopsida. , , « »

, 

Bryopsida, 

. 



385

. , (Newell, 1963 – . 

, 1977), 

. 

(

, – , ).  

. . (1977), 

( )

, , 

, 

. , 

(

), . . . (1987 )

. 

, , 

. 

, , 

Bryopsida, 

Sphagnopsida. 

Andreaeopsida

. , 

, 

.  



386

, 

, Bryopsida, 

. Bryopsida

. 

, , . 

(1986), 

( , ), 

. 

, , 

Sphagnopsida, Andreaeopsida, 

Andreaeobryopsida Bryopsida. Bryopsida

Andreaeopsida

, , 

. 

, 

, 

, , 

, . 

– , - , 

, –

– . 

( )

, . . 



387

, 

, . 

. . (1973 – . , 1980), 

, 

. 

. . (1980), 

, 

. 

, 

, 

. 

, , 

, , 

, 

, . 

, , 

. , , 

, , 

, 

, 

Leucodontaceae. 

, -



388

, 

. 

, , - . 

(

)

, , , 

, 

, 

. 

, 

, , 

, 

. 

.

. , , 

, 

. 

, 

. 

(1977), 

– (115 75 ). 

, 



389

. 

, , 

, 

, 

, 

- (Chang Hang-ta, 1968)

, , 

. , 

( , , 1991). 

, 

(1985), , , 

. 

. 

, , , 

, , , (

: , 

, 

, , , 

). 

( )

, , . 

, 

, 

( ), 

, , 

. 



390

, 

. 

, 

(

)

( , 

, 

, )

, , 

. 

, 

, , , 

, 

, , 

. 

( – . .)

(Axel-Gunther, 1984), 

. 

(1980), 

, 

, , . , 

. 



391

, 

, , . , , 

« » , 

(

), 

. 

, 

(

). 

, , 

. 

, , 

, 

. 

, , 

, 

, 

. 

( ), 

, 

–

, 

, 

. 



392

, , , 

, 

, 

( Vitt, 1981). 

, 

, 

. 

-

, 

, 

, 

, 

, ( ). 

-

, 

, . 

, 

, , (Vitt, 1981), 

. 

, 

, , . . (1961) (Vitt, 1981). 

(Pocs, 1982), , 

, 

, . 

, 

. 



393

, 

, 

. 

, 

(1961, 1965, 1969, 1974), (Piippo, 1982) . 

, , 

, 

. , , 

, 

. 

. , , , 

, . 

, 

, , , 

(

). , 

, 

, 

, . 

. 

, 

, 



394

, , 

, 

, 

- . 

. 

, , 

-

, 

. 

(Vitt, 1981), 

, , 

. 

–

. 

, 

, 

, , . 

(Miller, 1979), Dicranales, 

Fissidentales, Pottiales, Grimmiales, Orthotrichales, Funariales, Bryinae, 

Leucodontineae, Hypnobryales Polytrichales

. , 

« »



395

, 

- . 

, , , 

( )

, , , 

(

)

. , 

, , 

– . 

( , 

, Polytrichales). 

( , 

)

. 

, 

. 

(Vitt, 1981), 

, 

( , .)

. 

, , 

, 

. 



396

, , , 

– , 

. 

(Miller, 1979) , 

(

), 

. (1939). 

, , . 

- , , 

. 

-

, 

. 

, Bryopsida

. 

, , , , , 

, . . 

r- , 

. 

, 

( )

. 

, 

, , 

, , 



397

. 

Bryopsida, 

, , , 

, , (

, 

, ), 

. , 

. 

, 

, , 

. 

, 

-

, -

, 

. 

, 

- . , 

r- , 

. 

( )

, 

, , 

. , 

, 



398

. 

, , 

( )

, ( , 

). 

, - . 

. 

, , 

. , 

Tortula ruralis (Syntrichia

ruralis)

. 

(Schonbeck, Bewley, 1981 , 1981 )

- , 

. , . 

, (Miller, 1979)

Bryopsida, , , 

, 

. 

, , . 

, Polytrichales, Dicranales, , 

– , , , 

Eubryales, Tetraphidales, Isobryales

. , - , 



399

Funariales, Amblystegiaceae Hypnobryales

. 

Grimmiales, 

Orthotrichaceae, Leucodontaceae, Neckeraceae, 

Brachythecieceae, Thuidiaceae, Hypnaceae . 

Bryaceae, 

Mniaceae, , , 

, , 

, 

. 

, , 

(

), 

( ) . 

, 

. 

. 

Bryopsida, Hypnidae –

Hypnales (4400 ), Hookeriales (750 ), Ptychomniales

(100 ), Rhizogoniales, 

Bryidae. 

, 

(Troitsky et al., 2007). 

Renzaglia et al. (2007) , 

- , 

Sphagnum Takakia , . 



400

. 

, 

, 

, 

Protosphagnales (Neuberg, 1960). 

, 

, (Cox et al., 2004)

, Sphagnum Takakia

. 

(Hedderson et

al., 1998; Newton et al., 2000) Juatsentyuk; 2000), 

-

, . 

: Takakia , 

, Sphagnum –

. Takakia

, 

. 

, . 

, Sphagnum + Takakia –

. , 

(Troitsky et al., 2007) Takakia , 

Takakia – . 

(Renzaglia et al., 2007)

Andreaea Andreaeobryum. , 

, , 

, , 

, 

. , 



401

, 

, « » ( ) . Murray (1988)

, 

Andreaeobryum Takakia. , 

. , , . 

(Troitsky et al., 2007), 

, Takakiopsida, 

Sphagnopsida, Andreaeopsida, Andreaeobryopsida, Oedipodiopsida, 

Polytrichopsida, Tetraphidopsida Bryopsida (Goffinet & Buck, 2004). 

, 

. 

–

. 

– –

, , . 

– - . 

(

). 

– , 

, 

. 

, 



402

.  

, 

. , 

( , 1982), 

, , 

, 

« », 

. . .  

( ). 

, , , 

, , 

, 

–

, 

. . ( , 1988). 

, 

, 



403

. 

, 

, 

. 

( , 1988), 

. . 

, 

( ) . , 

, 

, 

. 

, 

, 

( )

–

( , , , 1985). 

, 

, , 

, , 

, . 

:



404

(

), , 

, 

( , 1988). , 

, 

. 

, 

. , 

, 

( .)

, 

. 

. 

, , 

, , 

. 

. 

, 

. , 

, 

, 

. 



405

. 

, 

, 

, , 

, « », 

- (1922). 

. 

, , 

. 

  

, 
. , 

( , 1982), 
, , 

, 
« », 

. . .  

( ). 
, , , 

, , 



406

, 
–

, 
. . ( , 1988). 

, 

, 
. 

, 

, 

. 
( , 1988), 

. . 

, 

( ) . , 
, 

, 
. 

, 
, 

( )
–

( , , , 1985). 
, 

, , 
, , 

, . 



407

:

(
), , 

, 
( , 1988). , 

, 

. 

, 

. , 
, 

( .)
, 

. 
. 

, , 
, , 

. 

. 
, 

. , 
, 

, 
. 

. 
, 

, 



408

, , 
, « », 

- (1922). 
. 

, , 

. 

, 

, , 

, « , , 

( ) , , 

, 

» ( , 

1988, . 482). 

. (Smith, 1986), 

, 

: (Watson, 1967; Steere, 1969; Robinson, 

1971; Crum and Anderson, 1981; Richardson, 1981; Engel, 1982; Vitt, 

1982; Smith, 1983; Schofield, 1985) ;

(Bold, 1956; Miller, 1974, 

1982; Bold et. al., 1980; Crandall-Stotler, 1980, 1984; Mishler and

Churchill, 1984; Newton, 1985; Shaw & Renzaglia, 2004; Renzaglia et al., 

2007, 2009; , 2007; .), 

. 

(Schuster, 1977, 1984c), 
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( , 1972; , 

1978), 

.  

. (Rothmaler, 1951, 1955)

– Anthocerotophyta. 

. 

.  

. 

, , 

, , 

, , 

. 

.. 

, Renzaglia et al. (2007), 

, , 

, . , 

, 

, 

, 

(Brown & Lemmon, 1988, 1990 , 

1993, 1997). 

, 

(Brown & Lemmon, 1989, 

1990 , 1991 , 2001; U hara & Kurita, 1991).  
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, 

(Renzaglia et al., 2007), , 

, 

( / ), 

. , 

, 

, 

. 

, , 

, 

(Nishiyama et al., 

2004) (Garbary et al., 1993; Renzaglia & Garbary, 

2001), , 

(Kato & Akiyama, 2005).  

, 

. Duckett (1986), 

, , 

, . , , 

, -

. 

, , 

, 

(Duckett, 1986). 

, 



411

, 

(

Proctor, 1979 ). 

(Aro, Niemi, Vallane, 1980), 

, 

, « » « », 

- . 

