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Abstract—A formal system of dispersed leaf cuticles of peltaspermaceous pteridosperms is proposed. It is
based on the epidermal groups established on the basis of correlation between epidermal features and leaf

morphology of peltasperms.
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INTRODUCTION

Plant mesofossils, in particular, dispersed leaf cuti-
cles supplement information about the taxonomic
composition of paleofloras and taxonomic diversity of
extinct plant communities. In some cases, plant meso-
fossils are almost the only source of paleobotanic
information. In the presence of macroremains, dis-
persed cuticles of plants can be additionally used for
determination of features of paleoenvironments (Kur-
schner, 1996; McElwain and Chaloner, 1996; Retal-
lack, 2001). Systematically ordered dispersed cuticles
can bear diagnostic function in the case of finding
leaves similar in epidermal structure. In addition, they
can be used for comparison with similar dispersed
cuticles from other localities. In the long run, dis-
persed leaf cuticles can be used for comparison of
paleofloristic assemblages from various localities.

The data on dispersed leaf cuticles are presented in
many works (Meyen, 1965; Krassilov, 1968; Roselt
and Schneider, 1969; Oldham, 1976; Kovach and
Dilcher, 1984; Kerp and Barthel, 1993; Upchurch,
1995; Gomankov, 1997; Tewari and Agarwal, 2001;
Pole, 2007, etc.).

To date, several formal classifications have been
proposed for dispersed cuticles. The best known are
the system by Meyen (1965) for dispersed cuticles of
the gymnosperms and the system by Roselt and
Schneider (1969) mostly for dispersed cuticles of
angiosperms. The latter was improved by Kovach and
Dilcher (1984). The Meyen's system is based on a
limited number of epidermal characters and com-
prises a certain number of formal taxa. The system of
Rozelt and Schneider includes high-rank taxa, such
as turmas and subturmas. It is based on the division
by the type and arrangement of stomata. The division

into formal taxa of generic and species ranks is based
on congregational principle.

The formal classification developed in the present
study differs from differs from Meyen’s classification
(1965) in the absence of restrictions on the number of
genera and, in contrast to the classification of Rozelt
and Schneider (1969) it takes into account specific
stomatal types characteristic of fossil gymnosperms.
This reduces the loss of important information for
assignment to higher taxa.

Meyen (1987, 2009) indicated the main distinction
between natural and formal taxa. Natural taxa can be
distinguished by any characteristic of the whole organ-
ism. The choice of characteristics depends on the
researcher and available technical equipment. When
establishing parataxa, only characters preserved in dis-
persed parts are used. Thus, the diagnoses of formal
taxa should not contain characteristics that are diffi-
cult or impossible to diagnose in mesofossils. Suitable
characteristics include features of the epidermal struc-
ture in marginal and midvein zones, petioles, etc.

In the present study, I propose a formal system for
dispersed cuticles of peltaspermaceous pteridosperms
based on extensive material from the Permian—Trias-
sic deposits of the Nedubrovo and Vyazniki localities.
The system reflects stable epidermal types in this gym-
nosperm group; it inherits the principle of division
into turmas (depending on a stomatal arrangement on
the leaf cuticle) from the formal system of Rozelt and
Schneider (1969).

The following requirements are imposed on the
system of dispersed cuticles of peltaspermaceous
leaves: (1) the system should be suitable for compari-
son of dispersed cuticles from different localities;
(2) whenever possible, the system should be tightly
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connected with leaf morphology, promoting recon-
struction of the morphology of initial objects (leaves)
and specification of taxonomic diversity.

MATERIALS AND METHODS

The collection of dispersed cuticles consists of leaf
phytoleim fragments of peltasperms and conifers from
the Vyazniki, Vyazovka (Late Permian), and Nedu-
brovo (Permian—Triassic) localities (Lozovskii et al.,
2001; Krassilov and Karasev, 2009; Benton et al.,
2010). The material was collected by researchers of the
Laboratory of Paleobotany and the Laboratory of
Arthropods of the Borissiak Paleontological Institute
of the Russian Academy of Sciences, Moscow (PIN).

Plant fragments were macerated by a standard
technique, using Schultz solution without potassium
chloride addition and, then, washed in sequence by
KOH and distilled water. The cuticle fragments
obtained were studied with an AXIOPLAN-2 light
microscope and a CAMSCAN (SAM) electron scan-
ning microscope. The material is stored in the Boris-
siak Paleontological Institute of the Russian Academy
of Sciences, Moscow; collection nos. 4180 and
no. 5160.

Epidermal features of dispersed cuticles were ana-
lyzed with the Delta Key Program (Dallwitz, 1980);
biometric studies were made using the Image J Pro-
gram (Sheffield, 2007).

TERMINOLOGY

In the present paper, dispersed leaf cuticles mean
fragments of leaf phytoleims retaining epidermal fea-
tures, but without distinct morphological characteris-
tics suitable for the determination of known taxa or
description of a new one.

