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Abstract—Composite seedbearing capsules (formed by fusion of eight radially arranged elementary cap
sules), assigned to a new monotypic order Vladimariales ordo nov., were found in the Upper Bathonian
deposits of the Mikhailovskii rudnik locality (Zheleznogorsk town, Kursk Region). In its morphology, the
new order demonstrates valuable, phylogenetically conditioned similarity to Peltaspermales and Umkoma
siales, but it is evolutionarily more advanced than these latter. A base of the composite capsule is supported
by a collar on a stalk, which in external appearance is not different from collar of Ginkgo L., but has stalk,
vascularized in a different way (its conducting tissue consisted of eight radially arranged collateral vascular
bundles; each vascular bundle correspond to one of eight fused elementary capsules, each of which contain a
solitary seed). Capsules and seeds are inverted relative to the collar; as a result, collar protects micropilar tips
of seeds. The presence of collar and whole aspect of the new plant composite capsules give them the signifi
cant superficial similarity with seedbearing organs of modern Ginkgo. Mature composite capsule in Vladi
mariales ordo nov. dehisced along the lines of fusion of elementary capsules, forming the composite capsule,
and scattered seeds; opened composite capsule detached from axis. The significance of the new order for
gymnosperm phylogeny is discussed.
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INTRODUCTION
It is believed that only Caytoniales and Umkoma
siales survived in the Jurassic of all bygone diversity of
seed ferns. These two orders appeared in the Triassic,
the latter was represented by relatively high diversity of
forms. The representatives of the first order in the
Jurassic are known both by their leaf remains
(Sagenopteris Presl) and by reproductive structures
(seedbearing capsules Caytonia Thomas and Rey
manownaea Barbacka et Bóka (Barbacka and Bóka,
2000), pollen organs Caytonanthus Harris (Harris,
1964)). The second order is represented by leaves of
Pachypteris Brongn. and, supposedly, Cycadopteris
Zigno, seedbearing (Umkomasia Thomas) and pollen
organs (Pteruchus Townrow and Pteroma Harris)
(Kirchner and Müller, 1992; Taylor et al., 2006; Taylor
and Taylor, 2009; Taylor et al., 2009). It should be
noted, that another point of view exists, according to
which leaves Pachypteris were assigned to protocycad
aleans (Krassilov and Doludenko, 2004). Meyen
(1984, 1987) believed that the Caytoniales are united
by close affinity with Peltaspermales, Ginkgoales, and

Czekanowskiales. He regarded the corystosperms
(umkomasians) as a family within the order Peltasper
males. In recent years, they are often regarded as a
separate order–Umkomasiales (Anderson and Ander
son, 2003; Taylor et al., 2006; Taylor and Taylor, 2009).
I also believe that umkomasians are an independent
order. Meyen included all listed orders to comprehen
sive classis Ginkgoopsida, erected for plants with
bilaterally symmetrical seeds without secondary integ
ument (Meyen, 1984, 1987). He derived the Cayto
niales, Ginkgoales, and Czekanowskiales directly
from Peltaspermales with their umbrellashaped seed
bearing organs, through the family Angaropeltidaceae
(a new name of Cardiolepidaceae, established by
Meyen, 1977). The Peltaspermales (I exclude of them
umcomasians), evidently, appeared already in the
Carboniferous (Kerp et al., 2001; Naugolnykh, 2007),
still demonstrated diversity in the Triassic, but com
pletely disappeared to the beginning of Jurassic.
According to Meyen, the Ginkgoales and Cze
kanowskiales are united by close affinity to Peltasper
males. The vast majority of foreign scientists at present

1281

1282

GORDENKO

day rank Umkomasiales and Caytoniales with seed
ferns, and Czekanowskiales and Ginkgoales regard as
detached groups, and they often bring Ginkgoales
together with Coniferales and Cordaitales (Doyle
et al., 1994; Doyle, 2006; Hilton and Bateman, 2006;
Taylor et al., 2006; Zou, 2009; etc.). But so was Meyen
really wrong, when supposed the affinity of Ginkgoa
les and Czekanowskiales with Peltaspermales?
Besides abovementioned genera of the Mesozoic
seed ferns, it is worth noting one find that is important
for us. Samylina (1990) described seedbearing organs
in association with leaves of new genus Grenana
Samylina from the Jurassic of Angren (Uzbekistan).
According to her interpretation, seeds with collars,
like those in Ginkgo, were attached to the tips of lobes
of palmatedichotomously dissected leaves of Baier
ellaLeptotoma type; in each terminal lobe of leaves
entered a single vein. The collar was interpreted as
reduced cupule. Samylina believed that Grenana is
nothing but a new Mesozoic seed fern, of yet unknown
affinity. The leaves, collars and seeds were not found in
the organic connection. Other researchers did not
agree with this sufficiently unusual reconstruction and
placed Grenana directly to the family Ginkgoaceae
(Zhou, 1997, 2009; Naugolnykh, 2002). In the light of
obtained data, may be that Samylina really was not too
far from the truth.
This paper describes seedbearing organs, assigned
to a new order Vladimariales ordo nov. This order is of
interest by the fact that it quite may be assigned to “the
Mesozoic seed ferns” (sensu Taylor et al., 2006 etc.). It
allows looking several morphological features of
Ginkgoales and Czekanowskiales from a different
angle and proposing some new approaches to the
problem of their systematic and phylogeny.
MATERIAL AND METHODS
The collection, which served the material for
present paper, was collected during several field sea
sons in 2004–2009. Plant remains were found in sandy
siltstones of plantbearing lens about 1.5 m thick in the
northern wall of the Northern Quarry of Mikhailovskii
Rudnik (near Zheleznogorsk town, Kursk Region)
from continental deposits of the hypostratotype of
Arkinsk Formation, Middle Jurassic, Upper Batho
nian (Unified…, 1993). Apart from the new ovuliferous
organs, in the plantbearing lens, were found numer
ous predominantly leaf remains of other plants: Cla
dophlebis sp., Pachypteris rutenica Gordenko, Pachyp
teris sp., Ptilophyllum caucasicum Doludenko,
Otozamites sp., Bennetticarpus sp., bennettiatalean
leaves Sympterophyllum Gordenko et Broushkin,
numerous bennettitalean “floral” bracts, Leptotoma
prynadii Travina, L. lenaensis Samylina, Ginkgo hut
toni Harris, Mirovia eximia (Gordenko) Nosova,

brachyblasts and Auxiblasts of Pityocladus sp., shoot
fragments of Elatocladus sp., cones of Schizolepis
Braun–type, dispersed seeds of ginkgoaleans and
conifers. Here also abundant fragments of branches
and trunks of Podocarpoxylon sp. and Cupressinoxylon
sp. with welldistinguishable growth rings were found
(Gordenko, 2008).
To describe the new ovuliferous organs, we use the
term “composite capsule”. The term means the aggre
gation, which was formed by fusion of several elemen
tary capsules.
The studied material is represented mainly by phy
toleims of dehisced composite ovuliferous capsules
and dispersed collars; two undehisced composite cap
sules were found in the organic connection with their
collars. The material preservation allowed investiga
tion of not only epidermal structure, but of many sig
nificant details of anatomical structure of the new ovu
liferous organs.
To obtain cuticle preparations, phytoleims initially
were placed in concentrated hydrofluoric acid to
remove matrix, and subsequently macerated by stan
dard method in concentrated nitric acid. Obtained
cuticle preparations were studied using light micros
copy (LM) and scanning electron microscopy (SEM).
Individual fragments prepared for study under SEM
without maceration process.
The collection no. 5137 is kept in the Borissiak
Paleontological Institute of Russian Academy of Sci
ences.
SYSTEMATICS
DIVISION GYMNOSPERMAE
C L A S S I S G I N KGO O P S I DA
Order Vladimariales ordo nov.

