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H. IluteHuTJKa, IO. EeK- Tenchovia bulgariaensis- HOBbZU
poo u «uo u3 neHCUJlbBaHueHa J(o6pyo:J/CaHcKo2o Ka.MeHHoY20ilbH02o 6acceuHa. HoshiH po,ll. Tenchovia npe,ll.crasneH
O,li.HHM HOBhiM BH,li.OM - T bulgariaensis. Ero roJlJIOTHn
ycraHOBJieH B 6ypOBOH CKBa)l(HHe B ,[{o6py,ll.)l(aHCKOM
KaMeHHoyroJibHOM 6acceH:He. Bo3pacr- secr<iJanhCKHH.
Ero cnopaHrHH aHanorwmo HeKOTOphiM ,ll.pyrHM Kap6oHCKHM KOMIIpHMHpOBaHHhiM paCTeHHHM, HMeiOT JiaTepaJihHhie aHHynychi. OcHOBHhie Mop<iJonorH'IeCKHe
qepThl ero <iJpyKTH<lJHKaQHH OIIpe,ll.eJieHHO OTJIH'IaiOTCH
OT ,ll.pyniX CXO,li.HhiX BH,li.OB C TaKHMH CIIOpaHrHRMH.
HaH,ll.eHHhie "in situ" cnophi c<PeHonTepoH,li.Horo xapaKTepa OIIHChiBaiOTCH BIIepBbie B OTJIO)l(eHH.!IX Kap60Ha
EonrapHH. B Tex )l(e OTJIO)l(eHHHX TPHJieTOBhie MHKpo3epHCTbie MHKpOCIIOphl ,li.HaMeTpOM B 19 j.lm IIpHHa,li.Jle)l(aT K
pacnpocrpaHeHHoMy BH,li.Y Granulatisporites minimus.

Abstract. Tenchovia gen . nov. consists of just one species
(T. bulgariaensis sp. nov.), whose holotype is from a
borehole in the Dobrudzha Coalfield and is Westphalian in age. As with some other Carboniferous plant species known from compressions, the sporangia possess a
lateral annulus. It is evident that the general pattern of
morphology of the fructification is quite different than
all other similar species with laterally-annulate sporangia. In situ spores from a sphenopteroid fern are described for the first time from the Bulgarian Carboniferous. Trilete microgranulate microspores, about 19 Jlm in diameter belong to the dispersed miospore species Granulatisporites minutus.

Psenicka, J., Bek, J., 2004. Tenchovia bulgariaensis gen. et sp.nov. from the Pennsylvanian of the
Dobrudzha Coalfield, Bulgaria. -Geologica Bale., 34, 1-2; 69-76.
KeY, words: Carboniferous, fern, sphenopterids, Tenchovia, in situ spores, Granulatisporites, Bulgana.

Introduction
Several plant taxa with sphenopteroid pinnules
have been described during the history of research of Carboniferous palaeobotany. Most
of them are sterile specimens, which may have
belonged to pteridosperms or ferns. Only fertile specimens with sporangia can be clearly assigned to fern species. The generic and specific
determination is based on the general morphology of the frond and pinnules, the structure of the reproductive organs (sori, synangia)
including sporangia (annulus, stomium) and
the type of in situ spores.

