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Abstract—The leaves of the genus Pseudotorellia from the Upper Jurassic–Lower Cretaceous of the Bureya
Basin (Russian Far East) have been revised. The similarity of Pseudotorellia angustifolia Doludenko and
P. longifolia Doludenko in the morphology and epidermal characters suggests that P. longifolia is a synonym
of P. angustifolia. Leaves of this genus from the Bureya Basin previously assigned to P. ensiformis (Heer)
Doludenko according to both morphological and epidermal characters are described as a new species
P. doludenkoae sp. nov., since the type specimens of P. ensiformis from the Irkutsk Basin do not have preserved
cuticles and their leaf epidermal characters are unknown. The epidermal characters of leaves described pre-
viously as Pseudotorellia pulchella and P. crassifolia have been studied for the first time. Since these species
have similar morphological and epidermal characters, they are described as P. crassifolia, and its emended
diagnosis is provided. The well-defined epidermal characters of Pseudotorellia allow us to reliably assign even
cuticle fragments and dispersed cuticles to a particular species. This indicates a large stratigraphic potential
of the Pseudotorellia species for the intrabasin and interregional stratigraphy of continental deposits, espe-
cially when studying the core material and coals, where the preservation of plant remains usually does not
allow describing their morphology. The revision of all known occurrences of Pseudotorellia angustifolia makes
it possible to discuss the place and time of the first appearance of this species and its subsequent distribution
in space and time. Apparently, this species appeared in the Early Jurassic of Eastern Siberia (Kansk Basin).
In the Middle Jurassic, its range expanded both to the northwest (Tomsk oblast and Yamal-Nenets Autono-
mous Okrug), where this species was preserved until the Late Jurassic, and to the east (Irkutsk oblast,
Khabarovsk krai (Bureya Basin)), where it survived until the Early Cretaceous.
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INTRODUCTION
The genus Pseudotorellia Florin was distinguished

for linear leaves from the Lower Cretaceous deposits
of Spitsbergen, which are characterized by several par-
allel veins and a specific structure of the epidermis
(Florin, 1936). The genus diagnosis was repeatedly
clarified (Bose and Manum, 1990; Kiritchkova and
Nosova, 2009; Watson, 1969). The Pseudotorellia
leaves are linear to lanceolate or obovate. The apex is
obtuse, rounded or pointed, whole or finely toothed.
There are two veins at the leaf base: dichotomizing at
the base and parallel-arranged in the mid-leaf. Most
Pseudotorellia species are characterized by the pres-
ence of stomata only on the lower surface of the leaf
(hypostomaty). The only species with amphistomatic
leaves, P. amphistomatica Nosova et Golovneva, was
described from the Albian of Western Siberia (Golov-
neva and Nosova, 2012). Stomata are oriented longitu-

dinally, less often obliquely. They can be distributed
randomly on the entire surface of a leaf or form dis-
continuous rows and bands. The guard cells of the sto-
mata are sunken, wing-like, often with long polar
appendages.

Having studied ginkgoaleans and czekanows-
kialeans from the Mesozoic deposits of the Bureya
Basin, Krassilov (1972) described short shoots with
attached Pseudotorellia leaves together with female
reproductive structures, which he allocated to the
genus Umaltolepis Krassilov. Based on the similarity of
epidermal features, he assigned Pseudotorellia and
Umaltolepis to the new family Pseudotorelliaceae
within the Ginkgoales (Krassilov, 1972). Stanislavsky
(1973), followed by Zhou (1991), used the family
name Umaltolepidaceae for plants Pseudotorellia–
Umaltolepis. Later, the associated finds of Pseudotorel-
lia and Umaltolepis were described from the Lower
434
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Jurassic of Northern Iran (Schweitzer and Kirchner,
1995), the Middle Jurassic of Central China (Dong
et al., 2019) and Uzbekistan (Nosova, 2020), and the
Lower Cretaceous of Northeastern China (Chen et al.,
1988; Wang, 1984) and Central Mongolia (Herrera
et al., 2017).

Having studied the reproductive structures from
the Aptian–Albian Tevshiin Govi Formation (Mon-
golia) in detail and revised the type material from the
Jurassic of the Bureya Basin, Herrera et al. (2017) con-
cluded that Umaltolepis differs significantly from the
female reproductive structures of ginkgoaleans and is
significantly similar to the fructifications of Vladi-
maria Gordenko (2010) from the Middle Jurassic of
European Russia. These authors assigned Umaltolepis to
the order Vladimariales proposed by Gordenko (2010).
In the article (Dong et al., 2019), devoted to Umaltolepis
from the Middle Jurassic of Central China, the family
Umaltolepidaceae assigned to the Ginkgoales sensu
lato. However, only some Pseudotorellia species can be
assigned with confidence to the family Umaltolepida-
ceae. For example, in the article devoted to the
description of the female reproductive structures of
Umkomasia Thomas from the Lower Cretaceous of
Mongolia (Shi et al., 2019), the authors presented the
reconstruction of a plant with the leaves of
Pseudotorellia palustris Shi, Herrera, Herendeen, Les-
lie, Ichinnorov, Takahashi et Crane and the female
reproductive structures of Umkomasia mongolica Shi,
Leslie, Herendeen, Herrera, Ichinnorov, Takahashi,
Knopf et Crane and assigned the Pseudotorellia leaves
to the family Umkomasiaceae in the Umkomasiales.

Originally, Pseudotorellia leaf remains from the
Upper Jurassic–Lower Cretaceous of the Bureya Basin
(Khabarovsk krai, Russian Far East) were studied by
M.P. Doludenko (Vakhrameev and Doludenko, 1961).
As a result, five species were recognized: Pseudotorel-
lia angustifolia Doludenko, P. ensiformis (Heer) Dolu-
denko, P. longifolia Doludenko, P. pulchella (Heer) Vas-
silevskaja, and P. crassifolia (Prynada) Doludenko; the
last two species were distinguished on the basis of the
morphological features.