E t y m o l o g y. From the type family Vladimari
aceae fam. nov.
D i a g n o s i s. Plants with peltate, radially sym
metrical seedbearing organs–composite capsules,
formed by fusion of several closed elementary cap
sules, which arranged in whorl on thin axis and
inverted relative to it and base of composite capsule.
Composite capsule dehisced on several lobes along
line of fusion of elementary capsules. Each capsule
contained solitary seed. Seeds, sitting on short stalks,
inverted relative to composite capsule axis. Seeds fusi
form, slightly curved, with chalaza slightly asymmetri
cal and weakly concave in place of stalk attachment;
micropile very long, with apex fused to margins of
small opening in distal margin of capsule. Nucellus
fused with integument more than on two thirds,
megaspore membrane absent. Axis base of composite
capsule sustained by collar on thick stalk, protecting
micropilar tips of seeds. Stalk with several radially
arranged collateral vascular bundles. Their quantity
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corresponds to quantity of elementary capsules, form
ing composite capsule. Metaxylem tracheids in vascu
lar bundles with scalariform bordered pits. Extensive
resin canals and cavities presented in cortex of stalk,
collar, and composite capsule. Outer epidermis of
composite capsule strongly cutinized, bearing numer
ous perigenous mono or polycyclic stomatal appara
tuses, without sutures, despite of area sustained by col
lar, where radially arranged sutures distinctly
expressed on cuticle. Sutures mark lines of fusion of
capsules. Stalk, bearing collar, upper surface of collar
near its axial part, composite capsule axis, and all area
of composite capsule sustained by collar, papillose;
other surface of composite capsule without papillae.
C o m p o s i t i o n. Monotypic order.
C o m p a r i s o n a n d r e m a r k s. Composite
radially symmetrical capsules, sustained by a collar,
protecting micropilar openings, were not found earlier
in the Ginkgoopsida. The new order exhibits the most
similarity with Peltaspermales, Umkomasiales, Cay
toniales, Petrielleales, Czekanowskiales, and Gink
goales. Capsules are known in the all enumerated
orders, excluding Ginkgoales. Capsules are constant
character of Caytoniales, Petrielleales, and Cze
kanowskiales. Among Peltaspermales, Angaropelti
daceae possessed simple capsule (unlike composite
capsules of the new order), and seeds with long micro
pilar tubes, extending to the slit between the stalk and
capsule margin. Umkomasia uniramia Axsmith,
E.L. Taylor, T.N. Taylor et Cúneo from the Triassic of
Antarctica (Axsmith et al., 2000), in which capsules
form a whorl on the apex of strobilus axis, may be an
example of capsule possessor in Umkomasiales.
By its peltate organization and seed orientation,
the new order is similar to Peltaspermales, but in the
latter capsules are simple and formed by bending down
of peltoid margins (Meyen, 1984), not by fusion of
closed capsules, arranged in a whorl. Moreover, in the
Peltaspermales, unlike Vladimariales ordo nov., seeds
have free and wellcutinized nucellus and thin cuticle
of outer integument.
The similarity of the new order with Umkomasiales
is in the presence of dehiscing capsules, which were
noted in several Umkomasiales (in particular, in
whorled arrangement of capsules in Umkomasia
uniramia), and position of seed within a capsule. The
resin canals and cavities are characteristics of Umko
masiales (Meyen, 1984; Klavins et al., 2002; Taylor
et al., 2006). However, the composite capsules are
unknown in Umkomasiales, and their seeds are similar
to seeds of Peltaspermales both by their morphology
and by anatomy.
The new order has pollination mechanism, conver
gently similar to that of Caytoniales. A seed in the
Vladimariales ordo nov. has long micropilar canal,
extending towards narrow opening in an elementary
PALEONTOLOGICAL JOURNAL
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capsule. The micropilar canal lumen is very narrow
(15–20 µm, which must prevent the penetration of
larger pollen grains of other plants). Pollen grains
might penetrate into micropile with pollination drop.
In the Caytoniales, long canals continued from cap
sule mouth and reached short micropiles of seeds,
enclosed in the capsule. The pollen could be trans
ported with pollination drop inside the capsule to
seeds through the canals. For the Caytoniales, various
interpretations of the canals exist, but more often they
are regarded as canals, adjacent to a seed micropile,
rather than micropilar canals (Reymanówna, 1973;
Krassilov, 1977, Taylor et al., 2006). This not changes
the implication of the pollination mechanism, which
is qualified to restrict the penetration of alien pollen
into the capsule (Reymanówna, 1973; Krassilov,
1977). The valuable distinction of Vladimariales ordo
nov. from Caytoniales consists in that the capsule of
the latter encloses several seeds and formed by trans
verse, rather than longitudinal, folding of megasporo
phyll. In the Vladimariales ordo nov., the elementary
capsule might be formed by longitudinal folding of
megasporophyll, or by fusion of two lobes of a cupulate
structure (for example, cupule of Umkomasiales),
containing a solitary seed. Seeds in the both orders are
also essentially different. Therefore, the peltate com
posite capsule of Vladimariales ordo nov. significantly
differs from bilaterally symmetrical capsule of the
Caytoniales. The dissimilarity in epidermal structure
between representatives of these two orders is also
should be noted.
The new order differs from Petriellales by presence
of composite capsule and other structure of seeds. The
capsule of Petriellales differs from composite capsules
of Vladimariales ordo nov. more sufficiently, than cap
sule of Caytoniales. It was formed like in Caytoniales,
but its seeds are adaxial and have another configura
tion (they are distinctly triangular) and lack long
micropilar canals (Taylor et al., 1994, 2006).
The similarity of radially symmetrical composite
capsule of Vladimariales ordo nov. to capsules of Lep
tostrobales is conditioned mainly by the presence of
dehiscing mechanism. Representatives of the both
orders dispersed their seeds. Unfortunately, the scanty
data have been obtained on the inner structure of cap
sules in the Leptostrobales, including that fact that it is
nothing known about their seeds. Strongly cutinized
megaspore membranes, extracted from capsules of
Leptostrobales (Krassilov, 1972), probably may be
resin bodies. Probably, the seeds of the Leptostrobales
were similar to seeds of Vladimariales ordo nov. and
were separated each from other by partitionwalls (in
this case, capsules of Leptostrobales might be compos
ite), but this hypothesis is in need of verification.
The Vladimariales ordo nov. possess a collar, which
is believed to be the distinctive feature of some Gink
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goales (in particular, of Ginkgo L.). Exteriorly, it is not
distinguishable from collar in Ginkgo. The outer
appearance of the seedbearing organs and their
arrangement are very similar to that in Ginkgoales.
The outer cuticle of composite capsule is covered with
stomata, as well as outer integument in seeds of
Ginkgo, resin canals are developed within cortex of the
capsule, like in outer integument of Ginkgo. But stalk
in the plants of new order was vascularized by another
way, than in ginkgoes, which have in their stalk two
vascular bundles, forming on the level of collar an
anomalous ring of metaxylem (Shaw, 1908). More
over, the collar sustains several seeds, inverted relative
to it, rather than single (as a rule, orthotropous) like in
the Ginkgoaceae.
Family Vladimariaceae Gordenko, fam. nov.

E t y m o l o g y. From the type genus.
Ty p e G e n u s. Vladimaria Gordenko, gen. nov.
D i a g n o s i s. As for order.
C o m p o s i t i o n. Monotypic family.

based on the presence of collar. Probably, one should
assign to Vladimaria gen. nov. the imprints, described
as Weltrichia regalis Anderson et Anderson (Anderson
and Anderson, 2003) from the Upper Triassic of South
Africa, Weltrichia sp. from Upper Triassic of Ukraine
(Stanislawsky, 1971), remains, identified as Williamso
niella karataviensis TurutanovaKetova (Doludenko
and Orlovskaya, 1976), and seedbearing organs,
described in association with leaves Grenana Samylina
from the Middle Jurassic of Angren, Uzbekistan
(Samylina, 1990). The most similarity in its morphol
ogy the new genus demonstrates with seedbearing
organs in association with leaves Grenana. Is my sug
gestions are correct, the representatives of the new
genus may be found in the Mesozoic of Northern, as
well as Southern hemisphere, beginning from the
Upper Triassic.
C o m p o s i t i o n. Type species.
Vladimaria octopartita Gordenko, sp. nov.
Pl. 8, figs. 1–16; Pl. 9, figs. 1–7; Pl. 10, figs. 1–6;
Pl. 11, figs. 1–9; Pl. 12, figs. 1–9; Pl. 13, figs. 1–4;
Pl. 14, figs. 1–8;. Pl. 15, figs. 1–7; Pl. 16, figs. 1–4;
Pl. 17, figs. 1–6; Pl. 18, figs. 1–6; Pl. 19, fig. 1–6;
Pl. 20, figs. 1–6; Pl. 21, figs. 1–6.

