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Abstract—Based on morphological and epidermal characters of the leaf, a new species, Ettingshausenia sar
baensis sp. nov., from the Cenomanian–Turonian of western Kazakhstan is described. In fossil Platanuslike
leaves, the unique epidermal structure, with the combination of encyclocytic, laterocytic, and paracytic sto
mata and the presence of trichomes on one or from two to seven epidermal cells, is shown for the first time.
Based on variations in morphological and epidermal characters, two morphotypes corresponding to groups
of sun and shade leaves are recognized. The expediency of consideration of dispersed Cretaceous Platanus
like leaves within the framework of morphological classification of leaves is discussed.
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During the last decades, essentially new data on
relatively abundant dispersed Platanuslike leaves
from Cretaceous temperate floras of the Northern
Hemisphere have been obtained. Therefore, the taxo
nomic status of these fossils is widely debated by
experts.
Following the tradition of the first paleobotanic
descriptions by L. Lesquereux, J.S. Newberry, I. Vele
novsky, and O. Heer and other European and Ameri
can paleobotanists of the 19th century, these leaves
were determined as the Recent genus Platanus L.
based on the similarity in general morphology of the
leaf lamina; however, this approach was repeatedly
criticized (Wolfe, 1973; Krassilov, 1976; Maslova,
2001, 2002). Later, it was shown that Platanuslike
leaves, along with wide variation of combinations of
morphological characters, display significant varia
tions in epidermal characters. Based on the analysis of
these data, it has been shown that, in these leaves, all
known combinations of morphological and epidermal
characters typical of members of Platanaceae fall
within the variation range of the Recent genus Plata
nus (Maslova, 2008). In addition, it was shown that
some of these leaves combine almost the same mor
phology as in the Recent genus with distinctly non

Platanus epidermis (Rüffle, 1968; Krassilov and Shi
lin, 1995). Taking into account repeated cases of asso
ciation of Platanuslike leaves with various reproduc
tive structures in various periods (for the analysis, see
Maslova, 2008), it seems plausible to assign such fossil
dispersed leaves to a genus of morphological (inde
pendent of natural) classification. This approach to
the resolution of the question was developed by
Maslova et al. (2005). These records were revised in a
number of studies (Kva cek and Váchová, 2006; Moise
eva, 2008, 2010); some authors (Narita et al., 2008;
Shilin, 2008), following the concept of the genus of
morphological classification, determine new Plata
nuslike leaf specimens as the genus Ettingshausenia
Stiehler sensu Maslova et al. (2005). However, Tschan
et al. (2008) criticized this approach.
The leaves described in the present study were pre
viously considered to cooccur with staminate inflo
rescences of the genus Sarbaia Krassilov et Shilin
(Krassilov and Shilin, 1995). Because of insufficient
material, the paper cited provided brief characteristics
of leaf morphology and epidermis of the lower surface
of the leaf lamina. The authors paid attention to spe
cific epidermal characters, resembling in a number
features the genus Quercus L. (Fagaceae). Subse
quently, additional material was found in the paleobo
tanic collection of the Institute of Botany and Phyto
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introduction of the Committee of Sciences and Edu
cation of the Republic Kazakhstan (Almaty); it
allowed a more detailed description of morphology
and epidermal structure of these leaves and establish
ment of a new species, Ettingshausenia sarbaensis.
MATERIAL AND METHODS
The material comes from the Cenomanian–Turo
nian gray clayey strata of the Sarbai quarry in the vicin
ity of the town of Rudhyi (western Kazakhstan). The
collection of plant remains was collected and partially
identified by Shilin (1986). This flora was shown to
contain Asplenium dicksonianum Heer, Gleichenia sp.,
Sphenopteris sp., Seguoia heterophylla Velen., Cedrus
sp., Platanus pdeudoguillelmae Krass., P. cuneiformis
Krass., Dalbergites simplex (Newb.) Sew., and Ilex sp.
Subsequently, the data on the flora from the Sarbai
locality were considerably expanded (Frumin and
Friis, 1996, 1999). The angiosperm assemblage
includes Ranunculales, Urticales, Rosales, Myrtales,
Celastrales, Platanaceae, Illiciaceae, and Magnoli
aceae.
Platanuslike leaves are abundant in this collec
tion, represented mostly by fragments, relatively com
plete leaves are scarce; however, available material
allows reconstruction of the leaf lamina and assign
ment to two morphological types, Platanus pdeudogu
illelmae and P. cuneiformis sensu Shilin (1986).
For the study of minute features of venation of high
orders, rock samples with incrustations were placed
under a scanning electron microscope (SEM) without
preliminary treatment. The epidermal structure of
leaves was studied in nonmacerated phytoleims
cleaned from enclosing matter by fluoric acid and in
cuticles after maceration of phytoleims with the
Schulze solution and alkali. After maceration, the
cuticles were examined by transmitted light under an
Axioplan2 light microscope (LM) and SEM. Photo
graphs of leaf imprints were taken using a Nikon
Coolpix 8700 digital camera. Microphotographs were
taken using a CamScan SEM.
The material examined is stored in the Institute of
Botany and Phytointroduction of the Committee of
Sciences and Education of the Republic Kazakhstan,
Almaty (IBP), collection nos. 417 and 419, and Orlov
Paleontological Museum of the Borissiak Paleonto
logical Institute of the Russian Academy of Sciences,