Heer (1876) described isolated lanceolate leaves
with missing cuticle from the Jurassic Ust’-Baley
locality (Irkutsk Basin, Eastern Siberia) as Podo-
zamites ensiformis. Doludenko proposed the combi-
nation Pseudotorellia ensiformis based on the studied
morphology and epidermal structure of leaves from
the Bureya Basin (Vakhrameev and Doludenko,
1961), including Podozamites ensiformis in the given
taxon. Later, however, Doludenko and Rasskazova
noted that the identification of leaves from the
Bureya Basin with those from the Irkutsk Basin was
incorrect since the epidermal features of the latter are
unknown (Doludenko and Rasskazova, 1972, p. 21).
These authors proposed to attribute leaves with
unknown epidermal characters but having the same
morphology as the lectotype from the Ust’-Baley to
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
Pseudotorellia ensiformis. Krassilov (1972) gave the
new description and emended diagnosis of P. angus-
tifolia, considering P. ensiformis as a synonym of
P. angustifolia.

The authors of the present paper have revised
specimens with Pseudotorellia leaves from the collec-
tions of V.A. Vakhrameev and V.A. Krassilov and
concluded that P. angustifolia and P. ensiformis
described by Doludenko differ significantly in both
morphological and epidermal characters. Since the
epidermal characters of the type specimens of P. ensi-
formis from Ust’-Baley are unknown, a new species
P. doludenkoae sp. nov. is distinguished for leaves
from the Bureya Basin.

The detailed study and comparison the leaf epider-
mal features of Pseudotorellia angustifolia with those of
P. longifolia from the Bureya Basin have revealed no sig-
nificant differences between these species. Therefore,
they are united into one species, and the species name
P. longifolia is taken as a synonym of P. angustifolia (see
description and remarks below).

The combination Pseudotorellia crassifolia was
proposed by Doludenko only on the basis of the mor-
phological features (Vakhrameev and Doludenko,
1961). The present paper presents an emended diag-
nosis and an extended description of this species
based on the study of the leaf epidermal features from
the holotype.

Another species from the Bureya Basin, Pseu-
dotorellia pulchella, was also described only on the
basis of the morphological characters (Vakhrameev
and Doludenko, 1961). Originally, leaves with such
features were described from the Lower Cretaceous of
Spitsbergen as Podozamites pulchellus Heer, 1876. On
the basis of the material from the Lower Cretaceous of
the Lena Basin (Eastern Siberia), Vasilevskaya (1959)
proposed the combination Pseudotorellia pulchella.
The epidermal structure of leaves from both Spitsber-
gen and the Lena Basin is unknown. Having studied the
epidermal structure of the leaves of P. pulchella from the
Bureya Basin, the authors of the present paper have
concluded that their morphological and epidermal
characters are similar to those of P. crassifolia. Since,
unlike P. pulchella, the type material of P. crassifolia
comes from the Bureya Basin, the Bureya leaves
described as P. pulchella are included in P. crassifolia
(see description below). It is proposed to assign leaves
the epidermal structure of which is unknown and the
morphological features are similar to those of the type
specimens from Spitsbergen to P. pulchella.

We support the opinion of Herrera with co-authors
(Herrera et al., 2017) and assign the Pseudotorellia
leaves from the Bureya Basin to the order Vladimaria-
les since they were found together with Umaltolepis
fructifications (Krassilov, 1972).
 Vol. 29  No. 4  2021
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MATERIALS AND METHODS
We have revised specimens with leaf remains of

Pseudotorellia collected in 1958 by V.A. Vakhrameev and
E.L. Lebedev with the participation of M.L. Edemsky in
the Bureya Basin (Khabarovsk krai, Russian Far East).
The collection (no. 3318) is stored in the Geological
Institute of the Russian Academy of Sciences (GIN
RAS, Moscow).

The studied material was collected on the right
bank of the Bureya River, in the Kataevskaya channel
area, downstream of the Umalta River mouth, and on
the mine no. 3 dumps near the settlement of Chegdo-
myn (Fig. 1).

Plant remains found in the coastal deposits along
the Kataevskaya channel were described by Dolu-
denko as Pseudotorellia angustifolia (GIN RAS, spec.
nos. 3318/120-26 and 3318/120-27) and P. ensiformis
(GIN RAS, spec. nos. 3318/118-1, 3318/118-2, and
3318/120-25). Leaf remains from the coastal outcrops
along the Bureya River right bank, downstream of the
Umalta River mouth, were described by Doludenko as
P. ensiformis (GIN RAS, spec. nos. 3318/52-3, 3318/52-4,
3318/54-9, and 3318/57-6), P. pulchella (GIN RAS,
spec. no. 3318/57-22), and P. crassifolia (GIN RAS,
spec. no. 3318/58-3). Leaf remains from the dumps of
mine no. 3 in the environs of Chegdomyn were
described by Doludenko as P. longifolia (GIN RAS,
spec. no. 3318/9-38). Unfortunately, we were not able
to find some specimens from the collection GIN RAS
no. 3318 (spec. nos. 3318/52-3, 3318/54-9, 3318/118-1,
3318/118-2, and 3318/120-25), but we have at our dis-
posal slides with leaf cuticles made by Doludenko with
the same numbers.

We have also studied specimens with the Pseu-
dotorellia leaves from the collection collected by
V.A. Krassilov at the same locality on the right bank of
the Bureya River, downstream of the Umalta River
mouth. The collection no. 515 is stored at the Federal
Scientific Center of the East Asia Terrestrial Biodiver-
sity of the Far Eastern Branch of the Russian Academy
of Sciences, Vladivostok (FSC EATB FEB RAS)
(spec. nos. 515/272 and 515/284).

Fossil cuticles were prepared according to the stan-
dard maceration method.

The cuticles were examined using a Carl Zeiss Axio
Scope A1 light microscope equipped with a Lomo
Microsystems MC-6.3 digital camera and a JSM-6390
LA scanning electron microscope (SEM) at the
Botanical Institute of the Russian Academy of Sci-
ences (BIN RAS), an Axiostar plus light microscope
equipped with a Canon A640 digital camera at the
Geological Institute of the Russian Academy of Sci-
ences (GIN RAS, Moscow), a Carl Zeiss Axioscop 40
light microscope equipped with a Axiocam HRc digital
camera, and a Carl Zeiss EVO 40 scanning electron
microscope at FSC EATB FEB RAS (Vladivostok).

Slides with leaf cuticles are stored at the Laboratory
of Paleofloristics of the Geological Institute of Rus-
STRATIGRAPHY AND G
sian Academy of Sciences (Moscow), the Laboratory
of Paleobotany of the Botanical Institute of the Rus-
sian Academy of Sciences (St. Petersburg), and the
Laboratory of Paleobotany of the FSC EATB FEB
RAS (Vladivostok).

