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Abstract: This study describes the megaspore assemblages from the Ryabinsk Member of the Vokhma Formation
of'the Moscow Syneclise. The genus Otynisporites is emended, three new species, Maexisporites meditectatus, M.
rugulaeferus and Otynisporites maculosus, are erected, and one new combination, Maexisporites grosstriletus, is
proposed. Megaspore descriptions relate the gross morphology and fine structure of the exine surface of thirteen
taxa. From the appearance of the exine surface and ornamentation processes, it appears that some forms currently
included in certain genera according to their morphological features do not belong to them. The assemblage from
Sholga is evidently of low diversity at the generic level, possibly reflecting the end-Permian biotic crisis. The
composition of the megaspore assemblages indicates their Induan age.
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INTRODUCTION

Megaspores described in this paper have been recove-
red from the lowermost Triassic sediments of the Moscow
Syneclise in Russia, specifically at the Sholga locality on
the Yug River (Fig. 1). The stratigraphic position of these
sediments is regarded by Lozovsky (1998) and Yaroshenko
and Lozovsky (2004) as lower Induan. The first information
on megaspores of the Permian—Triassic transition deposits
of that region was obtained from the Nedubrovo Member of
the Vokhma Formation at the Nedubrovo locality, whence
Otynisporites eotriassicus Fuglewicz was identified (Kras-
silov et al., 1999b).

Triassic megaspores attracted interest for almost a cen-
tury and the literature on this subject is extensive, however,
that concerning Induan assemblages from the northern he-
misphere is still limited. The stratigraphic importance of
megaspores of the Permian—Triassic boundary interval is
well recognized because the index species of the Otynispo-
rites eotriassicus Zone — O. eotriassicus — has a very wide
geographical distribution; it has been recorded from north-
western China, through Europe. The first appearance of that
species is dated by direct conodont data (Kozur, 1998).

In spite of the high correlation potential of the O. eo-
triassicus Biozone, detailed information on the composition

of its megaspore assemblages is almost lacking, being lim-
ited to the data from Poland (Fuglewicz, 1977, 1980a, b;
Marcinkiewicz, 1992a; Marcinkiewicz ef al., 2014). In this
context, the present authors provide details on the assem-
blage of that biozone from the Moscow Syneclise in the
hope that the data provided will be useful for the correlation
of continental deposits of the lowermost Triassic. These
data are also important for an understanding of the taxono-
mic diversity of spore-bearing plants during the recovery of
vegetation after the end-Permian crisis.

The identification of genera and species of most fossil
megaspores depends largely on gross morphological fea-
tures because the taxonomy dates from the time when obser-
vations of fine megaspore features at high power were not
obtainable. As noted by Batten (2012), data on exine ultra-
structure are useful in showing that in some cases, species
similar to each other in gross morphology have differing
walls and should not be included in the same morphological
genus. The authors consider that the precise data on the
ultrastructure of exine surface and the appearance of orna-
mentation processes provided herein may also be useful,
and, in the future, may help in construction of a more mean-
ingful taxonomic system.
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Fig. 1.  Map of study area showing locations of the section stud-
ied and those mentioned in the text (asterisks).

REGIONAL SETTING

The continental Lower Triassic deposits of the Moscow
Syneclise occur in its axial zone and on its northwestern
slope. It has long been considered that the Permian—Triassic
boundary was unconformable over most of the basin (Strok
et al., 1984). The hiatus was supposed to encompass the en-
tire Changsingian Stage (Lozovsky and Essaulova, 1998).
However, in the Vologda Region, a relatively complete tran-
sitional Permian—Triassic (Vyatkian—Vetlugian) sequence
was discovered (Krassilov et al., 1999b). The lithostratigra-
phic division of these deposits is that of Strok et al. (1984).
They are included in the Vokhma Formation that comprises
(in ascending order) the Nedubrovo, Astashinsk, and Rya-
binsk members. On the basis of biostratigraphic and magne-
tostratigraphic criteria, the two lower members are consid-
ered to belong to the Permian, while the Ryabinsk Member
represents the conchostracan Falsisca verchojanica Zone of
the Germanic Basin that corresponds, by indirect correlation,
to the conodont Hindeodus parvus Zone in marine sections of
South China (Kozur and Weems, 2011; Lozovsky, 1998,
2013). The stratigraphic position of the latter strata of the
Sholga locality is regarded by Yaroshenko as lower Induan
based on the Densoisporites complicatus-Ephedripites sp. pa-
lynological assemblage (Yaroshenko and Lozovsky, 2004).

MATERIAL AND METHODS

Palynological samples were collected from a natural ex-
posure on the left bank of the Yug River, 200 m upstream
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from the ferry pier of the village of Sholga (Kirov Region,
Podosinovskii District; Fig. 1; GPS coordinates: N60°25'
54.65", E47°00'47.48"). The samples were kindly provided
by M. A. Aref’ev. The exposed strata, less than 2 m thick,
are marly limestone containing various microfossils. Algal
remains identified as Reduviasporonites chalastus (= Tym-
panicysta stoschiana Balme) and the supposed zygnema-
talean zygospore Maculatasporites Tiwari were recognized
among the palynomorphs (Krassilov et al., 1999a; Afonin et
al., 2001; Foster et al., 2002). Miospores were also studied
(Yaroshenko and Lozovsky, 2004, see the following Sec-
tion). In 2011, an expedition from the Arthropod Labora-
tory of the Paleontological Institute to the Sholga locality
found some plant debris, conchostracans and insects. The
insect association from Sholga corresponds to the Vokhma
Insect Assemblage, and also includes elements of the ento-
mofauna from the Entala and Nedubrovo localities (Volo-
gda Region; Aristov et al., 2013).

Megaspores were isolated from the rock by disintegra-
tion in water, followed by treatment with HCL, and finally
by HF for the silica component. Megaspores were picked
from a Petrie dish by needle and mounted on stubs for scan-
ning electron microscopy, Tescan or CamScan. The mega-
spore collection is deposited in the Paleontological Institute,
Russian Academy of Sciences, no PIN 5529.

