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Ab stract: This study de scribes the megaspore as sem blages from the Ryabinsk Mem ber of the Vokhma For ma tion 
of the Mos cow Syneclise. The ge nus Otynisporites is emended, three new spe cies, Maexisporites meditectatus, M. 
rugulaeferus and Otynisporites maculosus, are erected, and one new com bi na tion, Maexisporites grosstriletus, is
pro posed. Megaspore de scrip tions re late the gross mor phol ogy and fine struc ture of the exine sur face of thir teen
taxa. From the ap pear ance of the exine sur face and or na men ta tion pro cesses, it ap pears that some forms cur rently
in cluded in cer tain gen era ac cord ing to their mor pho log i cal fea tures do not be long to them. The as sem blage from
Sholga is ev i dently of low di ver sity at the ge neric level, pos si bly re flect ing the end-Perm ian bi otic cri sis. The
com po si tion of the megaspore as sem blages in di cates their Induan age.
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IN TRO DUC TION

Megaspores de scribed in this pa per have been recove-
red from the low er most Tri as sic sed i ments of the Mos cow
Syneclise in Rus sia, spe cif i cally at the Sholga lo cal ity on
the Yug River (Fig. 1). The strati graphic po si tion of these
sed i ments is re garded by Lozovsky (1998) and Yaroshenko
and Lozovsky (2004) as lower Induan. The first in for ma tion 
on megaspores of the Perm ian–Tri as sic tran si tion de pos its
of that re gion was ob tained from the Nedubrovo Mem ber of 
the Vokhma For ma tion at the Nedubrovo lo cal ity, whence
Otynisporites eotriassicus Fuglewicz was iden ti fied (Kras-
silov et al., 1999b).

Tri as sic megaspores at tracted in ter est for al most a cen -
tury and the lit er a ture on this sub ject is ex ten sive, how ever,
that con cern ing Induan as sem blages from the north ern he-
misphere is still lim ited. The strati graphic im por tance of
megaspores of the Perm ian–Tri as sic bound ary in ter val is
well rec og nized be cause the in dex spe cies of the  Otynispo-
rites eotriassicus Zone – O. eotriassicus – has a very wide
geo graph ical dis tri bu tion; it has been re corded from north -
west ern China, through Eu rope. The first ap pear ance of that 
spe cies is dated by di rect cono dont data (Kozur, 1998).

In spite of the high cor re la tion po ten tial of the O. eo-
triassicus Biozone, de tailed in for ma tion on the com po si tion 

of its megaspore as sem blages is al most lack ing, be ing lim -
ited to the data from Po land (Fuglewicz, 1977, 1980a, b;
Marcinkiewicz, 1992a; Marcinkiewicz et al., 2014). In this
con text, the pres ent au thors pro vide de tails on the as sem -
blage of that biozone from the Mos cow Syneclise in the
hope that the data pro vided will be use ful for the cor re la tion
of con ti nen tal de pos its of the low er most Tri as sic. These
data are also im por tant for an un der stand ing of the taxono-
mic di ver sity of spore-bear ing plants dur ing the re cov ery of
veg e ta tion af ter the end-Perm ian cri sis.

The iden ti fi ca tion of gen era and spe cies of most fos sil
megaspores de pends largely on gross mor pho log i cal fea -
tures be cause the tax on omy dates from the time when ob ser -
va tions of fine megaspore fea tures at high power were not
ob tain able. As noted by Bat ten (2012), data on exine ul tra-
struc ture are use ful in show ing that in some cases, spe cies
sim i lar to each other in gross mor phol ogy have dif fer ing
walls and should not be in cluded in the same mor pho log i cal
ge nus. The au thors con sider that the pre cise data on the
ultrastructure of exine sur face and the ap pear ance of or na -
men ta tion pro cesses pro vided herein may also be use ful,
and, in the fu ture, may help in con struc tion of a more mean -
ing ful tax o nomic sys tem.



RE GIONAL SET TING

The con ti nen tal Lower Tri as sic de pos its of the Mos cow 
Syneclise oc cur in its ax ial zone and on its north west ern
slope. It has long been con sid ered that the Perm ian–Tri as sic 
bound ary was un con form able over most of the ba sin (Strok
et al., 1984). The hi a tus was sup posed to en com pass the en -
tire Changsingian Stage (Lozovsky and Essaulova, 1998).
How ever, in the Vologda Re gion, a rel a tively com plete tran -
si tional Perm ian–Tri as sic (Vyatkian–Vetlugian) se quence
was dis cov ered (Krassilov et al., 1999b). The lithostratigra-
phic di vi sion of these de pos its is that of Strok et al. (1984).
They are in cluded in the Vokhma For ma tion that com prises
(in as cend ing or der) the Nedubrovo, Astashinsk, and Rya-
binsk mem bers. On the ba sis of biostratigraphic and magne-
tostratigraphic cri te ria, the two lower mem bers are con sid -
ered to be long to the Perm ian, while the Ryabinsk Mem ber
rep re sents the conchostracan Falsisca verchojanica Zone of
the Ger manic Ba sin that cor re sponds, by in di rect cor re la tion,
to the cono dont Hindeodus parvus Zone in ma rine sec tions of 
South China (Kozur and Weems, 2011; Lozovsky, 1998,
2013). The strati graphic po si tion of the lat ter strata of the
Sholga lo cal ity is re garded by Yaroshenko as lower Induan
based on the Densoisporites complicatus-Ephedripites sp. pa- 
lynological as sem blage (Yaroshenko and Lozovsky, 2004).

MA TE RIAL AND METH ODS

Palynological sam ples were col lected from a nat u ral ex -
po sure on the left bank of the Yug River, 200 m up stream

from the ferry pier of the vil lage of Sholga (Kirov Re gion,
Podosinovskii Dis trict; Fig. 1; GPS co or di nates: N60°25'
54.65", E47°00'47.48"). The sam ples were kindly pro vided
by M. A. Aref’ev. The ex posed strata, less than 2 m thick,
are marly lime stone con tain ing var i ous microfossils. Al gal
re mains iden ti fied as Reduviasporonites chalastus (= Tym-
panicysta stoschiana Balme) and the sup posed zygnema-
talean zygospore Maculatasporites Tiwari were rec og nized
among the palynomorphs (Krassilov et al., 1999a; Afonin et 
al., 2001; Fos ter et al., 2002). Miospores were also stud ied
(Yaroshenko and Lozovsky, 2004, see the fol low ing Sec -
tion). In 2011, an ex pe di tion from the Ar thro pod Lab o ra -
tory of the Paleontological In sti tute to the Sholga lo cal ity
found some plant de bris, conchostracans and in sects. The
in sect as so ci a tion from Sholga cor re sponds to the Vokhma
In sect As sem blage, and also in cludes el e ments of the ento-
mofauna from the Entala and Nedubrovo lo cal i ties (Volo-
gda Re gion; Aristov et al., 2013).

Megaspores were iso lated from the rock by dis in te gra -
tion in wa ter, fol lowed by treat ment with HCL, and fi nally
by HF for the sil ica com po nent. Megaspores were picked
from a Petrie dish by nee dle and mounted on stubs for scan -
ning elec tron mi cros copy, Tescan or CamScan. The mega-
spore col lec tion is de pos ited in the Paleontological In sti tute, 
Rus sian Acad emy of Sci ences, no PIN 5529.

PALYNOSTRATIGRAPHY

The megaspore as sem blage from Sholga lacks repre-
sentatives of Dijkstraisporites and Narkisporites re corded
from the Mid dle Tri as sic of Eu rope (Rainhardt, 1963: Ko-
zur, 1971; Kozur and Movshovich, 1976; Marcinkiewicz,
1992a; Marcinkiewicz et al., 2014). Also ab sent are mega-
spores Hughesisporites variabilis Dettman de scribed from
the Up per Tri as sic of Tas ma nia and Aus tra lia (Dettman,
1961). This spe cies first ap pears in the basal strata of the as -
sem blage biozone Pusulosporites populosus Zone of Fugle-
wicz (1980b) and the as sem blage biozone Trileites poloni-
cus Zone of Marcinkiewicz (1992a) that are con sid ered to
be long to the Olenekian (Marcinkiewicz et al., 2014). This
spe cies (de ter mined as H. cf. variabilis) is also known from
the Lower Tri as sic of Ro ma nia (Antonescu and Tougar-
deau-Lantz, 1973). Our as sem blages lack also the rep re sen -
ta tives of the dis tinc tive ge nus Pusulosporites (or Talchi-
rella). In Po land, the first ap pear ance 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 as sem blages, rep re sen ta tives of Pusu-
losporites oc cur in abun dance (Fuglewicz, 1980b; Marcin-
kiewicz et al., 2014). Pusulosporites is a com mon Lower
Trias sic ge nus re corded also from Ro ma nia (Antonescu and
Taugourdeau-Lantz, 1973, Rus sia (Kozur and Movshovich,
1976), and In dia (Maheshvari and Banerji, 1975; Pal et al.,
1997) where it oc curs in abun dance (Pal et al., 1997). It fol -
lows that the Sholga as sem blage is older than the Olenekian.

