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ABSTRACT

Recentstudies of the Cretaceous platanoid plants have shown thata morphological
classification of leaves proposed by Krassilov seems to be the most effective
key for the identification of fossil (Cretaceous and Tertiary) dispersed leaves
of angiosperms. This classification is independent from the system of modern
plants.
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PE3IOME

Macaosa H.I1., I'epman A.B. IToAXOA K OIIPEAC€ACHHUIO AHCTBEB HCKOIIAE-
MBIX [OKPBITOCEMEHHBIX: IIPUMEHIUMOCTH U 3HAYMMOCTh MOP(POAOrHYeC-
Koii cucremsr Kpacuaosa. [ToAyuenHbe B TOCACAHEE BpEMs PE3YABTATHI U3Y-
YEHUS MEAOBBIX ITAATAHOMAHBIX AMCTBEB ITO3BOAAIOT CYMTATH, YTO HAMOOAEE
IIPHEMAEMOIT AASL OLIPEACACHUS HCKOIIAEMBIX (MEAOBBIX M TPETUYHBIX) AHCIIEPC-
HBIX AUCTBHCB HOKPI)ITOCCMCHHBIX ABASICTCA MOp(i)OAOFH‘IeCKaH K/\ZICCI/I(i)I/IKaHI/IH
AHCTBEB, pearoxeHHad KpacnAoBbIM. DTa KAACCH(PUKAIIIA ABAACTCA HE3ABH-
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Ettingshansenia

CHUMOM OT CUCTEMBI COBPEMECHHDBIX pacreHfoi.

KAroueBbBI€e CAOBaA: AUCTBA HUCKOIIAEMBIX paCTCHI/Iﬁ, MOp(‘bOAOI‘H‘ICCKaH cucrema,

In 1979, Valentin Krassilov published a book entitled
“Cretaceous Flora of Sakhalin” with a brief description of
the new morphological system of fossil angiosperm disper-
sed leaves. The need of such a system for palacobotany has
been proved by him later (Krassilov 1989) and confirmed by
Meyen (1987) and other authors (Maslova et al. 2005b, Her-
man & Kvacek 2010). However, it has never been elaborated
in details that made it difficult for widespread use. The im-
portance of this system has increased in recent years as new
extensive data on the dispersed fossil angiosperm leaves and
related reproductive structures have been obtained.

The idea of a new morphological classification first
emerged during the taxonomic study of the eatly angio-
sperms that Krassilov conducted as part of a broader ana-
lysis of angiosperms evolution. The attribution of Creta-
ceous angiosperms (mostly leaf remains) to extant genera
or higher taxa long prevailed in palacobotany, and this ap-
proach is still in use. In the 18th and 19th centuries, paleo-
botanists identified the flowering plants of fossil floras by
related modern genera mostly on the basis of the rough
morphological similarities of their leaves. The selection
of an appropriate living plant by leaf macromorphology
is not difficult because of the huge variety of leaves in the
modern angiosperms. However, angiosperms that are fair-
ly distant from a systematic point of view may have very
similar leaves. Therefore, the determination of fossil leaves
within the scope of the system of the extant angiosperms
is very subjective and may lead to misinterpretation and to
significant loss of information. Moreover, this approach
has resulted in the mistaken assumptions that in the Creta-
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ceous most angiosperms were already represented by extant
genera and families and, therefore, had long evolved and
that the time of this group first appearance was early Meso-
zoic or even Paleozoic. That would mean that the existing
palacobotanical data were not that important for revealing
of phylogeny of those plants.

The problem of the validity of the assighment of Cre-
taceous fossil leaves to extant genera or higher taxa was
raised back to the end of the 19th century. By the middle
of the 20th century, it has become obvious that the early
definitions of the angiosperms, based exclusively on their
modern analogues, need corrections. However, so called re-
vision was limited by putting the modern generic names in
quotes; when leaf remains that resembled leaves of extant
plants were only loosely determined (due to observed dif-
ferences, unusual combination of characters, or insufficient
preservation of fossil material), the endings -phyllum or -ites
were added to the most relevant modern generic name. A
genus of this type was believed to correspond to several
extant genera, or an extant family, or even an order. Al-
though the endings -phyllum and -ites imply that the fossil
plants in question have certain differences from their extant
analogues and, therefore, the application of such names is
unequivocally better than the assignhment of Cretaceous
fossils directly to extant taxa, the problem has persisted:
such genera are frequently regarded as closely related to the
relevant extant genera and are usually placed together with
them in modern families (and higher taxa) in the system of
modern angiosperms. However, numerous examples show
that the assignment of Cretaceous angiosperm leaves to
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modern genera and families is erroneous or, at least, needs
mote support.