There has been no detailed study of the sphenopteroid ferns of the Dobrudzha Coalfield.
Most palaeobotanical studies here have tended
to ignore them (e.g. Dimitrova et al., 2002),
and we therefore assume that they are rare. In
this paper we describe a new Pennsylvanian
sphenopteroid species from Dobrudzha based
on a fertile specimen that we have studied precisely using SEM and from which in situ spores
have been prepared. The new species has a
more or less lateral annulus and bears some resemblance to Sturia Nemejc, Dendraena Nemejc, Boweria Kidston, Discopteris Stur and Kidstonia Zeiller.
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Material and Method
The specimen described here is from a borehole
in the Dobrudzha Coalfield and is stored in the
collection of the Geological Institute of the
Bulgarian Academy of Sciences, Sofia. The
compression specimen consists of two pieces
preserved in a grey claystone.
Sporangia were isolated with the aid of 35
per cent hydrofluoric acid for 24 hours. Some
sporangia were examined under JEOL and
Cameca SX 100 scanning electronic microscopes (SEM) and some sporangia were examined under an Olympus SZX12 binocular.
Some other sporangia were macerated in
Schulze's solution (tired solution of potassium
chlorate in nitric acid) for 10-30 minutes, depending on the degree of coalification, and
washed in distilled water, then treated with 10
per cent potassium hydroxide to remove oxidation products and washed in distilled water
again. Subsequently these sporangia were also
examined under a Cameca SX 100 scanning
electronic microscope. Other sporangia were
mounted in glycerine jelly slides and observed
under an Olympus BX 51 biological microscope. We used an Olympus 4040 digital camera through the work. All digital images were
stored as TIFF files, and processed using
ANALYSIS 3.1. Statistical data were processed using software ST A TISTICA 6.1.
All slides and digital photographs of Tenchovia bu!gariaensis are stored in the Geological
Institute of the Bulgarian Academy of Scienc-
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es. Copies of the digital photographs are stored
in the Palaeontology department of West Bohemian Museum in Pilsen.

Description
The specimen represents a fragment of a penultimate frond more than 40 mm long and 25
mm wide (Fig. 2; Plate 1, fig. 1); the species was
thus evidently more than bipinnate. The penultimate rachis is 0.6 mm wide, naked, and
very slightly undulate (Plate 1, fig. 1). Ultimate

Fig. 2. Illustration of specimen No. 15871 using drawing attachment of OLYMPUS BX2l camera. Notice penultimate pinnae with distribution of sori on sphenopterid pinnules
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pinnae are narrow, more or less in triangular in
the shape, 18 mm long and 7 mm wide at a basal part of pinnae, and gradually attenuate toward the apex. Ultimate rachises are slightly
sinusoid, 0.4 mm wide (Plate 1, fig. 7), alternate
on penultimate rachis. The ultimate rachis lies
at about 50° to the penultimate rachis (Plate I,
fig. 1).
The specimens show only fertile pinnules,
which are of the sphenopteroid type. The pinnules vary in size from 4 mm long and 2.5 mm
wide near the base of the ultimate pinnae, to 2
mm long and 1 mm wide in the distal part of
sporangia! diam eter (microm eter)
ultimate pinnae (Plate 1, figs 3, 7, 8), and alternate on the ultimate rachis (Plate 1, fig. 7). The Fig. 3. Sample distribution ofsporangial diameters found
pinnules are attached to the ultimate rachis at in Tenchovia bulgariensis
an angle of about 50° (Plate 1, fig. 3). The margin of pinnules is not well preserved but some
parts demonstrate that they had a lobate margin (Plate 1, figs 3, 7). The midvein is more or
less prominent and divides at the distal end of
the pinnules (Plate 1, 11 arrowed). Lateral
veins bifurcate once (Plate 1, figs 3, 10, 11),
each branch ending in a lobe. Pinnules in the
apical part of the ultimate pinnae are reduced
in a size (Plate 1, fig. 8). Pinnules are rarely
covered by uniseriate multicellular trichomes,
200 jlm long (Plate 2, fig. 6 arrowed).
Sporangia are clustered into sori at the apex
of pinnule lobes, and show no pattern of position (they are not in rows) (Plate 1, figs 2-6).
The sori lack an indusium, are located on lateral vein-endings, and normally contain between four and six (usually five) annulate
ovoid or globose sporangia (Plate 2, figs 1-3).
In some cases, the sorus appears to consists of
only one or two sporangia, but this is only be- Fig. 4. Reconstruction of sorus. Sporangia are attached
cause the other sporangia have been lost (Plate on circular receptacle placed at the end of a lateral vein
1, fig. 3 arrowed). Sometimes, sori appear to
consist of more than six sporangia (Plate 1, figs
6, 9; Plate 2, fig. 1), but this is where there are
in fact two or more sori placed close to one other. The sporangia! size varies from 183 !lm to
465 jlm (mean 330 !lill ± 50 jlm) (Fig. 3) (Plate 2,
figs 1-4, 7-8). Lateral veins are terminated by a
low, circular receptacle (Plate 2, figs 2R, 4R, 3
arrowed) 50-400 jlm in diameter, to which the
E
sporangia are attached (Fig. 4; Plate 2, figs 2E
'
"
ci'
4). The base of the sporangium is reduced. A
lateral annulus is situated near the base of the
sporangium (Fig. 5; Plate 2, figs 7, 8) and includes 1/z- 2/ 3 of the meridional-circumference of
B
A
the sporangium (Plate 2, fig. 9) . The annulus
consists of three rows of thick-walled elongate
cells, 50-120 jlm long and 20-30 jlm wide (Plate Fig. 5. Reconstruction of sporangia. A) viewed from the
2, fig. 8). The sporangia are interrupted by a side, B) viewed from the front. Reconstruction shows disstomium, which consists of elongate cells, 80- tribution of cells of annulus, stomium and ordinary spor200 !lffi long and 5-l 0 jlm wide, going from the angium wall
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base to the distal end, and partly across the
apex of the sporangium (Plate 2, fig. 8 ST).
The stomium is placed on the opposite side of
the sporangium from the annulus (Plate 2, fig.
8). Ordinary cells of the annulus are thinwalled, polygonal, and 80-120 11m in diameter.
The sporangia contain trilete spores, 17 ( 19)
23 11m in diameter (Pl. 3). The spores are triangular, subtriangular, circular or subcircular,
with convex, straight or sometimes concave
sides. The laesurae are simple, straight, from
one-third to a half of the spore radius. The exine is 1 11m thick, and folding frequently occurs.
The exine sculpture is finely microgranulate.
Sometimes a dark contact area on the proximal pole can occur.
All spores are of the same type and can be
compared to the dispersed microspore species
Granulatisporites minutus Potonie and Kremp,
1955 (p. 59).

