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Abstract—Fossil leaves and associated reproductive structures from the Kundur locality, Amur Region, are
examined. A new genus of the unlobed platanaceous leaves, Kunduriphyllum gen. nov. (Platanaceae) is
described based on distinctive morphological and epidermal features. The similarity of epidermal character-
istics and identical biological damage suggest that the leaves Kunduriphyllum kundurense gen. et comb. nov.,
staminate inflorescences Kundurianthus, and infructescences Kunduricarpus could be assigned to a single
plant.
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INTRODUCTION

The Upper Cretaceous and Paleogene deposits of
the Zeya—Bureya Basin in the Amur Region are inter-
esting to researchers studying the florogenesis at the
Cretaceous—Paleogene boundary. Various aspects of
this problem were discussed in a number of papers
(Konstantov, 1914; Kryshtofovich and Baikovskaya,
1966; Krassilov, 1976; Flora i dinozavry..., 2001;
Akhmetiev et al., 2002; Herman et al., 2009; Sun
et al., 2014). In recent years, due to intense morpho-
logical studies of the Cretaceous—Paleogene plants
from this region, many previous plant identifications
have been corrected and new taxa described, including
a number of platanoid reproductive structures and
leaves (Manchester et al., 2002; Maslova and Kodrul,
2003; Kodrul and Krassilov, 2005; Kodrul et al., 2006,
2013; Kodrul and Maslova, 2007; Maslova et al., 2007;
Sun et al., 2007; Golovneva et al., 2008; Krassilov and
Kodrul, 2008; Krassilov et al., 2009; Manchester
et al., 2009; Manchester and Kodrul, 2014).

This paper contains an analysis of two morpho-
types of fossil leaves of Platanaceae from the Campa-
nian Kundur locality and considers possible assign-
ment of the leaves previously described as Celastrinites
kundurensis Golovneva, Sun et Bugdaeva (Golovneva
et al., 2008), infructescences Kunduricarpus Kodrul,
N. Maslova, Tekleva et Golovneva, and staminate
inflorescences Kundurianthus Kodrul, N. Maslova,

Tekleva et Golovneva (Kodrul et al., 2013) to a single
plant.

MATERIAL AND METHODS

The material studied comes from the upper part of
the Kundur Formation in a section along the federal
“Amur” (Chita—Khabarovsk) highway in the inter-
fluve of the Mutnaya and Udurchukan rivers, 10 km
southeast of the village of Kundur, Amur Region
(49°04’ N, 130°52’ E, VGS 84). Remains of reproduc-
tive structures and associated leaves were collected
during biostratigraphic research of continental depos-
its at the Cretaceous—Paleogene boundary conducted
in various years in the southeastern regions of the
Zeya—Bureya Basin (Flora i dinozavry..., 2001; Sun
et al., 2002, 2007, 2011, 2014; Van Itterbeeck et al.,
2005; Markevich et al., 2005a, 2005b; Golovneva
etal., 2008; Krassilov and Kodrul, 2008; Herman
et al., 2009; Krassilov et al., 2009). The upper unit of
the Kundur Formation is composed of alternating
sandstones, siltstones, and clay with thin coal seams in
the terminal part of the section (Flora i dinozavry...,
2001; Van Itterbeeck et al., 2005). The mostly lacus-
trine deposits composing the lower part of this unit
contain freshwater mollusks, conchostracans, and
ostracods, while infrequent beds of alluvial sandstone
contain plant remains. The section of the terminal part

1584



KUNDURIPHYLLUM KUNDURENSE GEN. ET COMB. NOV. (PLATANACEAE)

of the Kundur Formation formed by alluvial deposits
of the fluvial, floodplain, and oxbow lake facies con-
tains several successive beds of clay, siltstone, or
medium-grained sandstone with abundant plant
remains (Fig. 1). The Kundur fossil plant assemblage
includes horsetails, ferns (including aquatic ferns),
ginkgophytes, conifers of the family Cupressaceae
sensu lato, and angiosperms dominated by platanoids,
Trochodendroides, and aquatic plants of the genera
Quereuxia and Cobbania (Markevich et al., 2005a,
2005b; Golovneva et al., 2008; Krassilov and Kodrul,
2008). Based on palynological data and taxonomic
composition of the plant macrofossil assemblage, the
upper part of the Kundur Formation is dated as Cam-
panian (Markevich et al., 2005a, 2005b).