On the ba sis of its tax o nomic com po si tion, our as sem -
blage is as sign able to the Otynisporites eotriassicus Zone
distinguished by Fuglewicz (1980b), and Marcinkiewicz
(1992a) in the subsurface de pos its of the lower Buntsand-
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Fig. 1. Map of study area show ing lo ca tions of the sec tion stud -
ied and those men tioned in the text (as ter isks).



stein (the Bal tic For ma tion) in Po land. Our as sign ment is
primarily based on the pres ence of Otynisporites tubercu-
latus Fuglewicz that is one of the char ac ter is tic spe cies of
the biozone. The pres ence of O. cf. eotriassicus con firms
this as sign ment. Less sig nif i cant is the pres ence of Trileites
be cause the taxon is indistinctive. But at least some spec i -
mens of Trileites sp. Group I may rep re sent T. vulgaris Fug- 
lewicz (the first ap pear ance in that biozone). Hughesispo-
rites sp. 1 is sim i lar to H. sim plex Fuglewicz 1973, the spe -
cies also oc cur ring in that biozone. The suc ces sion of mega- 
spore as sem blages within the O. eotriassicus Zone is known 
only from the com pletely cored Otyñ IG-1 bore hole. In that
bore hole, the lower as sem blage, re cov ered from the Sub-
oolitic Beds, in cludes O. eotriassicus and O. tuberculatus
(Fuglewicz, 1977, 1980a, b). The Sub-oolitic Beds of the
Gorzów Wielkopolski IG-1 bore hole yielded Triangula-
tisporites reticulatus Fuglewicz. The as sem blages from the
over ly ing Lower Oolitic Beds are more di ver si fied; they in -
clude, in ad di tion to the two Otynisporites spe cies, Echitri-
letes fragilispinus Fuglewicz, Hughesisporites sim plex Fug- 
lewicz, Maexisporites ooliticus Fuglewicz, Pusulosporites
permotriassicus Fuglewicz, and Trileites vulgaris Fugle-
wicz. Of these taxa, only sin gle spec i mens of H. sim plex
and E. fragilispinus were found; more com mon are the other 
three taxa men tioned. It is worth not ing that the high est as -
sem blages from the Lower Oolitic Beds of the Otyñ IG-1
bore hole in clude only three spe cies, i.e., O. tuberculatus, M. 
ooliticus and T. vulgaris. It is con ceiv able that these as sem -
blages are sim i lar in strati graphic po si tion to those from the
Sholga lo cal ity.

The lower and the up per bound aries of the Otynispo-
rites eotriassicus Zone in Po land, as de fined by Fuglewicz
(1980b), are not known be cause there is a bar ren in ter val
be low the zone in all sec tions, and a bar ren in ter val more
than 200 m thick above its up per limit. Marcinkiewicz
(1992a) and Marcinkiewicz et al. (2014) re de fined that
biozone, plac ing its lower bound ary at the first ap pear ance
of O. eotriassicus. The lat ter dis tinc tive spe cies has been
rec og nized in up per most Perm ian and Induan strata of var i -
ous ar eas of the north ern hemi sphere. In Jameson Land,
East Green land, it oc curs in the Oksedal Mem ber of the
Schuchert Dal For ma tion (Looy et al., 2005). That for ma -
tion be longs to the Perm ian as the first ap pear ance of Hinde- 
odus parvus has been re corded from the over ly ing Wordie
Creek For ma tion (Twitchett et al., 2001). O. eotriassicus
has been also re corded from the lat est Perm ian Tesero
Oolite of the south ern Alps (Kozur, 1998), and the lat est
Permian Nedubrovo Mem ber of the Mos cow Ba sin (Kras-
silov et al., 1999b; Lozovsky et al., 2001; Krassilov and
Karasev, 2008, 2009; Kozur and Weems, 2011). O. eotria-
ssicus has been also re corded from the Changhsingian of the 
Junggar Ba sin, north west ern China (Ouyang and Norris,
1999; Metcalfe et al., 2009; Kozur and Weems, 2011). It
should be noted that the re cords of the dis tinc tive, eas ily
rec og niz able spe cies O. eotriassicus are not pro vided with a 
de scrip tion of the ac com pa ny ing as sem blage, the only ex -
cep tion be ing in Po land (Fuglewicz, 1977, 1978, 1980a, b;
Marcinkiewicz, 1992a; Marcinkiewicz et al., 2014).

Fuglewicz (1980b) placed the lower Buntsandstein (the
Bal tic For ma tion) and the O. eotriassicus Zone in the up per -

most Perm ian, in agree ment with Visscher (1971) on the ba -
sis of palynological stud ies. The de bate on the strati graphic
po si tion of the lower Buntsandstein in Po land has a long
his tory (see Marcinkiewicz et al., 2014). Magnetostratigra-
phic data (Nawrocki, 1997, 2004) in di cated that the base of
the Bal tic For ma tion oc curs close to the base of the Griesba- 
chian (basal Induan). In sev eral bore holes, the megaspore
as sem blages of the biozone un der dis cus sion are as so ci ated
with miospores in dic a tive of the Lundbladispora obsoleta–
Protohaploxypinus pantii Zone (Or³owska-Zwoliñska,
1984). Thus, the O. eotriassicus Zone in Po land is con sid -
ered to be of Induan age (Marcinkiewicz et al., 2014).

The megaspore as sem blages of Sholga that are sim i lar
in com po si tion to those from a higher part of the O. eotria-
ssicus Zone in Po land are of the Induan age. This con clu -
sion is con sis tent with the ear lier miospore data from Sholga 
and other Lower Tri as sic lo cal i ties of the Mos cow Syne-
clise where Yaroshenko (in Yaroshenko and Lozovsky,
2004) dis tin guished four palyno-com plexes. The up per part
of the Astashinsk Mem ber and the Ryabinsk Mem ber were
in cluded in the Densoisporites complicatus-Ephedripites sp. 
palyno-com plex char ac ter ized by the mass oc cur rence of
Densoisporites complicatus Balme and other spe cies of that
ge nus, and by an abun dance of Ephedripites (among oth ers
E. steevesi (Jansonius) de Jer sey et Ham il ton) and Protoha-
ploxypinus spp. The spe cies Kraeuselisporites septatus
Balme, Lundbladispora wilmotti Balme, L. brevicaula
Balme, and L. obsoleta Balme ap pear in this com plex for
the first time. On the ba sis of the com po si tion of the as sem -
blages, the Densoisporites complicatus-Ephedripites sp. pa- 
lyno-com plex has been cor re lated by Yaroshenko and Lo-
zovsky (2004) with the Lundbladispora obsoleta–Proto-
haploxypinus pantii Zone of Or³owska-Zwoliñska (1984).

PALAEONTOLOGICAL DE SCRIP TIONS

This sec tion in cludes de scrip tions of al most all taxa and 
morpho-groups en coun tered, even those rep re sented by a
few spec i mens or only one spec i men. This is be cause there
is a pau city of data on the Induan megaspores and still in suf -
fi cient data on fine fea tures of megaspore sur faces. The au -
thors have used the tra di tional, mor pho log i cal gen era, but
also have in di cated the ex is tence of some close sim i lar i ties
be tween mor pho log i cally dif fer ing taxa that share some fea -
tures of the exine sur face and oc ca sion ally in cross-sec tion,
as viewed at high power un der the SEM (see Re marks for
Bacutriletes, Hughesisporites sp. 1, and Verrutriletes).