PALYNOSTRATIGRAPHY

The megaspore assemblage from Sholga lacks repre-
sentatives of Dijkstraisporites and Narkisporites recorded
from the Middle Triassic of Europe (Rainhardt, 1963: Ko-
zur, 1971; Kozur and Movshovich, 1976; Marcinkiewicz,
1992a; Marcinkiewicz et al., 2014). Also absent are mega-
spores Hughesisporites variabilis Dettman described from
the Upper Triassic of Tasmania and Australia (Dettman,
1961). This species first appears in the basal strata of the as-
semblage biozone Pusulosporites populosus Zone of Fugle-
wicz (1980b) and the assemblage biozone Trileites poloni-
cus Zone of Marcinkiewicz (1992a) that are considered to
belong to the Olenekian (Marcinkiewicz et al., 2014). This
species (determined as H. cf. variabilis) is also known from
the Lower Triassic of Romania (Antonescu and Tougar-
deau-Lantz, 1973). Our assemblages lack also the represen-
tatives of the distinctive genus Pusulosporites (or Talchi-
rella). In Poland, the first appearance of P. populosus Fug-
lewicz and P. inflatus Fuglewicz is the same as that of H.
variabilis (Fuglewicz, 1980b, Marcinkiewicz et al., 2014).
In the late Olenekian assemblages, representatives of Pusu-
losporites occur in abundance (Fuglewicz, 1980b; Marcin-
kiewicz et al., 2014). Pusulosporites is a common Lower
Triassic genus recorded also from Romania (Antonescu and
Taugourdeau-Lantz, 1973, Russia (Kozur and Movshovich,
1976), and India (Maheshvari and Banerji, 1975; Pal ef al.,
1997) where it occurs in abundance (Pal ef al., 1997). It fol-
lows that the Sholga assemblage is older than the Olenekian.

On the basis of its taxonomic composition, our assem-
blage is assignable to the Otynisporites eotriassicus Zone
distinguished by Fuglewicz (1980b), and Marcinkiewicz
(1992a) in the subsurface deposits of the lower Buntsand-
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stein (the Baltic Formation) in Poland. Our assignment is
primarily based on the presence of Otynisporites tubercu-
latus Fuglewicz that is one of the characteristic species of
the biozone. The presence of O. cf. eotriassicus confirms
this assignment. Less significant is the presence of Trileites
because the taxon is indistinctive. But at least some speci-
mens of Trileites sp. Group I may represent 7. vulgaris Fug-
lewicz (the first appearance in that biozone). Hughesispo-
rites sp. 1 is similar to H. simplex Fuglewicz 1973, the spe-
cies also occurring in that biozone. The succession of mega-
spore assemblages within the O. eotriassicus Zone is known
only from the completely cored Otyn IG-1 borehole. In that
borehole, the lower assemblage, recovered from the Sub-
oolitic Beds, includes O. eotriassicus and O. tuberculatus
(Fuglewicz, 1977, 1980a, b). The Sub-oolitic Beds of the
Gorzéw Wielkopolski IG-1 borehole yielded Triangula-
tisporites reticulatus Fuglewicz. The assemblages from the
overlying Lower Oolitic Beds are more diversified; they in-
clude, in addition to the two Otynisporites species, Echitri-
letes fragilispinus Fuglewicz, Hughesisporites simplex Fug-
lewicz, Maexisporites ooliticus Fuglewicz, Pusulosporites
permotriassicus Fuglewicz, and Trileites vulgaris Fugle-
wicz. Of these taxa, only single specimens of H. simplex
and E. fragilispinus were found; more common are the other
three taxa mentioned. It is worth noting that the highest as-
semblages from the Lower Oolitic Beds of the Otyn IG-1
borehole include only three species, i.e., O. tuberculatus, M.
ooliticus and T. vulgaris. It is conceivable that these assem-
blages are similar in stratigraphic position to those from the
Sholga locality.

The lower and the upper boundaries of the Otynispo-
rites eotriassicus Zone in Poland, as defined by Fuglewicz
(1980b), are not known because there is a barren interval
below the zone in all sections, and a barren interval more
than 200 m thick above its upper limit. Marcinkiewicz
(1992a) and Marcinkiewicz et al. (2014) redefined that
biozone, placing its lower boundary at the first appearance
of O. eotriassicus. The latter distinctive species has been
recognized in uppermost Permian and Induan strata of vari-
ous areas of the northern hemisphere. In Jameson Land,
East Greenland, it occurs in the Oksedal Member of the
Schuchert Dal Formation (Looy ef al., 2005). That forma-
tion belongs to the Permian as the first appearance of Hinde-
odus parvus has been recorded from the overlying Wordie
Creek Formation (Twitchett et al., 2001). O. eotriassicus
has been also recorded from the latest Permian Tesero
Oolite of the southern Alps (Kozur, 1998), and the latest
Permian Nedubrovo Member of the Moscow Basin (Kras-
silov et al., 1999b; Lozovsky et al., 2001; Krassilov and
Karasev, 2008, 2009; Kozur and Weems, 2011). O. eotria-
ssicus has been also recorded from the Changhsingian of the
Junggar Basin, northwestern China (Ouyang and Norris,
1999; Metcalfe et al., 2009; Kozur and Weems, 2011). It
should be noted that the records of the distinctive, easily
recognizable species O. eotriassicus are not provided with a
description of the accompanying assemblage, the only ex-
ception being in Poland (Fuglewicz, 1977, 1978, 1980a, b;
Marcinkiewicz, 1992a; Marcinkiewicz et al., 2014).

