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ABSTRACT 

Naugolnykh SV & Zavialova NE 2004. Densoisporites polaznaensis sp. nov. with comments on its 
relation to Viatcheslavia vorcutensis Zalessky. Palaeobotanist 53 (1-3): 21-33. 

A new species of lycopsid microspores, Densoisporites polaznaensis., is described. The spores were 
extracted from clayey matrix containing stems and phylloids of Viatcheslavia vorcutensis Zalessky, a 
characteristic lepidophyte of the lowermost Upper Permian (Solikamskian) of the Ural Mountains and 
Russian Platform. The fossils studied came from the Polazna Locality of the Ufimian (Roadian) age, situated 
near Perm City, Russia. The spores of D. polaznaensis are 30-69 |im, round to subtriangular, having almost 
smooth proximal side with clearly visible trilete scar with rays extended to the spore equator. Distal side of 
the spores has a fine granulate relief, formed by widely spaced distinct granulae. The sporoderm is two-
layered; the-outer layer consists of numerous interlaced lamellae and the inner layer includes a single lamella. 
At some sections, in the central region of spores, "laminated zones" were detected in the inner layer. There 
is a weakly developed cavity in the sporoderm. Viatcheslavia vorcutensis is represented by wide stem 
fragments (up to 30 cm in diameter). Leaf cushions are present on old lowermost stem parts, but any attached 
phylloids/sporophylls were not found, the phylloids/sporophylls obviously tvere shed. Leaf cushions usually 
are round, with clear scar of leaf attachment and ligular depression on the upper margin of the cushion. Two 
small areas of parenchymatous tissues (possible parichnos) are occasionally seen. On the basis of co­
occurrences and typological extrapolation with related taxa of lycophytes belonging to the family 
Pleuromeiaceae, it is suggested that microspores of Densoisporites polaznaensis were produced by 
Viatcheslavia vorcutensis. The palaeoecology of Viatcheslavia vorcutensis interpreted as a halophytic plant 
is discussed. 

Key-words—Permian, Russian Platform, Lycophytes, Viatcheslavia, Palaeoecology, Densoisporites. 
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INTRODUCTION 

ON E of the most important aspects of palynological and 
palaeobotanical invest igations is attributing dispersed 

spores and pollen to specific parent plant. This problem is 
quite complicated, especially in respect to Palaeozoic higher 
plants, because many of them have no extant relatives, and 
evidence on spores and pollen preserved in situ in sporangia 
is rather poor (for review see: Ba lme , 1995). Nonetheless , 
sometimes new information concerning the precise systematic 
position of isolated dispersed spores could be obtained from 
monodominan t plant a s semblages , w h e r e mos t abundant 
spores or pollen can be safely correlated with predominant 
plant megafossils . 

T h e loca l i ty s t u d i e d s h o w s e x a c t l y th i s c a s e of a 
monodominan t a s semblage with the only species of plant 
megafossils and only species of spores that could be assigned 
to one and the same parent plant. T h e significance of the 
evident correlation be tween microspores , which should be 
described as a new formal species , and s tems of Viatcheslavia 
vorcutensis is additionally emphas ized by stratigraphic value 
of the latter species , a typical index-fossi l , specific of the 
lowermost Upper Permian (Ufimian; Solikamskian Horizon or 

regional stage) and widely distributed over the western slope 
of the Ural Mounta ins . 

T h e p r e s e n t p a p e r i n c l u d e s n e w e v i d e n c e on 
m a c r o m o r p h o l o g y of Viatcheslavia vorcutensis, i t s 
sporophylls , phyl loids , growth habit and ecological strategy, 
as well as detailed description of Densoisporites polaznaensis 
sp . nov . , c o n s i d e r e d as m i c r o s p o r e s of Viatcheslavia 
vorcutensis. 

MATERIAL 

T h e collection studied originated from several localities 
be longing to the lowermos t Uppe r Permian , i.e., Ufimian 
according to Russ ian strat igraphic nomenclature . Recent ly 
this s t ra t igraphic interval is also indicated as the M i d d l e 
Permian (Roadian). 