, 

Marchantia

polymorpha Ceratodon purpureus , . 

, 

. 

, 

. 

, 

. 

, , 

, 

, 

. 

, . . 

« »

( ). 

Bitelaria, , 

, 

. 

, 
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. 

« »

, , 

. 

Crandall-Stotler (1984) , 

(Leitgeb, 1879; Cavers, 1911; Campbell, 1918)

-

(Goebel, 1898), , 

, 

. 

, 

, 

. , , , 

, 

. , 

– . 

, Steer (1985). 

, 

, , 

(Steer, 1985). 

–

–

, Duckett

(1986), 



413

( , ). , 

, 

, 

. 

Duckett et al. (1984), , 

, 

. 

, , 

, . 

(Duckett, 1986) , , 

, , 

MLS –

. 

, , 

, , 

, 

, 

, 

. 

Renzaglia et al. (2007) . . (2007, 2009). 

, 

, , 

, . , 

. 

, 

- : –
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, , 

– , 

, , 

(Renzaglia et al., 2000). 

- , –

. 

, 

, , , 

, , 

–

( , 2007). 

( ), , , 

– , 

, 

, –

( , 2007). 

. , 

. . , . 

, 

. 

Pleuroziales . 

, 5-

(Paludella), 3- (Fontinales) 2-

(Fissidens) (Crandall-Stotler, 1984). , 

, 

. 

, 

–
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, 

. ( Polytrichales)

, (Hebant, 

1977; Crandall-Stotler, 1984). 

(

Haplomitrium Fossombronia, 

), –

. 

2- , –

.  

, . . , 

. 

, 

Dendroceros

. 

, 

. ( Dendroceros)

, 

. 

. . 

( ), 

, 

. , , 

. , –

. 
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Schistochilaceae , 

. 

. , 

, , 

. 

, 

. . , . Crandall-

Stotler (1984), 

, , 

. , 

.  

. . 

, , 

, . 

, –

, 

. 

Takakia , 

Sphagnum Buxbaumia , 

1-2-

. , 

Sphagnum. , , 

Ambuchanania, , 



417

, Takakia, 

. 

, 

, , 

, 

(Heinrichs et al., 2005). 

, , . 

, , 

. 

, 

. –

( , ). 

.  

, 

, 

(Renzaglia et al., 2007).  

, 

:

, 

( ).  

. , , 

, 

, 

, 



418

, 

(Renzaglia, 2007).  

, 

, .  

, 

, Haplomitrium

Treubia, . 

, 

. 

Blasia

(Renzaglia & Duckett, 1987). 

, . 

. . (2007), 

, . 

, , 

, , , 

, . 

, 

, 

(

). , 

, , 
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« » , 

, –

, . 

(Renzaglia et al., 2007)

. , 

. 

(Renzaglia et al., 2007), 

Marchantiales, Metzgeriales, 

. 

/

. -

. «

» , 

.  

Treubia Haplomitrium

. , 

Aneuraceae Verdoornia, , 

, 

( ). 

(Duckett et al., 2006 ; Kottfe & Nebel, 2005), 

, 

Marchantiopsida Metzgeriidae, Jungermanniidae

Metzgeriidae II . 
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, Pleurozia, Metzgeria , , 

I (Davis, 2004)

, -

Aneuraceae II. , 

. 

(Doebbeler, 1997; Read et al., 2000; Redhead & Spicer, 1981; Russel &

Bulman, 2005)

.  

Blasia

Cavicularia. 

, (Villarreal & Renzaglia, 

2006). 

: Leiosporoceros

. 

. 

Blasiaceae

(Renzaglia, 1982; Renzaglia

et al., 2000).  

, 

, , , 

( ). 



421

, 

, , , 

, , . 

Renzaglia et al. (2007)

. 

, , 

, 

, , 

(Hebant, 1977;

Kobiyama, 2003; Ligrone et al., 2000). Anthocerotae, Treubiales

Andreaeidae

, 

. 

, 

, 

/ .  

, 

Haplomitrium –

, 

, . Moerckia, 

, -

(Hebant, 1977), Blasiaceae

, 

, R.M. Schuster (1992) « »

. , 

(Lignore et al., 2002), , 

, , 
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. 

Haplomitrium Takakia (Lignore et al., 

2000; Renzaglia et al., 1997). Takakia

, . 

Andreaeidae Sphagnidae, 

Polytrichales . , 

, , 

-

(Renzaglia et al., 2007). 

(Schreirer, 1975). 

, 

, 

(Crandall-Stotler, 1984). 

Renzaglia et al. (2007), 

, Sphagnum Andreaea

, 

. , 

I , 

Takakia , 

(Lignore et al., 2002). 

Tetraphis Oedipodium

, 



423

(Renzaglia et al., 

2007). , 

. , 

. –

. , 

. 

, 

. . – . 

. 

Andreaeidae Sphagnidae

, .  

, 

, , 

(Renzaglia et al., 

2007). 

, , 

(Lignore et al., 2000). 

( Andreaceae), , 

(Sphagnum, Orthotrichales, 

Hookeriales), 

(Duckett et al., 1998). 

, 



424

Haplomitrium

, 

. 

Pallavicinaceae

Schistochilaceae , 

-

(Renzaglia et al., 

2007). 

, 

, 

. 

Renzaglia et al. (2007) , 

( -) ( )

, 

(Schmid, 1998), , 

, 

, . 

, , 

. , 

(Renzaglia et al., 2007). 

;

–

(Duff et al., 2007). , 

, 

, 
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, , 

(Villarreal & Renzaglia, 

2006 ).  

, . , 

Takakia, Andreaea Andreaeobryum . 

Sphagnum

(Bouldier, 1988) , 

(Ducket & Lignore, 2003b; Schimper, 1858). , 

(Cox et

al., 2004). , 

. 

. , 

, . 

. 

Takakia, Andreaea

Andreaeobryum

, . . Takakia, , 

, , 

. 

. 

, , 

. 

, , 

. 

, 
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(Renzaglia et al., 2007). 

, 

, 

, , , 

, 

, . , , 

. , 

, , , 

. 

, , 

, . 

, 

. 

-

, , 

, « »

( ), 

. 

« ». 

, 

. 

- . 
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, 

-

(Duckett & Lignore, 2003)

. , -

-

, 

(Carafa et al., 2005). 

, 

. , Haplomitrium . 

, , , 

. 

. 

(Renzaglia et al. (2007)

.  

, -

, 

( ), ( ). , 

(« »), 

(Gambardella et al., 1994). 

, 

(Lugardon, 1990). , 

(Brown &

Lemmon, 1988 .). 

, , , 
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(Renzaglia & Vaughn, 2000). 

, . 

, 

. 

, , 

. 

(Renzaglia et al., 2007).  

. 

, , 

(Renzaglia et al., 2000). , 

, , 

. 

, 

, . 

. 

, 

Blasia pusilla, Haplomitrium blumei, 

Monoclea gottsdui

(Renzaglia et al., 1994; Shimamura et al., 2001, 2003). 

Neidhard (1979), 
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, . . 

. , 

Polytrichum. Anthocerotales

, Marchantiales

Sphaerocarpales, Metzgeriales Jungermanniales, 

. 

, 

, Marchantiales Sphaerocarpales , 

Metzgeriales Jungermanniales . 

, 

Fossombronia

Marchantiales Sphaerocarpales, Metzgeriales, 

Codoniaceae . 

, - , 

. 

Andreaeidae, Sphagnidae

Bryidae, Marchantiidae Jungermanniidae

, Anthocerotopsida

(Brown, Lemmon, 1988). 

–

. 

, 

(Graham et al., 2000).  

Crandall-Stotler (1984), 

, . 

. . (2007) B. Crandall-Stotler (1984)

, 
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. , 

– , , 

, . Andreaeobryum –

. 

.  

, , 

, , , 

, 

, . 

, . 

, , 

.  

B. Crandall-Stotler (1980)

« » , Mishler & Churchill

(1984)

– –

. 

Renzaglia et al. (2000), 

, 

, 

, , . 

, 

( Crandall-Stotler, 1984). 

, , 

(Markham and Porter, 1978; Suire and Asakawa, 
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1979). 

Lewis (1980), 

, 

. 

, 

/ , 

, , -

, . 

(Asakawa, 1986) , 

(Markham and Porter, 

1978). 

, 

, D- L-

(Suire and Asakawa, 

1979). , 

, 

, , , 

. , 

, . , 

, , 

, 

, . . Bryophyta

, 

. 

, 
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, 

. . . (1973), 

- « », 

, 

. 

, 

(Swain, 1971). 

, 

, 

(Crandall-Stotler, 1984). 

(Cronquist, 1980, – . , 

, 1987), , . 

, . . 

( , 

, 1987). , 

(

)

, 

, , 

, 

, - . 

, 

, 

(Asakawa, 1986), 



433

. , 

, . 

, , , 

, –

. 

, 

« », 

. 