Fuglewicz (1980b) placed the lower Buntsandstein (the
Baltic Formation) and the O. eotriassicus Zone in the upper-

273

most Permian, in agreement with Visscher (1971) on the ba-
sis of palynological studies. The debate on the stratigraphic
position of the lower Buntsandstein in Poland has a long
history (see Marcinkiewicz et al., 2014). Magnetostratigra-
phic data (Nawrocki, 1997, 2004) indicated that the base of
the Baltic Formation occurs close to the base of the Griesba-
chian (basal Induan). In several boreholes, the megaspore
assemblages of the biozone under discussion are associated
with miospores indicative of the Lundbladispora obsoleta—
Protohaploxypinus pantii Zone (Ortowska-Zwolinska,
1984). Thus, the O. eotriassicus Zone in Poland is consid-
ered to be of Induan age (Marcinkiewicz ef al., 2014).

The megaspore assemblages of Sholga that are similar
in composition to those from a higher part of the O. eotria-
ssicus Zone in Poland are of the Induan age. This conclu-
sion is consistent with the earlier miospore data from Sholga
and other Lower Triassic localities of the Moscow Syne-
clise where Yaroshenko (in Yaroshenko and Lozovsky,
2004) distinguished four palyno-complexes. The upper part
of the Astashinsk Member and the Ryabinsk Member were
included in the Densoisporites complicatus-Ephedripites sp.
palyno-complex characterized by the mass occurrence of
Densoisporites complicatus Balme and other species of that
genus, and by an abundance of Ephedripites (among others
E. steevesi (Jansonius) de Jersey et Hamilton) and Protoha-
ploxypinus spp. The species Kraeuselisporites septatus
Balme, Lundbladispora wilmotti Balme, L. brevicaula
Balme, and L. obsoleta Balme appear in this complex for
the first time. On the basis of the composition of the assem-
blages, the Densoisporites complicatus-Ephedripites sp. pa-
lyno-complex has been correlated by Yaroshenko and Lo-
zovsky (2004) with the Lundbladispora obsoleta—Proto-
haploxypinus pantii Zone of Ortowska-Zwoliniska (1984).

PALAEONTOLOGICAL DESCRIPTIONS

This section includes descriptions of almost all taxa and
morpho-groups encountered, even those represented by a
few specimens or only one specimen. This is because there
is a paucity of data on the Induan megaspores and still insuf-
ficient data on fine features of megaspore surfaces. The au-
thors have used the traditional, morphological genera, but
also have indicated the existence of some close similarities
between morphologically differing taxa that share some fea-
tures of the exine surface and occasionally in cross-section,
as viewed at high power under the SEM (see Remarks for
Bacutriletes, Hughesisporites sp. 1, and Verrutriletes).

Genus Bacutriletes (van der Hammen) Potonié, 1956

Type species: Bacutriletes (Selaginellites) greenlandicus (Miner)
Potonié, 1956.

Bacutriletes sp.
Fig. 2A-D

Material: One specimen.

Description: Specimen rounded-triangular in equatorial outline,
295 um in diameter. Trilete mark faint, laesurae 0.6 of radius in
length, in the form of ridges in the apical part, diminishing in
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Induan megaspores from Sholga locality. A-D. Bacutriletes sp., specimen PIN 5529/123: A, B — proximal and distal view, C —

detail of proximal wall in apical area showing rugulate exine surface, D — detail of proximal wall showing baculate ornamentation. E, F.
Hughesisporites sp. 1, specimen PIN 5529/14: E — proximal view, F — fragment of broken (distal or proximal) wall showing three-layered
exoexine. G—I. Hughesisporites sp. 2, specimen PIN 5529/64: G — fragment of laterally flattened megaspore, H — radially folded or
grooved contact face delimited by arcuate ridge, I — detail of wall covered by densely set, hollow (arrow) sphaerules.

height and width toward the equator where they become obscured
by ornamentation (Fig. 2A). Contact area not delimited. In the api-
cal area exine covered by rugules and granules 2-4 pum wide;
exine surface between these elements, viewed at high power under
SEM, is a fine mesh with muri about 0.25 pm wide (Fig. 2C). Re-
mainder of exine is ornamented with bacula about 2.5 um wide at
the base and 7-9 pm long. The bacula consist of an apical head or
knot of uneven surface, dense and pitted, and the basal part that is
widest at the base, and is microreticulate with elements that have a
slight alignment perpendicular to spore surface (Fig. 2D). The ba-
cula are 2.5 to 4 um apart, positioned on a micro-reticulate surface.
Remarks: We have included our specimen in Bacutriletes as the
ornamentation processes are mostly bacula. But when viewed at
high power under SEM, the bacula in our specimen differ from
those in other Bacutriletes (when illustrated). The bacula of the
Cretaceous species Bacutriletes sp. A. (in Taylor and Taylor,
1988, pl. 5, fig. 6), B. nanus (Dijkstra) Potonié (in Batten, 1988, pl.
6, figs 7, 8), B. ferulus Koppelhus and Batten (Koppelhus and Bat-
ten, 1989, p. 102, pl. 4, fig. 9), and B. majorinus Koppelhus and
Batten (Koppelhus and Batten, 1989, 102, 104, pl. 5, fig. 2) do not
consist of two distinct parts and their surface is an open reticulate

meshwork. On the other hand, our specimen has some resemblance
to megaspores included in Maexisporites — the bacula of the speci-
men of Sholga resemble those of Maexisporites hammaephorus
Schulz et Knoll (in Koppelhus and Batten, 1989, pl. 2, fig. 7), and in
M. grosstriletes (see Fig. 2F). With its faint tetrad mark and lack of
curvaturae, this form differs from other Triassic representatives of
Bacutriletes.

Genus Hughesisporites Potonié, 1956

Type species: Hughesisporites (Triletes) galericulatus (Dijkstra)
Potonié.

Hughesisporites sp. 1
Fig. 2E, F

Material: One specimen.