Moscow (PIN), collection no. 5266, specimen
no. 5266/3.
SYSTEMATIC PALEOBOTANY
CL A S S M A G N O L I O P S I D A
GROUP PLATANOFOLIA KRASSILOV, 1979
Genus Ettingshausenia Stiehler, 1857
Ettingshausenia sarbaensis N. Maslova et Shilin, sp. nov.
Plate 13, figs. 1–8; Plate 14, figs. 1–10

E t y m o l o g y. From the Sarbai quarry.
H o l o t y p e. IBP, no. 417/33; leaf; western Kaza
khstan, Sarbai locality; Zhirkindek Formation, Cen
omanian–Turonian (Figs. 1a, 3a).
D i a g n o s i s. Leaf lamina entire or slightly lobed,
rhomboid. Leaf base widely wedgeshaped, decurrent,
occasionally, peltate. Leaf lamina apex acuminate.
Lobes small, triangular. Leaf margin and sinuses
between lobes toothed. Teeth usually small, triangular,
concavoconcave to convexoconcave, with rounded
glandules at apices. Venation palinactinodromous,
craspedodromous. Secondary veins weakly arched,
three to four pairs, their endings often angular. Short
intercalary veins inserted between secondary veins.
Basal veins alternate or opposite. Infrabasal veins up to
two pairs in number. Tertiary veins angular, orthogo
nally reticulate, scalariform, or branching scalariform.
Leaves hypostomous. Cells of costal zone arranged
in longitudinal rows, from almost square to strongly
elongate. Cuticle of upper leaf surface relatively thick,
finely folded, with radial folds diverging from trichome
bases. Ordinary epidermal cells of upper leaf surface
polygonal, isodiametric, or slightly oblong. Anticlinal
cell walls straight, frequently sinuous. Ordinary epi
dermal cells of lower leaf surface polygonal, usually
oblong, anticlinal walls sinuous. Stomata widely ovate
or circular, encyclocytic, incompletely amphicyclo
cytic, laterocytic, or, rarely, paracytic. Subsidiary cells
specialized, smaller than ordinary epidermal cells,
radial, with strongly cutinized periclinal walls, which
often fused into continuous rim folded perpendicular
to long axis of stoma. Trichomes formed on one or
from two to five ordinary epidermal cells. Trichome
bases strongly cutinized, round or ovate in projection.
D e s c r i p t i o n (Figs. 1, 2b, 2c, 3–5). The leaves
are simple, entire or with small lateral lobes. Two leaf
morphotypes are recognized. The first comprises
leaves with a widely rhombic leaf lamina; the lamina is

Explanation of Plate 13
Figs. 1–8. Ettingshausenia sarbaensis sp. nov., cuticle of (1–3) lower and (4–8) upper leaf surfaces, SEM: (1, 3) specimen IBP,
no. 419/2, cuticle of the costal zone, external view; (2) specimen IBP, no. 419/2, cuticle of the costal zone, internal view; (4) spec
imen IBP, no. 419/2; (5) specimen IBP, no. 417/2; (6) specimen IBP, no. 417/34; (7) specimen IBP, no. 417/2, internal view; and
(8) specimen IBP, no. 417/34, internal view. (1–4) intermediate forms; (5, 7) morphotype I; (6, 8) morphotype II.
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Fig. 1. Leaf morphology of Ettingshausenia sarbaensis sp. nov.: (a) holotype no. 417/33; (b) specimen IBP, no. 417/18; (c) IBP,
no. 417/10; (d) IBP, no. 417/22; and (e) IBP, no. 417/12. Scale bar, 1 cm.