– , 

. 

( , 1985). 

, (Suire and Asakawa, 

1979)

, 

, , , 

, . 

, 

, 

, , 

, , ( )

. 

, 

. (Smith, 1986)

, 

. 
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, 

. 

. . (1961). 

. , 

, , 

, 

, . 

, , 

-

, (

) . 

(Greene, 1976; Smith, 1978; Anderson, 

1984; .). (Renzaglia et al., 

2007; Troitsky et al., 2007), 

. 

, Archidium

(Snider, 1975) , 

– (Leitgeb, 1879), Calobryales, 

, 

Metzgeriales (Schuster, 1971a; Crandall-Stotler, 1981)

Calobryales -.Haplomitriopsida

(Crandall-Stotler et al., 2009). 

, 

. 

, 

, 
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, . 

( ) , 

, 

, 

. 

, 

. 

, 

, 

, . . 

. 

, , 

. 

. 

( , , )

, , 

( ) –

, 

. 

, 

. 
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, 

. 

, 

, , 

, 

. 

(r- )

( - ) . 

, , 

. 

, . . , 

, 

. 

, , 

, 

, . . 

r- , -
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, . 

, -

, , 

, 

, 

. 

, 

, 

( r- ). 

, 

Bryopsida

, , 

. , 

( , 

, , 

)

, 

. 

, . 

, 

(

)

, « »

. 

, 
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, Sphagnopsida ( , Ambuchananiales), 

Andreaeobryopsida;

, 

. 

, 

, Andreaeobryopsida, 

.  

, , 

. , , 

, 

. , , 

(

) –

. 

, 

« »

. 

, 

– . , 

– , , 

. 

( , , 

), 
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(

, 

, ). , 

. 

, - , 

, , 

, 

( ) -

, 

( )

( ). 

, 

, 

Sphagnopsida. 

Bryopsida

. 

, 

, 

. 

, , , 

. 

, , , 

, 

, . . , , 

« », 
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. , - , 

Sphagnopsida. 

, 

. (

) , 

, 

. , 

, 

, 

, 

, , 

. , 

–

.  

Monoclea gottschei (Brown, Lemmon, 1991), 

Haplomitrium, Blasia . (Renzaglia et al., 2007). 

. 

, 

, 

Marchantiopsida . 

Marchantiopsida

, (

). Marchantiopsida

. Marchantiales. , 
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. 

, , , 

, , , 

, 

. 

-

, 

, , 

Metzgeriales; –

, , , 

( , 

– );

( , ) , 

( . 106-109), –

. 

, , 

, 

. 

, 



442

Charophyceae, -

c . , 

, , , 

, 

( )

. 

, 

, , 

, 

. , 

, , 

. 

, 

, , 

( ), (

). 

, 

. 

, 

( ) . 

, 

, 
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, , 

, . 

, , , 

, , 

, 

, . 

( )

, -

. 

, 

, 

, - , 

. 

, , 

, 

, 

(

)

. 

, , , 

Charophyceae, 

, 



444

. 

, 

–

, 

, 

, 

( – ). 

, , 

( )

( , –

). 

, 

, 

, 

, - , 

, -

. 

, 

-

. 

. 
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, 

. 

, , 

, 

, , 

, , 

, . 

, 

, , 

. 

, 

Marchantiopsida. 

, 

, , (

), , , 

. 

, 

. , 

, , Notothylas Archidium

, 

, 

. -
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. 

, 

. 

. 

, 

, 

, (Mizutani, 1972). , 

Takakia Andreaea, Andreaeobryum

Polytrichaceae , - , 

(Renzaglia et al., 1991). 

, 

(Mehra, 1967, 1970). 

, 

, , 

, 

(

)

, , - , 

( )
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. 

, 

.  

. , 

, , 

, , , 

, 

. 

, , 

, 

. 

, 

, 

, , 

, 

. 

( , ). 

. 

, , 
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( 14 16). , , 

. 

4 ( 14). , , 

. 

. 

16 –

( 9 ), 

( ). 

( )

, 

( ) ( 14). , 

, , 

, 

, , , 

, , 

, (
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16). 

( ), 

–

( ). 

, 

. , 

, 

( 9 ). 

( )

. 

–

( 9 )

(

Marchantiales, , , 

). 

. 

, , 

, , , 

. 
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. 

, 

, 

– . 

, 

. 

, , 

, 

, . 

, , -

. 

( )

, 

. 

« » . , 

, 

, 

. , 
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, ( , , 

, 

), 

, 

. 

, , 

, 

. 

, 

. 

, 

. 

« » , 

, , . . 

, . 

, , , 

, , . . 

. 

, 

, 

. , 

, 

. . , 

. Ambuchanania – , 
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, , , 

, 

. 

, 

, 

. 

( Sphagnum)

( ), 

, 

. -

, , 

. 

, 

Sphagnum

Ambuchonania

. 

, , 

, (

). 

-

( Andreaeobryum

)
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. Jungermanniopsida, . . 

, 

. 

, , 

.  

Jungermanniopsida

, -

. 

-

( )

. 

, 

, . . 

. 

, 

, -

. 

- , , , 

, 

, 

. 
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, , , 

, 

. 

– , 

. 

. 

( , , 

.)

, 

, (

, , , 

) – , (

, 

, , 

.) – , (

, , 

.) –

, 

. 

. 

, 

, , 
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. 

, 

. (Duckett, 1986)

, 

, , 

, , MLS-

, 

, , .  

, 

« » , 

( 17). 

, 

, 

.  

, , 

, 

.                 
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A
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-

, , . 

, , 

, 

, , « »

. 

, , 

, , , 

. 

. 

, 

, 

, , , 

, 

. 

– . 

. 

( )

, , -

. , – , 

, 

, . 

( , 1995) 2

. 
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: Anthocerotophyta, Hepatophyta

Bryophyta. : Takakiophytina

Bryophytina. 

, , 

: Anthocerotophyta Bryophyta. 

Hepatophytina Bryophytina. 

Bryophytina . 

( , 2001)

: Anthocerotophyta, Hepatophyta, 

Takakiophyta Bryophyta, 

B. Crandall-Stotler

. Anthocerotophyta

Anthocerotopsida, 

Hepatophyta – Jungermanniopsida Marchantiopsida, 

Takakiophyta – Takakiopsida, Bryophyta –

Sphagnopsida, Andreaeopsida Bryopsida.  

, 

, 

, . 

, , , 

( , 1995). 

Hepatophyta

Marchantiophyta. , 

. 

, , 

Bryophyta, . . 

. 

, 
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, , -

, , , 

. 

, 

Bryophyta. 

Bryobionta, ( ). 

Marchantiophyta, 

: Jungermanniophytina (

Haplomitriopsida Jungermanniopsida) Marchantiophytina (

Marchantiopsida). , 

- , 

–

, , 

, 

. 

Bryobionta

, 3

– Anthocerotophyta, Marchantiophyta Bryophyta. – 2

(Sporocerotopsida Anthocerotopsida), – 2

(Jungermanniophytina Haplomitriopsida Jungermanniopsida

Marchantiophytina Marchantioipsida), – 2

(Takakiophytina Takakiopsida Bryophytina

Sphagnopsida, Andreaeopsida, Andreaeobryopsida

Bryopsida). 

D.H. Nickrent et al. (2000) , 
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, 

, 

. 

. 

-

, - .  

. . 

(Troitsky et al., 2007), 

. , 

, , . 

. , 

(16). 

+ , 

(Hedderson & Chapman, 1996; Nickrent et al., 

2000).  

, 

, 

. 

.  
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, , 

(27).  

(Renzaglia et al., 2007), 

, 

. 

, 

. , , 

, 

. , 

( )

+ (Boremykin & Hellwig, 2005; Nishiyama et al., 2004). 

, 

, 

(Kelch et al., 2004). 

, , 

, 

. 

(Doule, Donoghue, 

1992), . 

, 

, 

- , 
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, 

, , 

. . 
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, 

( ), 

– , , 

, – , , 

. 

:

( ), , 

, 

. , 

, , , 

- ; , 

.  

, 

. , 

( )

, . 
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, 

, 

. 

, , , 

« »

. 

. 

, 

, , , 

« », . 

:

( , )

( ). 

, 

. 

, , 

( , 

, , 

), , 

. 

. 

. 



465

( )

, 

, (

) -

( )

, 

. 

, , 

. 

, 

, , 

( )

, , 

. 

–

( , 

). 

–

( ) (

), . . . 

« »

, , 

, 

, ( )

– (
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)

( ). 

, 

  

« » , , 

. 

, 

, 

, , 

, 

, 

, . 

, , 

, 

:

. 

, 

, 

, 

( ). 
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( ) , , 

(

). 

, 

. , , 

. 

, , 

, 

, 

, 

. 

, , 

« », 

, . , 

, 

. 

, -

, ( )

, 

(

). 

, . 
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( )

- , 

( ) , , 

. 