STRATIGRAPHY OF THE JURASSIC 
AND LOWER CRETACEOUS PLANT-BEARING 

DEPOSITS OF THE BUREYA BASIN
Vakhrameev attributed the plant-bearing beds with

remains of the Pseudotorellia leaves from the right
bank of the Bureya River, downstream from the Uma-
lta River mouth, and deposits cropping out along the
Kataevskaya channel (Azanov stratum) to the Talyn-
dzhan Formation and leaf remains from the outskirts
of the settlement of Chegdomyn firstly to the Soloni
(upper) Subformation of the Urgal Formation (Vakh-
rameev and Doludenko, 1961) and later to the upper
part of the Talyndzhan Formation (Vakhrameev and
Lebedev, 1967, p. 127).

Even earlier, Davydova and Goldshtein (1949) sug-
gested subdividing the Urgal Formation into two for-
mations: Dublikan and Soloni. However, Vakhrameev
and Doludenko (1961) used the name “Urgal Forma-
tion”, dividing it into two subformations: Dublikan
and Soloni. Later, these subformations were promoted
to the rank of formations (Resheniya…, 1994).

Vakhrameev and Lebedev dated the fossil plants
from the Talyndzhan and Dublikan formations as the
Late Jurassic, assuming that they are notably different
from those from the Soloni Formation, lying at the
base of the Lower Cretaceous (Lebedev and Para-
ketsov, 1975; Vakhrameev and Lebedev, 1967).

Having studied all the known sections of the
Bureya Basin in detail, Krassilov (1973) noticed that
the plant assemblage from deposits exposed along the
Kataevskaya channel (Azanov stratum) is similar to
that from the Dublikan Formation. In addition, he
attributed plant-bearing deposits on the left bank of
the Urgal River and deposits in the outskirts of Cheg-
domyn to the same formation. The plant assemblage
from the Talyndzhan Formation was dated as the
Callovian–Oxfordian; the one from the Dublikan
Formation was dated as the Tithonian–Berriasian.

In the last years, the large- and medium-scale geo-
logical mapping of the Bureya Basin was completed,
and geological maps of the new generation were com-
piled (Anoikin, 2003; Gosudarstvennaya…, 2009). The
ages of the formations and strata are indicated follow-
ing the resolutions adopted at the IV Interdepartmen-
tal Regional Stratigraphic Meeting on the Precam-
brian and Phanerozoic South of the Far East and
Eastern Transbaikalia (Resheniya…, 1994).

Based on the lithology and structural and textural
features of the deposits, three units are distinguished
in the Talyndzhan Formation. The two bottom units
are combined into the lower subformation, and the
EOLOGICAL CORRELATION  Vol. 29  No. 4  2021
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upper one corresponds to the upper subformation.
The age of the lower subformation was determined as
the Callovian, and the age of the upper subformation
was determined as the Oxfordian (Resheniya…, 1994).
Beds with remains of Pseudotorellia leaves belong to
the upper subformation of the Talyndzhan Formation.

The Talyndzhan Formation is overlain with an ero-
sional unconformity by the Dublikan Formation. In
(Resheniya…, 1994), the Dublikan Formation is dated
as the Volgian. On the basis of the palynological data,
Markevich (1995; Markevich and Bugdaeva, 2009)
dated the Dublikan Formation as the Berriasian. In
the explanatory note to the 1 : 1000000 State Geolog-
ical Map of the Russian Federation (sheet M-52), the
age of the Dublikan Formation plant assemblage is
interpreted as “the top of the Upper Jurassic (Volgian or
Tithonian Stage), although the Lower Cretaceous (Ber-
riasian) is not excluded” (Petruk et al., 2012, p. 34).

The authors of the present paper follow a more
substantiated point of view of Krassilov (1973) and
take the age of the Talyndzhan Formation as the
Callovian–Oxfordian and the age of the Dublikan
Formation as the Tithonian–Berriasian (Fig. 1).

TAXONOMIC DESCRIPTION 
OF PSEUDOTORELLIA SPECIES

C L A S S  GINKGOOPSIDA
O R D E R  VLADIMARIALES GORDENKO, 2010

FAMILY UMALTOLEPIDACEAE STANISLAVSKY, 1973, 
EMEND. Z. ZHOU, 1991

Genus Pseudotorellia Florin, 1936
Pseudotorellia angustifolia Doludenko, 1961, emend. Nosova

Plate I, figs. 1–4; Plate II
Pseudotorellia angustifolia: Vakhrameev and Doludenko, 1961,

p. 114, Plate LVII, figs. 1–9.
Pseudotorellia angustifolia: Krassilov, 1972, p. 58, pro parte,

Plate XX, figs. 1–11; Plate XXI, figs. 1, 2, 4, 6–13; Figs. 9, 10а–
10i, 10s, 10t.

Pseudotorellia angustifolia: Kostina, 2004, p. 59, Plate XXXIX,
figs. 1–9.

Pseudotorellia angustifolia: Kiritchkova et al., 2005, p. 107,
Plate LI, figs. 1–8; Plate LII, figs. 1–5.

Pseudotorellia angustifolia: Kiritchkova et al., 2020, p. 110,
Plate CXV, figs. 1–8.

Pseudotorellia longifolia Doludenko: Vakhrameev and Dolu-
denko, 1961, p. 115, Plate LVIII, figs. 1–8.

Pseudotorellia longifolia: Doludenko and Rasskazova, 1972,
p. 22, Plate XXX, figs. 1–7; Plate XXXI, figs. 1–4.
STRATIGRAPHY AND G
Pseudotorellia angaranica Kiritchkova et Nosova: Kiritchkova
et al., 2020, p. 108, Plate CXVII, figs. 7, 8; Plate CXVIII, figs. 2а,
7–10; Plate CXXI, figs. 1а, 2–11.

H o l o t y p e. GIN RAS, no. 3318/120-27b; Rus-
sian Far East, the right bank of the Bureya River,
Kataevskaya channel; Dublikan Formation, Titho-
nian–Berriasian; Vakhrameev and Doludenko, 1961,
p. 114, Pl. LVII, fig. 6; designated here, Plate I,
figs. 2b, 3.

E m e n d e d  d i a g n o s i s. Leaves linear, narrow,
and long, apex rounded or acute. Veins 3–8 per widest
part. Leaves hypostomatic. Ordinary epidermal cells
of upper and lower epidermis are elongated and rect-
angular, without cuticular ridges or papillae; anticlinal
cell walls straight. Stomata sparse, arranged in bands,
rarely irregularly scattered in the lower epidermis.
Subsidiary cells without papillae, rarely with small
proximal papillae.