Ge nus Bacutriletes (van der Hammen) Potonié, 1956

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

Bacutriletes sp.
Fig. 2A–D

Ma te rial: One spec i men.
De scrip tion: Spec i men rounded-tri an gu lar in equa to rial out line,
295 µm in di am e ter. Trilete mark faint, laesurae 0.6 of ra dius in
length, in the form of ridges in the api cal part, di min ish ing in
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height and width to ward the equa tor where they be come ob scured
by or na men ta tion (Fig. 2A). Con tact area not de lim ited. In the api -
cal area exine cov ered by rugules and gran ules 2–4 µm wide;
exine sur face be tween these el e ments, viewed at high power un der 
SEM, is a fine mesh with muri about 0.25 µm wide (Fig. 2C). Re -
main der of exine is or na mented with bacula about 2.5 µm wide at
the base and 7–9 µm long. The bacula con sist of an api cal head or
knot of un even sur face, dense and pit ted, and the basal part that is
wid est at the base, and is microreticulate with el e ments that have a
slight align ment per pen dic u lar to spore sur face (Fig. 2D). The ba-
cula are 2.5 to 4 µm apart, po si tioned on a mi cro-re tic u late sur face.
Re marks: We have in cluded our spec i men in Bacutriletes as the
or na men ta tion pro cesses are mostly bacula. But when viewed at
high power un der SEM, the bacula in our spec i men dif fer from
those in other Bacutriletes (when il lus trated). The bacula of the
Cre ta ceous spe cies Bacutriletes sp. A. (in Tay lor and Tay lor,
1988, pl. 5, fig. 6), B. nanus (Dijkstra) Potonié (in Bat ten, 1988, pl. 
6, figs 7, 8), B. ferulus Koppelhus and Bat ten (Koppelhus and Bat -
ten, 1989, p. 102, pl. 4, fig. 9), and B. majorinus Koppelhus and
Bat ten (Koppelhus and Bat ten, 1989, 102, 104, pl. 5, fig. 2) do not
con sist of two dis tinct parts and their sur face is an open re tic u late

mesh work. On the other hand, our spec i men has some resemblance 
to megaspores in cluded in Maexisporites – the bacula of the spec i -
men of Sholga re sem ble those of Maexisporites hammaephorus
Schulz et Knoll (in Koppelhus and Bat ten, 1989, pl. 2, fig. 7), and in 
M. grosstriletes (see Fig. 2F). With its faint tetrad mark and lack of
curvaturae, this form dif fers from other Tri as sic rep re sen ta tives of
Bacutriletes.

Ge nus Hughesisporites Potonié, 1956

Type spe cies: Hughesisporites (Triletes) galericulatus (Dijkstra)
Potonié.

Hughesisporites sp. 1
Fig. 2E, F

Ma te rial: One spec i men.
De scrip tion: Trilete megaspore, rounded-tri an gu lar in equa to rial
out line, 225 µm in di am e ter. Laesurae straight, in the form of
rounded ridges that are higher than wide, about 0.8 ra dius long.
Con tact area dis tinctly de pressed, de fined by dif fer en tial or na -
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Fig. 2. Induan megaspores from Sholga lo cal ity. A–D. Bacutriletes sp., specimen PIN 5529/123: A, B – prox i mal and dis tal view, C –
de tail of prox i mal wall in api cal area show ing rugulate exine sur face, D – de tail of prox i mal wall show ing baculate or na men ta tion. E, F.
Hughesisporites sp. 1, specimen PIN 5529/14: E – prox i mal view, F – frag ment of bro ken (dis tal or prox i mal) wall show ing three-lay ered
exoexine. G–I. Hughesisporites sp. 2, specimen PIN 5529/64: G – frag ment of lat er ally flat tened megaspore, H – ra di ally folded or
grooved con tact face de lim ited by ar cu ate ridge, I – de tail of wall cov ered by densely set, hol low (ar row) sphaerules.



men ta tion, bear ing densely set, conate and verrucate el e ments
about 10 µm in basal di am e ter. Be yond con tact area, exine is cor -
roded, ap pear ing rough. When viewed at high power un der SEM,
exine sur face is gran u lar and pit ted. Bro ken wall of the dis tal
hemi sphere shows that the exoexine is three lay ered (Fig. 2F). The
outer layer rep re sents a loose net work of ver ti cally ar ranged, about 
4 µm long, per fo rated el e ments about 1 µm wide. The mid dle layer
is about 5 µm in thick ness, con structed of densely packed el e ments
that are cir cu lar in cross-sec tion, and 0.25 µm in di am e ter. The
lower layer about 5.5 µm thick, is not dis tinctly de lim ited from the
over ly ing one. It rep re sents a net work of rods that are less densely
packed than the el e ments of the mid dle layer. The ver ti cal el e ments
of the outer exine layer form a sur face cov ered by closely spaced, ir -
reg u lar el e ments of gran u lar and pit ted ap pear ance (Fig. 2F, top).
Re marks: Hughesisporites sim plex Fuglewicz (Fuglewicz, 1977,
p. 423, pl. 40, fig. 4) from the Induan of Po land has the same type
of sculp ture on con tact faces, but is finer. The exine ultrastructure
of the bro ken wall of our spec i men re calls that in Maexisporites
pyramidalis Fuglewicz, 1973 (see Fig. 4L)

Hughesisporites sp. 2
Fig. 2G–I

Ma te rial: One spec i men.
De scrip tion: Only one frag ment of the obliquely flat tened mega-
spore has been found. Its equa to rial di am e ter may be es ti mated as
300 µm. The frag ment rep re sents part of the shal lowly, ra di ally
folded con tact face de lim ited by a dis tinct ar cu ate ridge; parts of
30 µm high triradiate ridges with crenulate crest are also pres ent
(Fig. 2H). Exine sur face ap pears smooth; when ob served at high
power un der SEM it is very com pact and gran u lar, with gran ules
less than 0.25 µm in di am e ter. It is cov ered by patches of densely set 
sphaerules 2.5–4 µm in di am e ter, hol low in side (Fig. 2I, ar row).
Re marks: The spec i men is too poorly pre served to en able spe cific 
de ter mi na tion. Sim i larly grooved con tact faces oc cur in the Lower 
Tri as sic 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
sur face in the spec i men 5529/64 is quite dif fer ent from that in the
specimen 5529/14.
  The sphaerules on the exine sur face re sem ble, in size and
shape, the or na ment of Cabochonicus carbunculus (Dijkstra) Bat -
ten and Fer gu son (1987) and Pusulosporites peromtriassicus Fug-
lewicz (1977). Marcinkiewicz (1979, 1980) con sid ered the sphae-
rules oc cur ring in C. carbunculus as man i fes ta tion of fun gal at -
tack. Cantrill and Drinnan (1994) dis cussed the na ture of these
struc tures in Cabochonicus, and showed, us ing TEM sec tion, that
the sphaerules were com posed of sporopollenin and were con tin u -
ous with the out er most sporoderm layer, so they were not fun gal.
How ever, the patchy oc cur rence of our sphaerules and their hol -
low ness in di cates that they do not rep re sent pro cesses of or na men -
ta tion. Streaks of sim i lar sphaerules oc cur also in some other
spec i mens in our ma te rial.

Ge nus Maexisporites Potonié, 1956

Type spe cies: 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.

Ma te rial: Five spec i mens.

De scrip tion: Trilete megaspores, subcircular or subtriangular in
equa to rial out line, 175(274)363 µm in equa to rial di am e ter (five
spec i mens). Laesurae about 0.7 of spore ra dius long or al most
reach ing the equa tor, straight or slightly sin u ous, in the form of
api cally rounded ridges about 15 µm wide near the apex, di min ish -
ing in height to ward the equa tor. In their equa to rial part, the ridges
may be al most com pletely ob scured by sculp ture (Fig. 3B, D).
Con tact area not de lim ited or dis tin guished by a band of finer and
more crowded sculp ture sur round ing it in the dis tal-equa to rial re -
gion (Fig. 3D, ar row). Exine sculp tured by densely set glob u lar el -
e ments, dis crete or fused into rows to form rugulae, av er ag ing 5
µm in width but vary ing be tween 3–10 µm. These el e ments are
dis crete, but close to the apex (Fig. 3B) are crowded. The glob ules
are un even and pit ted, el e vated over the spore sur face by the muri
of sur face micromesh. The muri are rods or wider, pit ted el e ments
(Fig. 3G, H).
Re marks: Our spec i mens con form to the gen eral mor phol ogy and 
sculp ture of Biharisporites grosstriletus from the Mid dle Perm ian
of Chanxi, North China, but the fine, glob u lar and rugulate (not
spinose) sculp ture sug gests cor rect in clu sion within Maexispo-
rites. Liu et al. (2011) con sid ered the sculp ture of their spe cies as
not typ i cal of Biharisporites.