Description: Trilete megaspore, rounded-triangular in equatorial
outline, 225 pm in diameter. Laesurae straight, in the form of
rounded ridges that are higher than wide, about 0.8 radius long.
Contact area distinctly depressed, defined by differential orna-
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mentation, bearing densely set, conate and verrucate eclements
about 10 pm in basal diameter. Beyond contact area, exine is cor-
roded, appearing rough. When viewed at high power under SEM,
exine surface is granular and pitted. Broken wall of the distal
hemisphere shows that the exoexine is three layered (Fig. 2F). The
outer layer represents a loose network of vertically arranged, about
4 pm long, perforated elements about 1 pm wide. The middle layer
is about 5 um in thickness, constructed of densely packed elements
that are circular in cross-section, and 0.25 pm in diameter. The
lower layer about 5.5 pm thick, is not distinctly delimited from the
overlying one. It represents a network of rods that are less densely
packed than the elements of the middle layer. The vertical elements
of the outer exine layer form a surface covered by closely spaced, ir-
regular elements of granular and pitted appearance (Fig. 2F, top).
Remarks: Hughesisporites simplex Fuglewicz (Fuglewicz, 1977,
p- 423, pl. 40, fig. 4) from the Induan of Poland has the same type
of sculpture on contact faces, but is finer. The exine ultrastructure
of the broken wall of our specimen recalls that in Maexisporites
pyramidalis Fuglewicz, 1973 (see Fig. 4L)

Hughesisporites sp. 2
Fig. 2G-1

Material: One specimen.

Description: Only one fragment of the obliquely flattened mega-
spore has been found. Its equatorial diameter may be estimated as
300 um. The fragment represents part of the shallowly, radially
folded contact face delimited by a distinct arcuate ridge; parts of
30 pm high triradiate ridges with crenulate crest are also present
(Fig. 2H). Exine surface appears smooth; when observed at high
power under SEM it is very compact and granular, with granules
less than 0.25 um in diameter. It is covered by patches of densely set
sphaerules 2.5—4 pm in diameter, hollow inside (Fig. 21, arrow).
Remarks: The specimen is too poorly preserved to enable specific
determination. Similarly grooved contact faces occur in the Lower
Triassic megaspores Hughesisporites inflatus Fuglewicz (Fugle-
wicz, 1973, p. 441-442, pl. 30, figs 1, 2) and H. tumulosus Marcin-
kiewicz (Marcinkiewicz, 1976, p. 197, pl. 29, fig. 7). The exine
surface in the specimen 5529/64 is quite different from that in the
specimen 5529/14.

The sphaerules on the exine surface resemble, in size and
shape, the ornament of Cabochonicus carbunculus (Dijkstra) Bat-
ten and Ferguson (1987) and Pusulosporites peromtriassicus Fug-
lewicz (1977). Marcinkiewicz (1979, 1980) considered the sphae-
rules occurring in C. carbunculus as manifestation of fungal at-
tack. Cantrill and Drinnan (1994) discussed the nature of these
structures in Cabochonicus, and showed, using TEM section, that
the sphaerules were composed of sporopollenin and were continu-
ous with the outermost sporoderm layer, so they were not fungal.
However, the patchy occurrence of our sphaerules and their hol-
lowness indicates that they do not represent processes of ornamen-
tation. Streaks of similar sphaerules occur also in some other
specimens in our material.

Genus Maexisporites Potonié, 1956

Type species: Maexisporites (Triletes) soldanellus (Dijkstra)
Potonié, 1956.

Maexisporites grosstriletus (Liu, Zhu and Ouyang, 2011)
comb. nov.
Fig. 3A-H

*2011  Biharisporites grosstriletus sp. nov. — Liu, Zhu and
Ouyang, p. 144, pl. IV, figs 1-9.

Material: Five specimens.
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Description: Trilete megaspores, subcircular or subtriangular in
equatorial outline, 175(274)363 pm in equatorial diameter (five
specimens). Laesurae about 0.7 of spore radius long or almost
reaching the equator, straight or slightly sinuous, in the form of
apically rounded ridges about 15 pm wide near the apex, diminish-
ing in height toward the equator. In their equatorial part, the ridges
may be almost completely obscured by sculpture (Fig. 3B, D).
Contact area not delimited or distinguished by a band of finer and
more crowded sculpture surrounding it in the distal-equatorial re-
gion (Fig. 3D, arrow). Exine sculptured by densely set globular el-
ements, discrete or fused into rows to form rugulae, averaging 5
pum in width but varying between 3—10 um. These elements are
discrete, but close to the apex (Fig. 3B) are crowded. The globules
are uneven and pitted, elevated over the spore surface by the muri
of surface micromesh. The muri are rods or wider, pitted elements
(Fig. 3G, H).

Remarks: Our specimens conform to the general morphology and
sculpture of Biharisporites grosstriletus from the Middle Permian
of Chanxi, North China, but the fine, globular and rugulate (not
spinose) sculpture suggests correct inclusion within Maexispo-
rites. Liu et al. (2011) considered the sculpture of their species as
not typical of Biharisporites.

Maexisporites mediornatus sp. nov.
Fig. 4A-F

Holotype: Specimen PIN 5529/88 (Fig. 4A, B).

Derivation of name: Medius (Lat.) = occurring in the middle;
ornatus (Lat.) = ornamented.

Type locality: Sholga on the Yug River, Moscow Basin, Russia.
Type level: Vokhma Formation, Ryabinsk Member, Induan.
Deposition of type: A.A. Borissiak Paleontological Institute, Rus-
sian Academy of Sciences, Moscow, Profsoyuznaya 123, Russia.
Material: Nine specimens.

Diagnosis: A species of Maexisporites with prominent laesurae al-
most reaching the equator, coarsely-sculptured over the central
part of the proximal hemisphere, with finer sculpture outside that
area. Polar axis longer than the equatorial diameter.