Genus Vladimaria Gordenko, gen. nov.

E t y m o l o g y. In honor of parents of the author,
from names Vladislav and Maria.
Ty p e s p e c i e s. Vladimaria octopartita gen. et
sp. nov.
D i a g n o s i s. As for family.
C o m p o s i t i o n. Monotypic genus.
R e m a r k s. Dehisced composite capsules Vladi
maria gen. nov. may be easily mistaken with reproduc
tive organs of Bennettitales, particularly with Weltri
chia Carruthers and Williamsoniella Thomas. Resin
canals and their imprints may be mistaken as synangia
or nectaries. In fact, Harris (1969, 1973) pointed on
the presence in the bases of bracts Weltrichia of pecu
liar bodies, indissoluble during maceration process,
which he interpreted as nectaries. According to the
author opinion, which he proved experimentally, the
sugary matter under coalification process may turn
resinlike and indissoluble in water and acids. Unde
hisced composite capsules in the representatives of the
new genus also may be easily mistaken as Ginkgoaceae

E t y m o l o g y. From the Latin octo (eight) and
partitus (divided).
H o l o t y p e. PIN, no 5137/39; undehisced com
posite seed capsule with a collar, preserved as phy
toleim; Russia, Kursk Region, Zhelesnogorsk town
vicinity, Michailovskii openmine; Middle Jurassic,
Upper Bathonian, Arkinsk Formation (Pl. 10, fig. 1;
Pl. 12, figs. 1, 2).
D i a g n o s i s. As for genus. Premature composite
capsules nearly spherical, slightly oblate, 2.7–3 mm
high, 4–4.5 mm in diameter; mature composite cap
sules from nearly spherical to ellipsoidal, slightly
oblong, 10–13 mm high, 8.6–10 mm in diameter.
Composite capsule always consists of eight elementary
capsules. Eight seeds corresponding to number of cap
sules. Seeds (without micropilar part) up to 5360 µm
long, 300–840 µm in diameter. Micropile long, grad
ually tapers towards tip; micropilar canal more than
1000 µm long, 15–20 µm wide. Segments (correspond
to outer walls of elementary capsules, which constitute
composite capsule), formed after composite capsule

Explanation of Plate 8
Figs. 1–16. Vladimaria octopartita gen. et sp. nov.: (1, 2) no. 5137/28, LM: (1) abortive composite capsule with preserved collar,
the lateral view; (2) the same, view from the back side; (3, 4) no. 5137/29: (3) dehisced and crushed composite capsule, detached
from a collar, the distal view; (4) the same in the proximal view; (5, 6) no. 5137/30: (5) incompletely dehisced composite capsule,
detached from a collar, the lateral view; (6) the same, view from the back side; (7, 8) no. 5137/31: (7) completely dehisced composite
capsule, detached from a collar, the lateral view; (8) the same, view from the back side; (9, 10) no. 5137/32: (9) completely dehisced
composite capsule with slightly tapered apex, the lateral view; (10) the same, view from the back side; (11, 12) no. 5137/33: (11) com
pletely dehisced composite capsule; (12) the same, view from the back side; (13, 14) no. 5137/34: (13) completely dehisced compos
ite capsule, the lateral view; (14) the same, view from the back side; (15) no. 5137/35, dehisced composite capsule, detached from a
collar, proximal view; (16) no. 5137/36, incompletely dehisced composite capsule, detached from a collar, the lateral view.
Figs. 1–16. Scale bar 2 mm.
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dehisced, take up to 3/4 of its length, 2.3–2.6 mm
width in middle area, taper to 0.5 mm towards capsule
apices. Diameter of composite capsule axis base 0.4–
0.7 mm, axis tapers to nearly 0.2 mm towards its apical
part. Stele in base of composite capsule axis about
230 µm in diameter, composed of 8 collateral vascular
bundles, 75 µm in diameter. Tracheids 6–10 µm in diam
eter. Diameter of composite capsule stalk 0.6–2 mm,
length up to 2 mm. Collar 1.8–5 mm in diameter.
Ordinary epidermal cells of composite capsule in
more or less distinct longitudinal rows. They mainly
quadrangularpentagonal, nearly isodiametric, more
rarely transversally or longitudinally elongated, 15–
60 µm long, 10–40 µm wide. Anticlinal walls straight
or slightly curved. Stomatal apparatuses with 4–8 sub
sidiary cells forming Florin ring, and 1–2 rings of
neighboring cells (amphicyclic). Guard cells of outer
cuticle of composite capsule sunken, wingshaped,
50–60 µm long, 40–50 µm wide; guard cells of axis
semicircular in form, 20–36 µm long, 24–28 µm
wide. Polar subsidiary cells rare. Stomatal density
14 per mm2.
Papillae on ordinary cells in base of composite cap
sule, on ordinary cells of composite capsule axis, and
upper surface of collar central, domeshaped or calyp
triform.
D e s c r i p t i o n (Figs. 1–3). The collection con
tains premature and mature radially symmetrical
peltate ovuliferous organs representing composite
capsules, sustained by a collar on stalk (Figs. 1a, 1b).
Only two exemplars were found in organic connection
with collars; they represent premature abortive com
posite capsules (Pl. 8, figs. 1, 2; Pl. 10, fig. 1; Pl. 12,
figs. 1, 2; Fig. 2). Dehisced composite capsules (Pl. 8,
figs. 3–15; Pl. 9, Figs. 1, 2, 4; Fig. 3), detached from
collar and without seeds, prevail. Dispersed seeds on
short stalks are found more rarely (Pl. 10, figs. 3, 5;
Pl. 11, figs. 5–9; Pl. 13, fig. 1). One specimen (Pl. 11,
figs. 8, 9) shows two collars, which were attached to a
forked axis, judging by imprint. One incompletely
dehisced composite capsule (Pl. 8, fig. 16) contained
seeds.
Radially symmetrical composite capsules were
formed by lateral fusion of eight elementary cap
sules, arranged in whorl on the apex of thin axis and
inverted relative to it and composite capsule base.
The diameter of composite capsule axis base is 0.4–
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0.7 mm; towards the apex, the axis is thinning
approximately to 0.2 mm. The stele in the compos
ite capsule axis base is about 230 µm in diameter,
consisting of eight collateral bundles, which are
about 75 µm in diameter (Pl. 13, figs. 1–3). The
metaxylem tracheids of vascular bundles with sca
lariform bordered pits (Pl. 13, figs. 4). Diameter of
tracheids is 6–10 µm. Premature composite cap
sules are nearly spherical, slightly dorsoventrally
flattened, 2.7–3 mm high, 4–4.5 mm in diameter;
the mature ones are from nearly spherical to ellip
soidal, and slightly elongated dorsoventrally, 10–
13 mm high and 8.6–10 mm in diameter. The com
posite capsule always consists of eight elementary
capsules. The composite capsule opened by dehis
cence on eight lobes along fusion lines of elemen
tary capsules (Fig. 3). The lobes (corresponds to
outer walls of elementary capsules, forming com
posite capsule) formed when composite capsule
dehisced; their length is up to 3/4 from the whole
composite capsule length, width in the middle part
is 2.3–2.6 mm. They are tapering to 0.5 mm towards
the apices of elementary capsules (Pl. 2, figs. 2–5,
7). Each elementary capsule in composite capsule
contains a solitary seed, sitting in the weakly cuti
nized locule (Pl. 12, figs. 6–9; Fig. 1 b). The seeds,
attached to short stalks, are inverted relative to the
composite capsule axis (Pl. 14, fig. 8, 10; Pl. 15,
fig. 1). The seeds are fusiform, indistinctly bilater
ally symmetrical, slightly curved, with somewhat
asymmetrical, rounded or slightly concave chalazal
part (Pl. 16, figs. 1, 2). Nucellus fused with integu
ment more than on two thirds; megaspore mem
brane is absent, micropile is very long (more than
500 µm) and thin (diameter of apex is about 30 µm),
with apex, coalescent with margins of a small open
ing in the distal part of elementary capsule (Pl. 12,
fig. 9; Pl. 15, fig. 7). The diameter of micropilar
canal is 15–20 µm. The nucellus cuticle is very
thick, composed of large cells, which are from
nearly isodiametric to polygonal in the chalazal
part, and to rectangular and fusiform in the middle
part (Pl. 16, figs. 1–4). The cells with flat or strongly
prominent outer periclinal walls, or with indistinct
large central papillae (Pl. 15, fig. 5, Pl. 16, fig. 3).
Nearer to the micropile, the ornamentation in form of
irregular cordshaped ribs is observed (Pl. 16, fig. 4).