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

Holotype: Spec i men PIN 5529/88 (Fig. 4A, B).
Der i va tion of name: Medius (Lat.) = oc cur ring in the mid dle;
ornatus (Lat.) = or na mented.
Type lo cal ity: Sholga on the Yug River, Mos cow Ba sin, Rus sia.
Type level: Vokhma For ma tion, Ryabinsk Mem ber, Induan.
De po si tion of type: A.A. Borissiak Paleontological In sti tute, Rus -
sian Acad emy of Sci ences, Mos cow, Profsoyuznaya 123, Rus sia.
Ma te rial: Nine spec i mens.
Di ag no sis: A spe cies of Maexisporites with prom i nent laesurae al -
most reach ing the equa tor, coarsely-sculp tured over the cen tral
part of the prox i mal hemi sphere, with finer sculp ture out side that
area. Po lar axis lon ger than the equa to rial di am e ter.
De scrip tion: Trilete megaspores usu ally pre served in po lar or
oblique com pres sion, cir cu lar in equa to rial out line. The equa to rial
di am e ter may not be pre cisely es tab lished be cause our spec i mens
are of ten folded; it can be es ti mated as 175 (233) 294 µm (8 spec i -
mens); the po lar axis is about 5–16% lon ger than the equa to rial di -
am e ter. Prox i mal hemi sphere low py ram i dal, dis tal hemi sphere
rounded (Fig. 4C). Laesurae straight, in the shape of ridges that
may be come wider or nar rower to ward the equa tor, ex tend ing
almost to equa tor. Con tact area not de lim ited, may ap pear slightly
swol len. Cen tral part of the prox i mal hemi sphere bears closely
spaced el e ments of ir reg u lar shape about 5 µm in di am e ter (Fig.
4B). Viewed at high power un der SEM, these el e ments have an un -
even, per fo rated sur face (Fig. 4F). The re main der of exine is rugu-
late, the rugulae are closely spaced and fine, about 1–2 µm wide.
Re marks: Maexisporites sp. cf. M. pusillus Li and Bat ten (in
Lupia, 2011, p. 15–16, fig. 13/1–3), from the Santonian of USA,
dif fers from our spe cies in hav ing a smooth dis tal hemi sphere. The 
Cre ta ceous spe cies M. pusillus Li and Bat ten (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.

Ma te rial: Eigh teen spec i mens.
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De scrip tion: Trilete megaspores, subtriangular in equa to rial out -
line, 136 (189) 210 µm (10 spec i mens) in equa to rial di am e ter.
Con tact faces usu ally swol len in the cen tral part and sunken at ex -
trem i ties. Laesurae straight or slightly sin u ous, in the shape of
rounded ridges about 20 µm wide, may be come wider equato-
rially, ex tend ing al most to equa tor. At low mag ni fi ca tion, exine
ap pears gran u late, and rugulate when viewed at high power un der
SEM. The rugulae are short, very densely set, 3–5 µm wide prox i -
mally, finer dis tally, ap pear ing as clus ters of fine gran ules less
than 0.5 µm in di am e ter. The dis tal hemi sphere may be folded into
broad ridges and low, ver ruca-like pro tu ber ances (Fig. 4H, I). The
gap ing laesura of spec i men PIN 5529/13 shows that the sur face el -
e ments are ver ti cal col umns, per fo rated, 7 µm high, and the deeper 
part of exoexine is 9 µm thick; it com prises very dense net work of
el e ments, cir cu lar in cross-sec tion, about 0.25 µm in di am e ter
(Fig. 4L).
Re marks: Our spec i mens are slightly smaller than those de scribed 
by Fuglewicz (1973, p. 422–423, pl. 21, figs. 2a, 2b; pl. 31, fig. 6).

Strati graphi cal dis tri bu tion: Olenekian, Po land (Fuglewicz,
1980b), Induan, Rus sia (pres ent pa per).

Maexisporites rugulaeferus sp. nov.
Fig. 5A–M

Holotype: PIN 5529/113 (Fig. 5A–D).
Der i va tion of name: Ruga (Lat.) = wrin kle; fero (Lat.) = bear.
Type lo cal ity: Sholga on the Yug River, Mos cow Ba sin, Rus sia.
Type level: Vokhma For ma tion, Ryabinsk Mem ber, Induan.
De po si tion of type: A.A. Borissiak Paleontological In sti tute, Rus -
sian Acad emy of Sci ences, Mos cow, Profsoyuznaya 123, Rus sia.
Ma te rial: twenty-five spec i mens.
Di ag no sis: Megaspores or na mented by rugulate el e ments that are
ei ther dis crete or in ter con nected to form an im per fect mi cro-re tic -
u lum. The sculp ture is dis tinctly coarser over the prox i mal face.
De scrip tion: Trilete megaspores, subcircular in equa to rial out line, 
180 (256) 336 µm in di am e ter (10 spec i mens). Laesurae straight or 
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Fig. 3. Induan megaspores from Sholga lo cal ity. A–H. Maexisporites grosstriletus (Liu, Zhu and Ouyang ) comb. nov.; A–C –
specimen PIN 5529/17: A, C – prox i mal and dis tal view, B – de tail of prox i mal hemi sphere show ing sculp ture; D, E – spec i men PIN
5529/18: D – equa to rial view; note the denser sculp ture at the equa to rial area (ar row), and the tetrad mark al most com pletely oblit er ated
by sculp ture, E – de tail of dis tal wall show ing sculp ture of glob u lar el e ments; F–H – spec i men PIN 5529/125: F – dis tal? view. G, H – de -
tails of wall show ing sculp ture.



sin u ous with low, nar row lips di min ish ing in width to ward the
equa tor, about 0.7 of spore ra dius or al most reach ing the equa tor.
Con tact area de lim ited by dif fer en tial or na men ta tion, may be slig-
htly sunken. At low mag ni fi ca tion exine ap pears rough or mi -
cro-re tic u late, rugulate at high power un der SEM (Fig. 5C, D) with 
oc ca sional dis crete gran ules on the prox i mal sur face be tween the
rugulae (Fig. 5G). The sur face of these sculp tural el e ments is gran -
u lar. The rugulae are sin u ous, dis crete or in ter con nected to form
an im per fect re tic u lum. The sculp ture is dis tinctly coarser over the
prox i mal face where the gran ules and rugulae are 2–8 µm wide; on 
the dis tal sur face, the rugulae are up to 2 µm wide. Spaces be tween 

rugulae are mostly wider than the lat ter; but close to the apex,
these el e ments may be closely set. Exine sur face be tween rugulae
is microreticulate, with lu mina about 0.5–1 µm in di am e ter, and
the muri are thin ner (Fig. 5D, L).
Re marks: In this new spe cies, the con tact faces have coarser
sculp ture than the re main ing spore sur face; in that re spect the spe -
cies dif fers 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 Po land, and 
M. magnuszewensis Fuglewicz (Fuglewicz, 1977, p. 409, pl. 28,
figs 6, 7) from the Mid dle Tri as sic of Po land.

TRI AS SIC MEGASPORES FROM MOS COW SYNECLISE, RUS SIA 277

Fig. 4. Induan megaspores from Sholga lo cal ity. A–F. Maexisporites mediornatus sp. nov.; A, B – holotype, specimen PIN 5529/88: A
– prox i mal view, B – sculp ture of con tact faces; C – specimen PIN 5529/57, lat er ally flat tened megaspore; D – specimen PIN 5529/103,
equa to rial view; E, F – specimen PIN 5529/110, de tails of sculp ture of con tact faces. G–L. Maexisporites pyramidalis Fuglewicz 1973;
G–I – specimen PIN 5529/15: G–H – prox i mal and dis tal view, I – dis tal hemi sphere folded into broad ridges and low cir cu lar pro tu ber -
ances; J – specimen PIN 5529/81, prox i mal view; K, L – specimen PIN 5529/13: K – prox i mal view, L – frag ment of open laesura show -
ing ul tra-struc ture of wall.



Ge nus Otynisporites Fuglewicz, 1977, emend.

Type spe cies: Otynisporites eotriassicus Fuglewicz, 1977.
Emended di ag no sis: A triradiate megaspore that bears ag glom er -
a tions of long spines and bacula sur mount ing warts, tu ber cules or
ribs, or oc cur ring on es sen tially smooth exoexine.

Re marks: The di ag no sis by Fuglewicz is emended to ac com mo -
date megaspores lack ing tu ber cules, warts and ribs. Fuglewicz
used the term “capilli” to de scribe the ap pend ages sur mount ing
var i ous el e va tions, but we pre fer bacula and spines (see Punt et al., 
1994) as better fit ting the or na men ta tion fea tures of all known spe -
cies at trib ut able to Otynisporites.
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Fig. 5. Induan megaspores from Sholga lo cal ity. A–M – Maexisporites rugulaeferus sp. nov.; A–D – holotype, specimen PIN
5529/113: A–B – prox i mal and dis tal view, C, D – de tails of dis tal wall show ing sculp ture; E–G – specimen PIN 5529/105: E, F – prox i -
mal and dis tal view, G – de tail of prox i mal wall show ing sculp ture; H – specimen PIN 5529/47, oblique com pres sion, note finer sculp ture
over the dis tal hemi sphere; I, J – specimen PIN 5529/100: I – prox i mal view, J – de tail of prox i mal wall show ing sculp ture; K, L – spe-
cimen PIN 5529/43: K – prox i mal view. L – de tail of prox i mal wall show ing sculp ture; M – specimen PIN 5529/46, oblique com pres sion.