Description: Trilete megaspores usually preserved in polar or
oblique compression, circular in equatorial outline. The equatorial
diameter may not be precisely established because our specimens
are often folded; it can be estimated as 175 (233) 294 pm (8 speci-
mens); the polar axis is about 5-16% longer than the equatorial di-
ameter. Proximal hemisphere low pyramidal, distal hemisphere
rounded (Fig. 4C). Laesurae straight, in the shape of ridges that
may become wider or narrower toward the equator, extending
almost to equator. Contact area not delimited, may appear slightly
swollen. Central part of the proximal hemisphere bears closely
spaced elements of irregular shape about 5 pm in diameter (Fig.
4B). Viewed at high power under SEM, these elements have an un-
even, perforated surface (Fig. 4F). The remainder of exine is rugu-
late, the rugulae are closely spaced and fine, about 1-2 um wide.
Remarks: Maexisporites sp. cf. M. pusillus Li and Batten (in
Lupia, 2011, p. 15-16, fig. 13/1-3), from the Santonian of USA,
differs from our species in having a smooth distal hemisphere. The
Cretaceous species M. pusillus Li and Batten (in Li et al., 1987, p.
122, pl. 1, figs 2, 5), and Ladinian M. meditectatus (Reinhardt)
Kozur (in Marcinkiewicz et al., 2014, pl. 2, fig. 11) are much
larger.

Maexisporites pyramidalis Fuglewicz, 1973
Fig. 4G-L

*1973  Maexisporites pyramidalis sp. nov. — Fuglewicz, p.
422-423, pl. XXI, 2, 3; pl. XXI, 6.

Material: Eighteen specimens.
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Induan megaspores from Sholga locality. A—H. Maexisporites grosstriletus (Liu, Zhu and Ouyang ) comb. nov.; A—C —

specimen PIN 5529/17: A, C — proximal and distal view, B — detail of proximal hemisphere showing sculpture; D, E — specimen PIN
5529/18: D — equatorial view; note the denser sculpture at the equatorial area (arrow), and the tetrad mark almost completely obliterated
by sculpture, E — detail of distal wall showing sculpture of globular elements; F-H — specimen PIN 5529/125: F — distal? view. G, H — de-

tails of wall showing sculpture.

Description: Trilete megaspores, subtriangular in equatorial out-
line, 136 (189) 210 pm (10 specimens) in equatorial diameter.
Contact faces usually swollen in the central part and sunken at ex-
tremities. Laesurae straight or slightly sinuous, in the shape of
rounded ridges about 20 um wide, may become wider equato-
rially, extending almost to equator. At low magnification, exine
appears granulate, and rugulate when viewed at high power under
SEM. The rugulae are short, very densely set, 3—5 um wide proxi-
mally, finer distally, appearing as clusters of fine granules less
than 0.5 pm in diameter. The distal hemisphere may be folded into
broad ridges and low, verruca-like protuberances (Fig. 4H, I). The
gaping laesura of specimen PIN 5529/13 shows that the surface el-
ements are vertical columns, perforated, 7 um high, and the deeper
part of exoexine is 9 pum thick; it comprises very dense network of
elements, circular in cross-section, about 0.25 pm in diameter
(Fig. 4L).

Remarks: Our specimens are slightly smaller than those described
by Fuglewicz (1973, p. 422-423, pl. 21, figs. 2a, 2b; pl. 31, fig. 6).

Stratigraphical distribution: Olenekian, Poland (Fuglewicz,
1980b), Induan, Russia (present paper).

Maexisporites rugulaeferus sp. nov.
Fig. SA-M

Holotype: PIN 5529/113 (Fig. 5A-D).

Derivation of name: Ruga (Lat.) = wrinkle; fero (Lat.) = bear.
Type locality: Sholga on the Yug River, Moscow Basin, Russia.
Type level: Vokhma Formation, Ryabinsk Member, Induan.
Deposition of type: A.A. Borissiak Paleontological Institute, Rus-
sian Academy of Sciences, Moscow, Profsoyuznaya 123, Russia.
Material: twenty-five specimens.

Diagnosis: Megaspores ornamented by rugulate elements that are
either discrete or interconnected to form an imperfect micro-retic-
ulum. The sculpture is distinctly coarser over the proximal face.
Description: Trilete megaspores, subcircular in equatorial outline,
180 (256) 336 um in diameter (10 specimens). Laesurae straight or
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Induan megaspores from Sholga locality. A—F. Maexisporites mediornatus sp. nov.; A, B —holotype, specimen PIN 5529/88: A

— proximal view, B — sculpture of contact faces; C — specimen PIN 5529/57, laterally flattened megaspore; D — specimen PIN 5529/103,
equatorial view; E, F — specimen PIN 5529/110, details of sculpture of contact faces. G—L. Maexisporites pyramidalis Fuglewicz 1973;
G-I — specimen PIN 5529/15: G-H — proximal and distal view, I — distal hemisphere folded into broad ridges and low circular protuber-
ances; J — specimen PIN 5529/81, proximal view; K, L — specimen PIN 5529/13: K — proximal view, L — fragment of open laesura show-

ing ultra-structure of wall.

sinuous with low, narrow lips diminishing in width toward the
equator, about 0.7 of spore radius or almost reaching the equator.
Contact area delimited by differential ornamentation, may be slig-
htly sunken. At low magnification exine appears rough or mi-
cro-reticulate, rugulate at high power under SEM (Fig. 5C, D) with
occasional discrete granules on the proximal surface between the
rugulae (Fig. 5G). The surface of these sculptural elements is gran-
ular. The rugulae are sinuous, discrete or interconnected to form
an imperfect reticulum. The sculpture is distinctly coarser over the
proximal face where the granules and rugulae are 2—-8 um wide; on
the distal surface, the rugulae are up to 2 um wide. Spaces between

rugulac are mostly wider than the latter; but close to the apex,
these elements may be closely set. Exine surface between rugulae
is microreticulate, with lumina about 0.5-1 pm in diameter, and
the muri are thinner (Fig. 5D, L).