Explanation of Plate 9
Figs. 1–7. Vladimaria octopartita gen. et sp. nov.: (1–3) no. 5137/37, LM: (1) incompletely dehisced composite capsule, detached
from a collar, lateral view; (2) the same, view from the back side; (3) macerated cuticle of composite capsule, eight lobes, corre
sponding to eight capsules, are visible; (4–7) no. 5137/38: (4) composite capsule fragment (inner view), free of seeds (lighter areas
correspond to resin canals); the same after maceration, partly removed coaly matter (resin canals are visible); (5) initial phase of
maceration, resin canals are distinctly visible; (6) detail of fig. 5, resin canals in the apical part of composite capsule, radially
departing into the lobes, are visible; (7) final phase of maceration, cuticular covering of three lobes of complex capsule is visible.
Figs. 1–7 Scale bar 2 mm.
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Fig. 1. The structure of composite capsule Vladimaria octopartita gen. et sp. nov.: (a) in the transverse section through the middle
part; (b) in the radial section. Legend: (Ow) the outer wall of an elementary capsule, comprising in the composite capsule (cor
responds to a lobe of dehisced composite capsule); (Dl) composite capsule dehiscence lines; (Iw) inner wall of the elementary
capsule; (Sw) common wall of adjacent capsules; (Cu) cuticle; (Oct) outer cortex; (Rl) layer of cortex, containing resin canals;
(Rc) resin canals; (Vs) vascular bundles coated with transfusion tissue; (Rb) resin bodies; (Ict) inner cortex; (Pd) composite cap
sule axis; (S) seed; (Mp) the micropilar opening of seed; (St) stalk; (Ls) seed locule.

The anticlinal walls of cells are thick, projecting in
form of slanting ribs in the chalazal part.
From the composite capsule axis into the base of
each elementary capsule, one vascular bundle enters
and follows into a lobe (it may be traced by the pres
ence of transfusion tissue in the lobe axial part, Pl. 21,

fig. 1; Figs. 1a, 1b). Short branch departs from the
bundle to the chalazal part of seed. Except for the
short branch, there is another, following in parallel to
the long axis of seed, within the capsule inner wall,
adjacent to the composite capsule axial part. This is
thin vascular bundle, only a few tracheids thick (Pl. 15,

Explanation of Plate 10
Figs. 1–7. Vladimaria octopartita gen. et sp. nov., SEM: (1, 2) holotype, no. 5137/39: (1) premature composite capsule, attached to
a collar; (2) detail of stalk and lower side of collar surfaces; (3, 4) no. 5137/40: (3) collar in the upper view; prominence in the central
part corresponds to the base of composite capsule axis; (4) surface details of the composite capsule axis base; (5, 6) no. 5137/41:
(5) collar in the upper view; prominence in the central part corresponds to the base of composite capsule axis; (6) detail of collar
upper surface; (7) no. 5137/42, chipped apex of composite capsule; radially arranged coalescent bases of inverted capsules are visible.
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Fig. 2. Reconstructed premature composite capsules of Vladimaria octopartita gen. et sp. nov.

fig. 8), possessing lining of transfusion cells of the
same type as in the composite capsule lobes (Pl. 21,
fig. 3). The tracheids are scalariform, approximately
10 µm in diameter.
The diameter of composite capsule stalk at collar
base is 0.6–2 mm, width is up to 2 mm. The collar is
slightly asymmetrical, fleshy, 1.8–5 mm in diameter.
The base of composite capsule axis is sustained by
collar on thick stalk, protecting micropilar openings
of seeds. The collar in its morphology is indistin
guishable from collar of Ginkgo, but vascularized in
other way. Eight radially arranged vascular bundles
follow through the stalk; their quantity corresponds
with the quantity of elementary capsules, comprising
the composite capsule. The collar is disciform or
calyptriform, often somewhat asymmetrical, 1.8–
5 mm in diameter. The stalk diameter at the base of
composite capsule collar is 0.6–2 mm, the width is
up to 2 mm. The extensive resin canals and ellipsoi
dal resin cavities, containing maceration resistant
matter, are developed on the cortex of stalk and collar
(Pl. 9, figs. 4–6; Pl. 12, figs. 3–6; Pl. 14, figs. 4, 5, 9;
Pl. 20, figs. 5, 6; Fig. 1). The diameter of the resin
canals is 70–500 µm; resin cavities are 600–1010 µm
long and 200–300 µm wide.

The outer epidermis cuticle of the composite cap
sule, stalk, collar lower surface and margins is thick,
7–10 µm. The cuticle in the collar upper surface closer
to the axial part and in the composite capsule axis is
relatively thin, 1.5–2 µm. The composite capsule cuti
cle is without sutures, excluding the area, protected by
a collar, where the cuticle demonstrates distinct radi
ally arranged sutures, marking fusion lines of capsules
(Pl. 12, figs. 6–9).
The epidermal pavement cells of the composite
capsule and its axis are congregated in more or less
distinct longitudinal rows (Pl. 16, figs. 1, 2; Pl. 20,
fig. 1; Pl. 21, fig. 4); in the collar, the cells form rows,
radially departing from a stalk (Pl. 12, fig. 7). They
are mainly rectangular–pentagonal, nearly isodia
metric, more rarely transversally or longitudinally
elongated, 15–60 µm long and 10–40 µm wide. The
anticlinal walls are straight or slightly curved. The
pavement cells on the collar upper surface, closer to
its axial part, on the composite capsule axis, and in
the area of composite capsule base, protected by col
lar, are predominantly papillose. The papillae are
central or marginal, domeshaped or calyptriform,
often asymmetrical, with base diameter 15–30 µm
and up to 20 µm high. Here the cells with central ribs
or with prominent periclinal walls are present,

Explanation of Plate 11
Figs. 1–9. Vladimaria octopartita gen. et sp. nov.: (1–4), specimen no. 5137/36, LM: (1) fragment of composite capsule (inner
surface), two fused capsules are visible (they are partially destroyed, with base orientated upward), micropilar openings are noted
by arrows; (2) fragment of composite capsule with preserved base of one of elementary capsules (with the base orientated upward),
micropilar opening is indicated by an arrow; (3) detail of fig. 2, micropilar opening is noted by arrow, lighter areas corresponds to
resin bodies; (4) a fragment of composite capsule apical part (inner view) with resin bodies; (5) no. 5137/43, a collar, vascular
bundle is visible on the chip of stalk; (6) no. 5137/44, a collar; (7) no. 5137/45, collar with preserved base of composite capsule
axis; (8, 9) no. 5137/46: (8) two collars; (9) redraw of fig. 8.
Figs. 1–9. Scale bar 1 mm.
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Fig. 3. Reconstructed composite capsule of Vladimaria octopartita gen. et sp. nov. at the moment of dehiscing and seed dispersal.

besides the papillose cells. The outer surface of the
stalk cuticle is longitudinally ribbed. The ribs are
radial on the collar lower surface. The pavement cells
of other surface of a seed bearing organ are without
papilla, with flat, or more rarely, slightly prominent
periclinal wall.
Stomata are present on the outer epidermis of the
composite capsule (excluding the papillose apices of
the elementary capsules) on the cuticle of composite
capsule axis, on collar (excluding margins), and on

stalk. As a rule, only stomata of the composite cap
sule outer epidermis are well developed. When the
stomata are present, they are spaced more or less
evenly and sometimes form short rows of a few sto
mata. The stomatal apparatuses are orientated ran
domly. The stomatal apparatuses are perigenous
(Pl. 18, fig. 5), with four–eight subsidiary cells,
forming the Florin ring, and with one–two circles of
neighboring cells (amphicyclic type). The anticlinal
walls in subsidiary and neighboring cells, as a rule,