The epidermal structure of dispersed cuticles is
described using the standard terminology (Stace,
1965; Krassilov, 1968; Dilcher, 1974; Anderson and
Anderson, 1989). The peltaspermaceous stomata are
described using special terms proposed by Gomankov
and Meyen (1986). The structure located around the
stomatal aperture on the outer side is termed the
Florin ring, which is defined by Anderson and Ander-
son (1989) as a raised ring-shaped structure formed by
papillate periclinal walls of subsidiary cells.

Some terms demand additional explanation. The
stomatal outline formed by tangential (distal) walls of
subsidiary cells is considered regular if none of subsid-
iary cells protrudes for more than half length relative to
the other subsidiary cells. The stomatal outline is con-
sidered irregular if at least one subsidiary cell protrudes
for more than half length from the contour formed by
other subsidiary cells. The orientation of stomatal
apertures is described relative to costal and intercostal
zones or to the leaf margin, if differentiation into
zones is absent.
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FOUNDATION AND PRINCIPLES
OF FORMAL CLASSIFICATION

Upchurch (1989) suggested to subdivide all dis-
persed cuticles into three types: (1) cuticle fragments
of abaxial epidermis characterized by a large number
of diagnostic features important for classification;
(2) cuticle fragments of adaxial epidermis usually
showing fewer systematically important features (sto-
mata are few or absent); and (3) cuticle fragments of
stems, petioles, and rachises. Rows of longitudinally
elongated ordinary cells are characteristic of such
fragments (stomata are few or absent).

The division of cuticles into these categories and
priority use of dispersed cuticles of the first type
resolve two problems which are inevitably raised in the
course of classification: (1) If cuticles of the upper and
lower leaf sides are found separately, these cuticles can
be classified to different formal groups, especially of
hypostomatal leaves (or leaves with different structure
of adaxial and abaxial parts); (2) the problem of differ-
ent structure of epidermis, depending on leaf parts.

Cuticles of the second and third types can be used
for identification of characteristic epidermal features
and diagnostics of morphotaxa. They also can be
assigned to formal taxa, comparing with cuticles of the
first type.

The newly established turma Peltarimatae unites
all dispersed leaf cuticles of peltaspermaceous pteri-
dosperms. The identification of dispersed cuticles of
peltasperms requires a set of characters that distin-
guishes them from other plant groups. The diagnosis
of Peltaspermaceae provided by Gomankov and
Meyen (1986) lacks epidermal characteristics. It is
evident that, among the entire set of cuticular epider-
mal features, it is impossible to recognize a unique
marker character that would provide reliable attribu-
tion of dispersed leaf fragments to peltaspermaceous
pteridosperms. However, this also concerns morpho-
logical leaf features. Note that the epidermis of pel-
tasperms is rather distinctive, but largely uniform.

The family Peltaspermaceae includes about
30 genera based on leaves and shoots. Almost two-
thirds of them are not characterized by epidermal
characters; these taxa were mostly established from
leaf imprints (Thomas, 1933; Townrow, 1960;
Gomankov and Meyen, 1986; Taylor et al. 2006;
Mesozoic Seed Ferns ..., 2009). The characteristics of
ten genera contain epidermal features. Epidermal fea-
tures which are useful for generic identification of dis-
persed cuticles of peltasperms are shown in Table 1.

If the necessary epidermal features on dispersed
cuticles are available, it is possible to determine with
sufficient confidence three genera of peltasperma-
ceous leaves: Tatarina Meyen, Vjaznikopteris Naugol-
nykh, and Autunia Krasser.

The genus Tatarina is distinguishable, if a large
cuticle fragment with a zone of longitudinally elon-
gated ordinary cells above the midvein is present. The
Vol. 47
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Table 1. Epidermal characters used in diagnoses and descriptions of genera of the family Peltaspermaceae
Leaf Stomatal Orientation Stomatal tvpe Number Guard cells
type distribution | of stomatal apertures YPe lof subsidiary cells
z
2 E
Genus =8 g
SEz E
£S= 30 =
< @ S e~ -~
S|l esams = . | = =
SSE|TET = 3 : 22
zE 2| = 2 2 5 g .2 g3 £ g
583285 E e 23 22
EEZ|Esss g K £E 2 S
Callipteris (subgenus Feonia) | A | I M, D 4-7(6) S
Permophyllocladus A I I M, D 4-7(6) S
Lepidopteris A IR I M, D 4-7(5, 6) S
Scytophyllum A, AH 1 I M, D 4-7(5, 6) S
Tatarina A ILR,B I M, D 3-7(4,5) S
Vjaznikopteris A ILH I M, D 4—6 S
Kirjamkenia A | | M, D 4-7 S
Compsopteris A I,B I M, D — S
Autunia AH, H ? I M, D - N

* In relation with costal and intercostal zones.

genus Vjaznikopteris is distinguished by large guard
cells with a butterfly-like type of cutinization and by a
characteristic group accumulation of stomata. The
genus Autunia is distinguishable if it is possible to
determine the submergence of guard cells and if both
lower and upper cuticles are preserved.

In other cases, epidermal features of dispersed cuti-
cles in diagnoses and descriptions of genera are unsuit-
able for the identification of peltasperm genera.