All fossil leaf impressions studied here commonly
lack coaly organic matter. A few remains of cuticles
and fragments of subcrustations (Krassilov and
Makulbekov, 1996) were only found on the major
veins and petioles of the leaves Kunduriphyllum gen.
nov. Some parts of the leaf impressions had preserved
thin mineral incrustations showing some characteris-
tics of the epidermis. Details of the epidermis were
observed using a Tescan Vega XM U scanning electron
microscope (SEM) in the low vacuum regime (with no
coating and with gold coating) and from the study of
the cuticles preserved on the leaf veins after prepara-
tion using the standard method. The cuticles of mod-
ern leaves were obtained by treating leaf fragments for
24 hours with concentrated nitric acid and addition of
potassium chlorate and subsequent complete removal
of the mesophyll using dilute KOH solution. For leaf
description terminology, we follow the Manual of Leaf
Architecture (Ellis et al., 2009). Leaf photographs were
taken using a digital Nikon Coolpix 8700 camera.

The collections are housed in the Geological Insti-
tute of the Russian Academy of Science (GIN), Mos-
cow; coll. no. GIN 4867 and in the Botanical Institute
of the Russian Academy of Science (BIN), St. Peters-
burg, coll. no. BIN 1538.

RESULTS

Of'the Kundur plant fossils, morphological charac-
ters typical of members of the family Platanaceae are
observed in the leaves originally described as Celas-
trinites kundurensis (Golovneva et al., 2008) and, in
this paper, assigned to the new genus Kunduriphyllum
and also in the leaves Arthollia tschernyschewii
(Konst.) Golovneva, Sun et Bugdaeva, infructes-
cences Kunduricarpus, and staminate inflorescences
Kundurianthus.

Reproductive structures. We previously described
two types of capitate reproductive structures from the
Kundur locality: infructescences Kunduricarpus and
staminate inflorescences Kundurianthus (Kodrul
et al., 2013). The compound infructescence Kunduri-
carpus is composed of an axis and heads on a pedun-

PALEONTOLOGICALJOURNAL Vol.51 No. 14

1585

System
Series
Stage
Tsagayan| Formation
Thickness,
m
Lithology
Beds
with plant
remains

Maastri-
chtian

Cretaceous
Upper
Campanian
Kundur

EEES

Fig. 1. Beds with plant fossils in a geological section of the
upper part of the Kundur Formation, Kundur locality,
loc. 16 (after Flora i dinozavry..., 2001); Amur Region.
Explanations: (1) conglomerate, gravelstone, (2) sand-
stone, (3) gravelstone, (4) clay, (5) coal, (6) reproductive
structures Kundurianthus and Kunduricarpus, (K16/1-7)
numbers of beds with fossil plants, (K) Kunduriphyllum
leaves, (A) Arthollia leaves.

cle. The epidermal cells of the axis lack trichomes and
have square cells with transverse anticlinal walls ori-
ented at an angle to the longitudinal cell axis. The
number of fruits in a head does not exceed 30. The
fruit have no persistent perianth remains, are tetra- or
pentamerous, with long styles, maturing nonsimulta-
neously. The carpel epidermis lacks trichomes and
stomata. The ovule is solitary in the carpel.

The staminate heads Kundurianthus are up to
10 mm in diameter, pedunculate or almost sessile. The
epidermal cells of the inflorescence’s axis are the same
as in the infructescence Kunduricarpus. The flower
number per head does not exceed 30. The flowers lack
a perianth. Stamens vary in size within one head. Sta-
men filaments are not pronounced; pollen sacs are
narrow, spindle-shaped, and different in size. A dis-
tinctive feature of Kundurianthus is the sporadic pres-
ence in inflorescences of functional, variously devel-
oped carpels with long styles. Occasionally the carpel
diameter can reach the size of the inflorescence Kun-
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durianthus. Pollen grains are small, finely reticulate,
semitectate, tricolpate, or tricolporate, with indistinct
ora. Identical pollen grains were found on the surface
of the Kunduricarpus carpels.

Arthollia tschernyschewii leaves. Leaves assigned to
A. tschernyschewii (Golovneva et al., 2008) are very
rare in the Kundur oryctocoenoses. The leaves are
simple, unlobed, elliptic, or ovate, up to 8 cm wide and
15 cm long, with a reflex or obtuse base angle and cor-
date or rounded base shape, acute apex angle, and
straight apex shape (Pl. 8, figs. 1—5). The margin of
leaves is toothed from the leaf base, with densely
spaced (three—four per 1 cm), regular teeth of two
orders, mainly concave/concave or with straight distal
and proximal flanks, 1—2 mm high, with a rounded
sinus and nonspecific apex. The venation is suprabasal
or basal actinodromous, craspedodromous. The pri-
mary lateral veins are slightly thicker than the secondary
veins and produce compound agrophic veins. The sec-
ondary suprabasal veins are in 5—7 pairs and 1—3 pairs
of infrabasal veins are present. The tertiary venation is
mixed percurrent; the venation of higher orders is
reticulate. No epidermal data exist for A. tscherny-
schewii.