Explanation of Plate 12
Figs. 1–9. Vladimaria octopartita gen. et sp. nov., holotype, no. 5137/39, LM: (1) premature composite capsule in the organic
connection with a collar; (2) the same, the view from the side of collar base; (3) premature composite capsule after maceration
(view from the side of base), dark inclusions are resin canals and bodies; (4) the same, the view from the side of composite capsule
apex; resin canals, radially departing from apex to the base, are visible; (5) cuticular covering of collar, view from the side of stalk,
dark inclusions are radially departing resin canals; (6) the same, view from the side of composite capsule base; eight apices of fused
capsules with concentric signs of seed micropilar tips attachment are visible; (7) detail of fig. 6, concentric signs of seed micropilar
tips attachment are wellmarked visible; (8) detail of fig. 7; (9) detail of fig. 8, a scar of micropile is noted by arrow.
Figs. 1–6. Scale bar 1 mm.
Figs. 7, 8. Scale bar 0.5 mm.
Fig. 9. Scale bar 0.2 mm.
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are less cutinized than anticlinal walls in the pave
ment cells. The guard cells on the composite capsule
outer cuticle are sunken, wingshaped, 50–60 µm
long, 40–50 µm wide, with welldeveloped polar
extensions (Pl. 16, fig. 3; Pl. 20, figs. 2–4); guard
cells of axis and upper surface of collar are in form of
halfcircle, radially striated, 20–36 µm long, 24–
28 µm wide, or nearly reduced, the polar extensions
are not developed (Pl. 18, figs. 4, 6; Pl. 20, figs. 5, 6).
The polar subsidiary cells are rarely present. The sto
matal density is 14 stomata per mm2.
R e m a r k s. The presence of two vascular bundles
may point to the origin of elementary capsule by fusion
of two lobes, each of which had its own vascular bun
dle (it testifies on the similarity with Umkomasiales).
Probably, the vascularization of individual capsules
had been more complex, than it may be deduced on
the available material.
The stomata on the axis of composite capsule and
upper surface of collar are nearly twice smaller than
normally developed stomata of the composite capsule
outer surface. They might carry out secretory func
tion, moistening the area around micropilar openings.
M a t e r i a l. More than 50 exemplars, presented
by phytoleims.
DISCUSSION
The new plant, due to its specialized ovuliferous
organs, nearly completely enclosing seeds, enlarges
the comprehensive group of Proangiosperms. Among
the representatives of Meyen’s Ginkgoopsida line,
Krassilov (1989) placed the Leptostrobales and Cay
toniales within Proangiosperms. It is difficult to
judge on the pollination mechanism in the new plant,
but special mechanisms for pollination of seeds, situ
ated within nearly closed capsules, evidently were
present. These are papillose stigmalike structures
around micropilar aperture. The pollen, most proba
bly, got in the relatively narrow space between a collar
and composite capsule base, where was caught with
pollination drop, secreted by micropile. With this
pollination method, ovuliferous organs in Vladimaria
gen. nov. must not be drooping as in Ginkgo, but
standing, as it was reconstructed for the ginkgoalean
Nechvizdiella Kva cek, FalconLang et Dašková
(Kva cek et al., 2005). Most probably, the “seeds” of
enigmatic pteridosperms, described together with
ginkgoaleanlike leaves as Grenana (Samylina, 1990)
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and, at present day, assigned by many researchers to
the family Ginkgoaceae, in fact may be capsules,
similar to Vladimaria gen. nov., but this question
needs an additional investigation. “Seeds” were not
been found in the organic connection with leaves
Grenana, but they demonstrate similarities in the epi
dermal structure with the latter. Anyway, the generic
name Grenana must be assigned to vegetative, but not
reproductive structures, found in association with the
leaves. The interesting feature of leaves Grenana is
the mononerve terminal lobes in a leaf blade
(Samylina, 1990). In the association with Vladimaria
gen. nov., leaves of various morphotypes have been
found. The vast majority of the leaves must not be
related to the genus (part of the leaves is assigned to
ferns, conifers, and bennettites). Of interest, is the
presence in the locality of leaves Leptotoma, possess
ing mononervous lobes like Grenana, and leaves Pac
hypteris, which are known in association with ovulif
erous organs of Umkomasia (Kirchner and Müller,
1992). However, I suppose that, both leaves probably
were not related to the new seedbearing organs,
since the leaves lack resin canals. Moreover, no one
of morphotypes, found in the Mikhailovskii rudnik,
do not demonstrate sufficient similarity with the new
genus in the epidermal structure. Unfortunately, the
question is still open.
Undehisced composite capsules of the new plant
demonstrate surprising similarity to the ovuliferous
organs of Ginkgo; the dehisced ones may be easily mis
taken as bennettitalean strobili (Weltrichia, Williamso
nia etc.), as it was said earlier. The latter circumstance
may be regarded as no more than the casual lusus
naturae, but the first requests more intent attention.
On the examination of the cuticular covering of
undehisced composite capsule in Vladimaria gen. nov.,
it is impossible to leave without attention its amazing
similarity to the cuticular covering of seeds in Ginkgo.
The anatomical details of the composite capsule wall
are very similar to these of the fleshy part of integu
ment in Ginkgo. I suppose that the abundance of sto
mata in the epidermis of the integument definitely
indicates its “foliar” nature. Therefore, the homo
logue of seedbearing peltoid in Ginkgo is not the col
lar, as supposed Meyen, but the outer fleshy part of
integument (and probably, part of sclerotesta). The
outer part of integument may be relatively easily
derived of two lobes of umkomasian cupule. The vas
cular bundles in seeds of Ginkgo may prove to be deriv