The analysis of available data has revealed charac-
teristic features allowing confident determination of
dispersed cuticles of peltasperms, which are used for
the diagnosis of the new turma Peltarimatae. Leaves of
other families (Angaropeltaceae, Umkomasiaceae,
Trichopityaceae) of Peltaspermales have a different
stomatal structure, distinguishing their dispersed cuti-
cles from peltasperms.

There are several debatable genera established
based on leaves, which are included in Peltaspermales
without indication of the family. For example, the
genus Glenopteris Sellards is attributed to Peltasper-
males based on leaf morphology. Its epidermal struc-
ture was described in detail by Krings et al. (2005). The
structure of stomata and outline of ordinary cells of
Vol. 47
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Glenopteris considerably differs from a typical epider-
mal structure of peltasperms.

Some representatives of Ginkgoales sensu lato are
similar in epidermal structure to peltasperms (Meyen,
1983; Naugolnykh, 2007). In particular, the family
Matatiellaceaec was transferred from Ginkgoales to
Peltaspermales based among other things on the epi-
dermal structure (Bomfleur et al., 2011). The main
target of the present work is to examination of the epi-
dermal structure of peltasperms. In the future, it is
necessary to compare the epidermal leaf structure of
representatives of Ginkgoales and Peltaspermales. At
the moment, possible belonging of particular dis-
persed cuticles to Ginkgoales is offered to indicate in
remarks accompanying the description.

The turma Peltarimatae is divided into subturmas
based on correlation of the epidermal structure and
leaf morphology. Key features for this division are the
stomatal arrangement and differentiation of ordinary
cells into cells of stomatal and nonstomatal zones.

As a result, the following three subturmas are estab-
lished: Dispeltarae with irregularly arranged stomata,
Verspeltarae with the stomata arranged in rows, and
Taenpeltarae with the stomata arranged in bands.
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Formal lower-rank taxa are recognized based on
the epidermal structure and unification of natural taxa
of peltasperms on the generic and species level indis-
tinguishable without the use of morphological fea-
tures. Table 2 shows the equivalence of natural taxa to
the formal taxa established here.

The epidermal characteristics of peltaspermaceous
species considered in the literature are listed in Fig. 1.
Comparisons of taxa with a large number of features by
means of the IntKey Program allowed the recognition
of the epidermal types indistinguishable in dispersed
cuticles. As the taxonomic significance of epidermal
features of leaves with known morphology was
revealed, they were ranked. As a result, features of
generic and species levels were recognized and used in
the formal system.

Examples of features on the generic level are the
orientation of stomatal apertures, outline and orienta-
tion of ordinary cells, prevalence of stomata with reg-
ular or irregular outlines, stomatal recurrence, and
cutinization and extent of submergence of guard cells.

Examples of features on species level are the extent
of sinuosity of anticlinal walls, prevailing number of
subsidiary cells, cutinization of periclinal subsidiary
cells in relation to that of ordinary cells, raising of the
Florin ring, and the size and intensity of papillac on
the periclinal walls of subsidiary cells.

As a new formal taxon is described, the epidermal
types rather than isolated dispersed cuticles should be
considered to prevent taxonomic inflation. In addi-
tion, it is necessary to estimate carefully the taxonomic
value of distinctive characters of new formal taxa. The
recognition of the epidermal types based on samples of
identical dispersed cuticles provides correct identifi-
cation of stomatal arrangement. Ifthe size of dispersed
cuticles is small, so that it is impossible to reveal the
stomatal arrangement, they should be assigned to the
turma with irregularly arranged stomata. The stomatal
arrangement on one side of the leaf is frequently regu-
lar, while on the other, it is irregular. In this case, dis-
persed cuticles are suggested to be attributed to the
subturma with the regularly arranged stomata.

SYSTEMATIC PALEOBOTANY

TURM A PELTARIMATAE KARASEY,
TURMA NOV.

Diagnosis. Stomata actinocytic, monocyclic,
incompletely dicyclic or tricyclic, with four to seven
polygonal or trapezoidal subsidiary cells. Subsidiary
cells not sunken. Periclinal walls of subsidiary cells
with proximal, distal, or medial papillae or smooth.
Cutinization of anticlinal walls of subsidiary cells
proximal, starlike, distal, rotate, or similar to that of
epidermal cells. Contour formed by tangential walls of
subsidiary cells varying from irregular to rounded and
convex. Guard cells narrow beanlike or butterfly-like,
sunken, with polar appendages or without them.
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SUBTURMA DISPELTARAE KARASEYV,
SUBTURMA NOV.

Etymology. From the Latin disperse (scattered)
and the family Peltaspermaceae.

Diagnosis. Stomata scattered.

Generic composition. Aequapeltacutis
gen. nov., Enormipeltacutis gen. nov., Tatarinopsis
Gomankov, 1997.