wider than long, with the maximum width located
within the upper half of the lamina (Figs. 3a–3c). The
second morphotype includes regularly rhombic leaves,
which lamina is longer than wide and their maximum
width is at the midlength or slightly lower (Figs. 3i, 3j).
A series of transitional morphotypes are recorded

(Figs. 3d–3f). The lamina base is widely wedge
shaped, decurrent, sometimes, peltate; the apex is
acuminate. The lateral lobes are small, triangular or
absent. The leaf margins and sinuses between lobes are
toothed. The teeth are mostly small (larger teeth are
sometimes present at the ends of the secondary veins),
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Explanation of Plate 14
Figs. 1–10. Ettingshausenia sarbaensis sp. nov., cuticle of the lower leaf surface, internal view: (1–5, 7, 9) morphotype I;
(6, 8, 10) morphotype II, SEM, specimens: (1) IBP, no. 417/2; (2) IBP, no. 417/12; (3, 4) IBP, no. 417/33; (5) IBP, no. 417/12;
(6) IBP, no. 417/34; (7) IBP, no. 417/2, encyclocytic stomata; (8) IBP, no. 417/22, incompletely amphicyclocytic stomata;
(9) IBP, no. 417/33, laterocytic stomata; and (10) IBP, no. 417/22, paracytic stomata.
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(b)

(c)

Fig. 2. Ettingshausenia sarbaensis sp. nov. and fragment of associated bark: (a) specimen IBP, no. 417/39, bark fragment; (b) spec
imen PIN, no. 5266/3, teeth with glandules; and (c) specimen IBP, no. 417/18, details of venation of high orders, SEM. Scale
bar: (a) 1 cm; (b) 1 mm; and (c) 1000 µm.

triangular, concavoconcave or concavoconvex, with
rounded glandules at the apices (Fig. 2b). Venation is
palinactinodromous, craspedodromous. The second
ary veins are three or four pairs in number, arched,
their ends are frequently slightly angular. Short inter
calary veins are frequently inserted between the sec
ondary veins and terminate in a series of anastomoses
with tertiary veins. The basal veins are alternate or
opposite, arched, as thick as the nearest secondary
veins, have up to three acroscopic branches and up to
five basiscopic branches. The infrabasal veins are vari
ously developed, up to two pairs in number. The ter
tiary venation ranges from orthogonally reticulate to
scalariform and branching scalariform. The tertiary
veins are angular, form a network of anastomoses. The
veins of higher orders form a network of polygonal are
olae from 250 to 500 µm in diameter, the ends of short
terminal veins come into relatively large areolae
(Fig. 2c).
The leaves are hypostomous. The cuticle in the
costal zone is relatively thick, finely folded; the folds
are positioned along the longitudinal axis of cells.
Cells of the costal zone are arranged in longitudinal
rows along the vein, ranging in shape from almost
square to strongly oblong, from 10 to 35 µm long and
about 10 µm wide (Pl. 13, figs. 1, 2).
The cuticle of the upper leaf surface is relatively
thick, its external surface is finely folded, the folds are
positioned randomly or parallel to the long axis of the
cell (Pl. 13, figs. 4–6). The radially diverging cuticular