Systematics
Class: FILICOPSIDA
Order: FILICALES
Family: unknown
Tenchovia Psenicka and Bek, gen. nov.
Diagnosis: Frond more than bipinate. Pinnules of the sphenopteroid type. Sporangia
clustered in sori at apex of pinnule lobes, no
pattern of position. Sori without indusium located on lateral veins ending, attached to a circular receptacle, and contain 4-6 laterally annulate sporangia. Annulus situated near the
base of the sporangium, includes 1/ 2- 2/ 3 of the
whole meridional circumference of the sporangium, consists of three rows of thick-walled
cells. Sporangium interrupted by a stomium
consisting of elongate cells, going from the
base, across the apex, and ending near of the
annulus; the stomium is placed on the opposite
side of sporangium from the annulus. Trilete
spores triangular, subcircular to circular. Laesurae one-third to a half of the radius. Exine
finely microgranulate; folding frequent.
Type species: Tenchovia bulgariaensis sp. nov.
Etymology: In honour of Prof. Y anaki Tenchov, D.Sc. from the Geological · Institute
'Strashimir Dimitrov', Bulgarian Academy of
Sciences, a famous palaeobotanist and friend.
Tenchovia bulgariaensis Psenicka and Bek,
sp. nov.
Diagnosis: Penultimate rachis 0.6 mm wide,
naked, very slightly undulate. Ultimate pinnae
narrow, more or less triangular in the shape,
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gradually attenuate toward the apex. Ultimate
rachises slightly sinusoid, 0.4 mm wide. Pinnules, 2-4 mm long and 1-2.5 mm wide. The
pinnule possesses margin lobate. Midvein
prominent, divided at distal end of pinnules.
Lateral veins bifurcate once, ending in lobes.
Pinnules rarely covered by uniseriate multicellular trichomes. Sori contain 4-6 (usually 5)
sporangia, about 330 11m in diameter. Lateral
annulus consists of elongate cells 50-120 11m
long and 20-30 11m wide. Stomium consists of
cells 80-200 11m long and 5-10 11m wide. Ordinary cells of annulus polygonal, thin-walled,
80-120 !liD in diameter.
Holotype: Specimen No. 15871 (Plate 1, figs 1,
2) is in the collections of the Geological Institute of the Bulgarian Academy of Sciences, Sofia. The slides prepared from this specimen are
also stored in the Geological Institute, Sofia.
Locus typicus: Borehole No . 202 at depth 1539
m (Makedonka C Formation, about 110 m
above coal seam m5, Bolsovian Stage) Dobrudzha Coalfield (Bulgaria), Westphalian.
Etymology: Named after Bulgaria, where the
holotype was found.