Comparison and remarks. The irregular
arrangement of stomata occurs in the majority of pel-
taspermaceous genera (Table 2). For example, for the
leaves of Lepidopteris Shimper and Scytophyllum
Bornemann, only scattered stomata have been
described. Specimens with scattered stomata are
known in each species of Tatarina and Kirjamkenia
Prynada. Stomata of 7. lobata Meyen and T. rinatata
Karasev are scattered on both lower and upper leaf
sides. Other species of the genus Tatarina usually have
irregularly arranged stomata on the side with a con-
spicuous axial zone. Compsopteris Zalessky and Callip-
teris (subgenus Feonia) Meyen et Megdissova have
scattered stomata in stomatal bands only. The sub-
turma Dispeltarae is subdivided into three formal gen-
era (Aequapeltacutis gen. nov., Enormipeltacutis gen.
nov., and Tatarinopsis Gomankov, 1997) based on the
outlines of ordinary cells and stomata and extent of
development of the costal zones. The genus 7atarinop-
sis was described based on dispersed cuticles from the
Kazanian deposits of the Shikhovo-Chirki locality.
The genus included two species, 7. superior Goman-
kov and T. inferior Gomankov. Gomankov (1997)
attributed the genus Tatarinopsis to the subturma Dis-
anomorae (turma Anomorimatae) of the classification
of Rozelt and Schneider (1969). This genus is trans-
ferred to the subturma Dispeltarae of the turma Pelta-
rimatae because the epidermal structure of 7atarinop-
sis is undoubtedly similar to that of peltasperms, which
was noted even in the original description of the genus
(Gomankov, 1997). Tatarinopsis is distinguished from
Enormipeltacutis gen. nov. and Aequapeltacutis gen.
nov. by the slitlike front cavities.

Genus Aequapeltacutis Karasev, gen. nov.

Etymology. From the Latin aequus, the family
Peltaspermaceae, and the Latin cutis (cuticle).

Type species. Aequapeltacutis rectus sp. nov.

Diagnosis. Differentiation of epidermal cells of
stomatal and nonstomatal zones absent. Epidermal
cells isogonal and isodiametrical. Anticlinal walls
straight.

Species composition. Type species.

Comparison and remarks. The epider-
mal structure similar to that of Aequapeltacutis gen.
nov. usually occurs in small leaves with indistinct vena-
tion and, rarely, in large linguiform leaves (Table 2).
Aequapeltacutis gen. nov. differs from the most similar
genus Enormipeltacutis gen. nov. in the isogonal and
Vol. 47
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isometric ordinary cells with straight anticlinal walls
and in the regular outline of stomata. It differs from
the genus Tatarinopsis in the isometric or irregular out-
line of the front cavity.

Aequapeltacutis rectus Karasev, sp. nov.

Plate 13, figs. 1-5

Etymology. From the Latin rectus (straight).

Holotype. PIN, no. 4820/792, dispersed leaf
cuticle; Vologda Region, left bank of the Kichmenga
River, near the town of Nedubrovo, Nedubrovo local-
ity; Upper Permian—Lower Triassic, Vetlugian Group,
Vokhmian Horizon, Nedubrovo Member (Pl. 13,
figs. 1-5).

Diagnosis. Subsidiary cells are cutinized proxi-
mally or star-shaped. Periclinal walls with proximal
papilla. Periclinal walls of subsidiary cells equally or
less cutinized than those of ordinary epidermal cells.

Description. The stomata are arranged irregu-
larly (PI. 13, fig. 1). Ordinary cells are not differenti-
ated into costal and intercostal cells. The aperture of
stomata are irregularly oriented. Ordinary cells are
penta- to octagonal (PL. 13, fig. 2). Anticlinal walls are
thick, straight or slightly curved. Each periclinal wall
has a large median papilla (PI. 13, fig. 3). Stomata are
monocyclic or actinocytic (Pl. 13, fig. 4). There are four
to seven subsidiary cells. Cutinization of periclinal walls
is similar to that of ordinary cells (PL. 13, fig. 5). The
star-shaped type of cutinization sometimes occurs.
Periclinal papillae of subsidiary cells are smaller in
diameter, but higher than in ordinary cells (PIl. 13,
fig. 3). The contour of distal walls of subsidiary cells is
regular, rounded or polygonal.

M aterial. Four cuticle fragments of shoots from
the type locality.
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Genus Enormipeltacutis Karasev, gen. nov.

Etymology. Fromthe Latin enormis, Peltasper-
maceae family and the Latin cutis (cuticle).

Type species. Enormipeltacutis communis
Sp. nov.

Diagnosis. Ordinary epidermal cells polygonal,
irregularly orientated. Anticlinal walls curved or sinu-
ous.

Species composition. E. communissp. nov.
and E. nervus sp. nov.

Comparison and remarks. Dispersed
cuticles of a large number of taxa with an irregular
arrangement of stomata and irregular polygonal cells
(Table 2) can be attributed to this genus. It differs from
Aequapeltacutis gen. nov. in the polygonal ordinary
cells, the curved or sinuous anticlinal walls of ordinary
cells, and the irregular outlines of stomata. The new
genus differs from 7Tatarinopsis in the isometric or
irregular outline of the front cavity.

Enormipeltacutis communis Karasev, sp. nov.
Plate 13, figs. 6—9

Etymology From the Latin communis (ordi-
nary).

Holotype. PIN, no. 5160/160, dispersed leaf
cuticle; Vladimir Region, Vyaznikovskii District, right
bank of the Klyaz'ma River, gully between the town of
Vyazniki and Bykovskii quarry, Sokovka locality,
Upper Permian, Tatarian, Vyatkian Stage (Pl. 13,
figs. 6-—38).