T h e local i t ies a re d i sposed near P e r m City and are 
represented by the type sections of Solikamskian Horizon (Fig. 
1). Plant remains are preserved as compress ions/ impress ions 
in c l a y e y m u d s t o n e s of l igh t g rey or b r o w n i s h co lour . 
Collect ions 3773(11) and 4 8 5 9 are housed at the Geological 
Institute of Russ ian A c a d e m y of Sciences. The quantitative 
relationship between taxa, recognized in macro-and microfossil 
assemblages is shown in Fig. 2. 

PLATE 1 
Macromorphology of Viatcheslavia vorcutensis Zalessky and its predecessor Sadovnikovia belemnoides Naugolnykh. 

1, Sadovnikovia belemnoides Naugolnykh, sporophyll; dark 
stomatiferous band pointed by the arrow. 

2, 4, 5, 8. Cortex of Viatcheslavia vorcutensis Zalessky. 
3, 6. Phylloids Viatscheslaviophyllum sp. 
7. Sporophyll and phylloids of Viatcheslavia vorcutensis Zalessky 

localitites. 

1, 6. Chekarda-1, layer 10, Upper Kungurian. 
3. Krasnaya Glinka, Lower Kungurian (see Naugolnykh, 1998 for 

exact geographical and stratigraphical position of these locali­
ties). 

2, 4, 5, 7, 8. Polazna, Lower Ufimian. 
Magnification: x 1(6), x 1.5 (2, 4, 5, 7), x 1.7 (3), x 2 (1, 8). 





METHODS 

Spores were extracted after dissolution of mudstone matrix 
in concentrated HNO3. Then , after washing in distilled water 
and drying, the spores to be studied with S E M were mounted 
o n s t a n d a r d s t u b s a n d c o a t e d w i t h g o l d - p a l l a d i u m 
(approximately 200 A) . For Т Е М the spores were removed 
from S E M stubs with a needle , embedded in epon ( technique 
in Meyer -Mel ik i an & Te lnova , 1 9 9 1 ; Te lnova & Mayer -
Melikian, 2002) and sect ioned in an u l t ramicro tome with a 
diamond knife. 

SYSTEMATICS 

FamUy—PLEUROMEIACEAE Potonie, 1904 

Genus—VIATOff lSLAVIA Zalessky, 1936 

VL\TCHESLAVL4 VORCUTENSIS Zalessky, 1936 

( P l . l , F i g . 3 . a - c ) 

Ini t ia l ly only co r t ex f r agmen t s wi th re la t ive ly well 
p r e s e r v e d leaf c u s h i o n s w e r e a s s i g n e d to th is spec i e s 
(Zalessky, 1936; Zalessky & Tschirkova, 1937). Original material 
of Viatcheslavia vorcutensis c ame from the Lower Ufimian 
coal-bearing deposits of the Pechora Basin (Northern Urals , 
Russia) . However , the study of some addit ional specimens 
collected from the type area by Neuburg (1960a) clearly proved 
the a s s i g n m e n t of t he i s o l a t e d p h y l l o i d s d e s c r i b e d as 
Viatscheslaviophyllum vorcutense Neuburg 1960 to the same 
parent plant. Recently, several sporophyl ls of Viatcheslavia 
vorcutensis and additional spec imens of cortex and phylloids 
have been studied from the Pe rm City Reg ion (Naugolnykh, 
1998,2001). 

Since quite wide fragments of s tems have been found 
(up to 30 cm in diameter) , w e bel ieve that the parent plant of 
Viatcheslavia vorcutensis ce r ta in ly w a s a rborescent . Old 
lowermost stem parts bear leaf cush ions , but there are no 
preserved phylloids or sporophylls in at tachment. This clearly 
indicates that the phyl loids/sporophyl ls were shed. Judging 
from the smooth surface of the cushions and the semi-lunar 
scar of the phylloid base , it is assumed that the phylloids and 
sporophylls were separated from the cushions by an abscission 
layer. Leaf cushions usually are round, with clear scar of leaf 
attachment located at the central part of the cushion, and ligular 

1-3. 