Discussion
Sporangia of sphenopteroid ferns have been
described many times in the history of palaeobotanical research. However, in many cases
the sporangia are documented by only very
poor photographs. In most of older works, the
sporangia have been described from non-macerated examples (e.g. Kidston, 1923; Nemejc,
1963; Zeiller, 1899). This has resulted in much
confusion in the classification of sphenopteroid ferns. Brousmiche (1983) presented a relatively modern work that deals with sphenopteroid ferns from the Saar-Lorraine basin, in
which details of the sporangia are described for
most of the species studied, although in only a
few cases were SEM photographs included.
The sporangia! architecture together with
the anatomy of the plant plays an important
role in the classifications of fern species. Compressed specimens are not anatomically preserved, and so it is essential to describe the sporangia in great detail based on SEM observation. We present here the well-preserved sporangia! architecture, including spores, but comparison with other sphenopterid species is limited because we only have available the descriptions of earlier authors where critical details are missing (and most seriously, photographs are missing).
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PLATE II

PLATE III

PLATE I
Fig. I . Specimen No . 15871 ; fertile penultimate pinnae consisting of several alternate ultimate pinnae; scale bar 4 mm.
Fig. 2. Opposite side of specimen No. 15871; scale bar 4 mm.
Fig. 3. Fertile pinnule with visible sori at pinnule lobe; notice black sporangia, and a white circle where sporangia are
missing (arrowed); scale bar 1 mm.
Fig. 4. Detail of fertile pinnule with clearly-visible sori that consist of 4-6 sporangia; scale bar 1 mm.
Fig. 5. Fertile ultimate pinnae; scale bar 1 mm.
Fig. 6. Macerated (in HF only) fragment of ultimate pinnae. Pi1mules bear sori placed near the pinnule margin; scale
bar 1 mm.
Fig. 7. Detail of ultimate pinnae with sphenopterid pinnules; scale bar 3 mm.
Fig. 8. Detail of distal end of ultimate pinnae; scale bar 1 mm.
Fig. 9. Macerated (in HF only) fragment of ultimate pinnae. Small black circular objects represent sporangia; scale
bar I mm.
Fig. 10. Details of departure of an ultimate rachis from a penultimate rachis, and of the pinnule venation from the
ultimate rachis (macerated in HF only); scale bar I mm.
Fig. 11 . Poorly preserved venation with sporangia (macerated in HF only); scale bar I mm.
PLATE II
Fig. l. Macerated sporangia of two sori placed close to each other; scale bar 0.3 mm.
Fig. 2. Sporangium (S) is attached to circular receptacle (R) placed at the end of a lateral vein; scale bar 0.3 mm.
Fig. 3. Five sporangia attached to a circular receptacle; scale bar 0.3mm.
Fig. 4. Sporangium (S) is attached to circular receptacle (R); SEM; scale bar 0.3 mm.
Fig. 5. Mass of spores of the Granulatisporites minutus-type; scale bar 20 11m.
Fig. 6. Arrows show the uniseriate multicellular trichoms; macerated in HF only; scale bar 0.3 mm.
Fig. 7. Sporangia with prominent lateral annulus (A); SEM; scale bar 0.2 mm.
Fig. 8. Well-preserved sporangium shows cells of annulus (A) and stomium (ST); SEM; scale bar 0.1 mm.
Fig. 9. Sporangium with annulus (A)- view from behind; SEM; scale bar 0.1 mm.
PLATE III
Fig. l. Mass of spores of the Granulatisporites minutus-type; SEM; scale bar 20 f..lm.
Fig. 2. Mass of spores ofthe Granulatisporites minutus-type in detail; SEM; scale bar 15f..lm
Fig. 3. Spore of the Granulatisporites minutus-type; the detail of the proximal surface with the trilete mark; SEM; scale
bar 5 11m.