Diagnosis. Differentiation of ordinary cells of
costal and intercostal zones absent. Anticlinal walls
curved. Apertures irregularly oriented. Stomata out-
line regular or irregular.

Description. The stomata are irregularly
arranged (Pl. 13, fig. 6). Stomatal apertures are ori-
ented in two or one prevailing direction. Differentia-
tion of ordinary cells in the costal and intercostal
zones is absent. Ordinary cells are polygonal, variously

Fig. 1. Letters (columns) and figures (lines) designate (a) type of leaves: (1) amphistomatal, (2) almost hypostomatal, (3) hypos-
tomatal; (b) topography of epidermis of the upper and lower leaf sides: (1) similar, (2) different; (¢) density of stomata on the leaf:
(1) similar, (2) different; (d) cutinization of leaf sides: (1) equal, (2) different; (e) stomatal arrangement: (1) irregular, (2) regular;
(f) regular stomata are distributed (1) in straight rows, (2) irregular bands, (3) irregular rows, (4) in straight bands; (g) aperture
orientation: (1) longitudinal, (2) transversally random, (3) random, (4) transverse, (5) longitudinally random; (h) differentiation
of ordinary cells in costal and intercostal zones: (1) absent, (2) present; (i) outline of ordinary cells of intercostal zones (unspe-
cialized): (1) polygonal, (2) isogonal, (3) amorphous; (j) orientation of ordinary cells: (1) isodiametrical, (2) random, (3) trans-
versely extended, (4) longitudinally extended; (k) periclinal walls of ordinary cells: (1)smooth, (2) papillate, (3) swollen, (4) wavy,
(5) with trichomes, (6) with hairs; (1) anticlinal walls: (1) sinuous, (2) straight, (3) curved; (m) cuticular spikes at the nodes of cell
walls: (1) absent, (2) present; (n) ordinary cells of costal zones: (1) similar to cells of intercostal zones, (2) longitudinally
extended, (3) transversely extended; (o) width of costal zones: (1) without rows, (2) 1-2 cell rows, (3) more than 4 cell rows,
(4) 2—3 cell rows, (5) 3—4 cell rows; (p) stomata: (1) actinocytic, (2) encyclocytic, (3) brachyparacytic; (q) number of cycles of
subsidiary cells: (1) monocyclic, (2) almost dicyclic, (3) amphicyclic); (r) cutinization of subsidiary cells: (1) similar to ordinary
cells, (2) starlike, (3) distal, (4) labelloid, (5) rotate; (s) cutinization of periclinal walls: (1) similar to ordinary cells, (2) stronger
than in ordinary cells, (3) weaker than in ordinary cells); (t) periclinal walls: (1) smooth, (2) with proximal papillae, (3) with
median papillae, (4) with distal papillae; (u) periclinal papillae positioned (1) on a half of subsidiary cells, (2) on each subsidiary
cell, (3) on some subsidiary cells; (v) size of periclinal papillac in comparison with ordinary papillae: (1) smaller, (2) larger,
(3) similar; (w) Florin ring: (1) raised, (2) nonraised; (x) guard cell type: (1) sunken, (2) not sunken; (y) cutinization type of guard
cells: (1) narrow, (2) bean-shaped, (3) butterfly-shaped, (4) hourglass-like; (z) guard cell polar appendages: (1) present,

(2) absent.
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oriented (PIl. 13, figs. 8, 9). Periclinal walls of ordinary
cells have papillae; the anticlinal walls are straight,
curved or sinuous. The stomata are actinocytic,
monocyclic or almost dicyclic. Periclinal walls of sub-
sidiary cells have proximal papillae (P1. 13, fig. 7).
Cutinization of periclinal walls of subsidiary cells is
stronger than that of ordinary cells. Guard cells are
sunken.

Comparison. The new species differs from
E. nervus sp. nov. in the absence of differentiation of
ordinary cells in the costal and intercostal zones.

M aterial. Six dispersed leaf cuticles.

Enormipeltacutis nervus Karasev, sp. nov.
Plate 14, figs. 1-4

Etymology. From the Latin nervus (vein).

Holotype. PIN, no. 5160/143, dispersed leaf
cuticle; Vladimir Region, Vyaznikovskii District,
vicinity of the town of Vyazniki, Balymotikha locality;
Tatarian, Vyatkian Stage (PL. 14, figs. 1—4).

Diagnosis. Differentiation of ordinary cells in
costal and intercostal zones present. Ordinary cells of
costal zones longitudinally elongated. Anticlinal walls
curved. Aperture orientation with predominance of
one or two directions. Outline of stomata irregular.