4. 
5. 

PLATE2 
Densoisporites polaznaensis sp. nov., SEM. 

Proximal faces of the spores. 
The close proximal scar is elevated, note uneven equatorial 
margin formed by sculptural elements. 
Lateral view of the spore. 
Distal view, note the sculptural differences between the distal 
and proximal faces. 

6-10. Distal sculptural. 
9. Note small pits distributed among verrucate sculptural elements. 

Locality: Polazna, Lower Ufimian. 
Magnification: x 1300 (1-6), x 3250 (7-10). 

Fig. 1—Geographic and stratigraphic position of the localities studied. 
Stratigraphical columns: A. Chumkassky quarry, B. Sylva, C. Alebastrovo, 
D. Khokhlovo, E. Polazna. Legend: 1. argillite (siltstone), 2. clayey 
marl, 3. marl with remarkable part of carbonate material, 4. mudstone, 
5. dolomite, 6. gypsum and anhydrite, 7. stromatolites with undulated 
surface, 8. semispherical stromatolites, 9. sandstones, 10. plant 
megafossil assemblages, 11. palynological assemblage, 12. localities of 
plant remains (white triangular-recently studied, black triangular-an­
cient copper mines: 1. Motovilikha, 2. Mullinsky Mine, 3. Jugovsky 
Mine, 4. Lysaya Gora, 5. Sylva, 6. Alebastrovo, 7. Khokhlovka, 8. 
Chumkassky quarry, 9. Polazna). Scale for A-E-lm. 

depression on the upper margin of the cushion. Two small 
areas of pa renchymatous t issues are occasional ly present. 
These areas can be interpreted as par ichnos. 

Phylloids of Viatcheslavia vorcutensis are straight, linear, 
with a single median rib (vein). T h e phylloids apex is pointed 
and acu te ; its b a s e is s l ight ly e x p a n d e d . Marg ins of the 
phylloids bear a denser cuticle, and, therefore, they look darker 
than the rest of the surface of the phylloid. The best developed 
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PLATE 3 
Morphology and ultrastructure of one and the same spore of Densoisporites polaznaensis sp. nov. Holotype. 

2. 
3. 

Detail of sporoderm ultrastructure, the arrow shows the inner 
sporoderm layer, enlargement of fig. 5, ТЕМ. 
Proximal face of the spore, LM. 
Distal side, SEM. 

4. Granulate surface of the spore distal side, SEM. 
5. Cross section through the periphery of the spore; cavity is 

clearly visible (arrow), ТЕМ. Locality: Polazna, Lower Ufimian. 
Magnification: x 20000 (1), x 700 (2), x 1000 (3), x 4000 (4), 
X 8000 (5), 
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PLATE4 
Morphology and ultrastructurc of one and the same spore of Densoisporites polaznaensis sp. nov. 

5. Cross section through the spore peripheral part; note the cav­
ity (arrow) between inner and outer layers, ТЕМ. Locality: 
Polazna, Lower Ufimian. 
Magnification; x 10000 (1), x 600 (2), x 1000 (3), x 3000 (4), 
X 5000 (5). 

1. A detail of the scar ultrastructurc, the arrow points the inner 
sporoderm layer, ТЕМ. 

2. Proximal face of the spore, LM. 
3. Distal face, SEM. 
4. Granulate surface of the spore distal side, SEM. . 



phylloids show two long dark stripes located along the median 
vein. These stripes are s tomatiferous, typical of some other 
Upper Palaeozoic lepidophytes . 

The sporophylls are subtriangular or rhomboidal , apex is 
pointed, sporophyll base bears scar of a t tachment . A single 
thin median vein runs from the sporophyll base up to the 
apex. The sporangium was attached to the proximal part of the 
spo rophy l l s on its adax ia l su r face . E a c h spo rophy l l of 
Viatcheslavia vorcutensis a lso has t w o dark longi tudinal 
stripes (stomatiferous bands?) located a long the median vein. 
T h e normal size of the sporophyll is 3 x 1 cm. 