Otynisporites sp. cf. O. eotriassicus Fuglewicz, 1977
Fig. 6J–L

Ma te rial: One spec i men.
De scrip tion: Megaspores ap par ently trilete, subcircular in equa to -
rial out line, 330 µm in di am e ter. Exine or na mented with reg u larly, 
densely set cir cu lar, low ver ru cae cov ered by ag gre gated spines
and bacula about 1 µm wide ba sally, up to 8 µm long (Fig. 6K, L).
Exine sur face be tween the ver ru cae is microreticulate, the lu mina
and the muri av er age 1 µm in di am e ter. Gran ules and short pila
less than 1 µm wide sur mount the muri.
Re marks: The or na men ta tion of this spec i men is very sim i lar to
that of O. eotriassicus Fuglewicz (Fuglewicz, 1977, pl. 30, fig. 2)
from the Induan of Po land, and of Otynisporites sp. from the
Zechstein of Po land (Fuglewicz, 1980b, pl. 1, figs 1, 2), but con fi -
dent spe cific as sign ment of the sin gle spec i men is not pos si ble.

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

Holotype: Spec i men PIN 5529/19 (Fig. 6A–C).
Der i va tion of name: Maculosus (Lat.) = spotty, with or na men ta -
tion oc cur ring in spots.
Type lo cal ity: Sholga on the Yug River, Mos cow Ba sin, Rus sia.
Type level: Vokhma For ma tion, Ryabinsk Mem ber, Induan.
De po si tion of type: A.A. Borissiak Paleontologiczal In sti tute, Rus -
sian Acad emy of Sci ences, Mos cow, Profsoyuznaya 123, Rus sia.
Ma te rial: Ten spec i mens.
Di ag no sis: A spe cies of Otynisporites or na mented with subcircu-
lar, reg u larly dis trib uted, dis crete ag glom er a tions of bacula and
spines oc cur ring on es sen tially smooth exoexine.
De scrip tion: Trilete megaspores, cir cu lar in equa to rial out line,
283(336)411 µm (six spec i mens) in equa to rial di am e ter. Laesurae
straight to slightly sin u ous or con stricted along their length, in the
form of ridges up to 30 µm high in the api cal re gion, in some spec -
i mens di min ish ing in height to ward the equa tor, about 0.9 of ra -
dius long. Con tact area slightly sunken and de fined by dif fer en tial
or na men ta tion; ar cu ate ridges lack ing or very slight. Exine or na -
mented with bacula and spines that are of ten swol len near their ter -
mi na tion. These ap pend ages are usu ally 4–5 µm long and 1–2 µm
wide, oc ca sion ally 7–8 µm long (Fig. 6B). They are ar ranged in
dis crete, reg u larly dis trib uted, subcircular ag glom er a tions, ex cept
for just be yond the con tact area where they form a band of evenly
dis trib uted ap pend ages (Fig. 6A). The or na ment oc curs on essen-
tially smooth exoexine, but in some spec i mens (Fig. 6E), it oc curs
on very slight el e va tions. Exine sur face be tween the ag glom er a -
tions, when viewed at high power un der SEM, is a fine mesh with
oval lu mina about 0.5–1 µm in di am e ter and muri about 0.5 µm
wide, bear ing gran ules 0.5–1 µm in di am e ter (Fig. 6B). The open ing 
in the outer exospore of spec i men PIN 5529/19 shows de tached and
folded intexine with a microreticulate sculp ture (Fig. 6C).
Re marks: Otynisporites maculosus sp. nov. dif fers from O. eo-
triassicus and O. tuberculatus in hav ing ag glom er a tions of bacula
and spines that oc cur di rectly on smooth exoexine and not on warts 
or tu ber cules. It dif fers from O. tuberculatus in lack ing prom i nent
ar cu ate ridges. The or na men ta tion of our spe cies re sem bles Biha-
risporites cf. foskettensis Glasspool (Glasspool, 2003, p. 246, 249,
pl. 2, figs 1-6) as de scribed by Liu et al. (2011, p. 144, pl. V/10–
12) from the Up per Perm ian (Wuchiapingian) of Shanxi, N. China, 
but the or na men ta tion el e ments of the lat ter are ex clu sively spines, 
and their size is given as 3(4)6 µm wide and 23(44)59 µm long
(pos si bly er ro ne ously be cause of dis par ity with the il lus tra tions).

Otynisporites tuberculatus Fuglewicz, 1977
Fig. 6F–I

*1977 Otynisporites tuberculatus sp. nov. – Fuglewicz, p.

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.

Ma te rial: Five spec i mens.
De scrip tion: Trilete megaspores, subcircular in equa to rial out line, 
324(363)420 µm in equa to rial di am e ter (five spec i mens). Laes-
urae ex tend ing al most to equa tor, straight, in the form of high, nar -
row bands, 30–50 µm high, of even height along the length or low -
er ing near the ter mi na tions (Fig. 6F). Con tact area de lim ited by
dis tinct, nar row and low ar cu ate ridges (Fig. 6G). Exine or na -
mented with tu ber cu late and conate el e ments about 10–15 µm
wide at the base, sur mounted by one or more spines and bacula av -
er ag ing 2.5–4 µm long (Fig. 6H). The tu ber cu late/conate el e ments
are mostly con nected with the neigh bour ing ones by fold-like el e -
va tions (Fig. 6I). The bands of the trilete rays are sim i larly or na -
mented. The or na men ta tion el e ments are finer ad ja cent to the
ar cu ate ridges. Exine sur face is microreticulate, lu mina are 0.5–
1.5 µm in di am e ter, and muri are nar rower, bear ing scat tered sin -
gle gran ules and short bacula.
Re marks: The de scrip tion of O. eotriassicus and O. tuberculatus,
and the state ment of the dif fer ences are very gen er al ized (Fugle-
wicz, 1977, pp 412–413). The typ i cal form of the for mer taxon de -
rived from the type ma te rial, i. e. the holotype (Fuglewicz, 1977,
pl. 30, fig. 2) is or na mented by tu ber cules sur mounted by brush-
like ag glom er a tions of baculate pro cesses, low laesurae cov ered
with el e ments of or na men ta tion, and curvaturae marked by rows
of densely packed or na men ta tion el e ments. The spec i men of that
spe cies in Fuglewicz (1977, pl. 30, fig. 1) has laesurae de vel oped
in the form of high ridges and bears dis tinct high ar cu ate ridges.
That form is sim i lar to O. tuberculatus, ex cept for the or na men ta -
tion pro cesses. The spec i men of O. eotriassicus from the Nedu-
brovo lo cal ity in Rus sia (Krassilov et al., 1999b, fig. 2/5–7; Lozo-
vsky et al., 2001, pl. 2/1, 2) is or na mented with dis crete el e va tions
like O. eotriassicus, but fea tures prom i nent triradiate ridges that
are more like those of O. tuberculatus. Some other spec i mens from 
the same lo cal ity (Krassilov and Karasev, 2009, fig. 4A–C) have
dis crete or na men ta tion pro cesses, low triradiate and faint ar cu ate
ridges. To sum up – both O. eotriassicus and O. tuberculatus are
mor pho log i cally very vari able, and it is of ten dif fi cult to dis tin -
guish be tween them.
Oc cur rence: O. tuberculatus has been re ported only from Po land; 
its range cor re sponds to that of. O. eotriassicus, i.e., Induan (Mar-
cinkiewicz, 1992a, Marcinkiewicz et al., 2014).

Ge nus Trileites (Erdtman) ex Potonié, 1956

Type spe cies: Trileites (Triletes) spurius (Dijkstra) Potonié, 1956.
Re marks: The gen era Trileites and Banksisporites Dettman
emend. Glasspool are mor pho log i cally sim i lar, and Trileites has
pri or ity. Megaspores in cluded in Trileites lack dis tinct mor pho log -
i cal char ac ters on which to dif fer en ti ate them. Be cause of this, and
be cause we have only few spec i mens, we have nei ther as signed
them to a known spe cies, nor have we erected new taxa.