folds extend from strongly cutinized trichome bases
(Pl. 13, fig. 4). Ordinary epidermal cells of the upper
leaf surface are polygonal, isodiametric or slightly
oblong, from 15 to 45 µm long and from 15 to 35 µm
wide (Pl. 13, figs. 7, 8; Figs. 4a, 4b). The anticlinal
walls are mostly straight or, rarely, sinuous.
The trichome bases are circular or ovate, from 25 to
50 µm in diameter, from one to three per 100 µm2,
strongly cutinized; the cutinized rim is up to 10 µm
thick, surrounded by distinct radially diverging cutic
ular folds; the trichomes develop at contacts of three to
seven ordinary epidermal cells (Pl. 13, figs. 4–6;
Figs. 4a, 4b).
The cuticle of the lower leaf surface is thinner than
on the upper surface, with fine longitudinal folds posi
tioned along the long axis of the ordinary epidermal
cells (Fig. 5e). Ordinary epidermal cells on the lower
leaf surface are polygonal, mostly oblong, 10–20 µm
wide and 15–35 µm long, with distinct sinuous anti
clinal walls (Pl. 14, figs. 1–8; Figs. 4c, 4d). The ampli
tude of sinuosity occasionally reaches onethird of the
cell width (Fig. 4c).
The epidermis of the lower leaf surface has stomata
and trichomes (Pl. 14, figs. 1–8; Figs. 4c, 4d, 6). The
stomata are positioned randomly, they are widely ovate
or circular, 15 (18) × 18 (20) µm in size, up to six per
100 µm2 of the leaf surfaces, encyclocytic (Pl. 14, fig. 7),
incompletely amphicyclocytic (Pl. 14, fig. 8), latero
cytic (Pl. 14, fig. 9), or, rarely, paracytic (Pl. 14,
fig. 10). Some stomata are transitional between ency
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Fig. 3. Leaf morphology of Ettingshausenia sarbaensis sp. nov.: (a) holotype no. 417/33; (b) specimen IBP, no. 417/12; (c) IBP,
no. 417/2; (d) IBP, no. 417/41; (e) IBP, no. 419/2; (f) IBP, no. 417/34; (g) specimen IBP, no. 417/5; (h) IBP, no. 417/22; (i) IBP,
no. 417/10; and (j) IBP, no. 417/18. Scale bar, 1 cm.

Trichomes are densely spaced, up to eight per
100 µm2 of the leaf surface, present on one cell (Pl. 14,
fig. 6), or at contact of two to seven ordinary epidermal
cells (Pl. 14, figs. 2–8; Fig. 4c, 4d). The trichome
bases are strongly cutinized, circular or, more often,
ovate in projection, from 10 to 20 µm in diameter. The
apical part of trichomes is frequently broken off,
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Vol. 45

No. 4

2011

although remaining fragments are up to 30 µm long
(Figs. 5c, 5d). Trichomes are more or less regularly
arranged over the entire leaf surface and near the veins,
frequently surround the stomata.
C o m p a r i s o n. The new species is most similar
in general morphology of the leaf lamina to Etting
shausenia cuneifolia (Bronn) Stiehler from the Cen
omanian of Czech Republic (Kva cek and Váchová,
2006) and E. louravetlanica (Herman et Shczepetov)
Herman et Moiseeva from the Cenomanian of the
vicinity of the Ugol’naya Bay, northeastern Russia
(Moiseeva, 2010). The main distinctive morphological
character of E. sarbaensis sp. nov. is the domination of
orthogonally reticulate tertiary venation and the pres
ence of short intercalary secondary veins. The epider
mal characters are known for E. cuneifolia and E. lae
‹

clocytic and laterocytic. Subsidiary cells are special
ized, mostly six in number, narrow, up to 15 µm long
and 5–6 µm wide, positioned radially, with strongly
cutinized plicate periclinal walls. The thickened peri
clinal walls are frequently fused in continuous peristo
matic flange 4–7 µm wide, with densely spaced folds
positioned perpendicular to the long axis of the stoma
(Figs. 4d, 5g). The external apertures of stomata are
elliptical.
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Fig. 4. Features of the epidermal structure of Ettingshausenia sarbaensis sp. nov., SEM: (a) specimen IBP, no. 417/2, morphotype I,
cuticle of the upper leaf surface; (b) specimen IBP, no. 417/34, morphotype II, cuticle of the upper leaf surface; (c) specimen IBP,
no. 417/2, morphotype I, cuticle of the lower leaf surface; and (d) specimen IBP, no. 417/34, morphotype II, cuticle of the lower
leaf surface.

vis (Velenovsky) Kva cek et Váchová (Kva cek and
Váchová, 2006). Distinctive epidermal characters of
the new species are mostly encyclocytic, less fre
quently, incompletely amphicyclocytic (the types
which have not been recorded in members of Platan
aceae), and laterocytic stomata, the fusion of strongly
cutinized periclinal walls of narrow subsidiary cells,
with the formation of the peristomatic ridge having
transverse folds (Fig. 5).
R e m a r k s. Krassilov and Shilin (1995) briefly
characterized the morphology and epidermis of these
leaves. These authors marked unique epidermal char
acters, which have much in common with some mem
bers of Fagaceae. However, because of insufficient