Leaves of Kunduriphyllum gen. nov. Leaves previ-
ously assigned to the formal genus Celastrinites
Saporta (Golovneva et al., 2008) dominate in many
Kundur oryctocoenoses. They are characterized by a
complex of morphological features variable within a
broad range and observed in both Platanaceae and
some Altingiaceae. Based on the morphological and
epidermal characters, we recognize a new genus, Kun-
duriphyllum, for these leaves. Due to a peculiarity of
the plant fossil preservation, a very important charac-
ter, anomocytic stomata, was revealed in only a single
specimen; we consider this specimen as the epitype.

SYSTEMATIC PALEONTOLOGY

Family Platanaceae Lestiboudois, 1826
Kunduriphyllum Kodrul et N. Maslova, gen. nov.

Etymology. From the Kundur locality.

Type species. Celastrinites kundurensis Golov-
neva, Sun et Bugdaeva

Species composition. Type species.

Diagnosis. Leaves simple, unlobed; petiole
short. Lamina elliptic, rarely obovate, occasionally
asymmetrical. Base angle of lamina acute, rarely
obtuse; base shape rounded, slightly cordate or
cuneate, asymmetrical. Apex angle of lamina acute,
rarely obtuse; apex shape rounded or straight, often
mucronate, rarely spinose. Margin entire or serrate in
upper part of lamina, rarely toothed from lower third
part of leaf. Tooth spacing irregular, one order of teeth;
sinus shape rounded, tooth shape concave/convex to
straight/straight, tooth apex nonspecific. Primary
venation pinnate brochidodromous, often semicraspe-
dodromous in upper part of lamina or mix craspe-
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dodromous/brochidodromous. Secondaries alternate
to subopposite, often irregular, with simple agrophic
veins in middle part of lamina; intersecondaries rarely
present. Tertiaries alternate percurrent to mixed oppo-
site—alternate percurrent. Fourth order vein fabric
reticulate. Ordinary epidermal cells of costal area of
lower lamina surface with straight anticlinal walls of
various sizes and shapes: square, polygonal, rectangu-
lar or with transverse anticlinal walls oriented
obliquely to longitudinal axis of cell; stomata anomo-
cytic, with four subsidiary cells. Epidermal cells of
upper leaf surface rectangular, rarely polygonal, sto-
mata and trichome bases absent.

Comparison. Among extant and extinct Pla-
tanaceae, unlobed elliptical leaves are observed in
some species of the genus Platanus L. Most species of
the extant genus Platanus, the only surviving member
of the family Platanaceae, have lobed leaves, except for
Platanus kerrii Gagnepain from southeastern Asia,
which has unlobed leaves. Leaves of the new genus are
distinguished from the leaves of P. kerrii by the greater
polymorphism of leaf laminae expressed in the pres-
ence of asymmetrical and untoothed morphotypes,
and by the epidermal characters (presence of ordinary
cells with transverse anticlinal walls oriented at an
angle to the longitudinal cell axis). Leaves of the new
genus also show morphological similarity to unlobed
leaves of the extant species P. acerifolia (Aiton) Willd.
(Figs. 2b, 2c¢), differing in the above mentioned char-
acters of the epidermal structure. Of all extant species
of the genus Platanus, the fossil species is distin-
guished by the absence of trichomes in the leaf epider-
mis (Platanus has both nonglandular and glandular
trichomes).