Trileites spp., Group I
Fig. 7A–C

Ma te rial: Ten spec i mens.
De scrip tion: Megaspores trilete, rounded-tri an gu lar to subcircu-
lar in equa to rial out line, 244(267)330 µm in di am e ter (7 spec i -
mens). Trilete rays al most reach ing the equa tor, in the form of
bands about 20 µm high, di min ish ing in height equatorially,
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Fig. 6. Induan megaspores from Sholga lo cal ity. A–E. Otynisporites maculosus sp. nov.; A–C – holotype, specimen PIN 5529/19: A –
lat er ally flat tened megaspore, B – ag glom er a tion of or na men ta tion ap pend ages, C – open ing in the outer exospore show ing de tached and
folded intexine with a mi cro re tic u late sculp ture; D – specimen PIN 5529/73, oblique com pres sion; E – specimen PIN 5529/71, prox i mal
view. F–I. Otynisporites tuberculatus Fuglewicz 1977; F – spec i men PIN 5529/3, prox i mal view; G – specimen PIN 5529/36, con tact
area; H, I – specimen PIN 5529/3, de tails of or na men ta tion of tu ber cu late/conate el e ments sur mounted by bacula and spines. J–L.
Otynisporites sp. cf. O. eotriassicus Fuglewicz 1977, specimen PIN 5529/6: J – obliquely flat tened spec i men, K, L – de tails of wall show -
ing ver ru cae cov ered by ag glom er a tions of spines and bacula.
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Fig. 7. Induan megaspores from Sholga lo cal ity. A–C. Trileites spp., Group I; A, B – specimen PIN 5529/77: A – prox i mal view, B –
de tail of prox i mal sur face show ing smooth exine; C – specimen PIN 5529/56, prox i mal view. D–H. Trileites spp., Group II; D–F – spe-
cimen PIN 5529/1: D – dis tal view, E, F – de tails of wall de void of the out er most com pact layer; G, H – spec i men PIN 5529/82. I–L.
Verrutriletes? sp. 1; I – spec i men PIN 5529/33, dis tal view; J–L – spec i men PIN 5529/98: J, K – prox i mal and dis tal view, L – de tail of
dis tal sur face bear ing low ver ru cae and elon gate el e ments. M–O – Verrutriletes sp. 2, specimen PIN 5529/126: M, N – prox i mal and dis tal 
view, O – de tail of dis tal wall cov ered by gran u lar and rugulate el e ments.



straight or slightly sin u ous. Con tact faces not de lim ited or de fined
by very faint ar cu ate ridges (Fig. 7C). Exine sur face in low mag ni -
fi ca tion ap pears smooth; in high mag ni fi ca tion, it is densely pit ted, 
pits about 0.25 µm wide.
Re marks: Trileites polonicus, T. sinuosus and T. vulgaris are
three Lower Tri as sic megaspore spe cies de scribed from Po land by
Fuglewicz (1973). All are sim i lar to the megaspores of Group I ex -
cept that the di am e ters of the Sholga spec i mens are at the low end
of the size range of the Pol ish spe cies.

Trileites spp., Group II
Fig. 7D–H

Ma te rial: Two spec i mens.
De scrip tion: Megaspores ap par ently trilete, rounded-tri an gu lar in 
equa to rial out line, 169 and 248 µm in di am e ter. Exine sur face ap -
par ently smooth (Fig. 7D). At high power un der SEM, the outer
exine layer is dense and com pact, and im me di ately be neath, exine
com prises a three-di men sional net work. In sur face view, the lu -
mina of the net work are ir reg u larly oval, 2.5–8 µm in lon gest di -
am e ter; the muri are 1–2 µm wide, con sist ing of rods and gran ules, 
and pit ted (Fig. 7E, F, H). Sev eral lay ers of this mesh may be seen
through the open ings.
Re marks: The ultrastructure of exine seen in the megaspores of
Group II is very sim i lar to that in Trileites persimilis (Har ris)
Dijkstra (in Koppelhus and Bat ten, 1989, pl. 1, figs 1, 2).

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

Type spe cies: Verrutriletes (Triletes) composipunctatus (Dijkstra)
Potonié 1956.

Verrutriletes? sp. 1
Fig. 7J–L

Ma te rial: One spec i men.
De scrip tion: Trilete megaspore, cir cu lar in equa to rial outline,
297 µm in di am e ter. Laesurae are prom i nent, api cally rounded
ridges, about 15 µm wide within their cen tral part, slightly wid en -
ing to ward ex trem i ties, al most reach ing equa tor. Con tact faces dis -
tinctly de lim ited by curvaturae. The en tire prox i mal sur face co-
vered by densely set, low ver ru cae 20–25 µm in basal width, up to
5 µm high at the equa tor. Dis tal sur face bears an or na ment of low
ver ru cae and me an der ing elon gate el e ments (Fig. 7L). Exine sur -
face is gran u lar, at high power un der SEM, that of the prox i mal
hemi sphere pres ents a patch work of closely set ir reg u lar el e ments
2.5– 3 µm wide, gran u lar and pit ted. Dis tal exine is sim i lar, the
elements are more gran u lar, 1.5–2 µm wide.
Re marks: The exine sur face of the spec i men Verrutriletes? sp. 1
is gran u lar and could be de scribed as of Maexisporites type, un like
the microreticulate sur face of at least some Verrutriletes e.g., V.
composipunctatus (Dijkstra) Potonie in Bat ten (1988, pl. 4, figs 9,
10). The spec i men de scribed above is sim i lar to V. preutilis Fugle-
wicz (Fuglewicz, 1977, p. 410, pl. 30, figs 3, 4, and Marcinkiewicz,
1992b, pl. 3, fig. 4) from the Ladinian of Po land, but the ver ru cae in
the Sholga spec i mens are wider in pro por tion to the megaspore di -
am e ter.

Verrutriletes? sp. 2
Fig. 7 M–O

Ma te rial: One spec i men.
De scrip tion: Trilete megaspore, cir cu lar in out line, 255 µm in di -
am e ter. Laesurae are dis tinct, in the form of ridges that widen to -
ward the equa tor. Con tact faces unornamented, dis tinctly delimi-

ted by sunken curvaturae of clo ver-leaf shape. Exine out side con -
tact faces or na mented by ver ru cae 10 µm in basal di am e ter, up to 4 
µm high, up to 8 µm apart. Exine sur face gran u lar, un der high
power SEM cov ered by closely set, rugulate el e ments hav ing a
gran u lar and pit ted ap pear ance (Fig. 7O).
Re marks: The exine sur face of the spec i men is gran u lar, and sim -
i lar to that of Maexisporites.

THE POST-CRI SIS MEGASPORE
AS SEM BLAGE

The sam ples from the Ryabinsk Mem ber from Sholga
lo cal ity yielded 126 megaspore spec i mens. Of these, only
90 spec i mens were suf fi ciently well pre served to al low tax -
o nomic as sign ment. The as sem blage is dom i nated by rep re -
sen ta tives of Maexisporites which ac count for 63% of all
rec og niz able spec i mens. The sec ond com mon est ge nus is
Otynisporites (al most 18%), and the third is Trileites (13%). 
The au thors have as signed some spec i mens to Bacutriletes,
Hughesisporites, and Verrutriletes?, but as dis cussed in the
sys tem atic de scrip tive sec tion, the exinal struc ture in these
megaspores is of Maexisporites type and it dif fers thereby
from some spe cies of Verrucosisporites and Bacutriletes
(see Re marks for Bacutriletes, Hughesisporites sp. 1, and
Verrutriletes? sp. 1, sp. 2). Thus, the au thors con sider that
the as sem blage from Sholga is of low ge neric di ver sity. The 
as sem blages of the O. eotriassicus Zone de scribed by Fug-
lewicz (1977, 1980a, b) are sim i larly poor in taxa. These as -
sem blages are best known from the Otyñ IG-1 bore hole
where they were re cov ered from 14 core-sam ples. The com -
mon est are rep re sen ta tives of Trileites vulgaris (10 sam -
ples) and Otynisporites tuberculatus (11 sam ples); less
com mon are O. eotriassicus (6 sam ples) and Maexisporites
ooliticus (4 sam ples). Echitriletes fragilispinus and Pusulo-
sporites permotriassicus are rare (1 and 2 sam ples re spec -
tively). The low di ver sity of those ear li est Tri as sic mega-
spore as sem blages is ev i dently a man i fes ta tion of the end-
Perm ian bi otic cri sis. It may be added that the miospore as -
sem blages as so ci ated with the megaspores of the pres ent
au thors (Yaroshenko and Lozovsky, 2004) con tain nu mer -
ous un sep a rated spore tet rads – a mu ta tion char ac ter is tic of
stressed en vi ron ments (e.g., Visscher et al., 2004).