D e s c r i p t i o n. Leaves are linear (Plate I,
figs. 1–4), 1.5–5 mm wide in the middle part, 60–
80 mm and more long. Apices are obtuse or rounded.
There are 3–8 veins in the middle part of a leaf (8–
10 veins per 5 mm of a leaf blade width). Resin ducts,
65–116 μm wide, are arranged between the veins; the
maximum resin length is 1000 μm (Plate II, fig. 2).

Leaves the hypostomatic (Plate II, fig. 3). The
upper epidermis consists of elongated narrow tetragonal
cells (8–38 × 60–130 μm, width/length = 1/3–1/13,
rarely 1/5–1/7), often forming rows (Plate II, figs. 3–5).
Corners of the epidermal cells are acute, rarely
rounded; the anticlinal cell walls are straight; the peri-
clinal walls are smooth.

The lower epidermis consists of alternating stoma-
tal (139–383 μm) and nonstomatal (157–306 μm)
bands (Plate II, figs. 3, 6, 9). The stomatal bands in
some leaf fragments are indistinctly defined, some-
times merging. In some cases, the stomata do not form
bands (Plate II, fig. 6). The ordinary cells of stomatal
and nonstomatal bands are the same in shape and size
as the cells of the upper epidermis, with straight anti-
clinal and smooth periclinal walls. There are 1–3 sto-
mata per width of the stomatal band in narrow leaves
(Plate II, figs. 1, 3) and up to 4 stomata per width of
the stomatal band in broad leaves (Plate II, fig. 9). Sto-
mata in the stomatal bands are distributed quite rarely,
not forming rows, and are oriented longitudinally.
Stomatal complexes are monocyclic, often elongated.
Most subsidiary cells of the stomata lack papillae; in
Plate I. Leaves of Pseudotorellia. Scale bars 10 mm. (1–4) Pseudotorellia angustifolia Doludenko, Dublikan Formation, Titho-
nian–Berriasian: (1–3) the right bank of the Bureya River, Kataevskaya channel: (1) accumulation of leaves, spec. no. 3318/120-26;
(2) accumulation of leaves: (2а) spec. no. 3318/120-27a, (2b) spec. no. 3318/120-27b; (3) leaf magnified from fig. 2, spec. no. 3318/120-27b
(holotype); (4) Chegdomyn settlement (mine no. 3), accumulation of leaves, spec. no. 3318/9-38; (5, 6, 8) Pseudotorellia
doludenkoae Nosova, Kostina et Bugdaeva, the right bank of the Bureya River, downstream of the Umalta River mouth; the upper
subformation of the Talyndzhan Formation, Oxfordian: (5a–5d) four leaves, spec. no. 515/284; (6) leaf magnified from fig. 5a,
spec. no. 515/284а (holotype); (8) accumulation of leaves, spec. no. 515/272; (7, 9, 10) Pseudotorellia crassifolia Doludenko, the
right bank of the Bureya River, downstream of the Umalta River mouth; the upper subformation of the Talyndzhan Formation,
Oxfordian: (7a, 7b) leaves, spec. no. 3318/58-3 (7а—holotype); (9) magnifed apices of leaves from fig. 10, spec. no. 3318/57-22;
(10) accumulation of leaves, spec. no. 3318/57-22.
EOLOGICAL CORRELATION  Vol. 29  No. 4  2021
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rare cases, they bear a small proximal papillae (Plate II,
figs. 10, 11). Appendages of the guard cells are observed
in the polar parts of stomata (Plate II, fig. 13). Stomata
with these appendages are 70–76 μm long; the guard
cells without appendages are 34–65 μm long and 10–
13 μm wide. After the maceration, the outer walls,
sometimes the apertural and epidermal walls, and rarely
the inner walls of the guard cells are preserved (Plate II,
figs. 8, 12, 13). The epidermal walls of the guard cells
are often bent toward the aperture and are visible
under an light microscope as two narrow lateral cres-
cents (Plate II, figs. 1, 7, 10, 13).

C o m p a r i s o n  a n d  r e m a r k s. According to
Doludenko’s descriptions (Vakhrameev and Dolu-
denko, 1961), P. longifolia leaves are somewhat wider
(3–5 mm) than those of P. angustifolia (1.5–3 mm).
The revision of specimens has shown that there are
leaves 2–4 mm wide among those described by
Doludenko as P. longifolia. In accordance with the
width of leaves, the number of veins varies, while the
number of veins per 5 mm of leaf blade width is con-
stant. Thus, we have not revealed significant morpho-
logical differences between these two species.

The diagnosis of P. longifolia (Vakhrameev and
Doludenko, 1961, pp. 115–116) indicates that stomata
are arranged in bands. However, it is noted in the spe-
cies description that stomata are distributed throughout
the lower surface without forming bands and rows.
Later, describing the leaf remains from the Irkutsk
Basin under the same species name, Doludenko and
Rasskazova (1972) noted the arrangement of stomata
in bands. Having studied the epidermal structure of
the type specimens of P. longifolia, we found that the
stomata in the lower part of the leaves are arranged in
bands. However, these bands are indistinct in some
places, merging with each other (Plate II, fig. 6).
According to Doludenko’s descriptions, P. angustifo-
lia differs from P. longifolia in the presence of the
papillae on the subsidiary stomata cells. However,
our data show that there are also rare papillae on the
subsidiary cells of stomata of the leaves previously
described as P. longifolia. On the basis of the similar-
ity in the morphological and epidermal characters,
the specimens described by Doludenko as P. longifo-
lia are considered as P. angustifolia.

Krassilov (1972) included the species Pseudotorel-
lia ensiformis described by Doludenko (Vakhrameev
and Doludenko, 1961) in P. angustifolia, adding the
following epidermal characters to the description: the
presence of median cuticular thickenings (=ridges) on
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the periclinal cell walls on the upper leaf surface and
the presence of papillae on the subsidiary cells of many
stomata. Having studied P. ensiformis, we revealed a
series of significant morphological and epidermal dif-
ferences from P. angustifolia. Leaves of P. ensiformis
differ markedly from P. angustifolia in their lanceolate
shape, a larger width, and almost 10-fold shorter
length. Unlike P. angustifolia, cells of the upper epider-
mis in of P. ensiformis are differentiated into narrow,
elongated cells located above the veins and wide cells,
elongated and short, located between the veins. In
addition, P. angustifolia differs from P. ensiformis in the
absence of cuticular ridges on the epidermal cells. Our
data confirm Doludenko’s opinion that the Bureya
lanceolate leaves should be considered as a certain
species. Taking into account the fact that the epider-
mal structure of the type specimens of P. ensiformis
from Ust’-Baley is unknown, we have distinguished a
new species P. doludenkoae sp. nov. (see the description
below).

