
Introduction

Leptosporangiate ferns, in contrast to eusporangiate ferns, 
reached their highest diversity in Cenozoic times, but their 
phylogenetical roots descend deep into the Palaeozoic. The 
origin of many leptosporangiate fern families is still unclear, 
but for some of them we do have clear evidence that their first 
appearance was as early as the Late Palaeozoic. One of these 
ancient leptosporangiate fern families is the Gleicheniaceae.

Regarding the family Gleicheniaceae, we know for certain 
that these ferns appeared at least in the Late Carboniferous 
(Taylor et al. 2009) in tropical vegetation of the Euramerian 
palaeofloristic realm. There is some evidence of Permian 
Gleicheniaceae (Yao and Taylor 1988, Yao et al. 1997, Wang 
and Wu 1999, Wang et al. 1999), also mostly restricted to 
the low latitude floras of Cathaysia (see citations above) and 
Euramerica (Zodrow and McCandlish 1982). Nonetheless 
there is some evidence that Gleicheniaceae also existed in 
relatively high latitude floras in Gondwana (Cesari et al. 1998).

The present paper considers a new representative of the 
gleicheniacean ferns discovered in the uppermost Lower 
Permian and Middle Permian deposits of the Pechora coal-
basin, i.e., the area which palaeogeographically belonged to 
the Angara palaeofloristic realm.

Material and methods

The collection studied originated from the uppermost 
Lower Permian (Kungurian) and Middle Permian (Ufimian 
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Text-fig. 1. Geographical position of the localities studied.
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or = Lower Roadian) deposits of the Pechora coal-basin, 
north-eastern part of the European part of Russia (Text-fig. 
1). The plant fossils are represented by two main modes 
of preservation: (1) compressions and (2) impressions, 
sometimes with the partly preserved compressed coaly 
plant tissues present. The compressions (i.e., compressed 
sporangia) were studied by SEM (Vega Tescan MV 2300 
scanning electron microscope at the Geological Institute of 
the Russian Academy of Sciences, Moscow). The collection 
studied is kept in the Geological Institute of Russian 
Academy of Sciences (GIN), and after detailed study will be 
officially transferred to the Monographic Department of the 
State Darwin Museum (Moscow).

Geological settings

The material studied came from the following localities 
(Text-fig. 1): (1) The city of Vorkuta, section 49 (VRK-49), 
layer 254 (spec. 4851/340, a sterile pinna); (2) the borehole 
IK-675, depth 961.7 m (holotype 4851/343, two fertile 
pinnae, the holotype is marked as “h”); (3) the borehole IK-
677, depth 147.8 m (spec. 4851/344, a sterile pinna).

Section 49 (VRK-49) belongs to the uppermost part of the 
Kungurian – the Rudnitskaya Formation of the Lekvorkuts-
kaya Series (after Pukhonto 1998: correlation chart in fig. 15). 
The IK-675 and IK-677 localities are somewhat younger and 
can be correlated with the local analogues of the Roadian on 
the International Stratigraphic Chart.

The rock matrix containing fern fossils is represented 
by dark-grey to black siltstones enriched by a substantial 
amount of organic matter. This kind of deposit corresponds 
to the coal-forming environments typical of the Early 
(partly), Middle and Late Permian time of the peat- 
forming processes in the Pechora Cis-Urals and Pechora 
Coal Basin.

Systematic palaeobotany

Division Pteridophyta Schimp., 1879
Class Gleicheniopsida Doweld, 2001

Order Gleicheniales A.B.Frank in Leunis 1877
Family Gleicheniaceae C.Presl, 1825

Genus Tumidopteris Naugolnykh, 2013

Tumidopteris astra Naugolnykh sp. nov.
Text-figs 2a–e, 3a–e, 4a–f, 5a, b

H o l o t y p e . GIN 4851/343h; the holotype is figured 
here in Text-figs 2a, d, 3a–e, 4a–c, e, 5a–c.

P l a n t  F o s s i l  N a m e s  R e g i s t r y  N u m b e r . 
PFN001847.

R e p o s i t o r y . Monographic Department of the State 
Darwin Museum (Moscow, Russian). 