Remarks: In this new species, the contact faces have coarser
sculpture than the remaining spore surface; in that respect the spe-
cies differs from M. sp. aff. Biharisporites grosstriletus Liu, Zhu
and Ouyang from Sholga, M. spongiosus Fuglewicz (Fuglewicz,
1977, p. 409-410, pl. 28, fig. 8) from the Olenekian of Poland, and
M. magnuszewensis Fuglewicz (Fuglewicz, 1977, p. 409, pl. 28,
figs 6, 7) from the Middle Triassic of Poland.
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Fig. 5. Induan megaspores from Sholga locality. A-M — Maexisporites rugulaeferus sp. nov.; A—D — holotype, specimen PIN
5529/113: A-B — proximal and distal view, C, D — details of distal wall showing sculpture; E-G — specimen PIN 5529/105: E, F — proxi-
mal and distal view, G — detail of proximal wall showing sculpture; H — specimen PIN 5529/47, oblique compression, note finer sculpture
over the distal hemisphere; [, J — specimen PIN 5529/100: I — proximal view, J — detail of proximal wall showing sculpture; K, L — spe-
cimen PIN 5529/43: K — proximal view. L — detail of proximal wall showing sculpture; M — specimen PIN 5529/46, oblique compression.

Genus Otynisporites Fuglewicz, 1977, emend.

Type species: Otynisporites eotriassicus Fuglewicz, 1977.
Emended diagnosis: A triradiate megaspore that bears agglomer-
ations of long spines and bacula surmounting warts, tubercules or
ribs, or occurring on essentially smooth exoexine.

Remarks: The diagnosis by Fuglewicz is emended to accommo-
date megaspores lacking tubercules, warts and ribs. Fuglewicz
used the term “capilli” to describe the appendages surmounting
various elevations, but we prefer bacula and spines (see Punt et al.,
1994) as better fitting the ornamentation features of all known spe-
cies attributable to Otynisporites.
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Otynisporites sp. cf. O. eotriassicus Fuglewicz, 1977
Fig. 6J-L

Material: One specimen.

Description: Megaspores apparently trilete, subcircular in equato-
rial outline, 330 um in diameter. Exine ornamented with regularly,
densely set circular, low verrucae covered by aggregated spines
and bacula about 1 pm wide basally, up to 8 pm long (Fig. 6K, L).
Exine surface between the verrucae is microreticulate, the lumina
and the muri average 1 pm in diameter. Granules and short pila
less than 1 um wide surmount the muri.

Remarks: The ornamentation of this specimen is very similar to
that of O. eotriassicus Fuglewicz (Fuglewicz, 1977, pl. 30, fig. 2)
from the Induan of Poland, and of Otynisporites sp. from the
Zechstein of Poland (Fuglewicz, 1980b, pl. 1, figs 1, 2), but confi-
dent specific assignment of the single specimen is not possible.

Otynisporites maculosus sp. nov.
Fig. 6A-E

Holotype: Specimen PIN 5529/19 (Fig. 6A—C).

Derivation of name: Maculosus (Lat.) = spotty, with ornamenta-
tion occurring in spots.

Type locality: Sholga on the Yug River, Moscow Basin, Russia.
Type level: Vokhma Formation, Ryabinsk Member, Induan.
Deposition of type: A.A. Borissiak Paleontologiczal Institute, Rus-
sian Academy of Sciences, Moscow, Profsoyuznaya 123, Russia.
Material: Ten specimens.

Diagnosis: A species of Otynisporites ornamented with subcircu-
lar, regularly distributed, discrete agglomerations of bacula and
spines occurring on essentially smooth exoexine.

Description: Trilete megaspores, circular in equatorial outline,
283(336)411 um (six specimens) in equatorial diameter. Laesurae
straight to slightly sinuous or constricted along their length, in the
form of ridges up to 30 um high in the apical region, in some spec-
imens diminishing in height toward the equator, about 0.9 of ra-
dius long. Contact area slightly sunken and defined by differential
ornamentation; arcuate ridges lacking or very slight. Exine orna-
mented with bacula and spines that are often swollen near their ter-
mination. These appendages are usually 4—5 um long and 1-2 pm
wide, occasionally 7-8 pm long (Fig. 6B). They are arranged in
discrete, regularly distributed, subcircular agglomerations, except
for just beyond the contact area where they form a band of evenly
distributed appendages (Fig. 6A). The ornament occurs on essen-
tially smooth exoexine, but in some specimens (Fig. 6E), it occurs
on very slight elevations. Exine surface between the agglomera-
tions, when viewed at high power under SEM, is a fine mesh with
oval lumina about 0.5-1 pm in diameter and muri about 0.5 pm
wide, bearing granules 0.5-1 pm in diameter (Fig. 6B). The opening
in the outer exospore of specimen PIN 5529/19 shows detached and
folded intexine with a microreticulate sculpture (Fig. 6C).
Remarks: Otynisporites maculosus sp. nov. differs from O. eo-
triassicus and O. tuberculatus in having agglomerations of bacula
and spines that occur directly on smooth exoexine and not on warts
or tubercules. It differs from O. tuberculatus in lacking prominent
arcuate ridges. The ornamentation of our species resembles Biha-
risporites cf. foskettensis Glasspool (Glasspool, 2003, p. 246, 249,
pl. 2, figs 1-6) as described by Liu ez al. (2011, p. 144, pl. V/10-
12) from the Upper Permian (Wuchiapingian) of Shanxi, N. China,
but the ornamentation elements of the latter are exclusively spines,
and their size is given as 3(4)6 um wide and 23(44)59 um long
(possibly erroneously because of disparity with the illustrations).

Otynisporites tuberculatus Fuglewicz, 1977
Fig. 6F-1

*1977  Otynisporites tuberculatus sp. nov. — Fuglewicz, p.
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413, pl. 31, figs 1-3.

1980a  Otynisporites tuberculatus Fuglewicz — Fuglewicz, pl.
2, fig. 5; pl. 3, fig. 7.
1980b  Otynisporites tuberculatus Fuglewicz — Fuglewicz, pl.
2, fig. 3.
2009  Otynisporites eotriassicus Fuglewicz — Krassilov and

Karasev, fig. 4.

Material: Five specimens.