^

^

Explanation of Plate 13
Figs. 1–4. Vladimaria octopartita gen. et sp. nov., no. 5137/47, SEM: (1) a collar; (2) detail of fig. 1 in the area of base of composite
capsule axis, vascular bundles of the axis are noted by roman numerals, their number corresponds to the number of composite
capsule segments; (3) detail of fig. 2, collateral vascular bundle; (4) detail of fig. 3, the metaxylem tracheids of vascular bundle
with scalariform bordered pits.
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atives of two fused lobes of capsule, rather than vascu
larized primary integument. Anyway, we see in Vladi
maria gen. nov. that in the presence of collar the
homologues of foliar organs are elementary capsules of
the composite capsule. Therewith, we observe two vas
cular bundles in each elementary capsule. Any evi
dence of the presence of vascular bundles in the integ
ument of Vladimaria gen. et sp. nov. is absent. In con
nection with the assumption on the “capsule” origin
of sclerotesta in Ginkgo, it is necessary to notice the
presence of inner stone layer in capsules of Doylea
Stockey et Rothwell, assigned by the authors to corys
tosperms (Stockey and Rothwell, 2009).
We have no direct arguments that collar in Vladi
maria gen. nov. is a homologue of collar in Ginkgo, but
both of them have one main function—the sustention
of sufficiently large ovuliferous organ. Since the collar
can not be a reduced peltoid (or cupule), it may be a
usual enlargement of stalk (Naugolnykh, 2002) or
derivate of foliar appendages in the strobilus base (like
a pair of small leaflets, which are presented in Umko
masia uniramia). Krassilov (1972) based on morpho
logical features of ovuliferous organs of ginkgoalean
Umaltolepis Krassilov, proposes similar interpretation
of collar in Ginkgo. He believes that the ginkgoalean
collar is not a new formation and has leaf nature, and
Ginkgoales in their development might pass a stage of
seed scale (therefore, they did not originate directly by
oligomerization of pinnate ovuliferous organs of Tri
chopitiaceae). As far as we know, that a collar may be
formed independently from the fertile structure, sus
tained by the collar, we can not agree with hypothesis
of Naugolnykh (2005, 2007, 2008) on the origin of
ginkgoalean collar as the result of recapitulation of
features of “prekarkenian” ancestors, possessing
foliar ovuliferous organs (like in Hamshawvia Ander
son et Anderson, Stiphorus S. Meyen, Biarmopteris
Zalessky, and Cheirocladus Naugolnykh). J.M. Ander
son and H.M. Anderson also placed Hamshawvia in
the order Ginkgoales (Anderson and Anderson, 2003).
All enumerated genera, on my opinion, can not be
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placed directly in the order Ginkgoales. The sugges
tion that the collar in Ginkgo is not a cupule, is
affirmed by the data on its ontogenesis (Douglas et al.,
2007).
The whorled arrangement of fused elementary cap
sules in Vladimaria gen. nov. gives the latter similarity
with Umkomasia uniramia from the Upper Triassic of
Antarctica (Axsmith et al., 2000) and testifies on close
interrelations between the new order and umkoma
sians. The similarity is emphasized by the presence of
dehiscing mechanism. Unfortunately, it is known
nothing on the details of inner structure in U. uniramia
because of its poor preservation. Dehiscing capsules
are also present in other Umkomasiales. For example,
the capsule in Kannascopia Anderson et Anderson (the
authors placed the genus in the order Ginkgoales)
from the Upper Triassic of South Africa contained a
solitary seed and opened by dehiscing on three or four
lobes (Anderson and Anderson, 2003); the capsules of
Doylea opened by dehiscing on three lobes (Stockey
and Rothwell, 2009).
The Vladimariales ordo nov., due to its peculiarity,
is not a link between the Ginkgoales and Umkoma
siales, however, the order demonstrates some features,
characterizing these two orders. Therefore, we see in
the Ginkgoales the extreme specialization degree,
rather than primitive elementary structure. The latter
assumption seems more possible, since the other rep
resentatives of the lineage possess capsules with com
plex structure. In this case, any representatives with
naked seeds without capsule protection have not
remained within the Ginkgoopsida lineage already in
the Middle Mesozoic. If the assumption is correct, the
Ginkgoales are typical and strongly specialized repre
sentatives of the proangiosperms.
The above mentioned gives evidence that supposi
tion on the origin of Ginkgoales from Umkomasiales,
stated by Krassilov (1989), was correct. I believe that the
Leptostrobales also will be proved the descendants of
Umkomasiales in case of more detailed investigation.

Explanation of Plate 14
Figs. 1–10. Vladimaria octopartita gen. et sp. nov., no.5137/36, LM: (1) partly macerated fragment of composite capsule, figured
on Pl. 4, fig. 1., the base is orientated upward, shows the cuticle of lobes, as well as seeds, enclosed into partly destroyed thin cutic
ular films, corresponding to a lining of locule, which contained a seed; micropilar openings are noted by arrows; (2) the next mac
eration stage of composite capsule fragment, the orientation of seeds is visible; micropilar tips are noted by arrows and orientated
towards of composite capsule base; (3) detail of fig. 2, the micropile of one of seeds is visible; common wall between two neigh
boring capsules is noted by arrow; (4) two seeds, separated by common wall of neighboring capsules; the wall contains numerous
resin bodies; (5) the same, view from the back side; (6) a seed with destroyed micropilar part and remains of locule cuticle; the
position of a vascular bundle within inner wall of capsule is noted by arrow; (7) incomplete seed with remains of locule cuticle,
the position of a vascular bundle within inner wall of capsule is noted by arrow; (8) seed, enveloped by remains of locule cuticle,
with large resin bodies, adhered to it; the position of a vascular bundle within inner wall of capsule is noted by arrow; (9) a resin
body from the wall between two neighboring capsules; (10) cuticle fragment of the locule, enclosing a seed (the place of seed stalk
attachment is noted by arrow).
Figs. 1–2. Scale bar 2 mm.
Figs. 3, 9, 10. Scale bar 0.5 mm.
Figs. 4–8. Scale bar 1 mm.
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Explanation of Plate 20
Figs. 1–6. Vladimaria octopartita gen. et sp. nov., no. 5137/36, SEM: (1) inner side of cuticle of the outer surface in the middle part of com
posite capsule; (2) detail of fig. 1, incompletely amphicyclic stomatal apparatuses; (3) detail of fig. 1, an amphicyclic stomatal apparatus with
wingshapely cutinized periclinal walls of the guard cells; (4) an amphicyclic stomatal apparatus with partly preserved cutinization of the
inner periclinal walls of guard cells; (5) two ellipsoidal resin bodies from the common wall of two neighboring capsules; (6) an ellipsoidal
resin body from the common wall of two neighboring capsules.
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Explanation of Plate 15
Figs. 1–8. Vladimaria octopartita gen. et sp. nov., LM: (1) no. 5137/48, a base of abortive ovule, its stalk is noted by arrow;
(2–5, 7, 8) no. 5137/36: (2) detail of the seed, figured on Pl. 7, fig. 8, a long micropile is visible; (3) detail of micropile of the seed,
figured on Pl. 7, fig. 8; (4) detail of fig. 2, outer and inner cuticles of integument and nucellus apex are visible; (5) detail of outer
cuticle of the seed integument near chalaza, indistinct outlines of cells with prominent periclinal walls are visible; (7) macerated
fragments of the apical part of capsule (inner view) with attached to it apex of seed micropile (noted by arrow); (8) vascular bundle
within the inner wall of capsule, a tracheid with scalariform thickenings is noted by arrow; (6) no. 5137/38, the apex of one of
lobes in dehisced composite capsule, the line of dehiscing, along that the apical part of capsule dehisced to disengage a seed, is
noted by arrow.
Fig. 1. Scale bar 1 mm.
Figs. 2–5. Scale bar 100 µm.
Fig. 6. Scale bar 200 µm.
Fig. 7. Scale bar 50 µm.
Fig. 8. Scale bar 10 µm.
Explanation of Plate 16
Figs. 1–4. Vladimaria octopartita gen. et sp. nov., no. 5137/36, SEM: (1) seed with destroyed micropilar tip; (2) halazal part of
the seed, detail of fig. 1; (3) cuticle of the seed integument in the middle part; (4) outer cuticle of the integument closer to micro
pile, detail of fig. 1.
Explanation of Plate 17
Figs. 1–6. Vladimaria octopartita gen. et sp. nov., SEM: (1) no. 5137/40, detail of the upper surface of a collar; (2–4) no. 5137/41:
(2) papillae on the cuticle of composite capsule base; (3) papillae and stomatal pits on the upper surface of a collar, near composite
capsule axis base; (4) detail of fig. 3, subsidiary cells form a Florin ring around the stomatal pit; (5, 6) no. 5137/36: (5) papillae in
the apical part of a composite capsule lobe; (6) the micropilar opening.
Explanation of Plate 18
Figs. 1–6. Vladimaria octopartita gen. et sp. nov., no. 5137/36, LM: (1) outer cuticle of two fused capsules, the composite capsule
base is orientated upward, the position of micropilar opening is noted by arrows; (2) detail of fig. 1, papillae around the micropilar
opening are visible; (3) the outer cuticle of a composite capsule middle part, amphicyclic stomata are visible; (4) the cuticle of
composite capsule axis shows a stomatal apparatus with weakly developed cutinization of guard cells; (5) abortive stomata point
on the perigenous development of stomatal apparatuses; (6) stomatal apparatuses with rudimentary cutinization of guard cells on
the cuticle of composite capsule axis.
Explanation of Plate 19
Figs. 1–6. Vladimaria octopartita gen. et sp. nov., no. 5137/36, SEM: (1) outer surface a composite capsule lobe, papillae in apical part of
lobe are visible; (2) outer surface of cuticle in the middle part of composite capsule, three stomatal pits, surrounded by Florin rings, are vis
ible; (3, 4) Florin rings on stomatal pits; (5) the outer surface of composite capsule axis cuticle, three stomatal pits and pavement cells with
prominent periclinal walls are visible; (6) partly destroyed capsule with the apex is orientated upward, micropilar opening is noted by white
arrow, resin canals are noted by black arrows.
Explanation of Plate 21
Fig. 1–6. Vladimaria octopartita gen. et sp. nov., no. 5137/36, SEM: (1) the fragment of inner surface of the lobe axial part in
dehisced composite seed capsule, long transfusion cells are visible; (2) thin cuticular film, covered a seed locule; from the side of
the lobe axial part, thin vascular bundle, coated with transfusion cells, flanks to the film (noted by arrow); (3) transfusion cells,
detail of fig. 2; (4) the inner side of the composite capsule axis cuticle, stomatal apparatuses with variously cutinized guard cells
are visible; (5) detail of fig. 4, incompletely amphicyclic stomatal apparatuses with partly cutinized outer periclinal walls of guard
cells; (6) detail of fig. 4, a monocyclic stomatal apparatus with weakly cutinized outer periclinal walls of guard cells.