Other compression Carboniferous
sphenopteroid taxa
with lateral annulus
Tenchovia bulgariaensis can be compared with
other compression Carboniferous sphenopteroid taxa in having sporangia with a more
or less lateral annulus. Some species with a
lateral annulus were described based on petrified specimens, such as Pteridotheca Scott,
Sacropteris Renault, Botryopteris Renault
and Anachoropteris Corda. Comparison with
these species is very problematic due to the
different type of the preservation. Nevertheless, several species were described based on
compression material, such as Sturia Nemejc,
Boweria Kidston, Discopteris Stur, Dendraena
Nemejc and Kidstonia Zeiller, which are more
suitable for comparison with Tenchovia
bulgariaensis. In this comparison, we omit the
compres_sed species that possesses exannulate
sporangia.
In general, Tenchovia bulgariaensis shows
close similarities to Boweria schatzlarensis Kidstan. Pinnules are of the sphenopteroid type;
sporangia are oval, placed near of the margin
and at the end of veins, and have a prominent
more or less lateral annulus consisting of thickwalled cells. However, Kidston (1923) pointed
that the genus Boweria has strictly single sporangia attached to the ending part of lateral
veins, rather than sporangia grouped into sori
as in Tenchovia bulgariaensis (Plate 1, fig. 4).
The annulus also appears somewhat different
in detail (Fig. 6B). Kidston (1923) stated that
Boweria has an 'Annulus formed of two rows
of prominent cells which pass as a band across
the apex of the sporangium, and extend a very
short distance down the sides .. .'. Nemejc
(1963) placed Boweria among ferns with spor-

angia that have an incomplete vertically ringed
annulus. The annulus of Tenchovia bulgariaensis is lateral, consisting of three rows of
thick-walled cells, placed near of the base of
sporangia (Fig. 6A).
Nemejc (1934) proposed two new genera, Sturia and Dendraena, based on the type of fructifications and stated that sporangia of both
genera do not form regular sori, but form irregular groups containing a variable number
of sporangia. However, he did not figure sporangia of these species. Sporangia of both genera are sessile, relatively free, and oval in
shape. Sporangia of Tenchovia bulgariaensis
are attached to a circular receptacle and are
clearly grouped in regular sori (Plate 2, figs 24). Nemejc (1963) described the annulus of
both of his new genera as biseriate and forming
an incomplete ring that is going across the top
of the sporangium in a vertical direction. As
we stress, the annulus of Tenchovia bulgariensis
is triseriate and laterally-placed near to the
base of the sporangium (Fig. 6A).
Similar sporangia grouped in regular sori
have been found in a new species of Discopteris
from the Bolsovian of the Pilsen basin, Czech
Republic (Psenicka et al., in press (a)). However, this new species of Discopteris has a lateral
annulus placed at the distal end of the sporangia (Fig. 6C), whereas sporangia of Tenchovia
have an annulus placed near the base of the
sporangia (Fig. A). Cells of the stomium of
Tenchovia are thin-walled and contrast with
the stomium of Discopteris which has thickwalled and more prominent cells (Fig. 6C). In
addition, Discopteris has more than 12 sporangia p~r sorus while Tenchovia possesses 4-6
sporangia per sorus.
Abbot (1954) described sporangia of the genus Oligocarpia Geppert that are grouping in
sori attached to the circular receptacle, situated
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Fig. 6. Sporangia! architecture of A) Tenchovia bulgariensis; B) Boweria schatzlarensis (Stur) Kidston, according to
Kidston (1923, p. 51, fig. 20B); C) Discopteris doubravensis Psenicka et al. (in press (a)); D) Oligocarpia belli Zodrow
and McCandlish, according to Zodrow et al. (in press); E) Sonapteris barthelii Psenicka et al. (in press (b)), a member of
Botryopteridaceae
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Table 1
Fossil plants that have yielded Granulatisporites-type in situ spores.
Parent plants

Botryopteris sp. cf. B. antiqua

Diameter of

Sculpture of

microspores (Mm)

microspores

40

Granulate

Kids ton
Oligocarpia gutbieri Goeppert

Classification of micros pores

References

Granulatisporites adnatus (Kosanke) Potoniw and Kremp, G.