( – )

. 

, 

. , 

( )

. 

-

« » . , 

, 

. 

, , 

, . 

, 

-

. 

, 

. , , 

. , , 
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, . 

, , 

. 

, , . 

, , 

. 

, , 

. , 

, , 

. 

.  

-

, , 

, 

. 

, , , 

, 

, (

), 

. 

. , ( )

, 



470

( )

, , 

« » . , , 

, , 

. 

-

, , , 

. 

, 

– , 

, , 

. 

(r- ) ( - ) . 

, 

, 

, ( , 

), , 

. 

(

) – . 

( , )
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. , 

.  

, , 

, 

( )

, 

. 

( )

( ). 

( =7), 

, – . 

, - , 

, -

, , 

. , 

(n=4 5), , 

, 

. 

–

– , –

, , 
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–

. 

, 

. -

, 

( ), 

–

. 

, , 

, 

–

, « »

, 

. 

, . . 

. 

- , 

– (

). 

( )

, 

. 
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-

, 

. 

, 

. 

. 

« »

, . , , 

. « »

. 

, - , 

, , , 

. 

-

, 

. 
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. , , 

. 

, 

, – . 

« »

, 

, . 

. 

– , 

. 

. 

, 

. 

, , , 

. 

, 

« » , , 
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. 

. 

, 

. 

–

. –

Anthocerotophyta, Marchantiophyta Bryophyta, 

, –

Jungermanniophytina Marchantiophytina, Takakiophytina

Bryophytina. 

, 

(

) , 

, 

. 

, 

, 

– .  

(Renzaglia et al., 

2007)

. ( .203), 

, , 

, , 

. 



476

« »

, 

. , , 

, 

, 

. 

, 

. , 

. , 

, 

. , 

, 

(Renzaglia

et al., 2007, . 203-204).  

. –

, 

, , 

. 

, 

, , 

. 



477

–

. 

, , 

. , 

, 

. 

, , 

, 

, 

. 

, , 

– , 

. 



478

OVERVIEW OF THE EVOLUTION OF BRYOPHYTES

ACCORDING TO THE CONCEPTUAL MODEL SUGGESTED BY

US

Evolution reflecting the essence of the phenomenon of life on Planet Earth

is an extremely complicated, multiple-factor process that is running

through the ever-changing space and time in its geological dimension. The

problem of the origin and evolution of higher plants as the culmination of

all the progressive development of flora presents a particular interest.  

In connection with the long overdue need for the analysis and

generalization of the extensive and versatile materials regarding the

evolution of higher plants we have gathered so far, we have made an

attempt to gradually and in outline reconstruct (largely on the basis of

morphological characteristics) the key events in the process of the

evolution of bryophytes as well as their main groups, starting with

archegoniates.  

This goal could be achieved by creating general and special logical models

of the evolutionary process in their interpenetration. These models are

based upon the analysis of the characteristics of recent and fossil plants

with the critical assessment of hypotheses and concepts in relation to the

evolution of different phytoworld groups through the prism of laws and

patterns established by the evolutionary theory.  

It is most probable that the formation of the organizational type of

elemental archegoniates happened in a gradual way, which ensured a

harmonious “integration” of primarily small new formations into the

common coordination system of organisms of ancestral archegoniate forms

with its successive deep and complex reorganization. A certain parallel
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with the process of tetrapod evolution might be drawn here. 

As we see it, the transition from aquatic to terraneous living is undoubtedly

a bigger qualitative “leap” than the subsequent evolution of higher plants

on the surface. This supposedly determined two phases in their

development: arogenesis (morphological evolution, or convergence of

characteristics) and allogenesis (divergence of characteristics, or adaptive

radiation). This kind of pattern is applicable to taxons of higher as well as

middle rank.  

The first and most important phase of differentiation and evolution of

higher plants, which manifested itself in the formation of their basic, 

typical characteristics (including the formation of antheridia, archegonia, 

and resistant meiospores), was possibly connected with the terraneous

living of their ancestral forms which actively adapted to these peculiar

transitional periods. At the heart of this process was a homotypic reaction

of primary forms to the pressure of the selection.  

For achieving a significant progress in producing spores in amphibious

surroundings (above the water surface) a time setback was needed as an

answer to the environmental pressure consisting in the sterilization of

numerous female gametes in the gametangium in the course of its

transformation into the archegonium when at the expense of the formation

(due to the peculiarities of the latter) of structure functional relations

between the intergrowing zygote and the maternal gametophyte

(embryophytic relations) the production of sporogenesis again increased

sharply, particularly after the sporophyte had become independent of a

number of forms.  

We postulate the resemblance of the character of gametophytes and

sporophytes in all ancient amphibious forms of primary archegoniates as a

characteristic feature of the convergence phase. It is supposed that already
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early in history primary archegoniates, while still leading terraneous life, 

underwent divergence in relation to the characteristics of the structure

(development) of the archegonium, possibly in connection with a certain

transformation of the morphotype of the upper part of gametophores in

some ancestral taxons. It manifested itself in the hypothetic degeneration of

the stem and a certain reduction of archegonium’s venter tissues – rather

limited in the ancestors of anthocerotophytes and more significant in the

predecessors of tracheophytes (archegonia as well as antheridia of the

Marchantiophyta, the Bryophyta and Takakia ancestors retained the stem). 

Eventually such morphological changes led to the separation of two main

divisions in the evolution of higher plants – one with the predominance of

the gametophyte phase (bryophytes) and the other with the predominance

of the sporophyte phase (tracheophytes), i.e. diplohaplonts and

haplodiplonts.  

We believe that the initial forms of the “diploid” training of the

development revealed stronger flexibility in morphological reaction to the

changes in the type of sprouting milieu than the bryophyte ancestors, which

manifested itself hypothetically in a more complex alteration of the

character of their development cycle – from heteromorphic (with the

gametophyte predominance) through isomorphic and back to

heteromorphic (now with the sporophyte predominance).  

The sporophyte’s establishment of an immediate soil connection with a

subsequent transition to independent living happened in the course of the

“diploid” branch of the archegoniate’s development – possibly already in

amphibious surroundings. 

Starting with ancient primary archegoniates, diplohaplonts’ development

cycle remained heteromorphous with the gametophyte predominance, 

possibly due to the lasting maintenance of the initial structure of radial

gametangium-phores in the course of evolution, where the latter were not
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affected by the expansion of the upper part and supposedly retained vertical

position during the dispersion of spores.  

On the basis of the analysis of morphological characteristics of fossil

cutinized types, the Devonian forms and rhyniophytes, most likely

transitional between algae and higher plants, we suppose that already in

amphibious conditions during the phase of convergent evolution of typical

characteristics of higher plants, sporophytes underwent three phases in their

formation: from the formation of one meiospore tetrad from a zygote

through the differentiation of meiospore tetrads in the subepidermal tissue

of the sporophyte with a developed vegetative body to the separation of a

sporogenic tissue into sporangium.  

According to our concept, during the differentiation of sporangium

sporophytes of all initial amphibious forms of higher plants initially formed

their sporogenic tissue from amphitecium while the sterile central column

from the endothecium, and the former covered the latter in a galeate way

(see sphagna and anthocerotophytes). The disappearance of the column

occurred either because of reduction processes in connection with early

historical internalization of sporophytes (marchantiophytes) or, as we

suppose, as a result of increase in the level of differentiation of sporangium

from vegetative tissues of sporophytes, the latter leading an independent

life (tracheophytes).  

Bryophytes as representatives of embryophytes are most probably the

closest to the origins of mosses settling in terrestrial conditions – complex, 

unsteady environment. The haplont characteristic of the main vegetative

body of bryophytes leaves more chances for the understanding of the

ancient stage of evolution than its diplont characteristic (see

tracheophytes). This is so because this haplont nature is less bedimmed by

genome’s recombination ability. 
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If to this day there are unsolved questions concerning the affinity of such

advanced groups of tracheophytes as gymnosperms and angiosperms, then

it has much more to do with bryophytes as a type of “living fossils”. The

relationship between their three divisions of the phylogenesis, 

anthocerotophytes, marchantiophytes and bryophytes, remain unclear, and

hypotheses concerning this aspect are largely speculative. This can be

blamed on the seeming simplicity of their structure with the unique duality

of their organization, complex combination of convergences and

parallelisms widely-spread among representatives of bryophytes, 

combination of the morphological progress with regressive manifestations

(reduction of different vegetative structures of gametophyte as well as

sporophyte), heterobathmia and heterochronia. On the whole in the

evolution of bryophytes one could notice a tendency towards simplification

of morphology and minimization of the size of the body, which is

connected with their main vital strategies – deviation from competition and

entailing increase of endurance.  