Viatcheslavia vorcutensis s tems show a peculiarity, not 
typ ica l of a r b o r e s c e n t C a r b o n i f e r o u s l y c o p h y t e s of the 
equatorial realm, being reported, however , in Subsigillaria 
brardii Weiss from the L o w e r Permian of Germany (Barthel , 
1983), Cyclodendron leslii (Seward) Krausel from the Lower 
Permian of Gondwana (Anderson & Anderson , 1985), and 
Angarodendron obrutschevii Z a l e s s k y f r o m t h e 
Carboniferous of Angara land (Meyen , 1976). This character 
is a periodical development of uncommon cyclic zones of dense 
or, in contrast, very loose a r rangements of the leaf cushions . 
T h e zones certainly reflect different rates of plant growth in 
seasonal climate of Upper Palaeozoic modera te climatic zone. 
La rge leaf cush ions d i sposed in dense a r r angemen t mos t 
p r o b a b l y w e r e b e a r i n g s p o r o p h y l l s , smal l leaf c u s h i o n s 
disposed in normal and relatively loose ar rangements were 
bearing phylloids. 

T h e depos i t s c o n t a i n i n g r e m a i n s of Viatcheslavia 
vorcutensis show numerous signals of climate aridity, i.e., rock-
salt, gypsum, ancient desiccat ion surface cracks , etc. The 
xeromorphic habit of Viatcheslavia vorcutensis supports its 
interpretation as a halophyt ic plant. 

G e n u s — D E N S O I S P O M T E S Weyland & Krieger, 1953 

Type spec ies—DENSOISPORITES VELATUS Weyland & 
Krieger, 1953 

DENSOISPORITES P O L A Z N A E N S I S sp. nov. 

( P 1 . 2 - 6 , F i g . 3 d , e ) 

Diagnosis—Spores t r i l e t e , c a v a t e , r o u n d e d to 
subtriangular, finely granulate in t ransmit ted light, 30.0-69.0 
jim in size. Proximal face ( S E M data) scabrate , with distinct 
t r i l e t e sca r nea r ly r e a c h i n g t h e e q u a t o r . D i s t a l su r f ace 
scu lp tu red by n u m e r o u s d i s t inc t g r a n u l e s , o c c a s i o n a l l y 

Fig. 2—Quantitative relationship between taxa identified in the micro-
and macro-fossil assemblage of Polazna Locality. Spores and pollen 
grains: 1. Densoisporites polaznaensis sp. nov., 2. Vittatina, 3. Cladaitina, 
4. Calamospora; plant megafossils: 5. Viatcheslavia vorcutensis, 6. 
peltasperms, 7. Rufloria, 8. sphenophytes (mostly Paracalamites). 
Vertical scale shows the number of identified specimens. 

perforated. Sporoderm two-layered, lamellate, with a weakly 
developed cavity ( Т Е М data) . 

Description—The spores are trilete, cavate , rounded to 
subtriangular ( some crushed spores have irregular outl ines), 
30.0-(49.5)-69.0 jam (12 spec imens of sufficient preservation 
were measured). The proximal scar is distinct, trilete, with rays 
nearly reaching the equator. Under L M , the spores appear 
finely granulate, with a distinctly two-layered sporoderm. The 
proximal surface as seen under S E M is uneven with occasional 

PLATES 
Morphology and ultrastructurc of the spore of Densoisporites polaznaensis sp. nov. 

1-8. General view, LM. 
9, 10. The same spores as in (6 and 3 subsequently), proximal side, 

SEM. 