Description. The stomata are irregularly
arranged (Pl. 14, fig. 1). Ordinary cells of the costal
and intercostal zones are distinctly differentiated.
Cells of the intercostal zones are polygonal. The costal
zones are present, but poorly pronounced, repre-
sented by two rows of extended rectangular polygonal
ordinary cells (PL. 14, fig. 2). Periclinal walls of ordi-
nary cells have median papillae. Anticlinal walls are
straight or slightly curved. Papillae on the periclinal
walls in costal zones are absent, or less developed than
on ordinary cells of intercostal zones (Pl. 14, fig. 3).
The stomata are monocyclic or incompletely dicyclic.
Subsidiary cells are trapezoid. The number of subsid-
iary cells varies from four to seven. The contour
formed by distal walls of subsidiary cells is polygonal or
irregular, about 60 um in diameter. Cutinization of
periclinal walls is slightly stronger than that of ordinary
cells (PIL. 14, fig. 4). Subsidiary cells have median or
proximal papillae. Anticlinal walls of subsidiary cells
are straight, proximally thickened. The Florin ring is
nonraised. Guard cells are bean-shaped or large wing-
shaped.
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M aterial. Six dispersed leaf cuticles.

SUBTURMA VERSPELTARAE KARASEY,
SUBTURMA NOV.

Etymology From the Latin versus (row, line)
and the family Peltaspermaceae.

Diagnosis. Stomata in distinct rows.

Generic composition. Interpeltacutis gen.
nov. and Ordopeltacutis gen. nov.

R e marks. The stomata arranged in rows occur in
four genera and eight species of leaves of the Peltasper-
maceae (Table 2). The dispersed cuticles can be attrib-
uted to Interpeltacutis gen. nov. and Ordopeltacutis gen.
nov. (subturma Verspeltarae) based on the extent of
differentiation of ordinary cells in the costal and inter-
costal.

Genus Interpeltacutis Karaseyv, gen. nov.

Etymology. From the Latin infer (between), the
family Peltaspermaceae, and the Latin cutis (cuticle).

Type species. Interpeltacutis conformis sp. nov.

Diagnosis. Stomatal apertures irregularly ori-
entated. Epidermal cells of costal and intercostal
zones differentiated to greater or lesser extent. Ordi-
nary epidermal cells polygonal, irregularly orientated;
in costal zones, longitudinally elongated. Anticlinal
walls straight or curved. Stomata actinocytic and
monocyclic; outlines irregular.

Comparison and remarks. Dispersed leaf
cuticles of Tatarina, Kirjamkenia, and Ustyugia (Table 2)
can be attributed to this genus. The new genus differs
from the similar genus Ordopeltacutis gen. nov. in the
distinct stomatal and nonstomatal zones and longitu-
dinally elongated ordinary cells in the costal zones.

Interpeltacutis conformis Karasev, sp. nov.
Plate 14, figs. 5—7

Etymology. From the Latin conformis (equal).

Holotype. PIN, no.4820/775, dispersed leaf
cuticle; Vologda Region, left bank of the Kichmenga
River, near the town of Nedubrovo, Nedubrovo local-
ity; Upper Permian—Lower Triassic, Vetlugian Group,
Vokhmian Horizon, Nedubrovo Member (Pl 14,
figs. 5-7).

Explanation of Plate 13

Figs. 1-5. Dispersed leaf cuticle of Aequapeltacutis rectus gen. et sp. nov., holotype PIN, no. 4820/792: (1) general view;
(2) arrangement of stomata and outlines of ordinary cells; (3) external cuticular surface with distinct periclinal papillae and Florin
ring; (4, 5) stomatal structure. Nedubrovo locality, Vologda Region, left bank of the Kichmenga River, near the town of Nedu-
brovo; Upper Permian—Lower Triassic, Vetlugian Group, Vokhmian Horizon, Nedubrovo Member;

Figs. 6—9. Dispersed leaf cuticle of Enormipeltacutis communis gen. et sp. nov.: (6—8) holotype PIN, no. 5160/160: (6) general
view; (7) stomatal structure, cutinization of subsidiary cells is visible; (8) arrangement of stomata; (9) PIN, no. 5160/164, outlines
of ordinary cells. Balymotikha locality, Vladimir Region, Vyaznikovskii District, near the town of Vyazniki; Tatarian, Vyatkian

Stage.
(1-2,5-9) LM, (3, 4) SEM.
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Diagnosis. Cutinization of periclinal walls of
subsidiary cells stronger than that of ordinary cells.

Description. Thestomataare arranged in rows
(PL. 14, fig. 5). Ordinary cells of the costal and inter-
costal zones are not differentiated. Ordinary cells are
polygonal, almost square or rectangular (P1. 14, fig. 6).
Periclinal walls of the majority of ordinary cells have
median papillae. Anticlinal walls are straight or
slightly curved. The stomata are monocyclic or incom-
pletely dicyclic. Subsidiary cells are trapezoid. There
are four or five subsidiary cells. The contour formed by
distal walls of subsidiary cells is polygonal or irregular,
about 50 pm in diameter. Cutinization of periclinal
walls of subsidiary cells is greater than that of ordinary
cells (Pl. 14, fig. 7). Subsidiary cells have proximal
papillac. Anticlinal walls of subsidiary cells are
straight, proximally thickened. The Florin ring is non-
raised.

M aterial. Five dispersed leaf cuticles.

Genus Ordopeltacutis Karasev, gen. nov.

Etymology From the Latin ordo (row), the
family Peltaspermaceae, and the Latin cutis (cuticle).

Type species. Ordopeltacutis vulgaris sp. nov.