During study, the collection is kept in the Geological 
Institute of Russian Academy of Sciences (Moscow, Russia)

D e r i v a t i o  n o m i n i s . From “astra” (Latin for 
“star”; as in: “Per aspera ad astra”); after the star-like shape 
of the sori in this new species.

T y p e  l o c a l i t y . Borehole IK-675, depth 961.7 m, 
Pechora coal-basin; Middle Permian, Roadian.

D i a g n o s i s . Fronds at least bipinnate. Fertile pinnules 
from pecopteroid to sphenopteroid, of subtriangular shape, 
with acute apices. Venation pinnate, with thin undulating 
midvein and three to five pairs of lateral veins. Lateral veins 
simple to dichotomizing up to three times. Terminations 
of lateral veins on fertile pinnules bear rosette-like sori. 
Each sorus consists of six to seven sporangia fused by their 
basal parts. Sporangia of short-clavate or prolonged ovoid 
shape, with small shallow sinus at apex, with wide indistinct 
annulus and vertical split for releasing spores. Sterile 
pinnules similar to fertile ones, but lacking sporangia. 
Associated spores round to ovoid, with small trilete mark.

Measurements of morphological structures are as 
followed: largest pinnule size: 7 mm long and 4 mm wide; 
average size of sporangia: 500 μm long, 300 μm wide; size 
of sporangial cells: 150 μm long, 60–70 μm wide; number of 
rows of cells in the annulus: presumably 1.

D e s c r i p t i o n . Four specimens of well-preserved 
frond fragments are attributed to this new species. Two of 
them are fertile, and two are sterile.

The most complete frond fragment is a bipinnate sterile 
pinna of penultimate (last-but-one) order (Text-fig. 2a). 
Although this specimen is sterile, the details of venation are 
completely identical to venation on the fertile pinna selected 
as the holotype (Text-fig. 2b, d).

The pinna rachis of penultimate order is slightly curved 
presumably towards the frond apex. Maximal observed 
width of the pinna rachis does not exceed 1 mm. The rachis 
has a well-defined prolonged axial furrow located on its 
adaxial surface (Text-fig. 2c). Similar but smaller furrows 
are present on the rachises of the ultimate pinnae (= pinnae 
of the last order or segments of the last-but-one order). The 
ultimate pinnae (pinnae of the last order) is attached to the 
rachis of the penultimate order in regularly alternate order, 
at an angle of 45–50°. The most well-developed penultimate 
pinnae possess five to six pairs of pinnules (segments of the 
last order). The pinnules are attached to the pinna rachis at 
an angle of 55–65°. The largest pinnules are 7 mm long and 
4 mm wide. The size of the pinnules gradually decreases 
towards the pinna apex. The shape of the pinnules varies 
from subtriangular (apical pinnules) to ovoid (proximal or 
basal pinnules). The pinnule apex is acute; pinnule margin 
is lobate. The lobes are of subtriangular shape, with acute 
to round apices. The pinnules are fused by their bases and 
form a wing (= limb) of the last-order pinna rachis (Text-fig. 
2c, e). Venation is pinnate. The midvein is thin, undulating 
variably. The lateral veins are thin, dichotomizing only once. 
The anterior branch of the lateral vein usually dichotomizes 
once more.

Gross morphology of the fertile pinnae in general is the 
same as that of sterile pinnae, but the venation of the fertile 
pinnules is somewhat simpler.

The best-preserved fertile pinna, which was selected as the 
holotype, shows a clear pattern of arrangement and structure 
of the sori and sporangia (Text-figs 2b, d, 3a–e, 4a, b, d). 
Each fertile pinnule has one to two sori (on apical pinnules) 
extending to seven or eight sori (on proximal or basal 
pinnules). Each sorus consists of six to seven short-ovoid 
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sporangia. The sporangia are free along almost the whole of 
their length, but are slightly fused by their bases where they 
attach to the common base (placenta or receptaculum). The 

average diameter of the sori is 1 mm. The average length of 
the sporangium is 500 μm, and width of the sporangium is 
300 μm. The apex of the sporangia has a small apical sinus 