The positioning of a fossil plant within the natural plant
system is considered to be the major purpose of the sys-
tematic palacobotany. Therefore, it is important to define
a set of criteria for doing this as well as to reveal a set of
the diagnostic features. Quite often this is being done cus-
tomarily, without a proper accuracy and a comprehensive
analysis. In this case, only the morphological features of
angiosperm leaves are used, since their preservation is usu-
ally not good enough for ther epidermal study.

Such an approach provokes an establishment of new
species or even genera based on the minute variations of
morphological features. This leads to an overestimation of
the taxonomic variability and the general interpretation of a
fossil flora becomes simply incorrect. In order to avoid this,
Krassilov has developed his morphological classification of
dispersed fossil angiosperm leaves (mostly Cretaceous, but
also the Tertiary ones).

The essence of this classification is in using exclusively
the observed features of leaf morphology with fossil leaves
of a certain morphological type being attributed to a par-
ticular genus. Krassilov (1979, p. 43) noticed, that “only an
inductive system with clear diagnoses of the taxa (each ta-
xon includes leaves of a definite morphological type rather
than those resembling leaves of a particular extant genus)
and consistent application of the principle of priority to
names can provide a common language and reduce the loss
of information”. This approach allows a paleobotanist to
trace the appearance of a particular leaf morphotype, its
geological history, and proportions of particular leaf mor-
photypes within certain time intervals and certain fossil
floras. Such a classification is independent from the natural
system of modern plants. This means that the taxa of the
dispersal leaves morphological classification do not match
those established for the entire plants. As Meyen (1987, p.
252) noticed, “... the main goal of this system is to choose
leaves of plants that are worth comparing with the fossils
being studied”.

The idea of using the names based on this classification
for dispersed fossil angiosperm leaves was discussed in de-
tail by the authors earlier (Maslova et al. 2005b). Since that
time, additional data supporting this approach has emerged.
At the same time, this approach has been critisized by a
number of researches. This has encouraged us to look at
this problem again.

The justification for the use of Krassilov’s morphologi-
cal classification is well illustrated by an example of fos-
sil leaves possessing lobes (or poorly developed lobes) and
actinodromous venation, similar in their morphology with
leaves of modern plane trees (Platanus). At the moment, the
evolutionary history of the extant family Platanaceae, based
on both leaf and reproductive structure remains, is amongst
the most well elaborated (Krassilov 1973, Manchester 1986,
Friis et al. 1988, Maslova 2003). It has been shown that the
polymorphic group of genera more or less similar to the
modern Platanus and belonging to both extant and extinct
families, has existed since Early Cretaceous (Maslova 2010).
Reproductive structures, indistinguishable superficially (in

gross morphology) from those of the modern plane tree,
are attributable in their microstructures to different genera
and even families whilst the associated leaves are very simi-
lar to each other and represent a single morphological type.

By analysing the data on the dispersed fossil Platanus-
like leaves, it is possible to distinguish conditionally three
different groups of them. Those without any information
on the epidermal structures due to the insufficient preser-
vation form the first group (Group #1) (PL 1, fig. 2, 3).
Those leaves are typical and even predominant in, for in-
stance, many Cretaceous and Cenosoic floras of the North-
eastern Russia, Kazakhstan and Europe.

The second group (Group #2) includes Platanus-like
leaves possessing epidermis typical for the modern plane-
tree (PL 1, fig. 4; PL. 2, fig. 1). In general, the epidermal
structure of all moderm Platanus species is uniform. The
following set of epidermal features is diagnostic for this
genus: anomocytic or laterocytic stomata, trichome bases
associated with multiple (more than two) epidermal cells,
cuticular folds spreading radially from the trichome bases
and/or stomata (Pl 2, fig. 3, 4). These features have been
developed in platanoid leaves as early as in Albian (Up-
church 1984) and remained unaltered since then. A number
of features (dimensions of cells and stomatal complexes,
the pattern of anticlinal walls of the ordinary epidermal
cells, the number of trichomes and stomata per unit area)
vary with plant growth conditions and even with the leaf
positioning within a crown of a single plant. These features,
taken on their own, cannot be considered as diagnostic.