11. Cross section through the spore (the same spore as shown in 
Plate (3) peripheral part; the numerous interlaced lamellae of 
the outer layer pointed out by arrow, ТЕМ. 
Magnification: x 600 (1-8), x 1000 (9,10), x 5000 (11). 





granules 0.25-0.88 ц т in diameter. The proximal scar when 
closed is elevated (PI. 2.2). T h e uneven equatorial margin 
clearly demonstra tes the presence of sculptural e lements (PI. 
2 . 2 , 4 , 5 ) . Distally the surface is covered by numerous granules 
varying in size from 0.33 to 1.5 (0.3 in average) ц т (PI. 2 .4-10) 
and in shape ( some sculptural e lements resemble cones , PI. 
2.5). 

Т Е М d a t a c o n f i r m t w o - l a y e r e d s t r u c t u r e of t h e 
sporoderm. The outer layer consis ts of numerous (up to 10) 
lamellae, which interlace and join, forming an irregular network. 
Between lamellae there are 0.05-0.25 ц т wide and 0,13-1.63 jam 
long lacunae. As a rule, the lamel lae are 0 .05-0.25 ц т thick, 
except for the uppermost lamella, which at places reaches 0.75 
|Lim in thickness . It is a lso p ierced by 0 .06-0 .38 ц т wide 
perforations. Evidently, the repeatedly thickened and thinned 
and perforated structure of the uppermost lamella corresponds 
to the granulate and occasional ly pitted niorphology of the 
spore surface as seen with S E M (PI. 6 . 7 , 8 ) . The inner layer of 
the sporoderm consists of a s ingle lamella 0.1-0.15 \xm thick, 
surrounding the spore hollow, which looks as a narrow slit 
due to a strong flattening of the spore during fossilisation. In 
some sections, the inner layer appears to spilt in the region of 
the proximal pole (PI. 6 . 1 , 5 , 7 ) forming a structure comparable 
with " laminated zones" descr ibed by Lugardon et al. (1999). 
In these zones the inner sporoderm layer is th ickened up to 
0.62 jim (each lamella is about 0.06 | im). A narrow cavity exists 
in the bottom of the outer sporoderm layer (PI. 3 . 5 ; PI. 4 . 1 , 5 ) . 
S o m e elements of the outer sporoderm layer occur between 
the cavity and inner sporoderm layer. T h e cavity, as a rule, is 
0 .2-0.5 ц т wide , at p laces r eaches 0 .67-0 .73 jam, bet ter 
developed distally, but also present proximally, in particular, 
near the laesura. In the laesura region, the spore hol low is less 
f la t tened, the l ame l l ae of the ou te r s p o r o d e r m layer are 
interrupted (PI. 6 . 6 , 7 ) . 

Яс?/(9Гу/7^—Specimen lost. F igured here on Plate 3 , 1 - 5 . 
Repository—Geological Insti tute of Russ ian Academy 

of Sciences, coll. 4859. 
Type Locality—Polazna Locality. 
Stratigraphic Horizon—Upper P e r m i a n , U f i m i a n , 

Solikamskian Horizon. 
Comparison & Retnarks—The newly established species 

differs from the type species D. velatus Weyland & Krieger, as 

Fig. 3—Viatcheslavia vorcutensis Zalessky: morphology of phylloid 
(A), general habit (B), structure of microsporophyll (C), microspore 
(D) and sporoderm ultrastructurc (E). Scale: 1 cm (A, C), 10 cm (B), 15 
\xm (D, E). 1. proximal scar; 2. inner layer represented by the single 
lamella; 3. outer layer represented by numerous interlaced lamellae; 4. 
cavate area between inner and outer sporoderm layers; 5. laminated 
zones. 

well as from other related forms by a very weak development 
of the cavity be tween the sporoderm layers. Because of this 
some immature spores of D. polaznaensis also can be assigned 
to Lycospora Schopf according to its formal diagnosis. In 
addi t ion, m o r e dis t inct sculptura l e l ements and only rare 

1-2. 

3 . 
4 . 
5. 

PLATE6 
Morphology and ultrastructurc of the spore of Densoisporites polaznaensis sp. nov. 