a

b

c d e
Text-fig. 2. Tumidopteris astra sp. nov., macromorphology. a, c: sterile pinna, spec. GIN 4851/340; b, d: holotype GIN 4851/343h; 
e: sterile pinna, spec. GIN 4851/344. Localities: the city of Vorkuta, Section 49, layer 254 (a, c), the borehole IK-675, depth 961.7 m 
(b, d), the borehole IK-677, depth 147.8 m (e). Scale 1 cm (a, b, c, e), 1 mm (d).
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or notch. The sporangial wall consists of elongated polygonal 
cells. The annulus is wide and indistinct having a subequatorial 

position on the sporangia, most probably consisting of a one 
cell wide row, situated along both sides of the sporangium 

a

b

c

d e
Text-fig. 3. Tumidopteris astra sp. nov., holotype GIN 4851/343h, morphology of sori. a: part of fertile pinnule; b: one practically 
complete sorus located on the terminal part of a lateral vein; c: sorus with four visible sporangia; d: partly damaged sorus with three 
visible sporangia; e: two neighbouring sori. Locality: the borehole IK-675, depth 961.7 m. Scale 1 mm (a, b, e), 500 μm (c), 100 μm (d).
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split. The vertical split is hardly visible on the sporangia. It 
can be traced by the small narrow elongated cells surrounding 

the split (Text-fig. 3e, uppermost sporangia of both sori). The 
average size of the cells is 150 μm long and 60–70 μm wide.

a b

c

ed
Text-fig. 4. Tumidopteris astra sp. nov., holotype GIN 4851/343h, morphology of sori (a, b, c), epidermal structure (e) and the sterile 
pinna (d; spec. 4851/344). a: partly damaged sorus; b: partly damaged sorus with six sporangia; c: two neighboring sori; d: part 
of the sterile pinna; e: costal epiderma. Scale 500 μm (a, b, c), 1 cm (d), 200 μm (e).
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Several spores were found on the surface of the holotype 
fertile pinnules, on the wall of an open sporangium. The 
spores are round to ovoid (Text-fi g. 5c), with fi nely g ranulate 
sporoderm and a small trilete scar.

C o m p a r i s o n  a n d  r e m a r k s . The new species 
is different from the type species Tumidopteris clavata 
NaugolNykh in the smaller number of sporangia per sorus 
(six to seven sporangia per sorus in T. astra compared to 
nine to eleven in T. clavata), also in the shorter pinnules, 
and the weak development of the sporangia apical sinuses.

The spores of T. astra are similar to the spores extracted 
from sporangia of Dichotomopteris lindleyii (royle) maithy, 
the fern from the Lower Gondwana (Lower Permian) deposits 
of India (Lele et al. 1981, see for example, text-fi g. 8A–F, 
pl. 2, fi gs. 12–17), but the exact taxonomic position of the 
genus Dichotomopteris maithy is still unclear. The same or 
very similar type of in situ spores is known in the presumably 
gleicheniaceous fern Wingatea plumosa (daugherty) aSh

from the Late Triassic age Chinle Formation, North America 
(Litwin 1985, see for example, pl. VI, fi gs 1–5, pl. VII, fi gs 
1–7). Small round spores with trilete tetrad scar were extracted 
from the gleicheniaceous fern Oligocarpia lindsaeoides 
(ettiNgSh.) Stur from the Carboniferous (Westphalian) 
of the Czech Republic (Pšenička and Bek 2001: pl. 3) and 
Lower Permian fern Oligocarpia kepingensis Y.D.WaNg et 
Wu from China (Wang and Wu 1999: fi gs. 15, 17, Wang et 
al. 1999: fi g. 1E, G).

Similar spores were reported in some other Late 
Palaeozoic sphenopterid ferns, for instance, Discopteris 
opulenta daNzé from Westfalian C and D (Upper 
Carboniferous) of Western Europe (Brousmiche 1979: pl. 
IX, fi gs 8–10). The in situ spores with relatively small trilete 
tetrad scar were obtained from the sporangia of the Upper 

Carboniferous ferns Doneggia complura G.W.rothWell

(Rothwell 1978: fi gs 21, 22) and Grambastia goldenbergii 
(aNdrae) BouSmiche (Brousmiche 1978: pl. 4, fi gs 6, 7). 
Similar spores are characteristic of many geologically 
younger ferns. Thus, spores practically identical to the 
spores found on the sporangia and cuticles of Tumidopteris 
astra, were found in sporangia of leptosporangiate ferns 
(Aspidiacae and Polypodiaceae) from Paleogene deposits in 
the Russian Far-East (Fedotov 1970: pl. XV, fi gs 8, 16, 17).