The ex ter nal mor phol ogy of the megaspores sug gests
that they were pro duced by lycopsids. The sim ple trilete
spores with smooth exine sur face as sign able to Trileites
(Banksisporites) have been widely re ported from pleuro-
meiacean strobili (re viewed 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 stud ied by Looy et al. (2005), who con sid -
ered this taxon to be of isoetalean (pleuromeiacean) af fin ity. 
The bo tan i cal re la tion ship of the most com mon ge nus Mae-
xisporites is not known. The exine sur face in megaspores of
this taxon is sim i lar to that in some ex tant Selaginella mega- 
spores, such as S. denticulata and S. peruviana, il lus trated
by Moore et al. (2006, figs 4B and 4D)

It has been al ready noted by Dettman (1961), who stud -
ied the Rhaeto–Li assic megaspore flo ras of Tas ma nia and
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South Aus tra lia, that the Me so zoic megaspore flo ras were
quite uni form over Pangea. This world wide sim i lar ity is less 
pro nounced in re la tion to the Early and Mid dle Tri as sic as -
sem blages that dif fer con sid er ably even be tween pen in su lar
In dia and Aus tra lia (Scott and Playford, 1985). The as sem -
blage of the pres ent au thors bears very lit tle re sem blance to
the Gondwanan ones. Its dom i nant el e ment – Maexispori-
tes, and the widely dis trib uted ge nus Otynisporites have not
been found in the Gondwanan con ti nents. The only ex cep -
tion is that rep re sen ta tives of Maexisporites are also known
from Mo rocco (Lachkar, 1989, fide Kovach and Bat ten,
1989). The megaspore as sem blages from Sholga share with
those from the Gond wana only the rep re sen ta tives of Trilei- 
tes and Hughesisporites.

Ac knowl edge ments

We are in debted to Vladlen R. Lozovsky (MGRI-RSGPU) for 
the in valu able ad vice and the gift of sam ples from Mikhail A.
Aref’ev (GIN RAS). Thanks are due to the re view ers Anna Fia³-
kowska-Mader and Geoffrey Playford for the de tailed and con -
struc tive re marks. This work was sup ported by a grant from the
Pres i dent of the Rus sian Fed er a tion (MK-2369.2014.4) and by
RFBR Rresearch Pro ject No. 14-04-00185.

REF ER ENCES

Afonin, S. A., Barinova, S. S. & Krassilov, V. A., 2001. A bloom
of Tympanicysta Balme (green al gae of zygnematalean af fin i -
ties) at the Perm ian-Tri as sic bound ary. Geodiversitas, 23:
481–487.

Antonescu, E. & Taugourdeau Lantz, J., 1973. Considéra tions sur
les mégaspores et micro spores du Trias inférieur et moyen de
Roumanie. Palaeontographica, Abteilung B, 144: 1–10.

Aristov, D. S., Bashkuev, A. S., Golubev, V. K., Gorochov, A. V.,
Karasev, E. V., Kopylov, D. S., Ponomarenko, A. G., Rasni-
tsyn, A. P., Rasnitsyn, D. A., Sinitshenkova, N. D., Sukat-
sheva, I. D. & Vassilenko, D. V., 2013. Fos sil in sects of the
mid dle and up per Perm ian of Eu ro pean Rus sia. Paleontolo-
gical Jour nal, 47: 641–832.

Balme, B. E., 1995. Fos sil in situ spores and pol len grains: an an -
no tated cat a logue. Re view of Palaeobotany and Palynology,
87: 81–323.

Bat ten, D. J., 1988. Re vi sion of S.J. Dijkstra’s Late Cre ta ceous
megaspores and other plant microfossils from Lim burg, the
Neth er lands. Mededelingen Rijks Geologische Dienst,
Nieuwe Serie, 41: 1–55.

Bat ten, D. J., 2012. Tax o nomic im pli ca tions of exospore struc ture
in se lected Me so zoic lycopsid megaspores. Palynology, 36
(sup1.): 144–160.

Bat ten, D. J., Fer gu son, D. J. P., 1987. Cabochonicus, a new ge nus 
for spe cies of gemmate megaspores pre vi ously re ferred to
Verrutriletes. Jour nal of Micropalaeontology, 6: 65–75.

Cantrill, D. J. & Drinnan, A. N., 1994. Late Tri as sic megaspores
from the Amery Group, Prince Charles Moun tains, East
Antarctica. Al che rin ga, 18: 71–78.

Dettmann, M. E., 1961. Lower Me so zoic megaspores from Tas -
ma nia and South Aus tra lia. Micropaleontology, 7: 71–86.

Fos ter, C. B., Stephenson, M. H., Mar shall, C., Lo gan, G. A. &
Green wood, P. F., 2002. A re vi sion of Reduviasporonites
Wil son 1962: De scrip tion, il lus tra tion, com par i son and bi o -
log i cal af fin i ties. Palynology, 26: 35–58.

Fuglewicz, R., 1973. Megaspores of Pol ish Buntersandstein and
their strati graphi cal sig nif i cance. Acta Palaeontologica Polo- 
nica, 18: 401–453.

Fuglewicz, R., 1977. New spe cies of megaspores from the Trias of 
Po land. Acta Palaeontologica Polonica, 22: 405–431.

Fuglewicz, R., 1978. Stra tig ra phy of the Bunter in the SW mar gin
of the Fore-Sudetic monocline. Acta Geologica Polonica, 27:
471–479.

Fuglewicz, R., 1980a. Stra tig ra phy of Buntsandstein in the bore -
hole Otyñ IG-1 (Fore-Sudetic Monocline, Polad). Rocznik
Polskiego Towarzystwa Geologicznego, 49: 277–287. [In Pol -
ish, with Eng lish sum mary.]

Fuglewicz, R., 1980b. Stra tig ra phy and palaeo ge ogra phy of Lo-
wer Tri as sic in Po land on the ba sis of megaspores. Acta
Geologica Polonica, 30: 417–470.

Glasspool, I. J., 2003. A re view of Perm ian Gond wana mega-
spores, with par tic u lar em pha sis on ma te rial col lected from
coals of the Witbank Ba sin of South Af rica and the Syd ney
Ba sin of Aus tra lia. Re view of Palaeobotany and Palynology,
124: 227–296.

Grauvogel-Stamm, L. & Lugardon, B., 2004. The spores of the
Tri as sic lycopsid Pleuromeia sternbergi (Münster) Corda:
mor phol ogy, ultrastructure, phylo gen etic im pli ca tions, and
chronostratigraphic in fer ences. In ter na tional Jour nal of Plant 
Sci ences, 165: 631–650.

Koppelhus, E. B. & Bat ten, D. J., 1989. Late Cre ta ceous mega-
spores from South ern Swe den; mor phol ogy and paleoenvi-
ronmental sig nif i cance. Palynology, 13: 91–120.

Kovach, W. L. & Bat ten, D., 1990. Cat a log of Me so zoic and Ter -
tiary Megaspores. Amer i can As so ci a tion of Strati graphic
Palynologists Foun da tion, Con tri bu tion Se ries 24, 227 pp.

Kozur, H., 1971. Zur Verwertbarkeit von Conodonten, Ostracoden 
und ökologisch-fazielle Untersuchungen in der Trias. Geolo-
gicky Zbornik, Geologia Carpatica, 22: 105–130.

Kozur, H. W., 1998. Some as pects of the Perm ian-Tri as sic bound -
ary (PTB) and of the pos si ble causes for the bi otic cri sis
around this bound ary. Palaeo ge ogra phy, Palaeoclimatology,
Palaeo ec ol ogy, 143: 227–272.

Kozur, H. & Movshovich, E. V., 1976. Megaspores from the Tri -
as sic Gemmanella beds from the south-west ern part of the
North Cas pian Syneclise and their strati graphic im por tance.
Izvestya Academii Nauk SSSR, Seria Geologicheskaya, 3:
53–66. [In Rus sian.]

Kozur, H. W. & Weems, R. E., 2011. De tailed cor re la tion and age
of con ti nen tal late Changhsingian and ear li est Tri as sic beds:
Im pli ca tions for the role of the Si be rian Trap in the Perm -
ian-Tri as sic bi otic cri sis. Palaeo ge ogra phy, Palaeoclimato-
logy, Palaeo ec ol ogy, 308: 22–40.

Krassilov, V. A., Afonin, S. A. & Barinova, S. S., 1999a.
Tympanicysta and the ter mi nal Perm ian events. Permophiles, 
35: 16–17.

Krassilov, V. A., Afonin, S. A. & Lozovsky, V. R., 1999b. Flo-
ristic ev i dence of tran si tional Perm ian-Tri as sic de pos its of the 
Volga - Dvina Re gion. Permophiles, 34: 12–14.

Krassilov, V. A. & Karasev. E., 2008. First ev i dence of plant – ar -
thro pod in ter ac tion at the Perm ian – Tri as sic bound ary in the
Volga Ba sin, Eu ro pean Rus sia. Alavesia, 2: 247–252.

Krassilov, V. A. & Karasev, E. V., 2009. Paleofloristic ev i dence
of cli mate change near and be yond the Perm ian-Tri as sic
boundary. Palaeo ge ogra phy, Palaeoclimatology, Palaeo ec -
ol ogy, 284: 326–336.