Simple unlobed elliptical leaves are also observed
in Platanus neptuni (Ettingshausen) Buzek, Holy et
Kvacek, originally described from the Oligocene and
Miocene deposits of northern Bohemia (BuiZzek et al.,
1967). Subsequently, knowledge of morphological
variations of leaves of this species considerably
expanded due to the occurrence in the Cenozoic
deposits of Western and Central Europe of compound
leaves with three or five leaflets, similar in epidermal
characters to the leaves of P. neptuni (Walter, 1985).
Kvacek and Manchester (2004) showed that simple,
ternate, and pentamerous leaves of this fossil Platanus
are found together in many localities. They are charac-
terized by the identical epidermal characters and
accompanied by the same reproductive structures.
Based on these data, Kvacek and Manchester (2004)
proposed the general specific name P. neptuni for the
entire complex of these phytofossils. Simple, unlobed
leaves of P. neptuni are similar to the leaves of the new
genus in general morphology, differing in the more
densely spaces marginal teeth and in the different epi-
dermal features (epidermal cells on the upper surface
of the leaves of P. neptuni are polylobate in shape, with
sinuous anticlinal walls; cells of the lower epidermis of
leaves are polygonal with slightly sinuous anticlinal
Vol. 51
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Fig. 2. Leaves of (a, b, d, ) Kunduriphyllum kundurense gen. et comb. nov. and (c¢) Platanus acerifolia (Aiton) Willd., herbarium
of N.P. Maslova: (a) holotype BIN, no. 1538-95; (b) specimen GIN, no. 4867-16/3-116b-2, elliptical leaf with an acute, cuneate
in shape base, small irregular marginal teeth, beginning from the lower third of the leaf lamina and mixed craspedodromous—
camptodromous secondary venation; (c¢) unlobed leaf with a basally expanded petiole; (d) epitype GIN, no. 4867-16/6-34a-1;
(e) specimen BIN, no. 1538-88, SEM, domatia. Scale bar: (a—c) 1 cm, (d) 5 mm, (e¢) 1 mm.
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walls; stomata anomocytic (laterocytic); compound
bases of trichomes are present). In addition, morpho-
types of compound leaves are not known for the new
genus.

Remarks. A number of morphological charac-
ters (shape of the leaflamina and petiole, type of vena-
tion and tooth morphology) and newly obtained epi-
dermal data (anomocytic stomata) suggest that the
leaves Kunduriphyllum gen. nov. are closely related to
the Platanaceae. In addition, this taxonomic assign-
ment is supported by the similarity of the unique epi-
dermal characters of these leaves and associated repro-
ductive structures (the epidermis of the costal zone of
the leaves and axes of compound capitate inflores-
cences and infructescences is formed of cells of differ-
ent shapes not organized in longitudinal rows and
lacking trichomes).

All known species of Celastrinites are recognized
based on the leaf morphology only, while epidermal
data for these are absent. In macromorphology, leaves
of the new genus are similar to those of Celastrinites
septentrionalis (Krysht.) Golovneva from the Campa-
nian—Danian floras of the Koryak—Anadyr region
and Paleocene Barentsburg flora of Spitsbergen, in
particular, to the leaves of the “longifolia” morpho-
type, one of five morphotypes recognized by Golov-
neva (1994) within this species. The main distinguish-
ing characters of Celastrinites kundurensis include
(Golovneva et al., 2008) the shape of the leaf lamina
(in the “longifolia” morphotype, the maximum leaf
width is in the lower third) and the type of secondary
venation (secondary veins in the “longifolia” morpho-
type are more widely spaced and irregular, branching
from the midrib at various distances from one another
and at slightly different angles).

The leaves Kunduriphyllum gen. nov. in the shape of
the leaf lamina and venation type are similar to those
of some species of the genus Liguidambar L. (Altingi-
aceae): L. chinensis Champ., L. gracilipes (Hemsl.)
Ickert-Bond et Wen, L. chingii (Metcalf) Ickert-Bond
et Wen, L. obovata (Merrill et Chun) Ickert-Bond et
Wen, and L. excelsa (Noronha) Oken. The main dif-
ference is the type of stomata (anomocytic in Kundu-
riphyllum gen. nov. and paracytic in Liquidambar).

KODRUL, MASLOVA

Kunduriphyllum kundurense (Golovneva, Sun et Bugdaeva)
Kodrul et N. Maslova, comb. nov.

Plate 8, figs. 6—12; Plate 9

Celastrinites kundurensis Golovneva, Sun et Bugdaeva: Golov-
neva et al., 2008, p. 104, text-figs. 3 and 4.

Holotype. Specimen BIN, no. 1538/95, Amur
Region, federal highway Chita—Khabarovsk, loc. 16
(after Flora i dinozavry..., 2001); upper part of the
Kundur Formation, Campanian (Fig. 2a).

Epitype. Specimen GIN, no. 4867-16/6-34a-1;
Amur Region, loc. 16 (after Flora i dinozavry..., 2001);
upper part of the Kundur Formation, Campanian;
designated here, Fig. 2d.

Diagnosis. As for the genus.