Some remarks comparing T. astra and completely extinct 
Palaeozoic fern families Sermayaceae (Sermaya D.A.eggert

et deleV. and Doneggia G.W.rothWell) and Tedeliaceae 
(e.g., Tedelia glabra D.A.eggert et T.N.taylor) should also 
be made here.

All the sermayacean and tedeliacean ferns (for details 
see Eggert and Taylor 1966, Eggert and Delevoryas 1967, 
Rothwell 1978) are characterized by fronds generally similar 
to those of T. astra. Nonetheless, these taxa vary considerably 
in important characters such as type and presence of 
morphologically pronounced annulus and general shape 
of the sporangia, which are round to obovoid in contrast 
to the elongated sporangia of representatives of the genus 
Tumidopteris NaugolNykh. The construction of the sori in 
sermayacean and tedeliacean ferns is also different. The 
sori of the two latter fern groups are represented by looser 
clusters in contrast to the compact sori of Tumidopteris. In 
addition, the leaf lamina could be strongly reduced in the 
fertile pinnae of Tedelia glabra, and thus the sori of this fern 
extend outwards from the fertile pinnule margin.

D i s t r i b u t i o n . Upper part of the Lower Permian 
(Kungurian) to Ufi mian (lower Roadian) stages of the 
Pechora coal-basin and probably adjacent areas of the Cis-
Urals and Russian platform.

Text-fig. 5. Tumidopteris astra sp. nov., holotype GIN 4851/343h, morphology of sori. a, b: line tracing of the sorus; c: an isolated 
spore preserved on the sporangium. Scale 500 μm (a, b), 20 μm (c).

a

c

b
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Discussion

The most ancient gleicheniacean ferns, which are 
unequivocally botanically understood and convincingly 
interpreted, are known from the Upper Carboniferous and 
Lower Permian deposits around the world. They appeared in 
the geological record very suddenly and demonstrated almost 
all the characters typical of the family Gleicheniaceae.

Morphological archetype of the family Gleicheniaceae 
includes sori lacking indusium, relatively small number of 
sporangia per sorus, sporangia relatively large, round to 
fusiform, often stalked, but stalk very short and thick, with 
equatorial annulus, narrow vertical split for releasing spores 
(Takhtajan 1956).

The most well-studied Palaeozoic gleicheniaceous fern 
is Oligocarpia leptophylla (BuNBury) grauVogel-Stamm et 
douB., which is typical of the uppermost Carboniferous and 
Lower Permian (Rotliegend) deposits of Central and Western 
Europe (Wagner and Lemos de Sousa 1983, Barthel and 
Rössler 1995, Barthel 2005). Oligocarpia leptophylla had 
round sori with the sporangia possessing a distinct annulus. A 
similar arrangement of sporangia is known in Damudosorus 

D.D.PaNt et L.miSra from the Lower Permian deposits of 
India (Pant and Misra 1983: pl. 6, fi g. 25), but the latter genus 
has more isometric sporangia of more or less round shape.

The fi rst Permian representative of the family 
Gleicheniaceae in Russia was described by L. A. Fefi lova from 
the Kazanian (Wordian) deposits of the Pechora coal-basin 
(Fefi lova 1973). This fern was attributed to Gleicheniaceae 
with a question mark and described as Oligocarpia permiana 
FeFil. In contrast to Tumidopteris clavata and T. astra, the 
species Oligocarpia permiana had more or less isometric 
sporangia with a distinct subequatorial annulus. The sterile 
pinnules of Oligocarpia permiana had round apices very 
different compared to the acute pinnule apices of Tumidopteris 
astra. The in situ spores of Oligocarpia permiana are also 
quite different in comparison with the in situ spores of 
Tumidopteris astra. The spores of Oligocarpia permiana are 
triangular, with a well-developed trilete mark.