Florin (1949) supposed earlier that the Ginkgoales
derived directly from Trichopitiaceae by oligomeriza
tion. In that case, the Trichopitiaceae and Ginkgoales
are allied with stachyospermids (Cordaitanthales and
Coniferales). Recently, this point of view is supported
by the vast majority of researchers (Crane, 1985; Zhou
and Zhang 1988, 1989; Zou, 1991, 2009; Doyle et al.,
1994; Zheng and Zhou, 2004; Hilton and Bateman,
2006; Taylor et al., 2009 etc.). In the case of presence
of secondary integument in the Ginkgoales, their evo
lutionary line followed most likely through Umkoma
siales; this excludes the “direct” origin way of Gink
goales from Trichopitiaceae, whatever the interpreta
PALEONTOLOGICAL JOURNAL
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tion of their seedbearing organs is (shoots, according
to Florin, or foliar structures, according to Meyen).
Insects, finding the leaves and ovules of Ginkgoop
sida an available nutritive resource, might play signifi
cant role in the origin of various capsules within the
Ginkgoopsida lineage. The evidence, that insects were
eating actively both the vegetative, and reproductive
parts of the Peltaspermales (Krassilov and Rasnitsyn,
1997, 1999 etc.), was found as early as in the Permian.
Again in the Permian, the forms with seeds, protected
by capsule (Angaropeltidaceae), make their appear
ance; the phenomenon has widespread in the Triassic.
Numerous large and small damages, healed with resin
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matter, were found in the composite capsule cuticle of
the new genus Vladimaria gen. nov. This testifies that
the plant was a subject of active blast attacks. The com
posite capsule substantially complicated the access to
ovules, even micropiles of which were covered up.
CONCLUSIONS
Summing up all stated above, it is possible to make
several main conclusions:
The collar of Ginkgo is not an unique feature of the
genus. Though we can not say that collars in Ginkgo
and Vladimaria gen. nov. are homologous and formed
by the same way, yet it is obvious, that the collar might
appear in various, probably phylogenetically related
plant groups, and had a quite simple function–the
mechanical support of relatively large reproductive
structure. The collar could be formed as an enlarge
ment of stalk, or be the derivative of leaves at base of
strobilus. In this relation, seedbearing organs of
Umaltolepis are of the particular interest.
The collar is not a reduced cupule (its cupulate
function, for example in the case of Hechvizdiella
(Kva c ek et al., 2005), is secondary) and not homolo
gous to seedbearing peltoid of Peltaspermales. There
fore, ovuliferous organs of Ginkgoaceae might not be
formed by everting of peltoid, as Meyen (1984, 1987)
supposed.
In the Jurassic, more advanced descendants of the
Triassic umkomasians and peltasperms acquired cap
sules. Among them, it seems, there were no more
plants with naked seeds.
The Umkomasiales are the most probable progeni
tors of Ginkgoales and Vladimariales ordo nov. The
Ginkgoales might not originate directly from tricho
pityans. They are later, very specialized product of
evolutionary transformations in the Umkomasiales
and correspond to the proangiosperm development
level. The assignment of genus Trichopitys Saporta to
Ginkgoales is devoid of substantial reasons.
Capsules of Leptostrobales most probably will
prove to be composite, like those of Vladimariales ordo
nov. This assumption needs to be tested on undehisced
capsules of the former. The inverted position of seeds
in the composite capsule of the Vladimariales ordo
nov. to some extent helps with understanding of
inverted seed position in Leptostrobales. Ginkgoales
by set of features more logically ally with umkoma
sians, Leptostrobales and Vladimariales ordo nov.,
rather than with conifers. Classis Ginkgoopsida, pro
posed by Meyen and did not accepted by many
researches, is well substantiated, though one can agree
or disagree with its composition, especially as regards
some oldest representatives of seed plants, included in
this classis by Meyen.

ACKNOWLEDGEMENTS
I thank A.V. Broushkin (PIN RAS), N.E. Zavia
lova (PIN RAS), D.V. Zbukova (Karpinsky Geologi
cal Research Institute), I.L. Soroka (Vernadsky State
Geological Museum), and M.V. Tekleva (PIN RAS)
for their help in collecting of the material. I am grate
ful to Broushkin for helpful assistance during the paper
preparation, and V.A. Krassilov (PIN RAS) and
D.D. Sokolov (MSU) for valuable discussion of the
material, which is a source for the paper.
The study was supported by grants of the Russian
Foundation for Basic Research, nos. 090401241a
and 100400562a.
REFERENCES
1. J. M. Anderson and H. M. Anderson, Heyday of the
Gimnosperms: Systematics and Biodiversity of the Late
Triassic Molteno Fructifications: Strelitzia 15 (National
Bot. Inst., Pretoria, 2003).
2. B. J. Axsmith, E. L. Taylor, T. N. Taylor, and
N. R. Cúneo, “New Perspectives on the Mesozoic
Seed Fern Order Corystospermales Based on Attached
Organs from the Triassic of Antarctica,” Am. J. Bot. 87
(15), 757–768 (2000).
3. M. Barbacka and K. Bóka, “A New Early Liassic Cay
toniales Fructification from Hungary,” Acta Palaeobot.
40 (2), 85–111 (2000).
4. P. R. Crane, “Phylogenetic Analyses of Seed Plants and
the Origin of Angiosperms,” Ann. Mo. Bot. Gard. 72
(4), 716–793 (1985).
5. M. P. Doludenko and E. R. Orlovskaya, Jurassic Flora
of the Karatau: Proceedings of the Geological Institute of
the Academy of Sciences of the USSR, Vol. 284 (Nauka,
Moscow, 1976) [in Russian].
6. A. W. Douglas, D. W. Stevenson, and D. P. Little,
“Ovule Development in Ginkgo biloba L., with Empha
sis on the Collar and Nucellus,” Int. J. Plant Sci. 168
(9), 1207–1236 (2007).
7. J. A. Doyle, M. J. Donoghue, and E. A. Zimmer, “Inte
gration of Morphological and Ribosomal RNA Data on
the Origin of Angiosperms,” Ann. Mo. Bot. Gard. 81
(2), 419–450 (1994).
8. J. A. Doyle, “Seed Ferns and the Origin of
Angiosperms,” J. Torrey Bot. Soc. 133 (1), 169–209
(2006).
9. R. Florin, “The Morphology of Trichopitys heteromor
pha, a Seed Plant of Paleozoic Age, and the Evolution
of the Female Flowers in the Ginkgoinae,” Acta Horti
Bergiani 15 (5), 79–109 (1949).
10. N. V. Gordenko, “New Data on the Middle Jurassic
Flora of the Mikhailovskii Rudnik Locality (Kursk
Region),” in Questions of Paleofloristics and Systematics
of Fossil Plants (Lectures in Commemoration of
A.N. Kryshtofovich, Vol. 6.), Ed. by L. Yu. Budantsev
(Komarov Bot. Inst. Ross. Akad. Nauk, St. Petersburg,
2008), pp. 61–64 [in Russian].
11. T. M. Harris, The Yorkshire Jurassic Flora, II (Brit.
Mus. (Nat. Hist.), London, 1964).
12. T. M. Harris, The Yorkshire Jurassic Flora, III (Brit.
Mus. (Nat. Hist.), London, 1969).