Description (Figs. 2—5). Leaves are simple,
unlobed; leaf lamina is mainly elliptical, rarely ovate,
3—18 cm long and 1—8.7 cm wide, sometimes asym-
metrical. The leaf lamina base is acute, rarely obtuse,
weakly cordate, rounded or narrowly cuneate in
shape, usually asymmetrical (PL. 8, figs. 6—8, 12); the
apex angle of lamina is acute, rarely obtuse; the apex
shape is rounded or straight, often mucronate, rarely
spinose (Pl. 8, figs. 9—11). The petiole is thick,
expanding basally (Pl. 8, fig. 12), short (1—2 cm). The
leaf lamina margin is untoothed or toothed in the
upper part, less commonly serration begins from
the lower third of the leaf; the base is always
untoothed. The teeth are of one order, irregular, two—
three teeth per 1 cm, low, with a rounded sinus, con-
cave/convex or with straight distal and proximal
flanks. The tooth apices are usually with callous thick-
enings resembling glands. Often only vein projections
extend beyond the leaf margin (Pl. 8, figs. 9—11). The
venation is pinnate brochidodromous, often semi-
craspedodromous in the upper part of the leaf lamina
or mixed craspedododromous—camptododromous.
The secondary veins (6—14 pairs) are alternate, less
commonly almost opposite, often irregular (PI. 8,
figs. 6—8; Fig. 2b). Two three lower pairs of secondar-
ies are usually thinner and shorter, with reduced spac-
ing between these veins that branch off from the mid-
rib at almost right angles and join brochidodromously.
Secondary veins in the middle of leaf lamina (usually

Explanation of Plate 8

Figs. 1-5. Arthollia tschernyschewii (Konst.) Golovneva, Sun et Bugdaeva: (1) specimen GIN, no. 4867-16/3-108a, elliptical leaf
with a cordate base and suprabasal actinodromous venation; (2) specimen GIN, no. 4867-16/3-112-1, elliptical leaf with a
rounded base; (3) specimen GIN, no. 4867-16/3-109, weakly cordate base of the leaf with marginal teeth; (4, 5) leaf margin with
regular teeth of two orders: (4) specimen GIN, no. 4867-16/3-113 and (5) specimen GIN, no. 4867-16/3-112-2.

Figs. 6—12. Kunduriphyllum kundurense gen. et comb. nov.: (6) specimen GIN, no. 4867-16/3-92, elliptical leaf with an
untoothed margin, narrow rounded base, and pinnate brochidodromous venation; (7) specimen GIN, no. 4867-16/6-221, ellip-
tical leaf with an untoothed margin and weakly cordate base; (8) specimen GIN, no. 4867-16/7-5, elliptical leaf with an
untoothed margin, obtuse, cuneate in shape base and irregular secondary venation; (9) specimen GIN, no. 4867-16/6-24, acute,
slightly rounded in shape leaf apex with a spine on a top and small irregular marginal teeth; (10) specimen GIN, no. 4867-16/6-39,
acute, straight in shape leaf apex with irregular concave/convex marginal teeth; (11) specimen GIN, no. 4867-16/6-213, obtuse,
rounded in shape leaf apex with vein projections extending beyond the leaf margin; (12) specimen GIN, no. 4867-16/6-45b,
acute, rounded in shape leaf base with a short and thick petiole expanding basally. Scale bar, 1 cm.
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50 pm
 E———

Fig. 3. Arrangement of stomata on the lower surface of a leaf Kunduriphyllum kundurense gen. et comb. nov., specimen GIN,
no. 4867-16/3-115a: (a) incrustation, SEM, showing stomata varying in size; (b) drawing over figure 3a.

fifth and sixth pairs) often produce agrophic veins.
Intersecondary veins are sometimes observed between
the developed secondaries. The lower surface of the
leaf often has domatia (Fig. 2e). Tertiaries are alternate
percurrent to mixed opposite—alternate percurrent;
the veins are oriented at a right angle or slightly
obliquely to the secondary veins. The venation of the
fourth order is reticulate.

The leaf epidermal characters are studied in sub-
crustations, incrustations, and cuticles incompletely
preserved only on the leaf major veins and petioles.
Ordinary epidermal cells of costal area with straight
anticlinal walls (P1. 9, figs. 1—6) vary in size and shape
from rectangular 20—57 um long and 8—20 um wide,
often with a transverse anticlinal wall oriented
obliquely to the longitudinal axis of the cell, to square
or polygonal up to 20 um long and 8—12 um wide. The
anomocytic type of stomatal apparatus was observed
in subcrustation preserved on the midvein. A stoma
has four subsidiary cells, somewhat varying in shape,
but not different from ordinary epidermal cells (PI. 9,
figs. 3, 4).

The incrustations allowed the epidermal features of
the upper leaf surface to be studied (P1. 9, fig. 8) and
the arrangement and size of the stomata on the lower
leaf surface (Fig. 3). The epidermis of the upper leaf
surface is composed mainly of isodiametric quad-
rangular cells, less commonly polygonal cells, while
stomata and trichome bases are absent. The stomata
are from 12.1 t0 42.2 um long and from 12.0 to 30.0 um
wide.