Holden (1962), Balme (1995)

pyriformis (Loose) Potoniw and Kremp
20-30

Granulate

Leiotriletes spjGranulatisporites sp.

Brousmiche{1983), Remy and
Remy (1957)

0. brongniarti Stur

21-30

Granulate

Granulatisporites sp.

Brousmiche ( 1983)

0 . leptophylla (Bunbury) Grauvogel-

32-49

Granulate, conate

Granulatisporites pan>us (Ibrahim) Potoniw and Kremp

Grauvogel-Stamm and Doubinger
(1975), Brousmiche (1983)

Stamm and Doubinger
0 . sp. cf. 0. mixta (Schimper)

21-26

Scabrate

Leiotriletes gulaferus Potoniw and Kremp, Granulatisporites sp.

Brousmiche (1983)

32-58

Granulate

Leiotriletes sphaerotriangulus (Loose) Potoni:H and Kremp,

Brousmiche (1983)

Abbott
Boweria schatzlarensis (Stur)

Granulatisporites granulatus (Ibrahim) PotoniH and Kremp

Kidston
Renaultia chaerophylloides

15-23

Conate, granulate

Granulatisporites sp.

Brousmiche (1983)

R. villosa (Cr:Hpin) Danzw

25

Granulate

Granulatisporites sp.jLeiotriletes sp.

Brousmiche (1983)

Myriotheca sp. sensu Brousmiche

35-36

Granulate

Granulatisporites sp.

Brousmiche ( 1983)

Oligocarpia bellii Zodrow and

19-31

Microgranulate

Granulatisporites sp.

Zodrow, PJbeniHka and Bek, (in

(Brongniart) Zeiller

McCandlish

press)
I

at the end of lateral veins, and thus are compa- the meridional direction, downwards to the lowrable to the sporangia of Tenchovia bulgarien- er sporangia! hemisphere. This contrasts with
sis. Abbot (1954) stated that this situation is sporangia of Tenchovia bulgariensis that are
characteristic for the genus 0/igocarpia. We grouped in sori, are relatively small (c. 0.3 mm
would like to emphasize that this feature is not in diameter) and have a prominent lateral ancharacteristic only for 0/igocarpia but can also nulus placed in lower part of sporangium.
be observed in other Carboniferous ferns, such Cells of the stomium form a relatively thin
as Tenchovia bulgariensis. The sporangia! pat- band going from the base of the sporangium,
tern of the two genera is quite different (Fig. 6). across its apex, and ending near the annulus.
Oligocarpia possesses an oblique annulus con- Also, sporangia of Kidstonia are individually
sisting of two rows of cells (Fig. 6D) while Ten- placed near of the base of each pinnule while
chovia possesses a lateral annulus consisting of sporangia of Tenchovia bulgariensis are placed
three rows of cells (Fig. 6A). A similar type of in a sorus near of a pinnule margin . It is eviannulus to that seen in 0/igocarpia also occurs dent that the general pattern of fructifications
in the genus Hymenophyllites Goppert but, the is quite different.
number of cells composing the oblique annulus
It is clear from this discussion that the new
is still unknown (Kidston, 1923; Nemejc, 1963). genus Tenchovia is quite different from the oth0/igocarpia and Tenchovia also have quite a er species having lateral annulus.
different composition of the area of dehiscence
Brousmiche (1983) described Granulatis(stomium). Oligocarpia has mostly a stomium porites-type spores from Renaultia chaerophy lconsisting of several cells more or less median loides Brongniart. These spores are similar in
to the sporangium reaching to the mid-portion the type and size to those of Tenchovia buland directed to the stalk, whereas the stomium gariensis. However, the general morphology
of Tenchovia is composed of extremely elon- of pinnules and sporangia of Renaultia chaerogated cells that go from the base to the distal phylloides are quite different from Tenchovia
end of the sporangium, partly across the apex bulgariensis. The lateral veins of Renaultia
of sporangium.
chaerophylloides are simple while those of TenThe general morphology of Tenchovia bul- chovia bulgariensis are once-bifurcated. The
gariensis sporangia can be compared with spo- sporangia of Renaultia chaerophylloides are
rangia of some species of Botry opteris Renault. exannulate while those of Tenchovia bulgarienTenchovia bulgariensis and some Botryopteris sis has laterally annulate.
specimens share the following features: sporangia are globose and laterally annulate; the
distinctive annulus is placed near to the base of Dispersed Granulatisporites
the sporangium; the stomium is composed of micros pores
elongated cells that go from the base to the distal end of the sporangium, partly across the The genus Granulatisporites (Ibrahim) Potonie
apex of sporangium (Fig. 6E). Lateral bi-trise- and Kremp was proposed by Ibrahim (1933) and
riate annulus of Botryopteris is thus similar to emended by Potonie and Kremp ( 1954) for trilete
the triseriate annulus of Tenchovia bulgarien- isospores or microspores, more or less triangular,
sis. The differences between the genera are in and with no differentiation other than a closely
the structure of the fructification . Tenchovia granular ornament. The grana are approxibulgariensis possesses regular sori with 4-6 spo- mately circular, and more or less of identical in
rangia while Botryopteris has a special type of size within each species (Potonie and Kremp,
the fructification with thousands of sporangia. 1954, p. 126). Another closely similar spore
However, other features of the two genera can- genus, Cy clogranisporites Potonie and Kremp,
not be properly compared because Botryop- differs only by its circular amb.
teris is described based on petrified specimens,
Dispersed species of Granulatisporites differ
and thus especially show anatomical structures greatly in diameter from 20 f!m (G. minutus Ponot preserved in Tenchovia bulgariensis.
tonie and Kremp) to almost 100 f!m (G. granifer
Zeiller (1899) proposed a new genus Kidsto- Ibrahim), but the average diameter of disnia Zeiller, based on fertile specimens. Spor- persed Granulatisporites is about 35 f!m . The
angia of this species are solitary, large (0.5-0. 7 diameter of only a few species (e.g. G. pellucidmm in diameter), and have a lateral annulus us Kosanke, G. levis Kosanke, G. inspissatus
that is very well differentiated that includes Playford or G. humerus Staplin) reaches more
nearly % of the upper sporangia! hemisphere. than 50 f!m. The sculpture of all GranulatisThe rest of upper hemisphere is represented by porites is very similar, usually granulate, minarrow and elongated stomial cells, spreading in crogranulate and only a few of them (e.g. G.
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dumosus Staplin or G. aculeolatus Kosanke)
possess different type of sculpture elements. It
is evident, that dispersed Granulatisporites species are very similar to each other, and that
some of them may be synonymous.