material, they did not establish the taxonomic position
of these leaves and only indicated that they were asso
ciated with platanoid staminate inflorescences of the
genus Sarbaia and showed similarity in morphology
with Platanaceae and in epidermis, with members of
Platanaceae and Fagaceae. These leaves were recently
described in association with unique infructescence of
the genus Sarbaicarpa N. Maslova, which show a
mosaic of characters of the families Platanaceae and
Hamamelidaceae (Maslova, 2009).
Leaves of E. sarbaensis sp. nov. occur in association
with bark fragments (Fig. 2a) similar to that of extant
Platanus. Cooccurrence of leaves and bark fragments
in one bed of the same lump suggests that these speci
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Fig. 5. Features of the epidermal structure of the lower leaf surface of Ettingshausenia sarbaensis sp. nov., SEM: (a) specimen IBP,
no. 417/10; (b, c) specimen IBP, no. 419/2; (d, f–h) holotype IBP, no. 417/33; (e) specimen IBP, no. 417/22; (a–g) phytoleims
after treatment with fluoric acid, external view; and (h) cuticle after maceration, internal view.
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with the maximum width within the upper half of the
lamina. The lengthtowidth ratio of the leaf lamina of
P. pdeudoguillelmae is less than 1. Leaves of P. cunei
formis have a regularly rhombic lamina, with the max
imum width at its midlength or slightly lower. The
lengthtowidth ratio of the leaf lamina of P. cuneifor
mis is more than 1. Thus, the species P. pdeudoguillel
mae and P. cuneiformis are clearly distinguished by the
shape and lengthtowidth ratio of the leaf lamina.

10 µm
Fig. 6. Epidermal fragment of the lower leaf surface of
Ettingshausenia sarbaensis sp. nov. Drawing based on
Pl. 14, fig. 3.

mens belong to one plant. The bark fragments vary in
size and outline. The prominent longitudinal pattern on
the bark is almost identical to that of extant plane tree.
M a t e r i a l. More than 30 variously preserved leaf
imprints from the type locality and five bark frag
ments.
DISCUSSION
In his monograph, Shilin (1986) determined two
species of the genus Platanus, P. pdeudoguillelmae and
P. cuneiformis, from the gray clayey strata of the Sarbai
quarry. These species were established based only on
general leaf morphology, whereas the epidermal char
acters were not known. Leaves of P. pdeudoguillelmae
are distinguished by the widely rhombic leaf lamina,
(a)

(b)

The analysis of morphological and epidermal char
acters of leaves from Sarbai revealed two types of leaf
laminae corresponding to the species P. pdeudoguillel
mae (morphotype I) and P. cuneiformis (morphotype
II), which are linked by transitional forms in an inte
gral variation series. The two morphotypes share
rather specific epidermal characters, suggesting that
they should be assigned to one new species, Etting
shausenia sarbaensis sp. nov. The scheme of types of
the stomata characteristic of the new species is shown
in Fig. 7.
Shilin (1986) did not provide data on the epidermal
characters of leaves from Sarbai. Subsequent studies
(Krassilov and Shilin, 1995) and the present paper
show that structural epidermal characters are essen
tially new for Platanuslike leaves. The encyclocytic
stomata (this term was introduced by Shtromberg
(1956); later, Stace (1965) termed this type as cyclo
cytic), with the formation of continuous transversely
folded peristomatic ridge in both leaf morphotypes
(P. pdeudoguillelmae and P. cuneiformis sensu Shilin,
1986), has not been recorded in extinct platanoid
leaves. Krassilov and Shilin (1995) indicated that the
epidermis described is similar to that in a number of
members of Fagaceae. Actually, stomata of this kind
(in which specialized subsidiary cells of the encyclo
cytic stomata are fused in continuous peristomatic
ridge with radial folding) are known in the extant oaks
Quercus wislizeni A, DC and Q. ilex L. In addition,
almost identical stomata occur in the epidermis of
(c)

(d)