Li, W., Bat ten, D. J., Zhang, D. & Zhang, L., 1987. Early Cre ta -
ceous megaspores from the Jalainor Group of north east In ner
Mon go lia, P. R. China. Palaeontographica, Abteilung B, 206: 
117–135.

TRI AS SIC MEGASPORES FROM MOS COW SYNECLISE, RUS SIA 283



Liu, F., Zhu, H. & Ouyang, S., 2011. Tax on omy and biostrati-
graphy of Penn syl va nian to Late Perm ian megaspores from
Shanxi, North China. Re view of Palaeobotany and Palyno-
logy, 165: 135–153.

Looy, C. V., Collinson, M. E., Van Konijnenburg-Van Cittert, J.
H. A., Visscher, H. & Brain, A. P. R., 2005. The ultrastructure 
and bo tan i cal af fin ity of end-Perm ian spore tet rads. In ter na -
tional Jour nal of Plant Sci ences, 166: 875–887.

Lozovsky, V. R., 1998. The Perm ian-Tri as sic bound ary in the con -
ti nen tal se ries of Eur asia. Palaeo ge ogra phy, Palaeoclimato-
logy, Palaeo ec ol ogy, 143: 273–283.

Lozovsky, V. R., 2013. Permo-Tri as sic cri sis and its pos si ble
causes. Bul le tin of the Mos cow So ci ety of Nat u ral ists, Geo -
log i cal se ries, 88: 49–59. [In Rus sian.]

Lozovsky, V. R. & Esaulova, N. K., 1998. Perm ian-Tri as sic
bound ary in the con ti nen tal se ries of East Eu rope. In: In ter na -
tional Sym po sium “Up per Perm ian Stratotypes of the Volga
Re gion” GEOS, Mos cow, 246 pp. [In Rus sian.]

Lozovsky, V. R., Krassilov, V. A., Afonin, S. A., Burov, B. &
Jaroshenko, O., 2001. Tran si tional Perm ian-Tri as sic de pos its
in Eu ro pean Rus sia, and non-ma rine cor re la tions. In:
Cassinis, G. (ed.), Perm ian con ti nen tal de pos its of Eu rope and 
other ar eas. Re gional re ports and cor re la tions: “Natura
Bresciana”, Annali del Museo Civico di Scienze Naturali di
Brescia, pp. 301–310.

Lugardon, B., Grauvogel-Stamm, L. & Dobrushkina, I., 2000.
Com par a tive ultrastructure of the megaspores of the Tri as sic
lycopsid Pleuromeia rossica Neuburg. Comptes rendus de
l’Académie Sci ences, Sci ences de la Terre et de planÀtes, 330: 
501–508.

Lupia, R., 2011. Late Santonian megaspore flo ras from the Gulf
Coastal Plain (Geor gia, USA). Jour nal of Pa le on tol ogy, 85:
1–21.

Maheshwari, H. K. & Banerji, J., 1975. Lower Tri as sic palyno-
morphs from the Maitur For ma tion, west Ben gal, In dia. Pala- 
eontographica, Abteilung B, 152: 149–190.

Marcinkiewicz, T., 1976. Dis tri bu tion of megaspore as sem blages
in Mid dle Bundsandstein of Po land. Acta Palaeontologica
Polonica, 21: 191–200.

Marcinkiewicz, T., 1979. Fungi-like forms on Ju ras sic megaspo-
res. Acta Palaeobotanica Polonica, 20: 123–128.

Marcinkiewicz, T., 1980. Ju ras sic megaspores from Grojec near Kra-
kow. Acta Palaeobotanica Polonica, 21: 37–60. [In Pol ish.]

Marcinkiewicz, T., 1992a. Megaspore strati graphi cal scheme of
the Buntsandstein in Po land. Biuletyn Pañstwowego Instytutu
Geologicznego, 368: 65–96. [In Pol ish, with Eng lish sum -
mary.]

Marcinkiewicz, T., 1992b. Re marks to the dis cus sion on dis tri bu -
tion of smooth spher ules on Me so zoic megaspores with par -
tic u lar ref er ences to the spe cies Verrutriletes utilis (Marcin-
kiewicz) Marcinkiewicz. Geo log i cal Quar terly, 36: 421–434.

Marcinkiewicz, T., Fia³kowska-Mader, A. & Pieñkowski, G.,
2014. Megaspore zones of the epicontinental Tri as sic and Ju -
ras sic in Po land – over view. Biuletyn Pañstwowego Instytutu
Geologicznego, 457: 15–42.

Metcalfe, I., Fos ter, C. B., Afonin, S. A., Nicoll, R. S., Mundil, R.,
Wang Xiaofeng & Lucas, S. G., 2009. Stra tig ra phy, biostrati-
graphy and C-iso topes of the Perm ian–Tri as sic non-ma rine
se quence at Dalgonkou and Lucagou, Xinjiang Prov ince,
China. Jour nal of Asian Earth Sci ences, 36: 503–520.

Moore, S. E. M., Hemsley, A. R. & Borsch, T., 2006. Micromor-
phology of outer coat ings in Selaginella megaspores. Grana,
45: 9–21.

Nawrocki, J., 1997. Perm ian to Early Tri as sic magnetostrati-
graphy from the Cen tral Eu ro pean Ba sin in Po land: im pli ca -
tions on re gional and world wide cor re la tions. Earth and Pla-
netary Sci ence Let ters, 152: 37–58.

Nawrocki, J., 2004. The Perm ian–Tri as sic bound ary in the Cen tral 
Eu ro pean Ba sin magnetostratigraphic con straints. Terra
Nova, 16: 139–145.

Or³owska-Zwoliñska, T., 1984. Palynostratigraphy of the Bunt-
sandstein in sec tions of west ern Po land. Acta Palaeontolo-
gica Polonica, 29: 161–194.

Ouyang, S. & Norris, G., 1999. Ear li est Tri as sic (Induan) spores
and pol len from the Junggar Ba sin, Xinjiang, north west ern
China. Re view of Palaeobotany and Palynology, 106: 1–56.

Pal, P. K., Ghosh, A. K. & Sannigrachi, A., 1997. Megaspores
from the Panchet For ma tion of East Bokaro Coal field, In dia.
Jour nal of the Palaeontological So ci ety of In dia, 42: 61–69.

Punt, W., Blackmore, S., Nilsson, S. & Le Thomas, A., 1994.
Glos sary of pol len and spore ter mi nol ogy. LPP Con tri bu tion
Se ries, No. 1, 71 pp.

Reinhardt, P., 1963. Megasporen aus dem Keuper Thuringiens.
Freiberger Forschungshefte, C164: 117–122.

Scott, A. C. & Playford, G., 1985. Early Tri as sic megaspores from
the Rewan Group, Bowen Ba sin, Queensland. Alheringa: An
Aus tra lian Jour nal of Palae on tol ogy, 9: 297–323.

Strok, N. I., Gorbatkina, T. E. & Losovsky, V. R., 1984. Up per
Perm ian and Lower Tri as sic de pos its of the Mos cow Syne-
clise. Nauka, Mos cow, 139 pp. [In Rus sian.]

Tay lor, W. A. & Tay lor, T. N., 1988. Ultrastructural anal y sis of
se lected Cre ta ceous megaspores from Ar gen tina. Jour nal of
Micropalaeontology, 7: 73–87.

Twitchett, R. J., Looy, C. V., Morante, R., Visscher, H. & Wig-
nall, P. B., 2001. Rapid and syn chro nous col lapse of ma rine
and ter res trial eco sys tems dur ing the end-Perm ian bi otic cri -
sis. Ge ol ogy, 29: 351–354.

Visscher, H., 1971. The Perm ian and Tri as sic of the Kingscourt
Out lier, Ire land. Geo log i cal Sur vey Ire land Spe cial Pa per, 1:
1–114.

Visscher, H., Looy, C. V., Collinson, M. E., Brinkhuis, H., van
Konijnenburg-van Cittert, J. H. A. & Kürschner, W. M.,
2004. En vi ron men tal mu ta gen e sis dur ing the end-Perm ian
eco log i cal cri sis. Pro ceed ings of the Na tional Acad emy of
Sci ences of the United States of Amer ica, 101: 12952–12956.

Yaroshenko, O. P. & Lozovsky, V. R., 2004. Palynological as sem -
blages of con ti nen tal Lower Tri as sic in East ern Eu rope and
their in ter re gional cor re la tion. Pa per 1: Palynological as sem -
blages of the Induan stage. Stra tig ra phy and Geo log i cal Cor -
re la tion, 12: 275–285. [In Rus sian.]

284 E. KARASEV & E. TURNAU