Description: Trilete megaspores, subcircular in equatorial outline,
324(363)420 um in equatorial diameter (five specimens). Laes-
urae extending almost to equator, straight, in the form of high, nar-
row bands, 30-50 um high, of even height along the length or low-
ering near the terminations (Fig. 6F). Contact area delimited by
distinct, narrow and low arcuate ridges (Fig. 6G). Exine orna-
mented with tuberculate and conate elements about 10-15 pm
wide at the base, surmounted by one or more spines and bacula av-
eraging 2.5—4 um long (Fig. 6H). The tuberculate/conate elements
are mostly connected with the neighbouring ones by fold-like ele-
vations (Fig. 61). The bands of the trilete rays are similarly orna-
mented. The ornamentation elements are finer adjacent to the
arcuate ridges. Exine surface is microreticulate, lumina are 0.5—
1.5 pm in diameter, and muri are narrower, bearing scattered sin-
gle granules and short bacula.

Remarks: The description of O. eotriassicus and O. tuberculatus,
and the statement of the differences are very generalized (Fugle-
wicz, 1977, pp 412-413). The typical form of the former taxon de-
rived from the type material, i. e. the holotype (Fuglewicz, 1977,
pl. 30, fig. 2) is ornamented by tubercules surmounted by brush-
like agglomerations of baculate processes, low laesurae covered
with elements of ornamentation, and curvaturac marked by rows
of densely packed ornamentation elements. The specimen of that
species in Fuglewicz (1977, pl. 30, fig. 1) has laesurae developed
in the form of high ridges and bears distinct high arcuate ridges.
That form is similar to O. tuberculatus, except for the ornamenta-
tion processes. The specimen of O. eotriassicus from the Nedu-
brovo locality in Russia (Krassilov et al., 19990, fig. 2/5-7; Lozo-
vsky et al., 2001, pl. 2/1, 2) is ornamented with discrete elevations
like O. eotriassicus, but features prominent triradiate ridges that
are more like those of O. tuberculatus. Some other specimens from
the same locality (Krassilov and Karasev, 2009, fig. 4A—C) have
discrete ornamentation processes, low triradiate and faint arcuate
ridges. To sum up — both O. eotriassicus and O. tuberculatus are
morphologically very variable, and it is often difficult to distin-
guish between them.

Occurrence: O. tuberculatus has been reported only from Poland;
its range corresponds to that of. O. eotriassicus, i.e., Induan (Mar-
cinkiewicz, 1992a, Marcinkiewicz et al., 2014).

Genus Trileites (Erdtman) ex Potonié, 1956

Type species: Trileites (Triletes) spurius (Dijkstra) Potonié, 1956.
Remarks: The genera Trileites and Banksisporites Dettman
emend. Glasspool are morphologically similar, and Trileites has
priority. Megaspores included in 7rileites lack distinct morpholog-
ical characters on which to differentiate them. Because of this, and
because we have only few specimens, we have neither assigned
them to a known species, nor have we erected new taxa.

Trileites spp., Group |
Fig. TA-C

Material: Ten specimens.

Description: Megaspores trilete, rounded-triangular to subcircu-
lar in equatorial outline, 244(267)330 um in diameter (7 speci-
mens). Trilete rays almost reaching the equator, in the form of
bands about 20 pum high, diminishing in height equatorially,
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100 pm

Fig. 6.  Induan megaspores from Sholga locality. A—E. Otynisporites maculosus sp. nov.; A—C — holotype, specimen PIN 5529/19: A —
laterally flattened megaspore, B — agglomeration of ornamentation appendages, C — opening in the outer exospore showing detached and
folded intexine with a micro reticulate sculpture; D — specimen PIN 5529/73, oblique compression; E — specimen PIN 5529/71, proximal
view. F-1. Otynisporites tuberculatus Fuglewicz 1977; F — specimen PIN 5529/3, proximal view; G — specimen PIN 5529/36, contact
area; H, I — specimen PIN 5529/3, details of ornamentation of tuberculate/conate elements surmounted by bacula and spines. J-L.
Otynisporites sp. cf. O. eotriassicus Fuglewicz 1977, specimen PIN 5529/6: J — obliquely flattened specimen, K, L — details of wall show-
ing verrucae covered by agglomerations of spines and bacula.
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Fig. 7.  Induan megaspores from Sholga locality. A—C. Trileites spp., Group I; A, B — specimen PIN 5529/77: A — proximal view, B —
detail of proximal surface showing smooth exine; C — specimen PIN 5529/56, proximal view. D—H. Trileites spp., Group II; D—F — spe-
cimen PIN 5529/1: D — distal view, E, F — details of wall devoid of the outermost compact layer; G, H — specimen PIN 5529/82. I-L.
Verrutriletes? sp. 1; 1 — specimen PIN 5529/33, distal view; J-L — specimen PIN 5529/98: J, K — proximal and distal view, L — detail of
distal surface bearing low verrucae and elongate elements. M—O — Verrutriletes sp. 2, specimen PIN 5529/126: M, N — proximal and distal
view, O — detail of distal wall covered by granular and rugulate elements.
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straight or slightly sinuous. Contact faces not delimited or defined
by very faint arcuate ridges (Fig. 7C). Exine surface in low magni-
fication appears smooth; in high magnification, it is densely pitted,
pits about 0.25 um wide.

Remarks: Trileites polonicus, T. sinuosus and T. vulgaris are
three Lower Triassic megaspore species described from Poland by
Fuglewicz (1973). All are similar to the megaspores of Group I ex-
cept that the diameters of the Sholga specimens are at the low end
of the size range of the Polish species.

Trileites spp., Group 11
Fig. 7D-H

Material: Two specimens.

Description: Megaspores apparently trilete, rounded-triangular in
equatorial outline, 169 and 248 pm in diameter. Exine surface ap-
parently smooth (Fig. 7D). At high power under SEM, the outer
exine layer is dense and compact, and immediately beneath, exine
comprises a three-dimensional network. In surface view, the lu-
mina of the network are irregularly oval, 2.5-8 um in longest di-
ameter; the muri are 1-2 um wide, consisting of rods and granules,
and pitted (Fig. 7E, F, H). Several layers of this mesh may be seen
through the openings.