According to the morphological and epidermal
characters, Pseudotorellia angaranica (Kiritchkova et al.,
2020) from the Irkutsk Basin is similar to P. angustifo-
lia from the Bureya Basin. On the basis of these data,
we consider this Irkutsk species as a junior synonym of
P. angustifolia.

In general, Pseudotorellia angustifolia is character-
ized by narrow and long linear leaves, narrow elongated
cells of both the upper and lower epidermis, the absence
of cuticular thickenings and papillae on the ordinary
epidermal cells, and the presence of rare small proximal
papillae on some subsidiary cells of stomata.

D i s t r i b u t i o n. Dublikan Formation (Titho-
nian–Berriasian) of the Bureya Basin (Khabarovsk
krai), Pereyaslovka (Lower Jurassic) and Kamala
(Middle Jurassic) formations of the Kansk Basin
(Eastern Siberia), Tyumen Formation (Bajocian) of
the South Chasel field (Yamal-Nenets Autonomous
Okrug), Naunan Formation (Callovian–Oxfordian)
of the West Ostanino field (Tomsk oblast), and Pri-
sayan Formation (Aalenian–Bajocian) of the Irkutsk
Basin (Eastern Siberia).

M a t e r i a l. The right bank of the Bureya River,
Kataevskaya channel, GIN RAS, spec. no. 3318/120-26
(more than 8 leaves and leaf fragments), spec.
no. 3318/120-27 (5 leaf fragments); Chegdomyn settle-
ment (mine no. 3), GIN RAS, spec. no. 3318/9-38
(more than 15 leaves and leaf fragments), Dublikan
Formation (Tithonian–Berriasian).
Plate II. Pseudotorellia angustifolia Doludenko, Dublikan Formation, Tithonian–Berriasian. Scale bar for figs. 1–6, 8, 9—100 μm;
for figs. 7, 10—50 μm; for figs. 11–13—20 μm. (1, 4, 13) the right bank of the Bureya River, Kataevskaya channel, spec.
no. 3318/120-27b (holotype): (1) stomata in the lower part of a leaf blade; (4) cells of the upper epidermis; (13) stoma; polar
appendages of the guard cells and preserved inner walls of the guard cells are visible; (2, 3, 5–12) Chegdomyn settlement (mine
no. 3), spec. no. 3318/9-38: (2) resin duct; (3) upper (on the left) and lower (on the right) cuticles; (5) cells of the upper epidermis;
(6) indistinct stomatal bands on the lower part of a leaf blade; (7) two stomata; (8) stomata and cells of the lower epidermis,
SEM, internal view; (9) stomatal (three) and nonstomatal (two) bands; (10) two stomata, one of which with proximal papillae;
(11) stoma with proximal papillae; (12) stoma, SEM, internal view.
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Pseudotorellia crassifolia Doludenko, emend. 
Nosova, Kostina et Bugdaeva

Plate I, figs. 7, 9, 10; Plate III
Pseudotorellia crassifolia (Prynada) Doludenko: Vakhrameev

and Doludenko, 1961, p. 114, Plate LVI, figs. 4, 5.
Pseudotorellia pulchella auct. non (Heer) Vassilevskaja, 1959:

Vakhrameev and Doludenko, 1961, p. 113, Plate LVI, figs. 6, 7.
H o l o t y p e. GIN RAS, spec. no. 3318/58-3;

Russian Far East, the right bank of the Bureya River,
downstream of the Umalta River mouth; the upper
subformaton of the Talyndzhan Formation, Oxfordian;
Vakhrameev and Doludenko 1961, p. 113, Plate LVI,
fig. 4; designated here, Plate I, fig. 7.

E m e n d e d  d i a g n o s i s. Leaves oblanceolate,
with their widest part at about the middle or slightly
closer to the apex, apex rounded or obtuse; base
cuneate. Leaves with 5–6 veins per 5 mm. Leaves
hypostomatic. Cells of upper and lower epidermis
tetra- to polygonal, elongate to short across intercostal
zones and elongate across costal zone; periclinal cell
walls smooth. Anticlinal epidermal cell walls of both
leaf surfaces straight. Stomata assembled in bands.
Stomatal complexes monocyclic, sometimes dicyclic.
Subsidiary cells without papillae.

D e s c r i p t i o n. Leaves are oblanceolate with
obtuse or rounded apices (Plate I, figs. 7, 9, 10).
Leaves are 30–45 mm long, 1–1.5 mm wide at the base,
and 4–12 mm wide in the upper third. The number of
veins in the wide part varies from 8 to 15 (5–6 veins
per 5 mm of leaf blade width). There are resin ducts
28–60 μm wide between veins (Plate III, fig. 3). The
maximum length of a resin duct is 2300 μm (Plate III,
fig. 8). Leaf cuticle is thin.

Leaves are hypostomatic. In terms of the shape of
epidermal cells, costal (over the veins) and intercostal
(between the veins) zones on the upper leaf surface are
not always well defined and are roughly equal in width
(Plate III, fig. 1). Zones over veins are formed by rows
of tetra- and polygonal epidermal cells, wide (35–
46 × 93–115 μm) and narrow (20–28 × 100–167 μm).
The epidermal cells are tetra- and polygonal (Plate III,
fig. 2), short (30–89 × 45–92 μm) and elongated (34–
56 × 70–114 μm) in the zones between the veins. The
anticline walls of all upper epidermal cells are straight;
the angles between them are sharp, less often rounded.
The periclinal walls are smooth.