Diagnosis. Stomata in distinct rows. Stomatal
apertures irregularly orientated, with one or two pre-
vailing directions. Epidermal cells of costal and inter-
costal zones differentiated. Ordinary epidermal cells
polygonal, irregularly orientated. Anticlinal walls
straight, curved, or sinuous. Epidermal cells in costal
zones longitudinally elongated. Stomata actinocytic
and monocyclic, or almost dicyclic.

Species composition. Type species.

Remarks. Dispersed cuticles of the adaxial side
of leaves of Tatarina conspicua and T. (Pursongia)
meyenii apparently belong to this genus.

Ordopeltacutis vulgaris Karasey, sp. nov.

Etymology From the Latin vulgaris (com-
mon).

Holotype. PIN, no.4820/758, dispersed leaf
cuticle; Vologda Region, left bank of the Kichmenga
River, near the town of Nedubrovo, Nedubrovo local-
ity; Upper Permian—Lower Triassic, Vetlugian Group,
Vokhmian Horizon, Nedubrovo Member (Figs. 2a—2e).

Diagnosis. Width of costal zones ranging from
two to four rows of cells.

KARASEV

Description (Figs. 2a—2e). The stomata are
arranged in distinct rows (Fig. 2a). Stomatal apertures
are irregularly orientated. Ordinary cells are differen-
tiated into costal and intercostal zones (Fig. 2b). The
costal zones consist of two or three rows of longitudi-
nally elongated ordinary cells. Periclinal walls of ordi-
nary cells have well-pronounced papillac. Ordinary
cells of the intercostal zones are polygonal (often tri-
angular or rectangular). Anticlinal walls are straight,
slightly curved, or sinuous. The stomata are acti-
nocytic, monocyclic or incompletely dicyclic. Subsid-
iary cells are trapezoid, five, rarely, four or six in num-
ber. Cutinization of periclinal walls of subsidiary cells
is frequently stronger than that of ordinary cells. The
periclinal walls have thin radial undulation (Fig. 2c).
Proximal papillae are poorly developed, 3—5 pm in
diameter at the base and about 3 pm high (Fig. 2d).
Cutinization of anticlinal walls is star-shaped. The
contour formed by the distal walls of subsidiary cells is
rounded, quadrangular, or irregular. The florin rings
are nonraised. Guard cells are sunken, narrow bean-
shaped, with polar appendages (Fig. 2e).

M aterial. Nine dispersed leaf cuticles.

SUBTURMA TAENPELTARAE KARASEV,
SUBTURMA NOV.

Etymology. From the Latin faenia (ribbon) and
the family Peltaspermaceae.

Diagnosis. Stomata in distinct bands.

Generic composition. Segmenpeltacutis
gen. nov.

Remarks. The stomata arranged in bands are
characteristic of large leaves of peltaspermaceous
pteridosperms. Such leaves are attributed to the fol-
lowing genera: Callipteris (subgenus Feonia), Comp-
sopteris, Tatarina, Ustyugia Gomankov, and Kirjamke-
nia. The bands vary in distinctness. The most distinct
stomatal bands usually occur on the lower leaf side
(with a distinct axial zone). Within the bands, the sto-
mata are arranged irregularly or in more or less distinct
rows. The majority of species show irregular arrange-
ment of stomata in bands. More or less distinct sto-
matal rows are known in Callipteris (Feonia) sp. 1
(Meyen and Migdisova, 1969). Short stomatal chains
occur in Tatarina olferievii, Ustyugia pinnata (Meyen
et Gomankov) Gomankov, and Kirjamkenia lobata.
The formal genus Segmenpeltacutis gen. nov. estab-
lished here comprises dispersed cuticles with irregular

Explanation of Plate 14

Figs. 1—4. Dispersed leaf cuticle of Enormipeltacutis nervus gen. et sp. nov., holotype PIN, no. 5160/143: (1) general view;
(2, 3) arrangement of stomata and outlines of ordinary cells; papillaec are absent on the periclinal walls of ordinary cells in costal
zones; (4) stomatal structure; cutinization of subsidiary cells is visible. Balymotikha locality, Vladimir Region, Vyaznikovskii Dis-

trict, near the town of Vyazniki; Tatarian, Vyatkian Stage.

Figs. 5—7. Dispersed leaf cuticle of Interpeltacutis conformis gen. et sp. nov., holotype PIN, no. 4820/775; (5) general view;
(6) arrangement of stomata; (7) stomatal structure. Nedubrovo locality, Vologda Region, left bank of the Kichmenga River, near
the town of Nedubrovo; Upper Permian—Lower Triassic, Vetlugian Group, Vokhmian Horizon, Nedubrovo Member.

(1-7) LM.