Fig. 7. Schemes of stomatal types observed in the leaf epidermis of Ettingshausenia sarbaensis sp. nov.: (a) encyclocytic; (b) incom
pletely amphicyclocytic; (c) laterocytic; and (d) paracytic.
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characteristic of the plane tree; this combined with the
leaf morphology generally traditional for the extant
genus is evidence of a detached position of the new
species among fossil platanoid leaves and among spe
cies of the genus Platanus.
The analysis of morphological and epidermal char
acters of E. sarbaensis sp. nov. suggests that the mor
photypes corresponding to the “species” previously
determined by Shilin (1986) in this material,
P. pdeudoguillelmae (morphotype I) and P. cuneiformis
(morphotype II), are in fact variants of sun and shade
leaves of the new species. Since the study of Zalenskii
(1904), it became evident that morphological and epi
dermal characters of plants vary considerably and
depend on microclimatic conditions of the develop
ment of particular leaves, particularly, in welldevel
oped crowns of large trees and shrubs. These data have
recently been published in regard to extant (for exam
ple, StraussDebenetti and Berlyn, 1994; Kürschner,
1997; Sun et al., 2003; Maslova et al., 2008a, 2008b;
etc.), and extinct plants (for example, Barbacka and
van Konijnenburgvan Cittert, 1998; Guignard et al.,
2001; Denk and Velitzelos, 2002; Kva cek and
Manchester, 2004; Wu et al., 2009; etc.).
It is wellknown that shade leaves of angiosperm
trees differ from sun leaves in the usually larger, thin
ner, less pubescent leaf lamina with a less dense net
work of venation. The cuticle of these leaves is thinner,
ordinary epidermal cells are larger, anticlinal walls of
ordinary epidermal cells are sinuous, stomata are
larger but fewer. On the contrary, sun leaves are rela
tively small, with a dense network of venation, more
pubescent. The cuticle of sun leaves is thicker, ordi
nary epidermal cells are smaller, anticlinal walls of
ordinary epidermal cells are straight, stomata are
small, greater in number (Shennikov, 1950; Gory
shina, 1979; Lotova, 2000; etc.).
In our opinion, morphotype I of the species E. sar
baensis sp. nov. comprises sun leaves, and morphotype
II is recorded in shade leaves. This statement is sup
ported by both morphological and epidermal charac
ters. In particular, leaves of morphotype I are charac
terized by widely rhombic leaf lamina, with the maxi
mum width located in the upper half of the lamina. At
the same time, the leaf lamina is usually wider than
long. In leaves of morphotype II, the lamina is regu
larly rhombic and the maximum width is at the
midlength of the lamina or slightly lower. In addition,
the leaf lamina of this morphotype is longer than wide.
Using the extant species Platanus acerifolia Willd. as
an example, it was shown that lobed leaves differ in the
lengthtowidth ratio of the lamina and their positions
in the tree crown follows a certain pattern (Maslova et
al., 2008a). The central part of the tree crown contains
lobed leaves (shade), which laminae are longer than
wide, while the peripheral part of the crown contains
leaves (sun leaves), the lamina of which is wider than
‹