In situ Granulatisporites
rmcrospores
In situ spores of the Granulatisporites-type are
not frequently reported from fructifications of
Carboniferous age. Five species of Oligocarpia, two species of Renaultia, one each of Botry opteris, Boweria and Myriotheca have yielded this type of spore (Table 1). All of Granulatisporites in situ spores possess a very similar
sculpture (usually interpreted as granulate)
and differ only in their diameter.
Spores of Tenchovia bulgariaensis differ
from other known Granulatisporites in situ
spores in their small diameter (only 19 11m on
average). Only spores isolated from Renaultia
chaerophylloides Brongniart by Brousmiche
(1983) seem to be closely similar (if not identical) to those of Tenchovia.

Conclusion
The new Carboniferous species Tenchovia bulgariensis is clearly distinguishable from other
fern species. Its fructification combines features characteristic for Oligocarpia , Boweria,
Sturia and Discopteris . The presence of regular
sori consist of 4-6 sporangia attached to circular receptacle point to Oligocarpia. Laterally
annulate sporangia are somewhat similar to
Boweria, Sturia and Discopteris. However,
Boweria possesses single sporangia (non regular sori); Sturia possesses grouped sporangia
and does not create regular sori; and the sporangia of Discopteris are grouped in regular
sori, but the organisation of sporangia} cell is
different. Sporangia are also similar to those of
Botryopteris, but the general organization of
fructifications is quite different. The anatomy
of Tenchovia bulgariensis is unknown. Spores
of T bulgariaensis are clearly distinguishable
(mainly in the diameter) from other Carboniferous in situ microspores, except for those
yielded by Renaultia chaerophylloides (Brousmiche, 1983). All of them are comparable to
the dispersed species Granulatisporites minutus.
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