The lower epidermis consists of alternating nonsto-
matal and stomatal bands, corresponding to costal and
intercostal zones (Plate III, fig. 4). The ordinary epi-
dermal cells tetra- and polygonal, elongated (20–45 ×
109–140 μm) in nonstomatal zones (Plate III, fig. 5),
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short (37–41 × 57–65 μm) and elongated (25–37 ×
99–128 μm) in stomatal bands. The anticlinal cell
walls are straight smooth, with sharp angles between
them, less often rounded. The periclinal walls are
smooth. The stomata are arranged in bands very
unevenly, oriented longitudinally. There are 3–4 (rarely
up to 7) stomata per width of the band (Plate III, fig. 4).
Stomatal complexes are monocyclic (Plate III, fig. 9),
sometimes incompletely dicyclic (Plate III, fig. 10).
There are 5–6 subsidiary cells of stomata; two of
them are polar; there are no papillae on the subsidi-
ary cells. The guard cells are sunken, wing-like
(Plate III, figs. 7, 10). The guard cells are 26–47 μm
long and 8–20 μm wide; polar appendages are not dis-
tinct. After the maceration, the outer walls, often the
apertural and epidermal walls (Plate III, figs. 9, 11, 12),
and rarely the inner walls of the guard cells (Plate III,
fig. 12) are preserved.

C o m p a r i s o n  a n d  r e m a r k s. Doludenko
described the combination P. crassifolia (Prynada)
Doludenko, indicating V.D. Prynada in the synonymy
as the author of the species name: “Feildenia crassifolia
Prynada, Prynada, 1939 in Kheraskov et al.” (Vakhra-
meev and Doludenko, 1961, p. 114).

However, Kheraskov et al. (1939) presented only
lists of species without descriptions and images. F. cras-
sifolia was described by Prynada in an unpublished
geological report (1937). This means that this species
is invalid. Since Doludenko mistakenly indicated the
type of this species as a neotype and gave a species
diagnosis, the published taxon P. crassifolia (Vakhra-
meev and Doludenko, 1961) is valid. In the present
paper, the specimen indicated by Doludenko as the
neotype is accepted as the holotype.

The epidermal structure of the Bureya leaves
described as P. pulchella has also been studied. It has
been found that they are similar to P. crassifolia in all
respects. Since the type material of P. crassifolia comes
from the Bureya Basin, unlike P. pulchella, the Bureya
leaves are described under the species name P. crassifo-
lia. P. crassifolia differs significantly from P. angustifolia
in its obovate lanceolate shape of leaves, 2–4 times
wider and 2 times less long. Unlike P. crassifolia, the
epidermal cells of both leaf surfaces surfaces of P. angus-
tifolia are narrow and strongly elongated; the stomatal
bands are narrower. Stomatal complexes are narrow
and monocyclic, and the guard cells are larger.

D i s t r i b u t i o n. Upper subformation of the Taly-
ndzhan Formation (Oxfordian), Bureya Basin (Khaba-
rovsk krai).
Plate III. Pseudotorellia crassifolia Doludenko, the right bank of the Bureya River, downstream of the Umalta River mouth; the
upper subformation of the Talyndzhan Formation, Oxfordian. Scale bar for figs. 1, 2, 4–6, 8—100 μm; for fig. 3—1000 μm; for
figs. 7, 9–12—50 μm. (1–6, 8–12) Spec. no. 3318/57-22: (1) cuticle of the upper leaf surface; (2) cells of the intercostal zone of
the upper epidermis; (3) arrangement of resin ducts; (4) cuticle of the lower part of a leaf blade; (5) cells of the nonstomatal (cos-
tal) zone of the lower epidermis; (6) fragment of the stomatal band; (8) resin duct; (9–10) stomata; (11) stoma with preserved
apertural and epidermal walls of the guard cells, SEM, internal view; (12) stomata; the preserved inner walls of the guard cells are
visible on one of the stomata, SEM, internal view; (7) stomata on the lower part of a leaf blade, spec. no. 3318/58-3 (holotype).
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M a t e r i a l. The right bank of the Bureya River,
downstream of the Umalta River mouth; upper sub-
formation of the Talyndzhan Formation, Oxfordian;
GIN RAS, spec. no. 3318/58-3 (three fragments of
leaves), spec. no. 3318/57-22 (more than 18 leaves and
their fragments).

Pseudotorellia doludenkoae Nosova, 
Kostina et Bugdaeva, sp. nov.

Plate I, figs. 5, 6, 8; Plates IV, V

Pseudotorellia ensiformis (Heer) Doludenko: Vakhrameev and
Doludenko, 1961, p. 111, Plate LV, figs. 1–8; Plate LVI, figs. 1–3.

Pseudotorellia angustifolia Doludenko: Krassilov, 1972, p. 58,
pro parte, Plate XXI, figs. 3, 5.

E t h y m o l o g y. In honor of paleobotanist
M.P. Doludenko.

H o l o t y p e. FSC EATB FEB RAS, no. 515/284a,
Russian Far East, the right bank of the Bureya River,
downstream of the Umalta River mouth; the upper
subformation of the Talyndzhan Formation, Oxford-
ian; Krassilov, 1972, Plate XXI, fig. 5; designated here,
Plate I, figs. 5а, 6.

D i a g n o s i s. Leaves oblanceolate, with their
widest part at about the middle or slightly closer to the
apex. Leaf apex rounded or obtuse; base cuneate.
Leaves with 5–6 veins per 5 mm in the widest part.
Leaves hypostomatic. Cells of upper and lower epider-
mis tetra-, rarely pentagonal; elongate to short across
intercostal zones and elongate across costal zones.
Some cells of the upper epidermis and most cells of the
lower epidermis with longitudinal cuticular ridges;
anticlinal cell walls of both leaf surfaces straight. Sto-
mata assembled in narrow bands. Subsidiary cells
without papillae, very rarely with small papillae.

D e s c r i p t i o n. Leaves the oblanceolate, with
obtuse or rounded apices (Plate I, figs. 5, 6, 8). Leaves
the 38–65 mm long, 1–2 mm wide at the base and 6–
13 mm wide in the upper third. There are 8–10 veins in
the middle part of a leaf (5–6 veins per 5-mm-wide
leaf plate). Resin ducts, 59–80 μm wide, are located
between veins (Plate V, figs. 6, 11).

Leaves are hypostomatic. The upper epidermis is
composed of tetra- and pentagonal cells, short (30–50 ×
36–115 μm) and narrow elongated (18–30 × 110–
170 μm), located predominantly over veins (Plate IV,
figs. 2, 4, 5; Plate V, fig. 7). Corners of the epidermal
cells the rounded, rarely acute; anticlinal walls
smooth. Cells of the upper epidermis near leaf edges
have cuticular ridges (Plate V, fig. 1); other epidermal
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cells of the upper leaf surface have smooth periclinal
walls (Plate IV, figs. 2, 4, 5).