One very uncommon leptosporangiate fern was 
described from the Upper Carboniferous deposits of 
Bulgaria (Pšenička and Bek 2004). This fern was attributed 
to a new genus and species Tenchovia bulgariaensis 
PŠENIČKA et Bek. T. bulgariaensis shows some characters 

a

b
c

f

ed

g h i

FL

HS

Text-fig. 6. Comparative analysis of the three genera (Prynadaeopteris RADCZ., Geperapteris S.V.MEYEN, Tumidopteris 
NAUGOLNYKH) with possible affinity to Gleicheniaceae from the Permian deposits of Angaraland. a–c: Tumidopteris NAUGOLNYKH; 
d–f: Prynadaeopteris RADCZ. (based on Radczenko 1955, 1956, Naugolnykh 2013); g–i: Geperapteris S.V.MEYEN (based on Meyen 
1982, Naugolnykh 2013). Left column – sori in plan (frontal view); central column – leaves; right column – sori in cross-section; 
FL – flattened sori; HS – hemispherical sori. Scale 1 cm (b, h), 5 mm (e), 1 mm (a, d), 0.5 mm (g); c, f, i – figures schematically 
drawn without scale.
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typical of the family Gleicheniaceae and can be considered 
as a close relative of this group. The spores found in situ in 
sporangia of Tenchovia bulgariaensis are somewhat similar 
to the spores of Tumidopteris astra. They are subtriangular 
to rounded, microgranulate, and can be assigned to the 
genus Granulatisporites R.Potonié et Kremp (Pšenička and  
Bek 2004).

A comparative analysis of the three genera 
(Prynadaeopteris Radcz., emended by Naugolnykh (2013), 
Geperapteris S.V.Meyen, Tumidopteris Naugolnykh) 
having some possible affinity to Gleicheniaceae from the 
Permian deposits of Angaraland was previously published by 
the present author (Naugolnykh 2013). Briefly summarizing 
the main difference between these genera (Text-fig. 6) we 
should note that the genus Tumidopteris is different from the 
closely related genus Prynadaeopteris in having fusion of the 
basal parts of the sporangia, a smaller number of sporangia 
per sorus (8 to 10 sporangia per sorus in Tumidopteris and 
14–20 sporangia per sorus in Prynadaeopteris), the presence 
of a small apical notch on the sporangia of Tumidopteris, and 
the distinctly sphenopteroid pinnules (both fertile and sterile; 
when they are adult and well-developed) of Tumidopteris. 
There is some similarity between Tumidopteris and the 
enigmatic fern genus Hapalopteris Stur, but in contrast 
to the latter genus the fronds of Tumidopteris bear well-
developed wings on the pinna rachis, have an acute pinnule 
apex (not round as it is typical of Hapalopteris). Moreover, 
the fertile pinnules of Tumidopteris have a larger number 
of sporangia per sorus, i.e., not less than eight sporangia 
per sorus, in contrast to Hapalopteris which has four to five 
sporangia per sorus. The sterile pinnules of Tumidopteris are 
different from the sterile pinnules of another related fern, 
Geperapteris, in their sphenopteroid shape, which is atypical 
for Geperapteris. Sori of the latter genus are different from 
the sori of both Tumidopteris and Prynadaeopteris in 
their hemispheric shape, in contrast to the flattened sori of 
Tumidopteris and Prynadaeopteris.

The sterile leaves of Tumidopteris astra are similar to the 
sterile leaves of other Late Palaeozoic ferns of gleicheniacean 
affinity (for example, the species already cited above 
Oligocarpia leptophylla (Wagner and Lemos de Sousa 1985: 
fig. 1, pl. 1, figs 1, 2, Barthel and Rössler 1995: Abb. 3), and 
the Cathaysian gleicheniacean fern Szea sinensis Z.Q.Yao et 
T.N.Taylor (Yao and Taylor 1988: pl. I, figs. 3, 5).

Other similar ferns were reported from the Permian of 
Greenland (the Midtkap locality: Wagner et al. 2002: pl. 
3, figs. 2, 5), where they were preliminarily identified as 
Prynadaeopteris anthriscifolia (Göpp.) Radcz. Of course, 
well-preserved large portions of the fronds are needed for 
adequate comparison of the sterile fronds, since the basic 
individual and onthogenetical diversity of the fern fronds 
could be quite high, and this assumption is especially true for 
sphenopterids (Danzé 1955, Pfefferkorn 1978, Brousmiche 
1978, Langiaux 1982).
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