Montage of a cross section through the central region of the 
spore shown also in figs 3, 5, 6, 7, the proximal scar is open, 
ТЕМ. 
General view of the spore shown in figs 1, 2, 5, 6, 7, LM. 
General view of the spore shown in fig. 8, LM. 
Laminated zone of the inner sporoderm layer, enlargement of 
fig. 7, ТЕМ. 
Cross section the proximal scar, ТЕМ. 

Enlargement of the montage (figs 1, 2), note two rays of the 
proximal scar, laminated zone of the inner sporoderm layer, 
strongly compressed hollow of the spore, and distal sculptural 
elements, ТЕМ. 
The most developed distal sculptural elements, ТЕМ. 
Magnification: x 5000 (1 , 2), x 600 (3, 4), x 33000 (5), x 
10000 (6, 8), x 13000 (7). 
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surficial perforations differentiate the new species from D. 
nejburgii. 

Discussion—General similarity be tween sporophylls of 
t h e K u n g u r i a n l y c o p h y t e Sadovnikovia belemnoides 
Naugolnykh , Ufimian (Roadian) Viatcheslavia vorcutensis 
Zalessky and Triassic lycophytes c o m m o n l y united in one 
genus Pleuromeia Corda (Dobruskina , 1985; Fuchs et al, 
1 9 9 1 ; K r a s s i l o v & Z a k h a r o v , 1975; Magdefrau, 1931; Meng , 
1996; Neuburg, 1960b; Snigirevskaya, 1989; Wang, 1996, etc.) 
together with the related genus Tomiostrobus Neuburg emend. 
S a d o v n i k o v ( S a d o v n i k o v , 1 9 8 2 ; D o b r u s k i n a , 1 9 8 5 ; 
Yaroshenko, 1988) gives an idea that all the forms listed above 
are linked phylogenetical ly (Naugolnykh , 1994). In the same 
c a s e . L o w e r P e r m i a n S a d o v n i k o v i a s h o w s i n t e r m e d i a t e 
P l e u r o m e i a c e a e / I s o e t a c e a e c h a r a c t e r s . T h e m o s t anc ien t 
Isoetes has been reported from the Midd le Triassic of northern 
Ch ina (Wang, 1991). A c c o r d i n g to au thors op in ion , the 
Isoetaceae had separated from the P leuromeiaceae at least 
during Early Permian , and then, in the Triassic t ime, both 
families developed independently. 

Several published electron-microscopical studies of fossil 
cavate spores allow us to compare their fine m o ф h o l o g y with 
that of the spores under descript ion. Yaroshenko ( 1 9 7 5 , 1 9 8 5 , 
1988) has s tudied Tr iass ic spo res of pos s ib l e l ycophy te 
affinity with L M and S E M . She substantiated the relationship 
be tween dispersed spores of Densoisporites nejburgii and 
the lycophyte Pleuromeia rossica based, in particular, on the 
similarity in the ornament ( L M data) and sculpture (SEM data) 
of t h e s p o r e s . S h e c o n s i d e r e d t h e t w o - l a y e r e d c a v a t e 
spongious appearance of the sporoderm in t ransmit ted light 
to be characteristic of lycophyte spores . Recent ly Lugardon 
etal. (1999,2000) have continued the study of P rossica spores 
using both S E M and Т Е М . Therefore , having a considerably 
complete information on the m o ф h o l o g y of P. rossica spores 
and their dispersed analogues assigned to D. nejburgii, we 
have recognised several c o m m o n features be tween them and 
the spores of D. polaznaensis. Thus , the d imens ions of D. 
polaznaensis (30-69 |im) are comparable with those of dispersed 
D. nejburgii (33-71 | д т ) and P. rossica (35-48 \xm, after 
Yaroshenko 1975, or 32.6-39.1 | im, measured in figs 1-3, 
Lugardon etal, 1999). T h e greater size variability shown by 
the dispersed spores might have been related to the different 
maturat ion of the spores. 