Thus bryophytes often have a simplified (not initially simple) structure, 

which is biologically rational in the course of evolution in stressful

situations caused by the affects of abiotic and biotic factors. Existing

theories about the low potential of gametophyte development as the main

vegetative body is devoid of any logical foundations. This is supported by

the absence in modern bryophytes of such advanced forms as petioles and

sessifoliusness (as a result of the petiole reduction) which perm bryophytes

possessed. One should distinguish between genetic impossibility of

development of certain structures and absence of biological necessity to

develop them. This should be kept in mind when considering the

characteristics of similarity and difference in representatives of different

taxons. One should take into account constructively resolved or unresolved

nature of separate structures and their complexes which could be defined



483

by physical factors or physiological, physio-biochemical indexes.  

It seems fruitless to apply the same yardstick to all bryophytes, even if your

measurements are on the molecular level. Each of the three divisions of the

bryophyte evolution has its own history with a particular exogenous

environment that is dynamic in time. Nevertheless, it is acceptable to

compare their characteristics or complexes of characteristics as analogies. It

is a kind of modeling of processes and phenomena, constructive

components and compositions. Likewise, what seems the initial condition

in taxons of one division, in taxons of a different division reveals itself as a

clearly regressive state conditioned by the position of organisms in a given

exogenous environment. It is nothing more than an adaptive reaction

directed towards survival in certain conditions that exceed the reaction

norm of an organism.  

The specific feature of bryophytes among embryophytes is the dual nature

of their organization; on the one hand, they function as a comprehensive

whole, but on the other hand, with constant dependence on the

gametophyte (parental), the sporophyte as a new generation (as a result of

syngamy) possesses functional autonomy. Considering its huge

significance in terraneous conditions, sporophytes could not develop in a

simplified way (see marchantiophytes). Being the result of intercalation of

mitosis in zygote’s meiosis, in order to lower physiological pressure on

parental gametophyte this generation had to acquire or, to be more precise, 

inherit the ability for an independent photosynthesis thereby increasing the

possibility of producing spores as its biological function. Moreover, by

developing its vegetative body vertically, sporophytes increased chances of

spore dispersion in the air, which is vital in terraneous conditions.  

Only in the course of further evolution and adaptation to a less favourable

sprouting milieu, the sporophyte could find protection under the induviate

gametophyte structures, undergoing a certain degeneration of its vegetative
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structures; in particularly critical conditions the function of the degenerated

stem of the sporophyte could assume structures (for example, umbrellas) of

gametophytes when there is a biological need. With the change in

ecological environment the direction of adaptation could change with the

termination of structure formation; for example, the structures that

functionally substituted the sporophyte stem (the ones that compensated its

insufficient development or even absence) with the use of ecological

environment different from air.  

The degeneration of certain vegetative structures of gametophytes as well

as sporophytes is usually connected with an extreme sprouting milieu of

bryophytes, with the need for securing their main goal – normal behavior of

the syngamy process and the production of spores in these difficult

conditions. Any non-vital organ or structure degenerates if it loses its

function or restructures for a different, new function. This explains the

disappearance of such auxiliary vegetative structures of the sporophyte as

the sterile column, stomata in the wall of the capsule, the dehiscence

mechanism and others.  

As a rule, the process of degeneration affects those kinds of structures that

a given organism can do without in extreme conditions or if this

phenomenon is directed towards the preservation of the generative

reproduction process in a stressful situation.  

When an organism is no longer able to perform its generative process, the

plant switches to vegetative reproduction, and in case of its absence the

plant is doomed to extinction. 

If the character of degeneration of vegetative structures of the sporophyte

in bryophytes and anthocerotophytes, as well as the reasons for it, are

largely clear, the situation around marchantiophytes seems more

complicated. It looks as if their organization doesn’t contain any
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dependable key to the understanding of this question, as well as historical

correlation between orthotropic and plagiotropic growth forms, thalline and

leafy gametophore. 

However, such a key should exist and we are making efforts to find it or at

least model it. It is unlikely that it could be found even on such a promising

level of study as molecular because of a very plausible interlacing of

convergences and parallelisms with reduction phenomena, because of the

bryophyte evolutionary process on a large geological time-scale and the

impact of a whole range of climatic changes and transformation of the

Earth relief, as well as the continental drift.  

Meanwhile, the solution, at least partial, of this problem could “lie on the

surface” (Rykovsky and others, 2010) if we conduct a simple eco-

morphological analysis in the evolutionary aspect. This key could consist in

bryophytes having such a structure as the protonema that is developed

during the germination of spores. One could say that without this structure

there would be no bryophytes. Its development was supported by the

selection as a vital formation in bryophytes that are haplobionts in relation

to the main vegetating body – the gametophyte. It should not be

underestimated. We suppose that the initial protonema form in bryophytes

must have been filamentous. Firstly, the filamentous structure imitates

filamentous algae, but it could be with filamentous green algae that

terraneous predecessors of embryophytes started their genealogy. 

Filamentous algae are the most labile structures which can create other

growth forms. Secondly, such a protonema is economical in relation to the

spending of real-energy material, easily repeats the form of the surface, can

ecize in the course of its development and bury itself, avoiding drying up. 

However, the main advantage of this kind of protonema lies in its ability to

originate a group of sprouts, which is of no small importance for the

formation of social forms of sprout growth and in competitive relationship
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with other plants. The formation of thalli in these kinds of sprouts would

then be rational and entail a strong reduction and transformation of the

protonema, which is disadvantageous in the above-mentioned relationships. 

Thus, primary bryophytes as the inhabitants of the land could not be

thalline, because otherwise they would have died out early in history as the

diversity of primary plants-colonists on land could have been quite

significant.  

The functional organization structure of the sporophyte of leafy and simple

thalline liverworts forms is the result of the reaction of their initial forms in

ancient times to the affects of the high-temperature climate fraught with

endangering the realization of syngamy on the one hand and the danger of

the germination of mature spores already inside the closed capsule and their

decay on the other. The most optimal variant generated in order to escape

these negative phenomena was the development of the sporophyte before

the maturation of spores under the cover of different outgrowths of the

parental gametophore (mostly phylloid) and fast bursting of the mature

capsule over the gametophore structures due to the elongation of the cells

of the short stem after they are filled with water. Ephemerous stem is very

short-lived but a quick dehiscence of the capsule by longitudinal holes and

the deviation of the wall lobes up to a more or less horizontal position

conforms to its turgescence. Spores that are clumped on the surface of the

lobes are loosened by special sterile highly bibulous formations – elaters, 

which stimulates the dispersion of spores by air flow. 

The whole organization of leafy and simple thalline liverworts is the result

of their long-term adaptation to high-temperature and stable climate (of

tropogenic character). Another factor is the plagiotropic character of

gametophores that are able to freely absorb atmospheric moisture with its

whole surface, as well as to retain moisture by pressing itself to a substrate

with the help of various outgrowths, nodes of cell walls, etc.  
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Those simple thalline liverworts in the climate zone of Mediterranean type

(i.e. with a dry period) underwent a considerable transformation. Here the

preceding gametophyte morphotype required a significant adaptive

transformation. To escape dying out from fast loss of moisture in dry

conditions the simple thallus underwent complication by way of upper

formation with the differentiation of the thallus covered with epidermis into

photoassimilating and main storage tissues located in the lower region with

the strengthening of the connection with the substrate with lamellar

outgrowths. As a result, thalline gametophores acquired a structure in a

certain way similar to the anthophyte leaf structure which is able to tolerate

lower air humidity when the humidity is provided by the underlying

substrate, i.e. along the river and stream banks as well as lakesides, i.e. the

substrate and not atmospheric moisture (see Jungermanniales) is the main

source of humidity. 

In new ecological conditions former structure and the way of functioning of

liverworts’ sporophytes turned out to be ineffective. Considering the

impossibility of an adequate morphogenetic reaction to dramatically

different environment of an extremely specialized sporophyte under

protective structures of parental gametophore, it could lose its previous

mechanism of dehiscence by way of longitudinal holes and proceed

through the cleistocarpous phase to working out new ways of freeing

mature spores. However, this could happen after adopting the function of

raising of not only gematangia, but also sporophytes with the help of the

structures of parental gametophore itself. These structures were manifested

by special vertical thallus offsets – umbrella-like structures where

generative organs were formed, and after syngamy – sporophytes of a new

generation that develop an abundant production of spores dispersed by air

flow. Later, as summer droughts became stronger, a number of Marchantia

liverworts learned to avoid this baleful affect by degenerating umbrellas
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and reducing the length of life cycle before droughts. The increase of dry

periods led some of these forms to ecological inversion – migration to

aquatic environment.  