Material. Seventy-two specimens in collection
BIN, no. 1538 and 96 specimens in collection GIN,
no. 4867.

PALEONTOLOGICAL JOURNAL

DISCUSSION

Systematic affinity of plant fossils. Based on micro-
morphological characters, the inflorescences Kun-
durianthus and infructescences Kunduricarpus were
assigned to Platanaceae (Kodrul et al., 2013). Leaves
of the genus Arthollia (Herman and Golovneva, 1988)
were originally considered within the formal group of
platanoids proposed by Vachrameev (1976) for dis-
persed angiosperm leaves morphologically similar to
extant Platanus. Epidermal characters typical of the
family Platanaceae were shown for leaves A. anadyren-
sis N. Maslova from the Eocene of Kamchatka
(Maslova, 2003). Later (Golovneva et al., 2008), the
genus Arthollia was assigned to the family Platanaceae.

The genus Celastrinites, with the type species
C. venulosus Saporta, was described from the Paleo-
gene deposits of France for dispersed angiosperm leaves
similar in morphology and venation to the leaves of
some modern species of the genus FEuonymus L.
(Saporta, 1865). Based on this, the genus Celastrinites
was for some time considered within the family Celas-
traceae (Wonnacott, 1955). However, palynological
data suggest that the first representatives of Celastra-
ceae did not appear before the Miocene (Muller,
1970). In addition, the absence in earlier floras of con-
firmed reproductive structures of this family and also
a certain morphological variability of the leaves and
manifestations of widespread parallelisms in their
morphological evolution provide the basis for recon-
sidering the Cretaceous or Paleogene age of the first
representatives of Celastraceae.

Celastrinites kundurensis was originally assigned to
angiosperms of uncertain systematic affinity (Golov-
neva et al., 2008). Our study has shown that these
2017
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Fig. 4. Epidermis of a lower leaf surface of extant Platanus acerifolia (Aiton) Willd., herbarium of N.P. Maslova, SEM: (a) outer
view showing stomata varying in size; (b) inner view showing differently sized anomocytic and laterocytic stomata.

leaves differ from the type species of the genus Celas-
trinites in their venation (Saporta, 1868), but possess
some morphological characters typical of leaves of the
extant Platanus. For instance, in the shape of the leaf
lamina, they are similar to the leaves of Platanus kerrii
and also to the unlobed leaves of P. acerifolia (Fig. 2c).
Leaf petioles of Kunduriphyllum kundurense gen. et
comb. nov. are expanded basally, although not form-
ing a distinct cap protecting the axillary bud, as in
most extant Platanus species. It is known that the
untoothed leaves of P. kerrii also lack protection of the
bud in a form of basally expanding cap-shaped petiole
(Takhtajan, 2009). Leaves of Kunduriphyllum kun-
durense gen. et comb. nov., P. kerrii, and unlobed
leaves of P. acerifolia are also similar in venation —
semicraspedodromous in the upper part of the lamina
or mixed craspedodromous—camptodromous. Leaves
of all these species are characterized by irregular inter-
secondary veins and similar types of teeth.

Epidermal characters of the leaves Celastrinites
kundurensis have not been reported in the first
description of the species (Golovneva et al., 2008).
Our newly obtained epidermal data show a number of
characters typical of the family Platanaceae: anomo-
cytic stomata (PI. 9, figs. 3, 4), presence of stomata of
different size on the same leaf (Fig. 3, for comparison,
see Fig. 4), and closely positioned (paired) stomata
(Fig. 3, for comparison, see Fig. 4). Anomocytic type
of the stomata (along with laterocytic) is typical of rep-
resentatives of both extant and early (Cretaceous) Pla-
tanaceae. Epidermal characters typical of Platanaceae
were formed in the Late Albian and remained in gen-
eral unchanged, and morphologically similar types of
leaves with an epidermis typical of Platanaceae were
associated with substantially different reproductive
structures (Maslova, 2010). In contrast to Platana-