The lower epidermis consists of alternating stoma-
tal (130–310 μm wide) and nonstomatal (215–400 μm
wide) bands (Plate IV, figs. 1, 3, 6; Plate V, figs. 3, 11).
Cells of the nonstomatal bands are tetra- and pentag-
onal, narrow elongated (10–30 × 110–195 μm); cells
of the stomatal bands are both elongated and short
(30–55 × 40–156 μm); the anticlinal walls are
smooth. Most cells have a longitudinal cuticular ridge,
which is sometimes traced from one cell to another
(Plate IV, fig. 6; Plate V, figs. 1, 5). The ridges are nar-
row (Plate IV, figs. 3, 7; Plate V, fig. 1) to wide (Plate IV,
figs. 1, 6; Plate V, fig. 5), each of them is located in the
central part of a cell (Plate IV, figs. 3, 7, 8; Plate. V,
figs. 1, 4) or shifted toward one of the longitudinal
anticlinal walls (Plate IV, fig. 6; Plate V, fig. 5). The
number of stomata in a stomatal band varies from 2 to
5 (Plate IV, figs. 1, 3, 6; Plate V, figs. 1, 3, 11). The sto-
mata in the stomatal bands are not arranged into dis-
tinct rows and are orientated longitudinally. Stomatal
complexes are monocyclic, rarely incompletely dicy-
clic. Most of the stomatal complexes lack any papillae
on the subsidiary cells (Plate IV, figs. 3, 8; Plate V,
figs. 1, 4, 5, 10); rarely subsidiary cells have small
proximal papillae (Plate IV, figs. 1, 6; Plate V, fig. 2).
In the polar parts of stomata, appendages are swallow-
tailed or Т-shaped (Plate IV, fig. 8; Plate V, fig. 2). Sto-
mata with these appendages are 65–90 μm long; the
guard cells without appendages are 38–63 μm long,
10–18 μm wide. After the maceration, the outer walls
and sometimes inner walls of the guard cells are pre-
served (Plate IV, fig. 8; Plate V, figs. 5, 8, 9).

C o m p a r i s o n  a n d  r e m a r k s. The combina-
tion Pseudotorellia ensiformis was proposed by
Doludenko on the basis of the similarity of morpho-
logical characters of leaves from the Bureya Basin and
Podozamites ensiformis described by Heer (1876) from
the Jurassic of the Ust’-Baley locality in the Irkutsk
Basin (Heer, 1876). However, in contrast to leaves from
the Irkutsk Basin, the epidermal structure of the Bureya
leaves was studied (Vakhrameev and Doludenko, 1961).
Later, Doludenko and Rasskazova noted that the
identification of the specimens of Pseudotorellia ensi-
formis from the Bureya Basin with the material from
the Irkutsk Basin was incorrect since the epidermal
characters of the Irkutsk leaves are unknown
(Doludenko and Rasskazova, 1972, p. 21) and proposed
to attribute to this species leaves with unknown epider-
mal features and the same morphological characters as
Plate IV. Pseudotorellia doludenkoae Nosova, Kostina et Bugdaeva, sp. nov. Scale bar for figs. 1–7—100 μm; for fig. 8—50 μm.
(1‒3, 6) The right bank of the Bureya River, downstream of the Umalta River mouth; the upper subformation of the Talyndzhan
Formation, Oxfordian: (1, 6) fragments of the lower epidermis, spec. no. 515/284а (holotype); (2) fragment of the upper epider-
mis, spec. no. 515/284а (holotype); (3) stomatal and nonstomatal bands of the lower epidermis, spec. no. 515/272; (4, 5, 7, 8) the
right bank of the Bureya River, Kataevskaya channel; Dublikan Formation, Tithonian–Berriasian: (4, 5) epidermal cells of the
upper epidermis: (4) spec. no. 3318/54-90; (5) spec. no. 3318/52-4; (7) cells of the nonstomatal band, spec. no. 3318/120-28; (8)
stoma, spec. no. 3318/52-4.
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Plate V. Pseudotorellia doludenkoae Nosova, Kostina et Bugdaeva, sp. nov. Scale bar for figs. 1, 3–7, 9, 11—100 μm; for figs. 2, 8,
10—50 μm. (1, 2) The right bank of the Bureya River, Kataevskaya channel; Dublikan Formation, Tithonian–Berriasian: (1) a
marginal stomatal band of the lower epidermis (on the left) and cells of the upper epidermis (on the right), spec. no. 3318/57-6;
(2) stomata, spec. no. 3318/118; (3–11) the right bank of the Bureya River, downstream of the Umalta River mouth; the upper sub-
formation of the Talyndzhan Formation, Oxfordian: (3) stomatal and nonstomatal bands, SEM, internal view, spec. no. 515/272;
(4) stomata, spec. no. 515/272; (5) stoma, spec. no. 515/284а (holotype); (6) resin duct, spec. no. 515/284а (holotype); (7) cells
of the upper epidermis, SEM, internal view, spec. no. 515/272; (8) stoma with preserved inner walls of the guard cells, SEM, inter-
nal view, spec. no. 515/272; (9) stomata, SEM, internal view, spec. no. 515/284а (holotype); (10) stoma, SEM, external view,
spec. no. 515/284а (holotype); (11) stomatal bands and resin duct, SEM, internal view, spec. no. 515/284а (holotype).
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the chosen lectotype from Ust’-Baley. Because of this,
we consider leaves from the Bureya Basin described by
Doludenko as P. ensiformis as a new species.

The leaves of P. doludenkoae are similar to P. cras-
sifolia in the morphology (see description above) but
they differ considerably in the epidermal characters.
The leaf cuticles of the new species are notably thicker
than P. crassifolia cuticles. In addition, P. doludenkoae
differs considerably from P. crassifolia in the presence
of cuticular ridges on periclinal walls of the epidermal
cells and larger stomata.

P. doludenkoae differs from P. angustifolia in the lan-
ceolate shape of leaves, which are wider and shorter.
Unlike P. angustifolia, the upper epidermis cells of
P. doludenkoae are differentiated in shape into narrow
elongated cells located over veins and wide elongated
and short cells located between bands of narrow cells.
Moreover, the new species differs from P. angustifolia in
the presence of cuticular ridges on epidermal cells.