According to molecular and morphological studies, the representatives of

the orders Haplomitriales and Treubiales form one single clade. Taking

into account bilaterally symmetrical representatives of the order Treubiales, 

the presence in the order Haplomitriales of forms (along with isophyllous

forms) displaying anisophyllous characteristics of the dorsal row of leafs

allows us to assume anisophyllous and plagiotropic characteristics of the

Haplomitriales ancestors. In this case their leafy nature could be the result

of differentiation of the flat thallus into lateral lobes with a node of the

middle, longitudinal part of the thallus and the formation on it of the dorsal

third, additional row of leafy outgrowths with the subsequent transition to

the orthotropic nature sprouting in proper climatic conditions (decrease of

withering stress). This led to the production of isophyllea, i.e. the thallus

transformed into a leafy structure with differentiation of endohydratic

conducting bundle into a cauliform axis. As for the representatives of the

Jungermanniidae subclass, anisophyllea manifests itself in relation to the

ventral row of leafs, while the isophyllous nature of their upright forms is

secondary and derivative. All their predecessors were plagiotropic that

must have been derived from orthotropic isophyllous forms of ancient

genesis.  

The absence in foliaceous outgrowths of liverworts of axial strings as the

central strengthening conductive structure predetermines their weak

connection with the stem crust. This could explain their high morphological

lability. Actually, the leafy differentiation in liverworts does not

presuppose a considerable increase of the organization level of these forms

in relation to simple thalline types, though the leafy differentiation of

liverworts could imitate the real leafy differentiation of bryophytes to a
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significant extent.  

The leafy differentiation of the bryophyte gametophore reflects a more

pronounced xeromorphous nature of their organization in relation to

liverworts. In liverworts as in more hygrophilous forms mutual

transformation of leafy and thalline gematophore is possible. Bryophytes

do not have thalline gametophore, but in extreme conditions a pulpy

protonema similar to thalline can be formed.  

Liverworts or anthocerotophytes could not be primary archegoniates or

pioneers on land because the sporophytes of their ancestors had to go

through several phases of development for that purpose. First of all, as a

result of syngamy and subsequent zygote division in the sporophyte lacune

only maternal cells of spores were formed. Later, in order to make up for

an insufficient food supply a number of maternal spore cells underwent

sterilization and their content was used by fertile maternal spore cells as

nutrient cells. The next phase consisted in the concentration of sterilized

cells in the central, inner part of the sporophyte that on the outside was

surrounded by a coat of sporogenic tissue consisting of maternal spore

cells. This coat in form of a bell or a helmet covered the central cylindrical

or dome-shaped column.  

Ancestral forms of liverworts went through this phase and the extremity of

their ecological arena led to the degradation of stomata, ability to

assimilate, sterile column following the reduction of conductive and

strengthening tissues of the sporophyte’s stem caused by cessation of the

activity of apical and intercalary meristem, with a partial sterilization of

maternal spore cells, the source nutrients for other maternal spore cells as a

compensation for weak food supply. The formation of a new mechanism

helping to disperse mature spores led to the production on the basis of

nutrient cells, possibly though the phase of pseudoelaters, of special highly

hygroscopic structures – elaters. When the function of elaters in certain



490

Marchantia liverworts was no longer needed because of a new way of

freeing spores from the capsule, they again transformed into nutrient cells

(reversion of morphogenesis). While that was happening, the gametophyte

of liverworts most probably went through 3-5 phases of its morphological

transformation. Thus, the organization of liverworts known to us could not

allow them to be our land’s pioneering inhabitants.  

As for anthocerotophytes, they can hardly be considered land’s first-settlers

because of the derivative nature of their gametophore organization and

badly developed protonema. However, the structure of their sporophyte is

apparently considerably closer to the sporophyte of primary archegoniates. 

With that said, its organization, being the result of the transformation of

intercalary, double-active meristem into a basal one, is secondary. This

could be correlated with the transformation of the first zygote division from

horizontal to vertical. However, it is possible that these transformations

were caused by the morphogenesis alteration of the female generative

organ, the reduction of its stem leading to direct connection between the

archegonium’s venter and the gametophyte’s tissue, which means the

strengthening of its contact with the haplophase vegetative body. Such an

alteration conditioned the possibility of the archegonium’s development in

a kind of submersed position. This in its turn is nothing more than

protection from withering stress with the initial lack of any protective

outgrowths of the gametophore. This is also proved by the development of

antheridia in a submersed position (in special gametophore cameras), even

though their stem was retained. The development of generative organs in

anthocerotophytes in a basically submersed position isn’t typical of

bryophytes and liverworts whose gametophyte is more morphogenetically

flexible.  

Liverworts’ secondary characteristic, some structural exceptions

notwithstanding, is the polyplastid nature of their cells during meiosis, and
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also the formation of oily bodies inside cells earlier than plastids. It should

be noted that as opposed to oily bodies of other bryophytes, these oily

bodies are surrounded by a special membrane and are optically antipodean

to oily bodies of other bryophytes. Such phenomena testify to a peculiar

functional significance of the oily bodies for liverworts, to their

advancement in this aspect as well as the metabolic isolation of liverworts

in relation to other bryophytes. This reflects the specific nature of

liverworts’ adaptation to a certain sprouting milieu as well as their adaptive

zone.  

It is hardly necessary to accentuate what growth form was initial during

terrestrial adaptation, because there’s no radical difference between the

thalline and leafy structures of the gametophore of liverworts. One has to

consider the fact that liverworts’ leaves are merely photosynthetic

outgrowths which increase the common assimilating surface and also play

a certain role in hydrological support of the gametophore functioning and

carry out a protective function for more sensitive organs and processes. 

These functions determine the structure of leafy formations as a

consequence of certain ways of adaptation.  

Only in the bryophyte gametophore can leafy differentiation be considered

real, analogous to the sporophyte differentiation of tracheophytes. This can

be explained by the more xeric orientation of bryophytes in comparison to

liverworts, i.e. the former are somewhat more terraneous plants than the

latter. Thus, one could say that on a phylogenetic level liverworts are closer

to the algoid ancestor. Considering the structure of their gametophore’s

vegetative body, Takakia stands alone. Judging from Perm fossils, in

Paleozoic period bryophytes, forming petiolate and sessile leaves, revealed

an even stronger resemblance with anthophytes in the character of their

leafy differentiation.  

In connection with the reduction of the adaptive character of the conductive
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bundle function in many bryophytes, particularly in pleurocarpous types, 

this structure underwent different levels of reduction and in some cases

even degenerated. Because of the radical alteration of the gametangium-

phore structure, in the ancient forms of sphagnous bryophytes not only the

supposed conductive bundle in the stem, but also leaves’ strings

disappeared completely. In the Andreaeaceae family the conductive bundle

of the stem degraded, but in some forms leaves have more or less retained

the string as a mechanical structure.  

Perm bryophyte fossils demonstrate the way in which the differentiation of

the leaf’s cellular network into water-storing and photosynthetic cells could

happen, which is typical of sphagnous bryophytes. The absence of

sporophytes in their fossil condition does not allow one to determine their

structure, but the distinct presence among these fossil bryophytes of

acrocarpous as well as pleurocarpous bryophytes, the presence of petiolate

and sessile leaves allows us to regard these bryophytes as ancient but

advanced Bryidae.  

Takakia is characterized by the full-blown heterobathmy between the

structure of the vegetative body of the gametophyte and the sporophyte. 

The expression “living fossil” applies in the first place to the vegetative

body of the gametophyte, because the sporophyte most probably underwent

a considerably bigger transformation. One can hardly call leaves the spiral

cylindrical shoots located on the stem. They don’t have an analog among

all other bryophytes. The emergence of these phylloids is a lot more

ancient, and took place as an adequate reaction to a certain xeric

characteristic, pronounced instability of weather conditions. Their function

constitutes in protecting the syngamy process; another function is

photosynthetic, i.e. analogous to leafy organs.  

We suppose that the presence of perforations in the walls of cells of the

inner conductive bundle of the Takakia stem denotes their morphogenesis
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that took place earlier than in phylloids, back when climatic conditions

were similar to those in which the formation of morphologically similar

conductive bundle in the representatives of liverworts (primarily in

Haplomitriales) took place – meaning it was not tropogenic. The absence

of rhizoids in Takakia rhizomoids testifies to the discrepancy in ecological

conditions for their development or, more exactly, lack of biological need

in them. It is likely that the small gametophore size permitted sufficient

moisture supply of plants as well as mineral nutrition supply even without

the rhizoid system. Earlier, before the discovery of the sporophyte in

Takakia, they were put into the Haplomitriales category, which had its

grounds. It is a kind of differentiation of a sprout into stem and foliaceous

organs, the similarity of the morphology of the inner conductive bundle of

the stem, the presence of rhizomoids without rhizoids. Their relative

morphological resemblance may reflect a similar physiological reaction to

more or less analogous climatic conditions for their development, which is

something that is not observed in other bryophytes and liverworts. Since

climatic evidence has a definite chronology, one cannot exclude a certain

coincidence of some organs of Takakia and Haplomitriales in the course of

differentiation. Although co-evolution with endophytic fungi is

characteristic of Haplomitriales, this is not indicated in the case of Takakia

as well as in all of bryophytes.  

Partly liverworts and bryophytes in all their variety demonstrate the

absence of the universality of the co-evolution of bryophytes and fungi. 