PALEONTOLOGICALJOURNAL Vol.51 No. 14

ceae, the leaf epidermis of Celastraceae possesses var-
ious types of stomata within the same leaf—paracytic,
cyclocytic, laterocytic, and anisocytic (den Hartog née
Van Ter Tholen and Baas, 1978). We found that a dis-
tinctive feature of the epidermis in Kunduriphyllum
kundurense gen. et comb. nov. is the absence of tri-
chome bases both on the upper leaf surface (Pl 9,
figs. 8) and on veins and petioles (PI. 9, figs. 1, 7). In
addition, the epidermal characters of the costal zone
of these leaves are unique; unlike most angiosperm
leaves, in which elongated cells arranged in rows are
present in the costal zone, the costal zone of Kundu-
riphyllum leaves is composed of cell varying in size and
shape, including cells with transverse anticlinal walls
obliquely oriented to the longitudinal cell axes (P1. 9,
figs. 2, 5, 6). Extant and fossil representatives of Pla-
tanaceae are characterized by a well-developed tri-
chome cover both on the axes of the reproductive
organs and on the leaves and also by epidermal char-
acters of the leaf costal zone typical of angiosperms.
Nevertheless, considering the similarity of some mor-
phological and epidermal characters of the leaves of
K. kundurense gen. et comb. nov. with those in the
extant and fossil Platanaceae, we suppose it appropri-
ate to assign this species to the family Platanaceae.

Evaluation of the probability of the inflorescences
Kundurianthus, infructescences Kunduricarpus, and
leaves Kunduriphyllum kundurense gen. et comb. nov.
belonging to the same plant. In reconstructions of fossil
plants, occurrence of various plant organs together in
one locality or in several localities is an important
argument for their belonging to the same plant. The
assignment of isolated vegetative and reproductive
organs to the same plant should be supported by the
presence of similar characteristic structures. Previ-
ously (Kodrul et al., 2013), we proposed that the Kun-

2017



KODRUL, MASLOVA

Plate 9
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dur inflorescences and infructescences belonged to
the same plant. The infructescences Kunduricarpus
and inflorescences Kundurianthus were found together
in a number of phytooryctocoenoses in the upper part
of the Kundur Formation and shared a number of
characters: (1) capitate inflorescences and infructes-
cences; (2) unique epidermal structure, with no tri-
chomes, but with variously shaped cells not organized
in longitudinal rows, which is uncharacteristic of the
genera assigned to the family Platanaceae or related to
this family; (3) nonsynchronous maturing of flower
elements, carpels in Kunduricarpus and stamens in
Kundurianthus; (4) distinctly developed ring of
expanded plant tissue separating isolated fruits and
flowers in the heads of Kunduricarpus and Kundurian-
thus; (5) similar body shape and morphology of styles
in the carpels of Kunduricarpus and in carpels some-
times present in the staminate inflorescences Kunduri-
anthus; (6) pollen grains from the pollen sacs of Kun-
durianthus are identical to those found on the carpels
and axes of Kunduricarpus. In addition, the same oryc-
tocoenoses found in different facies (fluvial, flood-
plain, and oxbow—lake) have persistent co-occur-
rence of reproductive structures Kundurianthus and
Kunduricarpus and leaves K. kundurense gen. et comb.
nov. The plant fossils under consideration occur com-
monly in the Kundur locality and often the same sam-
ples contain impressions of the leaves Kunduriphyllum
gen. nov., along with remains of inflorescences and
(or) infructescences. The leaves assigned to the genus
Arthollia are found in considerably lesser quantities in
isolated beds with plant fossils and only in one orycto-
coenosis are they associated with the reproductive
structures Kundurianthus and Kunduricarpus.

In addition to the above-mentioned morphological
and anatomical characters typical of Platanaceae,
leaves Kunduriphyllum kundurense gen. et comb. nov.
and reproductive structures from the Kundur locality
have features in common supporting their assignment
to the same plant. Firstly, these are unique similar
characters of the axial epidermis in compound capi-
tate inflorescences and infructescences and the leaf
coastal zone formed by variously shaped cells. A simi-
lar variety of shapes in epidermal cells is also observed
in the epidermis of the carpels of Kunduricarpus.
Another common feature in the epidermis of leaves
and reproductive structures is the absence of tri-
chomes. The lack of trichomes in the leaves K. kun-
durense gen. et comb. nov., as in the inflorescences

1593

Kundurianthus and infructescences Kunduricarpus,
which have other characters typical of Platanaceae, we
consider as an additional argument supporting their
assignment to the same plant.