On the basis of the morphology and dimensions of
leaves, the arrangement of stomata in bands, the pres-
ence of cuticular ridges on the main epidermal cells,
and the absence of papillae on the subsidiary cells in
most stomata, P. doludenkoae is similar to P. grojecen-
sis Reymanówna from the Lower Jurassic of Poland
(Reymanówna, 1963), P. krassilovii Bugdaeva from the
Lower Cretaceous of Southern Primorye (Bugdaeva
and Markevich, 2009), and P. retusa Bose et Manum
from the Lower Cretaceous of Spitsbergen (Bose and
Manum, 1990; Pott et al., 2016).

P. grojecensis differs from P. doludenkoae in a pecu-
liar structure of the upper epidermis consisting of
“units” of tetragonal cells of the same length, oriented
either along or across the leaf axis.

In contrast to the new species, cuticular thicken-
ings on the periclinal walls of the ordinary epidermal
cells in P. krassilovii are formed by accumulations of
small f lattened papillae. In addition, stomatal bands in
P. krassilovii are three times wider than nonstomatal
ones, while nonstomatal bands in P. doludenkoae are
equal to or somewhat wider than stomatal bands.

P. retusa differs from P. doludenkoae in smaller
dimensions of leaves (3–5 × 10–19 mm), dentate leaf
margin, wider stomatal bands (up to 6 stomata per
band width), and weakly curved anticlinal walls of
some epidermal cells.

D i s t r i b u t i o n. Upper subformation of the
Talyndzhan Formation (Oxfordian) and the Dublikan
Formation (Tithonian–Berriasian) of the Bureya
Basin (Khabarovsk krai).

M a t e r i a l. The right bank of the Bureya River,
downstream of the Umalta River mouth; the upper
subformation of the Talyndzhan Formation, Oxford-
ian; FSC EATB FEB RAS, spec. no. 515/272 (more
than ten leaves and their fragments), spec. no. 515/284
(four leaves); GIN RAS, spec. nos. 3318/52-3,
3318/52-4, and 3318/54-9; Kataevskaya channel; Dub-
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
likan Formation, Tithonian–Berriasian; GIN RAS,
spec. nos. 3318/118-1, 3318/118-2, and 3318/120-25.

CONCLUSIONS

Detached leaves of Pseudotorellia and their frag-
ments have similar morphology with some leaves of
Phoenicopsis Heer, Eretmophyllum Thomas, and Podo-
zamites Braun, as well as with leaf fragments of Baiera
Braun and Sphenobaiera Florin. Therefore, their
determination should be based not only on morphol-
ogy but also on the epidermal structure. The epider-
mal characters of Pseudotorellia leaves make it possible
to recognize this genus quite clearly from other fossil
taxa. In addition, they are also important for identify-
ing new species, since the Pseudotorellia leaves that are
similar in morphology often have different structures
of the epidermis. This is also confirmed by our studies
of the Pseudotorellia leaf remains from the Bureya
Basin, where the leaves of P. crassifolia and P. doluden-
koae sp. nov., similar in shape and size, have com-
pletely different epidermal structures. The cuticle of
most Pseudotorellia leaves is quite thick, resistant to
chemical maceration. This allows us to study in detail
their epidermal structure and determine the system-
atic belonging of whole leaves and their fragments, as
well as dispersed cuticles. This indicates the strati-
graphic significance of the genus Pseudotorellia, espe-
cially in the case of studying borehole material and
coal specimens, where the preservation of plant
remains does not allow us to identify confidently their
morphology.

The taxonomic composition of the genus
Pseudotorellia and the stratigraphic and geographical
belonging of the species were repeatedly refined by dif-
ferent authors (Bugdaeva, 1999; Horiuchi and Uemura,
2017; Kiritchkova and Nosova, 2009; Nosova and
Golovneva, 2018). As a result of our revision based on
morphological and epidermal characters, the number
of Pseudotorellia species from the Bureya Basin comes
down to three species (Table 1).

Remains of Pseudotorellia angustifolia leaves were
found in the Dublikan Formation, remains of P. cras-
sifolia leaves were found in the Talyndzhan Forma-
tion, and P. doludenkoae sp. nov. leaves were found
both in the Talyndzhan Formation and in the Dub-
likan Formation. In the future, these species can be
used as correlative taxa for the intrabasin and interre-
gional correlation of continental strata.

We have revised all known leaf remains  previously
described as Pseudotorellia angustifolia, and included
in the composition of this species  only leaves having
the epidermal characters similar to those of type spec-
imens from the Bureya Basin. On the basis of the data
obtained, we conclude that P. angustifolia had a
noticeably broad distribution in the Jurassic and Early
Cretaceous of Siberia and the Russian Far East. In
addition to the Tithonian–Berriasian of the Bureya
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Table 1. The results of revision of the taxonomic composition of the genus Pseudotorellia from the Bureya Basin

Vakhrameev and Doludenko, 1961 Krassilov, 1972 Results of revision
(this paper)

P. angustifolia Doludenko P. angustifolia Doludenko
P. angustifolia Doludenko

P. longifolia Doludenko P. longifolia Doludenko
P. pulchella (Heer) Vassilevskaja

P. (Eretmophyllum?) pulchella (Heer) Vassilevskaja P. crassifolia Doludenko
P. crassifolia (Prynada) Doludenko
P. ensiformis (Heer) Doludenko P. angustifolia Doludenko P. doludenkoae sp. nov.
Basin, this species is known from the Lower and Mid-
dle Jurassic of the Kansk Basin (Kostina, 2004), from
the Middle Jurassic of the Yamal–Nenets Autono-
mous Okrug, from the Middle and Upper Jurassic of
Tomsk oblast (Kiritchkova et al., 2005), and from the
Middle Jurassic of the Irkutsk Basin (Kiritchkova
et al., 2020). Apparently, P. angustifolia originated in
the Early Jurassic on the modern territory of Eastern
Siberia (Kansk Basin). In the Middle Jurassic, its hab-
itat area expanded both to the northwest (Tomsk
oblast and the Yamal-Nenets Autonomous Okrug),
where this species was locally preserved (Tomsk
oblast) until the Late Jurassic, and to the east, up to
the Irkutsk oblast and Khabarovsk krai (Bureya
Basin), where it survived to the Early Cretaceous (Ber-
riasian). Perhaps, this evolutionary stasis of P. angusti-
folia was caused by the existence of the plant under the
same warm and humid paleoclimatic conditions
within these territories.
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