The third group (Group #3) includes Platanus-like
leaves possessing epidermis not typical of Platanaceae. The
most vivid example of this could be fossil leaves from the
Cenomanian-Turonian of Sarbai locality in West Kazakh-
stan (Maslova & Shilin 2011; see PL. 2, fig, 2). Being charac-
terised by platanoid leaf morphology, they nevertheless
possess a unique epidermal structure not typical at all for
Platanaceae (Pl 2, fig. 5).

Thus, the leaves from three groups described above are
characterised by identical leaf morphology but, at the same
time, by different degree of knowledge about their epider-
mal structure. Namely, their epidermis could be either typi-
cal or atypical of Platanus, or any information on it could
be missing. A systematic palacobotanist is confronted with
a question: how to define a taxonomic assignment of such
fossils?

Probably, it would be correct to attribute the fossil
leaves from Group #2 to the modern family Platanaceae
due to similarity of both leaf morphology and epidermal
structure to those of the modern Platanns. However, it has
to be taken into account that in this case we deal with a
single plant organ, namely a leaf, whilst the structure of the
other organs remains unknown and, consequently, it is not
possible to judge whether or not they are completely similar
to those of the modern plane-tree. In fact an assighment
of a fossil leaf to a modern genus or family implies (as a
rule, unjustifiably) that all other, usually unknown, organs
of the fossil plant are the same as in living representatives
of this taxon. However, as a rule we lack any proof of
such implication. According to the evocative metaphor of
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Meyen, in this case we act like someone who found a nut on
the railway and claimed to have found a steam locomotive.
Morteover, an association of Albian-Cenomanian Platanus-
like leaves possessing a typical platanoid epidermis with
reproductive structures which on the microstructural level
are significantly different from those of Platanus is known
(Maslova et al. 2011).

As to the Group #1 leaves, it should be emphasised
that researches used to distinguish a large number of Plata-
nus species from one and the same locality based only on
minute variations in leaf morphology (such as base shape,
marginal tooth size and density and secondary vein density).
Morphological variability characteristic to the modern Plat-
anus are practically not accounted for in these definitions.
Mainly this is a typical problem of publications from the
mid 20th century (Yarmolenko 1935, Vachrameev 1952).
Reevaluations of such fossils has been already started
(Kvacek & Vachova 2006, Moiseeva 2008, 2009). A num-
ber of researchers accept the idea of the morpholodical
classification of dispersed leaves and use the generic name
Ettingshansenia as suggested by Maslova et al. (2005b) for
new finds of fossil Platanus-like leaves (Narita et al. 2008,
Shilin 2008). However, the majority of platanoid taxa still
remain to be revised. Anyway, to asctibe a leaf fossil lack-
ing any information on its epidermal features and the asso-
ciated reproducrive structures to a modern family seems to
be invalid or, at least, very risky.

For the Cretaceous Platanus-like leaves a combination
of encyclocytic, incompletely amphicyclocytic, laterocytic,
or paracytic stomata as well as the presence of trichomes
developing on one to seven epidermal cells have been dem-
onstrated (Maslova & Shilin 2011). It is worth noting that
encyclocytic and incompletely amphicyclocytic stomata are
unknown in modern Platanus species. Therefore it seems to
be incortect to assign these fossil leaves of the Group #3
to the modern family Platanaceae ignoring the uniqueness
of their epidermis.

Also important is that there are numerous examples
when the Platanus-like leaves are associated with various
infructescences and staminate inflorescences different
from those of Platanus (Krassilov 1976, Krassilov & Shilin
1995, Maslova & Herman 2004, 2006, Maslova et al. 2005a,
Maslova et al. 2011). For this reason it is possible to analyse
these associations due to their repeatability (Maslova 2010).
Strongly different fossil genera established on the basis of
their reproductive organ structures, more or less similar to
the platanoids, imply that a polymorphic plant group, which
has given rise to the modern genus, existed in the geologic
past. It is quite likely that these plants possessed Platanus-
like foliage. These data are particularly important for the
discussion on the dispersed fossil Platanus-like leaves no-
menclature since they clearly demonstrate that plants with
Platanus-like leaves and non-Platanus-like reproductive or-
gans did exist in fossil floras. Obviously these leaves are
impossible to ascribe to the modern family Platanaceae.