Another feature supporting the possible affinity of
the structures discussed is the similarity of some mor-
phological features of the Kundur leaves and repro-
ductive structures with those in some representatives
of Altingiaceae. Earlier, we noted that inflorescences
and infructescences show some features in common
with the reproductive structures of Altingia Noronha
and Liquidambar (Kodrul et al., 2013). These include
such characters as the capitate inflorescences and
infructescences, flowers lacking perianth, nonsyn-
chronous maturing of elements in staminate flowers and
fruits, and the presence of reproductive structures of the
opposite sex. In addition, the infructescences Kunduri-
carpus, like the infructescences of the genera Altingia,
Liquidambar, and Semiliquidambar H.T. Chang, which
are currently considered within the genus Liquidambar
in the monotypic family Altingiaceae (Ickert-Bond,
Wen, 2013), have overgrown plant tissues between the
fruits visible to the naked eye. The epidermis of the
carpels of Liquidambar orientalis L. is revealed to have
rectangular cells with obliquely oriented transverse
anticlinal walls (Ickert-Bond et al., 2005).

The leaves Kunduriphyllum kundurense gen. et
comb. nov. are also characterized by a number of mor-
phological characters common with those in leaves of
the group of Ligquidambar species (L. chinensis
Champ., L. gracilipes (Hemsl.) Ickert-Bond et Wen,
L. chingii (Metcalf ) Ickert-Bond et Wen, L. obovata
(Merrill et Chun) Ickert-Bond et Wen, L. excelsa
(Noronha) Oken), previously assigned to the genus
Altingia: shape of the leaf lamina, developed domatia,
semicraspedodromous venation, irregular branching
of the secondary veins, presence of the weak intersec-
ondary veins, and the shape of the teeth.

More support for the assignment of the leaves
K. kundurense gen. et comb. nov. and infructescences
Kunduricarpus to the same plant is provided by unique
damage of these plant remains by microorganisms.
Bacteriomorphic structures found on the carpel walls
of Kunduricarpus were previously described (Maslova
et al., 2014). Remains of microorganisms were repre-
sented in two main states: organized in cylindrical
chains and solitary forming mass aggregations
(Fig. 5b). The chains are interpreted as an initial stage

Explanation of Plate 9

Figs. 1-8. Epidermal characters of the leaves Kunduriphyllum kundurense gen. et comb. nov., SEM: (1) specimen GIN, no. 4867-
16/6-34b-3, cuticle of the leaf veins after maceration, variety of cell shape in the costal zone, outer view; (2— 6) GIN, no. 4867-
16/6-34a-1, epitype, subcrustations: (2) cells of the costal zone with distinct obliquely oriented transverse anticlinal walls
(arrows); (3) cells of the costal zone and a stoma; (4) anomocytic stoma; (5) cells of the costal zone, trichomes are absent; (6) cells
of the costal zone, trichomes are absent; (7, 8) incrustations: (7) specimen GIN, no. 4867-16/3-115a, costal zone, trichomes are
absent; (8) specimen GIN, no. 4867-16/6-34b-2, epidermal cells of the upper surface of the leaf lamina.
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Fig. 5. Microorganisms (shown by arrows) discovered on the inner surface of the vein cuticle on a leaf Kunduriphyllum kundurense
gen. et comb. nov. (a) and on the carpel walls of Kunduricarpus longistylium Kodrul, N. Maslova, Tekleva et Golovneva (b) SEM,
specimens GIN, no. 4867-16/6-34b-3 and GIN, no. 4867-16/6-18b, respectively.

in the development of the microorganisms; later they
split into separate structures forming aggregates. The
conclusion of the bacterial nature of the agents dam-
aging the infructescences Kunduricarpus was based on
analysis of their size, morphology, and organization. A
bacterial infection was considered as a possible result
of damage to the carpel by phytophagous insects.

We also found structures similar in shape and size
on the inner side of a vein cuticle of the leaf Kundurip-
hyllum kundurense gen. et comb. nov. (Fig. 5a). Pres-
ence of similar microorganisms on the cuticles of
leaves and of reproductive organs can be indirect evi-
dence of these organs belonging to the same plant. On
the leaves K. kundurense gen. et comb. nov. we found
numerous damage apparently caused by insects. These
include skeletonization of leaves, leaf margin feeding
damage, hole feeding traces of various shapes
(rounded and polylobate), and galls. The diversity of
damage types suggests widespread plant—insect inter-
actions, which could possibly have led to bacterial
infections.

CONCLUSIONS

Based on morphological and epidermal characters
typical of the family Platanaceae, leaves originally
described as Celastrinites kundurensis (Golovneva
et al., 2008), are assigned to the new genus Kundurip-
hyllum in the family Platanaceae. These leaves are
associated with the capitate staminate inflorescences
Kundurianthus and infructescences Kunduricarpus,
also assigned to this family. The co-occurrence of
numerous leaves and reproductive structures in oryc-
tocoenoses, similarity of their epidermal characters,
and infection by the same bacteriomorphic microor-
ganisms suggest that these plant fossils could have
belonged to the same plant.
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