Miocene Quercus sp. (Alekseenko and Krassilov,
1980).
In living members of the family Platanaceae, ency
clocytic stomata have not been recorded. Fryns
Claessens and Van Cotthem (1973) assigned the sto
mata of Platanus kerrii Gagnep. described by Baas
(1969) to the cyclocytic type; however, the figures pro
vided by Baas does not lead to this conclusion. The
encyclocytic (cyclocytic) stomata are characterized by
a closed ring of specialized subsidiary cells, while, in
the figures of Baas, this ring is distinctly unclosed in
the polar region of the stomata. This type of the sto
mata is named laterocytic. Moreover, the stomata
transitional to the anomocytic types are also observed.
Encyclocytic stomata occur in extant genera of the
subfamilies Exbucklandioideae and Rhodoleioideae
of the family Hamamelidaceae (Pan et al., 1990);
however, their subsidiary cells form a characteristic
ring without fusion of periclinal walls into a continu
ous peristomatic ridge. An epidermis that is almost
identical in structure to that of living members of the
genus Exbucklandia R.W. Brown (encyclocytic sto
mata) has been described in the Pliocene species
E. tengchongensis J.Y. Wu et B.N. Sun from Yunnan
Province, southwestern China (Wu et al., 2009).
Along with the encyclocytic stomata, the epidermis
of the lower leaf surface of Ettingshausenia sarbaensis
sp. nov. has incompletely amphicyclocytic, latero
cytic, and rare paracytic stomata. The combination of
encyclocytic and laterocytic stomatal types in one leaf
was described, for example, in members of the families
Celastraceae, Buxaceae, Chloranthaceae, Balano
paceae, and Hamamelidaceae (Hartog and Baas,
1978; Baranova, 1980, 1981, 1983, 1986, 1992), but it
was not recorded in Platanaceae. As for the paracytic
stomata, they have been recorded in the epidermis of
platanoid leaves as early as the Albian (Upchurch,
1981; 1984); however, they have not occurred in com
bination with the encyclocytic and laterocytic sto
mata.
The stomata of the genus Platanus is mostly classi
fied as anomocytic (Kva cek et al., 2001; Carpenter
et al., 2005; etc.). Carpenter et al. (2005) have shown
that extant species of Platanus are characterized by
combination of the anomocytic, laterocytic, and,
sometimes, paracytic stomata. In the epidermis of the
living plane tree, anomocytic stomata predominate,
while laterocytic and paracytic stomata are relatively
rare. In the Cenomanian–Turonian species E. sar
baensis sp. nov., different stomata (encyclocytic and
laterocytic) occur in approximately equal proportions,
i.e., none of stomatal types predominate. The trend to
a decrease in the number of stomata types occurring
within one leaf of angiosperms was traced by
Upchurch (1981) beginning from the Early Creta
ceous to the Recent. Note that the epidermis of E. sar
baensis sp. nov. lacks anomocytic stomata, which are
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long. By analogy with these data on a living plane tree
species, it is possible to propose that leaves of E. sar
baensis sp. nov. of morphotype I (in which the leaf
lamina is wider than long) come from the periphery of
the tree crown and represent sun leaves, whereas leaves
of morphotype II (lamina is longer than wide) come
from inside of the tree crown (shade leaves). This
assumption is also supported by other morphological
characters of the leaf. In particular, some leaves of
E. sarbaensis sp. nov. have distinct secondary veins and
densely spaced branching scalariform tertiary veins
(morphotype I) and some have thinner secondary
veins and relatively widely spaced, orthogonally retic
ulate tertiary veins (morphotype II). As mentioned
above, these characters are also evidence that morpho
types I and II represent sun and shade leaves, respec
tively.
Epidermal analysis of leaves of the two morphotypes
has shown that they are characterized by a general epi
dermal structure that is unique to platanoid leaves; this
is evidence that they belong to one species. At the same
time, based certain variations in epidermal structure, it
is possible to regard these morphological types of leaves
as groups of sun and shade leaves located in different
parts of the tree crown and, hence, existing under dif
ferent microclimatic conditions. Various combinations
of abiotic factors (different intensity of light, water sup
ply, drying by air flows, etc.) initiate certain variations in
the structure of cover tissues of plants. The epidermis of
presumably sun leaves of E. sarbaensis sp. nov. (mor
photype I, Figs. 4a, 4c) is formed of smaller ordinary
epidermal cells, the stomata and trichomes are more
frequent here, and the trichome bases are somewhat
smaller than in leaves of morphotype II. The ordinary
epidermal cells of presumably shade leaves (morpho
type II, Figs. 4b, 4d) are in general somewhat larger, the
stomata and trichomes per unit of area of the leaf lamina
are fewer than in sun leaves, and the trichome bases are
in general larger. At the same time, the sinuosity of anti
clinal walls of ordinary epidermal cells and the size of
stomata in the two leaf morphotypes of E. sarbaensis sp.
nov. differ insignificantly; however, the proportion of
cells with sinuous anticlinal walls in leaves of morpho
type II is somewhat higher.
The study of platanoid leaves from the Sarbai local
ity returns us to the question of assignment of dis
persed Platanuslike leaves to the extant genus Plata
nus. This problem was discussed in our previous works
(Maslova et al., 2005; Maslova, 2008, 2010; etc.) and
it remains debatable. As was repeatedly shown using
the example of fossil leaves similar in appearance to
leaves of the living plane tree, the macromorphologi
cal similarity is not always accompanied by identity in
epidermal structure, and the cases of association of
such leaves with different reproductive structures
(which differ from those of living plane tree and are
referred to other families) cast doubt on the possibility