PALEONTOLOGICAL JOURNAL

Vol. 47 No.3 2013



345

FORMAL SYSTEM OF DISPERSED LEAF CUTICLES OF PTERIDOSPERMS

Plate 14

2013

No. 3

PALEONTOLOGICAL JOURNAL  Vol. 47



Fig. 2. Ordopeltacutis vulgaris gen. et sp. nov., dispersed leaf cuticle, holotype PIN, no. 4820/758; Vologda Region, left bank of
the Kichmenga River, near the town of Nedubrovo, Nedubrovo locality; Upper Permian—Lower Triassic, Vetlugian Group, Vokh-
mian Horizon, Nedubrovo Member: (a) general view of leaf cuticle,; (b) stomatal arrangement; (c) stoma, starlike cutinization
of subsidiary cells is visible; (d) external surface of cuticle, distinct periclinal papillae are visible; (e) stoma, cutinization of guard

cells is visible.(a, ¢c) LM, (b, d, ¢) SEM

arrangement of stomata in bands. Perhaps, in the
future, it is expedient to establish a new formal genus
for dispersed cuticles with the stomata arranged in
rows within the bands.

Genus Segmenpeltacutis Karasev, gen. nov.

Etymology. From the Latin segmenfum (band),
the family Peltaspermaceae, and the Latin cufis (cuticle).

Type species. Segmenpeltacutis pitispapilla
Sp. NOV.

Diagnosis. Stomata arranged irregularly within
bands. Stomatal apertures obliquely or longitudinally
orientated. Epidermal cells of costal and intercostal
zones differentiated. Ordinary epidermal cells polygo-
nal, varying in orientation. Anticlinal walls straight or
curved. Epidermal cells in costal zones longitudinally
elongated.

Species composition. Type species.

PALEONTOLOGICAL JOURNAL  Vol. 47

Comparison and remarks. Dispersed
cuticles attributed to the formal genus Segmenpeltacu-
tis, possibly belong to several species of peltasperma-
ceous pteridosperms established based on complete
leaves (Table 2). It is proposed to use the width of cos-
tal zones, extent and character of cutinization of sub-
sidiary cells for division of dispersed cuticles into for-
mal species in the genus Segmenpeltacutis. Among the
species established based on complete leaves, the
width of costal zones ranges from four or five (about
100 pm) to ten and more rows (about 200 um) of ordi-
nary cells. Periclinal walls of subsidiary cells are usu-
ally cutinized stronger than, or to the same extent as,
in ordinary cells. For example, this occurs in Kir-
Jamkenia lobata. In the future, it is expedient to estab-
lish a formal species for dispersed cuticles with narrow
costal zones and more strongly cutinized periclinal
walls of subsidiary cells in comparison with walls of
ordinary cells.

No. 3 2013
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Fig. 3. Segmenpeltacutis pitispapilla gen. et sp. nov., dispersed leaf cuticle, holotype PIN, no. 5160/141, LM; Vladimir Region,
Vyaznikovskii District, near the town of Vyazniki, Balymotikha locality; Tatarian Series, Vyatkian Stage: (a) general view of leaf
cuticle, (b) stomatal band, (c) ordinary cells of nonstomatal band, (d) monocyclic stomata with large clavate papillae on subsid-
iary cells.

Segmenpeltacutis pitispapilla Karasey, sp. nov.

Etymology From the Latin pitis (head) and
papilla (protuberance, papilla).

Holotype. PIN, no. 5160/141, large fragment
of leaf cuticle; Vladimir Region, Vyaznikovskii Dis-
trict, vicinity of the town of Vyazniki, Balymotikha
locality; Tatarian, Vyatkian Stage (Figs. 3a—3d).

Diagnosis (Figs. 3a—3e). Width of costal zones
more than ten cell rows. Cutinization of periclinal
walls of subsidiary cells weaker than that of ordinary
cells. Subsidiary cells with large proximal papillae on
periclinal walls.

PALEONTOLOGICAL JOURNAL  Vol. 47 No. 3

2013

Description. Dispersed cuticles of one leaf
side macerated in natural conditions. The stomata are
arranged in distinct bands; within the bands, the sto-
mata are arranged disorderly at a distance of 50—
100 um from each other (Figs. 3a, 3b). The stomatal
bands are about 300 um wide. Ordinary cells of sto-
matal zones are polygonal (hexa- to octagonal), isogo-
nal (Fig. 3c). Anticlinal walls are straight, rarely
slightly curved. Each periclinal wall of an ordinary cell
has a clavate or small spherical papilla. Ordinary cells
within the stomatal zones are 27—40 pum in size. Sto-
matal bands are separated by distinct rows of costal
cells, which differ from intercostal cells in the more
extended shape and better pronounced papillae on the
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periclinal walls (Fig. 3d). The width of nonstomatal
bands includes is more than ten rows of ordinary cells
(180—200 pwm). The stomata are monocyclic. Subsid-
iary cells are trapezoid, five or six in number. The con-
tour of stomata formed by the distal anticlinal walls is
irregular. Cutinization of periclinal walls of subsidiary
cells is weaker than that of ordinary cells. Periclinal
walls of subsidiary cells have large clavate proximal
papillae. Proximal papillae are hanging over the front
cavity (Fig. 3e). The front cavity is rounded to elliptic.

Remarks. The dispersed cuticle designated as
the holotype of S. pitispapilla apparently belongs to the
middle part of a rather large leaf. The morphology of
the costal zones suggests that it has a radial venation,
with dichotomously branching veins. Possibly, the leaf
belonged to a representative of ginkgophyts, the sto-
mata of which are similar to that of peltasperms.

Material. Two dispersed naturally macerated
leaf cuticles.
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