Another common feature is the trilete scar nearly reaching 
the equator and well d is t inguishable both in transmitted light 
(Yaroshenko, 1975, pi. XIII, fig. 8, XIV, fig. 10; Lugardon etal, 
1999, fig. 1) and with S E M (PI. 2.2 of the present paper; 
Yaroshenko, 1975 ,p i .XI I I , f ig . l , X I V , f i g . 1 ; L u g a r d o n a / . , 
1999, fig. 3). 

Surficial perforations similar to those of D. nejburgii and 
P. rossica are also occasionally visible in our material (PI. 2 .9 ) . 
Both L M and Т Е М data confirm the two-layered and cavate 
s t ruc tu re of the s p o r o d e r m . T h e u p p e r s p o r o d e r m layer 
described here as lamellate with interlaced lamellae looks very 

similar to the outer wall off! rossica, determined by Lugardon 
et al., 1999 as a s p o n g y layer f o r m e d of cy l indr ica l or 
tangentially expanded elements , irregularly fused together and 
roughly arranged parallel to the spore surface. The similarity 
of these layers includes also the proximal scar region, where 
the e lements of the layers are ruptured leaving a free space 
over the proximal scar region. 

In the non-apertural regions, the morphology of the inner 
sporoderm layer of D. polaznaensis corresponds to that of P. 
rossica. In some sections,.in the region of the proximal pole, 
we have also observed a change in the inner layer morphology, 
comparable with the "laminated zones", described by Lugardon 
et al. (1999) in microspores of Pleuromeia rossica be tween 
the apertural rays, near the proximal pole. In P. rossica the 
inner layer is marked ly th ickened and tangentially cleft in ten 
or so laminae irregularly segmented and linked. The presence 
of i a m i n a t e d z o n e s ' in P. rossica, P. sternbergii, and the 
modern Isoetes as well as other their ultrastructural similarities 
allow to suggest (Lugardon etal., 1999; Grauvogel -Stamm & 
Lugardon, 2001) very close relationships between Pleuromeia 
and the modern Isoetes and to assign them to a distinct group 
among heterosporous lycopsids . 

The last thing to be noted is the presence of a cavity in 
both species better deve loped distally but also discernible 
proximally ( including proximal scar region) . We consider D. 
polaznaensis and P. rossica spores to have enough in common 
for the ass ignment of V. vorcutensis, as a parent plant of D. 
polaznaensis, to the family Pleuromeiaceae . 

T h e differences be tween the spores of D. polaznaensis 
and P rossica are most ly related to the surface moфho logy . In 
particular, P. rossica spores have uneven pitted (perforated as 
Т Е М images demonstrate) surface, while the sporoderm of D. 
polaznaensis, though occas iona l ly perforated, bears more 
distinct sculptural e lements (granulae) , especially abundant 
distally. The ultrastructure of the upper sporoderm layer of D. 
polaznaensis is more regular a l lowing us to name it lamellate 
rather than spongy. 

D. polaznaensis also shows a certain similarity in the 
ultrastructure of the upper sporoderm layer to the spores of 
Lycospora perforata Bharadwaj and Venkatachala extracted 
from the Ca rbon i f e rous l e p i d o p h y t e c o n e Lepidostrobus 
binneyanus Arber (Thomas , 1988, pi. 1, figs 2-6), spores of 
Retispora s p e c i e s f r o m t h e D e v o n i a n / C a r b o n i f e r o u s 
t ransboundary deposi ts of the T imano-Pechora Province of 
Russia (Telnova & Meyer-Melikian, 1993, p. 45-47, pis. XXVI-
XXVII ) , and spores of Archaeoperisaccus Naumova (Meyer 
& R a s k a t o v a , 1984; Telnova & Meyer-Mel ik ian , 1993). The 
latter genus is a widely dispersed and biostrat igraphically 
important in the Upper Devonian of the Euramerian Province, 
its systemat ic ass ignment remains a mat ter of discussion 
(Meyer &Raska tova , 1984; Ba lme, 1995). The similarity with 
the lycophyte D. polaznaensis p rovides an additional indirect 
evidence of its lycopsid affinity. 
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