Remarks: The ultrastructure of exine seen in the megaspores of
Group Il is very similar to that in Trileites persimilis (Harris)
Dijkstra (in Koppelhus and Batten, 1989, pl. 1, figs 1, 2).

Genus Verrutriletes (Van der Hammen) Potonie 1956
emend. Binda et Shrivastava 1968

Type species: Verrutriletes (Triletes) composipunctatus (Dijkstra)
Potonié 1956.

Verrutriletes? sp. 1
Fig. 7J-L

Material: One specimen.

Description: Trilete megaspore, circular in equatorial outline,
297 um in diameter. Laesurae are prominent, apically rounded
ridges, about 15 pm wide within their central part, slightly widen-
ing toward extremities, almost reaching equator. Contact faces dis-
tinctly delimited by curvaturae. The entire proximal surface co-
vered by densely set, low verrucae 20-25 pm in basal width, up to
5 um high at the equator. Distal surface bears an ornament of low
verrucae and meandering elongate elements (Fig. 7L). Exine sur-
face is granular, at high power under SEM, that of the proximal
hemisphere presents a patchwork of closely set irregular elements
2.5— 3 um wide, granular and pitted. Distal exine is similar, the
elements are more granular, 1.5-2 pm wide.

Remarks: The exine surface of the specimen Verrutriletes? sp. 1
is granular and could be described as of Maexisporites type, unlike
the microreticulate surface of at least some Verrutriletes e.g., V.
composipunctatus (Dijkstra) Potonie in Batten (1988, pl. 4, figs 9,
10). The specimen described above is similar to V. preutilis Fugle-
wicz (Fuglewicz, 1977, p. 410, pl. 30, figs 3, 4, and Marcinkiewicz,
19920b, pl. 3, fig. 4) from the Ladinian of Poland, but the verrucae in
the Sholga specimens are wider in proportion to the megaspore di-
ameter.

Verrutriletes? sp. 2
Fig. 7M-O

Material: One specimen.

Description: Trilete megaspore, circular in outline, 255 pm in di-
ameter. Laesurae are distinct, in the form of ridges that widen to-
ward the equator. Contact faces unornamented, distinctly delimi-
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ted by sunken curvaturae of clover-leaf shape. Exine outside con-
tact faces ornamented by verrucae 10 um in basal diameter, up to 4
pum high, up to 8 um apart. Exine surface granular, under high
power SEM covered by closely set, rugulate elements having a
granular and pitted appearance (Fig. 70).

Remarks: The exine surface of the specimen is granular, and sim-
ilar to that of Maexisporites.

THE POST-CRISIS MEGASPORE
ASSEMBLAGE

The samples from the Ryabinsk Member from Sholga
locality yielded 126 megaspore specimens. Of these, only
90 specimens were sufficiently well preserved to allow tax-
onomic assignment. The assemblage is dominated by repre-
sentatives of Maexisporites which account for 63% of all
recognizable specimens. The second commonest genus is
Otynisporites (almost 18%), and the third is Trileites (13%).
The authors have assigned some specimens to Bacutriletes,
Hughesisporites, and Verrutriletes?, but as discussed in the
systematic descriptive section, the exinal structure in these
megaspores is of Maexisporites type and it differs thereby
from some species of Verrucosisporites and Bacutriletes
(see Remarks for Bacutriletes, Hughesisporites sp. 1, and
Verrutriletes? sp. 1, sp. 2). Thus, the authors consider that
the assemblage from Sholga is of low generic diversity. The
assemblages of the O. eotriassicus Zone described by Fug-
lewicz (1977, 1980a, b) are similarly poor in taxa. These as-
semblages are best known from the Otyn IG-1 borehole
where they were recovered from 14 core-samples. The com-
monest are representatives of Trileites vulgaris (10 sam-
ples) and Otynisporites tuberculatus (11 samples); less
common are O. eotriassicus (6 samples) and Maexisporites
ooliticus (4 samples). Echitriletes fragilispinus and Pusulo-
sporites permotriassicus are rare (1 and 2 samples respec-
tively). The low diversity of those earliest Triassic mega-
spore assemblages is evidently a manifestation of the end-
Permian biotic crisis. It may be added that the miospore as-
semblages associated with the megaspores of the present
authors (Yaroshenko and Lozovsky, 2004) contain numer-
ous unseparated spore tetrads — a mutation characteristic of
stressed environments (e.g., Visscher et al., 2004).

The external morphology of the megaspores suggests
that they were produced by lycopsids. The simple trilete
spores with smooth exine surface assignable to Trileites
(Banksisporites) have been widely reported from pleuro-
meiacean strobili (reviewed by Balme, 1995, see also Lu-
gardon et al, 2000, Grauvogel-Stamm and Lugardon,
2004), but also from selaginellalean fructifications (Balme,
1995). Sporoderm ultrastructure of Otynisporites eotrias-
sicus has been studied by Looy et al. (2005), who consid-
ered this taxon to be of isoetalean (pleuromeiacean) affinity.
The botanical relationship of the most common genus Mae-
xisporites is not known. The exine surface in megaspores of
this taxon is similar to that in some extant Selaginella mega-
spores, such as S. denticulata and S. peruviana, illustrated
by Moore et al. (2006, figs 4B and 4D)

It has been already noted by Dettman (1961), who stud-
ied the Rhaeto—Liassic megaspore floras of Tasmania and
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South Australia, that the Mesozoic megaspore floras were
quite uniform over Pangea. This worldwide similarity is less
pronounced in relation to the Early and Middle Triassic as-
semblages that differ considerably even between peninsular
India and Australia (Scott and Playford, 1985). The assem-
blage of the present authors bears very little resemblance to
the Gondwanan ones. Its dominant element — Maexispori-
tes, and the widely distributed genus Otynisporites have not
been found in the Gondwanan continents. The only excep-
tion is that representatives of Maexisporites are also known
from Morocco (Lachkar, 1989, fide Kovach and Batten,
1989). The megaspore assemblages from Sholga share with
those from the Gondwana only the representatives of 7rilei-
tes and Hughesisporites.
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