of the existence of Recent taxa in the Cretaceous
Period (Rüffle, 1968; Krassilov and Shilin, 1995;
Maslova and Herman, 2004, 2006; Maslova et al.,
2005; Maslova, 2009; etc.). It is only possible to state
the occurrence in the Cretaceous of certain morpho
logical types of leaves and the preservation of this stan
dard macromorphology during a long period up to the
present time. Therefore, it is plausible to use in prac
tice of identification of dispersed Cretaceous leaves
resembling in macromorphology extant genera the
morphological system, which is independent of the
natural system of flowering plants.
Krassilov (1979) substantiated the expediency of
application of the morphological classification for dis
persed fossil leaves. He proposed such a classification
of fossil angiosperm leaves, which was subsequently
discussed and developed (Meyen, 1987; Krassilov,
1989; etc.). On the one hand, this approach is interest
ing in connection with the establishment of the time of
appearance–disappearance of certain leaf morpho
types in the fossil record and the proportions of partic
ular leaf morphotypes during certain periods. On the
other hand, at present, this is probably the only
approach to the designation of these paleobotanic
objects.
Recently, Tschan et al. (2008) criticized the
approach proposed for the designation of dispersed
fossil Platanuslike leaves of the genus Ettingshausenia
(Maslova et al., 2005), classified according to the mor
phological system. We think that the authors of this
work incompletely understand the concept of the
morphological system (Krassilov, 1979; 1989; Meyen,
1987; etc.), used for the classification of dispersed
Cretaceous leaves morphologically indiscernible from
the respective morphotypes of extant taxa. The basic
counterargument of Tschan et al. is the fact that the
diagnosis of the genus Ettingshausenia lacks characters
describing the epidermal leaf structure. However, fol
lowing the principles of the morphological system, we
intentionally exclude epidermal characters and
choose a genus that is similar to Platanus in leaf mor
phology and lacks data on the epidermal structure. It
is well known that the diagnoses of some genera estab
lished based on fossil leaves lack information concern
ing the epidermal structure. Paleobotanists frequently
deal with leaf imprints without phytoleims and iden
tify them exclusively by macromorphological charac
ters. In particular, such specimens are frequent in Cre
taceous floras of northeastern Russia and a number of
other floras. In the absence of data on the epidermal
structure, it is incorrect to assign fossil specimens to an
extant genus based only on leaf morphology. A promi
nent example is provided by E. sarbaensis sp. nov.,
which combines leaf morphology of an extant genus
with essentially different “nonPlatanus” epidermal
structure. The combination of encyclocytic and lat
erocytic stomata has not been recorded in the extant
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genus nor fossil Platanuslike leaves. Moreover, these
leaves cooccur with staminate inflorescences of Sar
baia (Krassilov and Shilin, 1995), which are referred
to the family Platanaceae, but differ from reproductive
organs of Platanus, and with infructescences of the
genus Sarbaicarpa, which show a mosaic combination
of characters of the families Platanaceae and Hama
melidaceae (Maslova, 2009).
Associations of Platanuslike leaves and various
reproductive structures which differ from those char
acteristic of the genus Platanus have repeatedly been
recorded (for example, Krassilov and Shilin, 1995;
Maslova and Herman, 2004, 2006; Maslova et al.,
2005; Maslova, 2009). Based on microstructural fea
tures, it is impossible to refer these reproductive struc
tures to the extant genus Platanus. Certainly, it is
impossible to refer with confidence leaves and repro
ductive structures that cooccur but are not in natural
connection to the same plant. However, this is rather
probable, taking into account available data on co
occurrence of different plant organs. It is possible to
assume more or less confidently that different organs
belong to one plant, for example, if specimens come
from one bed, one lump of enclosing matter, and the
flora investigated lacks other fossil remains morpho
logically similar to the form in question.
Tschan et al. (2008, p. 231) indicated that Etting
shausenia sensu Maslova et al. (2005) “would become
“a garbage can” for possibly unrelated taxa.” It should
be noted that, based on the principles of the morpho
logical system, Ettingshausenia is a genus that may
comprise leaves belonging not only to different genera,
but even different families of the natural plant system.
The genus may include leaves of typical “Platanus
like” morphology, with the epidermal characters typi
cal of the plane tree and similar leaves lacking data on
the epidermal structure or showing contradictory epi
dermal characteristics. This eclectic nature of the
genus is an involuntary necessity rather than an
attempt to create a “garbage can.” It appears that the
practice of the establishment of new genera based on
isolated leaf imprints showing various combinations of
certain epidermal characters (including measurement
and other quantitative parameters) results in the for
mation of a “garbage can” at the family level. Appar
ently, in this situation, the increasing number of gen
era does not reflect true taxonomic diversity of ancient
platanoids. As the variation of epidermal characters
are analyzed more thoroughly using large monotopic
samples, the taxa included in this “garbage can” could
have been assigned to several genera (or one).
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