Thus, in certain ecotopes and in certain periods of historical development at

least a part of liverworts could do without microbiota cohabitation.  

The absence of the co-evolution of bryophytes and fungi can be connected

with the fact that bryophytes are more adapted to relatively xeric conditions

(mild climate with unstable weather conditions). This led to a more

prominent xeromorphological character of their organization that has
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physiological “roots”. It should be noted that bryophytes with a large

vegetative body, developed inner conductive system of the gametophore as

well as the sporophyte evolved as a result of imperfection of their rhizoids’

absorbing capacity, in climatic collisions and competitive relationships

with tracheophytes in the direction of minimizing their size, simplifying

and xerophytization of their morphological structure. This manifests itself

in the degeneration of an inner kind of conductive system, often it is the

sporophyte’s stomata, the acquisition by leaves’ cells of prosenchymous

nature or different nodes in walls of cells, often with the degradation of

leaves’ strings up to their disappearance. The evolution of bryophytes

happens in the aspect of increasing the level of their poikilohydric nature, 

i.e. the absorption of moisture by the whole surface of the body with the

production of various adjustments for the retention of its loss, primarily in a

way of tussock sprouting.  

The comparative analysis of the sporophyte’s morphological structure in

sphagnous, Andreaeaceae and Bryidae types of bryophytes allows one to

suggest a theory about their historical morphogenesis. If one doesn’t

consider the biochemical composition of sphagnous bryophytes and

Bryidae, they reveal a stronger similarity between each other than with

Andreaeaceae. This is related to the way of capsule dehiscence (by a lid)

and the manifestation in Perm bryophytes of “sphagnation” of leaves’

cellular network with the presence of well-pronounced strings, and also

petiolar or sessile leaves. Besides, the phenomenon of getting back to the

homogenous chlorophyll-bearing cellular network in early ontogenesis in

some contemporary types of sphagnous bryophytes makes them analogous

to the Bryidae type. The formation of lid in bryophytes could hardly be

connected with the preceding dehiscence by longitudinal holes as is the

case with Andreaeaceae, because the latter form their sporogenic tissue

already in the endothecium. In sphagnous bryophytes with a lid the
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sporogenic tissue is formed in the amphithecium, which is a more ancient

characteristic. Supposedly (previous alternative suggested by us) the

capsule of ancient bryophytes was initially opened by way of arbitrary

destruction of its walls and then the destruction zone was probably limited

by the upper part of the capsule and it turned from globular into oval. The

next evolutionary step could be the dehiscence of the mature capsule by a

circular hole in its upper part with the separation of a lid-like formation as

one comprehensive whole.  

Another possible alternative of the formation of the capsule lid-dehiscence

mechanism is the lid’s formation on the basis of the dehiscence of the

capsule with longitudinal lobes in the upper part, when together with the

intergrowth of the lobes at their base a circular partition zone appears. 

Evidently this happened in unstable climatic conditions (climate being mild

or mildly cold). On this basis ancestors of sphagnous bryophytes developed

an effective way of dehiscence by way of increasing pressure inside the

capsule, and in ancestors of the Bryidae type by way of differentiation from

the inner coat of lid cells or their parts – odontoid hygroscopic apparatus –

peristome, which is most effective in mild weather conditions. Such an

inner differentiation with the formation of the central sterile column and

sporogenic tissues (which is formed already in edothecium) surrounding it

with a hollow cylinder does not exclude the possibility of the autonomy of

the phototrophic functioning of the developing sporophyte until its

maturation and capsule dehiscence. If one looks at it this way, the

sporophyte in Bryidae (in this evolution line) never lost its ability for

independent photosynthesis, i.e. no stimulating extreme situation occurred

for this to happen.  

It is most likely that the presence of a peristome-like formation in the

capsule of the Andreaeobryum sporophyte presents only a certain

parallelism that has no future and is caused by its reaction to the specific
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nature of ecological conditions for this type. In any case, Bryidae could not

have genetic roots among forms that are specialized for extreme

environmental conditions. This seems unlikely for such a huge, highly

advanced group (in terms of organography) that constitutes the highest

point of the bryophyte evolution.  

Anthocerotophytes have their own specific way of evolution that has no

analogies among other groups of terraneous plants. The external similarity

of the structure of their gametophore with simple thalloid liverworts does

not testify to their affinity, but only to their adaptation to similar ecological

conditions. Latest findings showing that slime holes in the gametophyte

body are not analogous to bicuspid stomata and are only inlets for the

penetration of the Nostoc cyanobacterium do not change anything in our

concept of anthocerotophytes’ ancestors. On the contrary, this does not take

anthocerotophytes out of the common evolutionary boundary of

bryophytes.  

The transition from the bilateral activity of the sporophyte’s intercalary

meristem to the unilateral, basal activity that functions only acropetally led

to an unlimited prolongation of the capsule with nondetermination duration

of the spore producing act. Despite the dehiscence of the upper part of the

capsule by two longitudinal holes into two valves, the lower part of the

capsule retains its ability for photosynthesis while sporogenic tissue

develops from amphitecium, the same way as sphagnous bryophytes. Only

in reduced forms with a shortened life cycle the functioning term of the

basal meristem is limited, while sporogenic tissue is formed from the

endothecium, the sterile column is reduced, stomata disappear. This could

be viewed as a certain approximation of anthocerotophytes’ sporophyte and

liverworts’ sporophyte in terms of its organization, but this approximation

could help model the process of the formation of liverworts’ sporophyte

organization.  
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In the evolutionary aspect, specific chloroplasts of anthocerotophytes

present a particular interest. In their morphological structure and ability to

form pyrenoids they reveal their resemblance to certain green algae. 

A cell containing one singular big chloroplast with a pyrenoid is a clear

plesiomorphy of bryophytes. The division of this plastid into several filial

ones in a cell could manifest transition from monoplastid to polyplastid

nature of cells. It is the polyplastid nature that presents a biologically

important adaptation to the complicated terraneous way of living, when

plastids can easily change their orientation in cells under the influence of

the light factor. The presence of singular big plastids (or a few plastids as a

secondary phenomenon) limited anthocerotophytes’ adaptive ability. 

Nevertheless, they became capable of settling not just as pioneers on bare

ground, but also as epiphytes and epiphyllic forms, temporary hydrophytes

and ephemeral forms. They grow in mild and tropical climate.  

With the retention in anthocerotophytes of several characteristics

descending to their algoid predecessors, they made a number of

evolutionary steps towards the organization of vascular plants, primarily

ferns. The most important of them consists in the strengthening (in relation

to other bryophytes) of the integration of their archegonium with the

maternal gametophyte as the result of the reduction of archegonium’s stem. 

This later allowed them to proceed to the time unlimited production of

spores after one act of syngamy. This kind of adaptation secured a

prolonged dispersion of spores and its surety due to prolongation of the

capsule, while the splitting rate of a capsule wall into valves can probably

be regulated according to the level of air humidity.  

We suppose that the formation of smaller and more numerous spores (see

Leiosporoceros) in the capsule of anthocerotophytes that happened some

time in the past could contribute to their spreading to long distances by air

currents. However, their small size could have a negative impact on the
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viability of spores (poor food supply). The evolution of anthocerotophytes

after their possible extrusion by flowering plants from xylium ground cover

was commonly moving towards the formation of larger spores. This is the

only group among bryophytes in the range of divisions whose

representatives might have never had leafy differentiation of the

gametophore. Although the characteristics of the ancient fossil Bitelaria

bring into question even that point. One should not doubt the fact that a

distant predecessor of anthocerotophytes had a Bitelaria-like

radiosymmetrical gametophore.  

Despite a number of unique features, the organization of anthocerotophytes

does not exceed the limits of bryophytes as the taxon gametophyte

evolutionary direction. 

While agreeing with the fact (Renzaglia et al., 2000) that “the immediate

connection with the substrate leads to the maximum contact with the source

of moisture and thus minimizes the potential possibility of death from

drying”, we believe that one should not ascribe this growth form to the

phase of the organization formation of bryophyte ancestors on land. This

particularly has to do with the thalline prostrate growth form of the

gametophyte. Then there is no need in the development of the initial basic

structure (protonema) in bryophytes during ontogenesis. As a rule, the

protonema does not achieve a considerable development in liverworts and

is usually connected with a germ to form a proembryo. As A.D. Potemkin

notes (2007), in connection with its short-term existence and difficulties to

observe the protonema of liverworts and anthocerotophytes (also thalline

forms) it is sometimes indicated that the protonema phase in these

bryophytes is not manifested (Ignatov, Ignatova, 2003). This testifies to the

fact that in these groups of bryophytes the protonema is greatly reduced in

most cases.  