PALEONTOLOGICAL JOURNAL

Vol. 44

No. 10

2010

^

VLADIMARIALES ORDO NOV. (GYMNOSPERMAE)
13. T. M. Harris, The Strange Bennettitales (Birbal Sahni
Inst. Palaeobot., Lucknow, 1973).
14. J. Hilton and R. M. Bateman, “Pteridosperms Are the
Backbone of SeedPlant Phylogeny,” J. Torrey Bot.
Soc. 133 (1), 119–168 (2006).
15. J. H. F. Kerp, J. Broutin, S. Lausberg, and H. Aas
soumi, “Discovery of the Latest Carboniferous–Early
Permian Radially Symmetrical Peltaspermaceous
Megasporophylls from Europe and North Africa,”
C. R. Acad. Sci. Paris, Sér. II, Sci. Terre 332, 513–519
(2001).
16. M. Kirchner and A. Müller, “Umkomasia franconica n.
sp. und Pteruchus septentrionalis n. sp., Fruktifika
tionen von Thinnfeldia Ettingshausen,” Palaeontogr.
Abt. B 224, 63–73 (1992).
17. S. D. Klavins, T. N. Taylor, and E. L. Taylor, “Anatomy
of Umkomasia (Corystospermales) from the Triassic of
Antarctica,” Am. J. Bot. 89 (4), 664–676 (2002).
18. V. A. Krassilov, Mesozoic Flora of the Bureya River
(Ginkgoales and Czekanowskiales) (Nauka, Moscow,
1972) [in Russian].
19. V. A. Krassilov, “Contributions to the Knowledge of the
Caytoniales,” Rev. Palaeobot. Palynol. 24 (3), 155–178
(1977).
20. V. A. Krassilov, Origin and Early Evolution of
Angiosperms (Nauka, Moscow, 1989) [in Russian].
21. V. A. Krassilov and A. P. Rasnitsyn, “Pollen in the Guts
of Permian Insects: First Evidence of Pollinivory and
Its Evolutionary Significance,” Lethaia 29 (6), 369–
372 (1997).
22. V. A. Krassilov and A. P. Rasnitsyn, “Plant Remains from
the Guts of Fossil Insects: Evolutionary and Paleoeco
logical Inferences,” in Proceedings of the First Palae
oentomological Conference, Moscow 1998 (AMBA
projects Int., Bratislava, 1999), pp. 65–72.
23. V. A. Krassilov and Doludenko M.P., “New Jurassic
Protocycadalean Ovuliphores and the Origins of the
Cycadales,” Palaeobotanist 53 (1–3), 83–89 (2004).
24. J. Kvac ek, L. FalconLang, and J. Dašková, “A New
Late Cretaceous Ginkgoalean Reproductive Structure
Nehvizdyella gen. nov. from the Czech Republic and Its
WholePlant Reconstruction,” Am. J. Bot. 92 (12),
1958–1969 (2005).
25. S. V. Meyen, “Cardiolepidaceae—a New Permian
Conifer Family of Northern Eurasia,” Paleontol. Zh.,
No. 3, 128–138 (1977).
26. S. V. Meyen, “Basic Features of Gymnosperm System
atics and Phylogeny As Evidenced by the Fossil
Record,” Bot. Rev. 50, 1–111 (1984).
27. S. V. Meyen, Fundamentals of Palaeobotany (Chapman
and Hall, LondonNew York, 1987).
28. S. V. Naugolnykh, “Ginkgo biloba: A History Spanning
a Quarter of a Billion Years,” Priroda, No. 12, 62–71
(2002).
29. S. V. Naugolnykh, “The Main Archetypes and Mor
phological Diversity of Paleozoic Ginkgophytes,” in
Modern Problems of Paleofloristics, Paleophytogeogra
phy, and Phytostratigraphy: Proceedings of the Interna
tional Paleobotanical Conference, Moscow, May 17–18,
2005, Ed. by G. N. Aleksandrova, M. A. Akhmetiev,
A. B. Herman, et al. (Geos, Moscow, 2005), Vol. 1,
pp. 229–244 [in Russian].
^

PALEONTOLOGICAL JOURNAL

Vol. 44

No. 10

1307

30. S. V. Naugolnykh, “Foliar SeedBearing Organs of
Paleozoic Ginkgophytes and the Early Evolution of the
Ginkgoales,” Paleontol. J. 41 (8), 815–859 (2007).
31. S. V. Naugolnykh, “A New Gymnosperm Sylvocarpus
armatus gen. et sp. nov. from the Lower Permian of the
Ural Mountains,” Paleontol. Zh., No. 4, 94–100
(2008) [Paleontol. J. 42 (4), 431–439 (2008)].
32. M. Reymanówna, “The Jurassic Flora from Grojec
near Kraków in Poland. Part II: Caytoniales and the
Anatomy of Caytonia,” Acta Palaeobot. Pol. 14 (2),
46–87 (1973).
33. V. A. Samylina, “Grenana—a New Genus of Seed
Ferns from the Jurassic Deposits of Central Asia,” Bot.
Zh. 75 (6), 846–650 (1990).
34. F. J. F. Shaw, “A Contribution to the Anatomy of Ginkgo
biloba,” New Phytol. 7 (4–5), 85–92 (1908).
35. F. A. Stanislawski, Fossil Flora and Stratigraphy of the
Upper Triassic Deposits of the Donets Basin (Naukova
Dumka, Kiev, 1971) [in Russian].
36. R. A. Stockey and G. W. Rothwell, “Distinguishing
Angiophytes from the Earliest Angiosperms: A Lower
Cretaceous (Valanginian–Hauterivian) FruitLike
Reproductive Structure,” Am. J. Bot. 96 (1), 323–335
(2009).
37. T. N. Taylor and E. L. Taylor, “Seed Ferns from the Late
Paleozoic and Mesozoic: Any Angiosperm Ancestors
Lurking There?,” Am. J. Bot. 96 (1), 237–251 (2009).
38. T. N. Taylor, G. M. del Fueyo, and E. L. Taylor, “Per
mineralized Seed Fern Cupules from the Triassic of
Antarctica: Implications for Cupule and Carpel Evolu
tion,” Am. J. Bot. 81 (6), 666–677 (1994).
39. E. L. Taylor, T. N. Taylor, H. Kerp, and E. J. Hermsen,
“Mesozoic Seed Ferns: Old Paradigms, New Discover
ies,” J. Torrey Bot. Soc. 133 (1), 62–82 (2006).
40. T. N. Taylor, E. L. Taylor, and M. Krings, Paleobotany:
The Biology and Evolution of Fossil Plants (Academic
Press, NewYork, 2009).
41. Unified Stratigraphic Scheme of the Jurassic Deposits of
the Russian Platform with Explanatory Notes (Vseross.
NauchnoIssled. Geologorazved. Inst., St. Petersburg,
1993) [in Russian].
42. Zheng Shaolin and Zhou Zhiyan, “A New Mesozoic
Ginkgo from Western Liaoning, China and Its Evolu
tionary Significance,” Rev. Palaeobot. Palynol. 131 (1–
2), 91–103 (2004).
43. Zhou Zhiyan, “Phylogeny and Evolutionary Trends of
Mesozoic Ginkgoaleans–a Preliminary Assessment,”
Rev. Palaeobot. Palynol. 68 (3–4), 203–216 (1991).
44. Zhou Zhiyan, “Mesozoic Ginkgoaleans: A Systematic
Review,” in Ginkgo biloba—A Global Treasure from
Biology to Medicine, Ed. by T. Hori et al. (SpringerVer
lag, Tokyo, 1997), pp. 183–206.
45. Zhou Zhiyan, “An Overview of Fossil Ginkgoales,”
Palaeoworld 18 (1), 1–22 (2009).
46. Zhou Zhiyan and Zhang Bole, “Two New Ginkgoalean
Female Reproductive Organs from the Middle Jurassic
of Henan Province,” Chin. Sci. Bull. (Kexue Tongbao,
English edn.) 33 (14), 1201–1203 (1988).
47. Zhou Zhiyan and Zhang Bole, “A Middle Jurassic
Ginkgo with OvuleBearing Organs from Henan,
China,” Palaeontogr. Abt. B 211, 113–133 (1989).

2010