Earlier we proposed that dispersed fossil Platanus-
like leaves should be assigned to the genus Ettingshausenia
Stiehler of the morphological system independent of the
natural modern plant system (Maslova et al. 2005b). This

approach allows summarising the information on the strati-
graphic and geographic distribution of Platanus-like leaves
and avoiding any taxonomic errors within the natural plant
system. Obviously any discussions on the similarities/dis-
similarities of these leaves (different species of the genus
Ettingshansenia) with the plants from different families of
the natural plant system should be highly encouraged.

This approach has been critisised by a number of pal-
acobotanists. So, according to Tschan et al. (2008), the ge-
nus Eftingshansenia as Maslova et al. (2005b) define it, «...
would become a ‘garbage can’ genus for possibly unrelated
taxa». However, here the emphasis should be made on the
basic principles of Krassilov’s morphological classification.
Firstly, this system should be based on observed features
of leaf morphology rather than on weak and often errone-
ous hypotheses about the morphology of the whole plant.
Secondly, such a classification does not depend on the sys-
tem of modern plants: there is no unambiguous correspon-
dence between taxa of the morphological system and taxa
that were established to describe whole plants. To put it
differently, a genus of the morphological system may occur
in more than one genus or even family of whole plants and,
vice versa, the latter may be supplied by leaves belonging to
more than one genus of the morphological system (Her-
man & Kvacek 2010). Obviously, the above reminiscence
(‘garbage can’) by Tschan et al. (2008) is due to their misun-
derstanding of these principles.

On the contrary, placing numerous new genera based on
fossil leaves with different combinations of morphological
and/or some epidermal features, both quantitative and di-
mentional, in a modern family distort a real diversity of the
latter in the geologic past and therefore makes it a ‘rubbish
bin’ family. Moreover, a number of fossils (leaves lacking
epidermal characteristics) are left beyond the analysis.

A different approach has been chosen by Golovneva
(2011, Golovneva & Nosova 2012) who combined all such
Platanus-like fossil leaves from the vast area of Western
Europe (Czech Republic and Germany), West Siberia and
Kazakhstan into a single species Effingshausenia cuneifolia
(Bronn) Stichler. The genus Eftingshausenia is considered by
her to be monotypic (with one species only) within the fam-
ily Platanaceae of the natural system. Golovneva (2011) also
published an emended diagnosis of Effingshansenia combin-
ing both morphological and epidermal characteristics. In
our opinion, this taxonomic decision cannot be justified.

By including Ettingshausenia sarbaensis N. Maslova et Shilin
(Maslova & Shilin 2011), which differs from other species
of this genus in having encyclocytic stomata alongside with
other stomatal types, in the synonimy of Efingshausenia cu-
neifolia, Golovneva (2011, p. 148) has introduced a new epi-
dermal characteristic, namely the presence of “encyclocytic
stomata”, in the Etingshausenia generic diagnosis. In the de-
scription of Etfingshausenia cuneifolia she points out that this
stomatal type is the most common (Golovneva 2011, p. 154).
Considering that encyclocytic stomata are unknown in mod-
ern plane tree (and, consequently, in the modern family Plat-
anaceae), this conclusion is at least surprising. We believe that
it is totally incorrect to widen a set of diagnostic character-
istics of a modern family by including in it, without an ap-
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Plate 1 Teaves of extant Platanus occidentalis 1. (1) and extinct Platanus-like leaves (2 —4): 1 — typical lobate leaf; 2 — Ettingshausenia raynoldsii Newberry)
Moisceva, specimen no. 4843/1a, Amaam Lagoon area, Chukotka, Upper Maastrichtian (Moiseceva 2012, PL 10, fig. 0)); 3 — Ettingshansenia
louravetlanica (Herman et Shezepetov) Moiseeva, specimen no. 4875/2-1, Grebenka River (Anadyt’ River basin), northeastern Russia, Upper Albian —
Lower Cenomanian (Maslova & Herman 2004, P1. 8, fig, 1); 4 — Platanus-like leaf associated with Kasicarpa melikianii N. Maslova, Golovneva et Tekleva,
specimen no. 29/8a, Kas river, Chulym-Yenisey depression, Turonian (Maslova et al. 2005, Fig. 2)