The state of being pressed to the substrate justifies itself only when the
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latter is constantly moistened, but if it becomes dry a converse effect could

take place, because in that case the surface of the body is under the direct

influence of withering rays. The thallus will sustain the dryness of air (open

exposition) only in the case of its structure differentiation. It is to these

conditions (of Mediterranean type) that Marchantia liverworts with a

complex gametophore structure are well adapted, but they are secondary. 

Simple talloids among liverworts are not adapted to this ecological regime.  

With the underdevelopment of the cover of coastal ecotopes in the

Ordovician and Silurian periods, forms with simple flat thallus would be in

a disadvantaged position because of their susceptibility to direct solar

illumination. Moreover, they would find it difficult to disperse spores. It is

not by chance that the gametophore of Marchantia liverworts formed

special umbrellas where generative organs are located, but that is the result

of a long-term evolution in terrestrial environment. Besides, the protonema

does not play a major role in thalline liverworts, i.e. they can’t fully realize

the advantages of developing this important structure.  

Being increasingly established, the notion that marchantiophytes or

anthocerotophytes could be the most ancient embryophytes on land is

hardly well-grounded. Primary archegoniates that emerged on land may

well have little in common in morphostructure with contemporary

marchantiophytes and their known fossil forms. To a considerable extent

this may concern anthocerotophytes as well, though such signs as marked

autotrophy of their sporophyte and first of all its chloroplast structure are

possibly more ancient than the ones that characterize marchantiophytes, 

saying nothing of possible initial absence of phylloid emergence in them. 

Specificity of spermal cells structure along with peculiarities of

gametangium formation also emphasizes isolated phylogenetic position of

anthocerotophytes. Nevertheless, we suppose that it is anthocerotophytes

represented by their amphibian ancestors that are the closest of
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embryophytes to the algae predecessors of the latter. 

Optimal situation for functioning of bryophytes as twofold organisms is

created when exogenous environment exerts pressure on its abiotic as well

as biotic components, that is, when sporophytes are to a certain extent

characterized by autotrophy. If exposed to extreme outward conditions that

endanger not only realization of syngamy processes but also fetal

development, the parent gametophyte may fully undertake the function of

sporophyte nutrition as well as the function of patronage, protection of its

structures and even assist in spore dispersion. In this case the sporophyte

may lose autotrophy. It is more apparent and reaches its ultimate

expression in marchantophytes. 

Organization of all marchantophytes is the result of their adaptation to the

exogenuous conditions extreme for them, which brought their evolution to

allogenesis, a kind of early suspension of their ascending development, 

progress. In this connection they were subject to multifaceted reduction

processes in both generations along with more or less single-level character

of historical development, which was mainly reflected in the sporophyte

structure. This structure was considerably simplified in general, but also

underwent specialization. In a part of marchantiophytes the simplification

of the sporophyte vegetative structure reached its extreme. In fact, with

some of their representatives sporophyte underwent morphological

reversion as if to the initial condition that could characterize primary

archegoniates. 

Early transition of leafy marchantiophytes to plagiotropic growing would

have been unfavorable later with intensification of competition provided, 

for instance, by larger vascular plants. In a less dangerous situation, strong, 

actinomorphic structures (Schuster, 1966) with developed epidermis, inner

conductive system, strengthening tissue, anchored by rhizomoids, could be

found on land originally as well as later. Their sporophytes must have been
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able to ensure development not only at the expense of parental

gametophores, but also at the expense of their own photosynthesis, thus

reducing intensity of interrelations between the sporophyte and the parental

gametophyte. This structure forwarded formation of large spore production

and their dispersion by air, therewith allowing to withstand competition due

to the collective development of sprout on multibranch confervoid

protonema in a more efficient way. 

Incomparable morphologic variety of bryophyte gametophyte relative to

the gametophyte of vascular plants is connected with the fact that in the

first case it is the dominant generation in the development cycle and the

main vegetating body. The gametophyte of marchantiophytes has direct

contact with exogenous environment in its variety and to a certain extent

creates trophic basis for the development and functioning of the sporophyte

as a sporogenerating structure. The significance of gametophyte in the life

cycle will rise by descending the phylogenetic hierarchy of land plants to

primary archegoniates, and the development cycle of algoid ancestors of

archegoniates was dominated by the gaploid generation. However, in

marchantiophytes the gametophyte and the sporophyte form a twofold

plant, and interrelations between these generations are not always limited to

trophic gametophyte function in relation to the sporophyte that always

depends on it. As it is stated before, the gametophyte is able to fulfill the

protective function as well as to participate in securing dispersion of filial

sporophyte spores. This is manifested in both bryophytes and

marchantiophytes, but is mediated trophically in anthocerotophytes.  

A.D Potemkin (2007) notes quoting Arnautova (2006) that ferns from the

Grammitidiaceae, Hymenophyllaceae and Vittariaceae families are known

to produce independent gametophyte, that is a gametophyte that lost the

second phase of its life cycle, the sporophyte, and in fact proceeded to a

shortened variant of life cycle by multiplying only in a vegetative way. 
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This deviation is justly qualified as secondary. 

However, we should hardly estimate such a gametophyte as independent. 

Being the first phase of life cycle and a separate plant, the gametophyte is

always independent of the sporophyte, as the latter is a derivative from the

former and originally depends on it, parasitizing on the parental

gametophyte and then gaining independence in a way typical of vascular

plants. Independent existence of the first generation (haplobiont) of the life

cycle (parent-descendant) is actually possible if its reduction did not go too

far. This testifies to the self-sufficiency of the gametophyte of the given

ferns, though alternation of generations does not happen here. 

Nevertheless, procreation is carried out in a vegetative way. 

Secondary nature of this phenomenon in ferns is not to be doubted, but it

also shows a possible significant role and even dominance of the first

generation hyplobiont nature in the life cycle of fern predecessors. The

sphorophyte may be present or may not form, while embryophyte existence

is impossible without the gametophyte. Diplobiont nature is derived from

hyplobiont nature. In the aquatic environment the existence of diplobiont is

optional. The existence of poikilohydric nature of forms among ferns

testifies to their significant physio-biochemical potential and possibilities

of their morphogenesis. It is not by chance that cryptogram ferns were the

ones that originated spermaphytes, initially gymnosperms and then

metasperms as the highest point of the embryophyte evolution.  

We may agree that the division of embryophytes into vascular and

avascular is not justified if we consider the peculiarities of embryophite

organization, and especially of fossil plants in paleobotanic chronicles. In

this respect it is not possible to draw a clear borderline between bryophytes

and other embryophites. Their main difference is in correlation and

character of interrelations of gaploid and diploid generations of the

development cycle. The very notions “development cycle” and “life cycle”
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are not quite apt, as they do not reflect the point of the process – alternation

of generations. The notions “life cycle phases” or “change of development

forms” are even less apt, as they distract us from the biological essence of

the process as the fundamental phenomenon in functioning and

reproduction of biota on the embryophyte level.  

All the future achievements in studies of the bryophyte evolution on every

level up to the molecular one will always retain the necessity to create

models on the verge between science and art. The reason for that is the

highly complicated way of evolution of plants in terrestrial environment, 

characterized by great variety, climatic and orographic change, complex

relations between biota itself and the continental drift. History of the

embryophyte development abounds in such phenomena as convergence and

parallelisms on all levels along with elaborate combination of

morphological complication of organs and tissues with manifestation of

their reduction, change of organs and functions, which acquires special

complexity due to its twofold nature. Their main strategies being evasion of

competition and increase of endurance, bryophytes are characterized by

degeneration of separate structures or their complexes as the manifestation

of their adaptation to the extreme exogenous conditions. 

Unfortunately, there is no sufficient reason for sharing optimism of world’s

leading bryologists in relation to the possibility of solving major

evolutionary problems in the near future, even on the basis of intensive

morphological and molecular study of bryophytes. First of all, we mean

such a complex and morphologically reduced group as marchantiophytes

that underwent a number of phases during their extremely long-lasting

development along with insufficiency of their fossil chronicle. 

In our opinion, one should be very careful about estimating such and such

phenomenon or process as axiomatic when tackling evolutionary issues, 

because one should take into consideration another possible or even
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alternative approach or idea. Discussions on biota evolution problems are

ever-lasting, but they should be more substantial, the main authority here

being depth of cognition, its new aspects and premises for the future. 

Taking into consideration the modern classification of bryophytes as

Bryobionta superdivision with several changes according to our idea as to

the extent of divergence of certain taxa, we accepted the classification

scheme that singles out 3 divisions: Anthocerotophyta, Marchantiophyta

Bryophyta. The first division includes 2 classes (Sporocerotopsida and

Anthocerotopsida), the second one includes 2 subdivisions

(Jungermanniophytina with the classes of Haplomitriopsida and

Jungermanniopsida and Marchantiophytina with the class of

Marchantioipsida), the third one also includes 2 subdivisions

(Takakiophytina with the class of Takakiopsida and Bryophytina with the

classes of Sphagnopsida, Andreaeopsida, Andreaeobryopsida and

Bryopsida). 
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