propriate justification, fossil leaves with untypical features.
Encyclocytic stoma consists of a single closed ring of 5 or
more very small subsidiary cells enclosing the guard cells (Pl.
2, fig. 5). In her publication, Golovneva, however, does not
show a single valid photograph of an encyclocytic stoma.
The only photograph where this stomata type is claimed to
be shown (Golovneva & Nosova 2012, P1. 89, fig; 3), is incor-
rectly interpreted. Indeed what is shown in this photograph

is an anomocytic stoma with well-developed peristomatal rim
— protrusion of the guard cell wall encircling a stoma. Peris-
tomatal rims may be of different widths and have wrinkles;
these wrinkles were possible interpreted by Golovneva as a
ring of small subsidiary cells. The development of such a
ring is often accompanied by certain xeromorphic morpho-
logical features. This is quite common and is not of any taxo-
nomic value.
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Plate 2 Fttingshansenia leaves (1, 2) and cuticle (4, 5) and cuticle of extant Platanus (3): 1 — Ettingshausenia kubaensis N. Maslova et Sokolova, holotype
no. 5167/10, Kiya tiver, western Sibetia, Albin — Cenomanian (Maslova et al., 2011, PL. 10, fig. 6); 2 — Ettingshansenia sarbaensis N. Maslova et Shilin,
holotype no. 417/33, Sarbay locality, western Kazakhstan, Cenomanian — Turonian (Maslova & Shilin 2011, Fig. 1, a); 3 — cuticle of Platanus occidentalis
L., lower leaf sutface, external view; anomocytic stoma and trichome base (shot arrow) are seen; 4 — cuticle of E#tingshansenia kubaensis N. Maslova et
Sokolova, lower leaf surface, external view, anomocytic stomata; 5 — cuticle of Eftingshansenia sarbaensis N. Maslova et Shilin, lower leaf surface, internal
view, paracytic (arrow), encyclocytic (two arrows) stomata, and trichome base (shot arrow) are visible

It should also be noted that those opposing the use of
the generic name Etingshausenia of Krassilov’s morphologi-
cal classification for dispersed fossil angiosperm leaves er-
roneously believe that we have suggested the absence of the
modern genus Platanus in the Cretaceous. In fact, we have
never drawn such a conclusion. In our paper (Maslova et al.
2005b), however, it is shown that at present we simply do
not have any reliable evidence of such an early appearance
of the modern genus in the fossil record (see also Maslova
2010). Obviously this does not mean that this evidence will
not appear in the future. Moreover, Krassilov’s morphologi-
cal classification was proposed not only for the Cretaceous
fossils, but also for Cenozoic leaves which systematic posi-
tion cannot be reliably justified.

Thus, at present the basic principle of the morpho-
logical classification, according to which fossil angiosperm
leaves of a certain morphotype are merged into a single
genus, seems to be correct and therefore should be used for
the Cretaceous platanoid leaves identifications. This is also
true for different dispersed fossil leaves, particularly those
of them, which are morphologically similar to the modern
ones. For example, the dispersed Cretaceous leaves similar
to those of the modern oak Quercus 1. are placed to the
genus Barykovia Moiseeva from the group Fagofolia of Kras-

silov’s morphological classification; at the same time these
fossil leaves have features in common with foliage of plants
from the family Ulmaceae (Moiseeva 2012).

Recent studies (primarily those of the reproductive
structures of Cretaceous angiosperms) have shown that
Cretaceous angiosperms differed significantly in most cases
from modern plants, and actually reflect the early evolu-
tion of this group. It is clear that for the Cretaceous an-
giospermous leaves we need to use a morphological clas-
sification of leaves that is independent from the system of
modern plants. The inclusion of dispersed fossil leaves of
a particular morphotype in one genus, as an alternative for
traditional assignment of fossil angiosperm leaves to taxa
of modern plants on the basis of superficial resemblance,
seems to be the most effective key for the identification of
Cretaceous angiosperm leaves.

Elaboration of classification systems is a key problem
of the systematic botany (including palacobotany). There
are different approaches to this problem which are being
developed over a long history of scientific progress. Kras-
silov’s morphological classification of the dispersed angio-
sperm leaves, suggested back in 1979, is still waiting for its
further elaboration and certainly deserves a more close at-
tention of the research community.
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