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The morphological diversity and distribution 
of the genus Menispermites (Magnoliopsida) 

in the Cretaceous of Northern Asia

A.A. Zolina, L.B. Golovneva, and A.A. Grabovskiy

ABSTRACT

Eleven species of Menispermites from Kazakhstan, Siberia, North-East of Rus-
sia and Sakhalin distributed from the upper Albian up to Maastrichtian–Danian were
restudied based on original materials and published data to analyze their morpho-
logical diversity and stratigraphic and geographical occurrence. English diagnoses of
five species are presented for the first time. A new species, M. temlyanensis Zolina,
Golovneva et Grabovskiy, sp. nov. from the Maastrichtian–Danian Tanyurer Formation
of Chukotka is described. The greatest number of species is confined to the North-
East of Russia. In this territory, short-lived species with limited ranges predominated.
M. sibiricus had the widest geographical and stratigraphic range: from Kazakhstan to
Chukotka and from the Cenomanian to Coniacian. In other regions of Northern Asia,
the stratigraphic distribution of Menispermites was limited. In Kazakhstan and Siberia,
it is known from the Cenomanian to Turonian. On Sakhalin, Menispermites was
recorded from the Campanian to the Maastrictian–Danian. The greatest number of
species and morphological diversity of Menispermites occured in the Cenomanian–
Turonian of the North-East of Russia.
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INTRODUCTION

The genus Menispermites Lesquereux was
described from the Albian–Cenomanian Dakota
Formation, USA (Lesquereux, 1874). The leaves
are characterized by lobate or unlobate, usually
peltate leaves with actinodromous venation and
numerous primary veins. Menispermites originally
included three species (Lesquereux, 1874). One of
them, M. obtusilobus Lesquereux, was chosen
later as a type species (Knowlton, 1919). This spe-
cies has broadly ovate, trilobate peltate leaves with
obtuse apex, low pelta, truncate base and crenate
margin.

Menispermites were widely distributed in the
Late Cretaceous and Paleogene. Nowadays this
genus includes more than 30 fossil species. About
15 of them are known from North and South Amer-
ica (Lesquereux, 1874, 1892; Hollick, 1930; Berry,
1916; Hollick, 1930; Bell, 1956, 1962; Doyle and
Hickey, 1976; Doria, et al., 2008; Guzmán-
Vázquez et al., 2018; Del Rio et al., 2021). In the
Upper Cretaceous deposits of Europe, the genus
was represented by M. summesbergeri Herman et
J. Kvaček from the lower Campanian Grünbach
Formation (Herman and Kvaček, 2010). More than
10 species were described from Northern Asia
(Vachrameev, 1952; Kryshtofovich and
Baikovskaya, 1960; Budantsev, 1968; Zhilin, 1974;
Krassilov, 1979; Shilin, 1986; Herman and Lebe-
dev, 1991; Philippova and Abramova, 1993; Golov-
neva, 2006; Golovneva et al., 2011; Moiseeva,
2014; Golovneva, 2019). The greatest number of
Menispermites species comes from the Albian and
Cenomanian. The latest Cretaceous and Paleo-
gene representatives are less numerous.

Menispermites have a significant morphologi-
cal resemblance to leaves of modern genus Meni-
spermum L. (Menispermaceae, Ranunculales),
that are characterized by a mostly entire margin,
actinodromous primary and brochidodromous sec-
ondary venation (Ortiz et al., 2007; Doria et al.,
2008).

The oldest clearly attributed fossil evidence of
Menispermaceae is an endocarp of the extant
genus Stephania Loureiro found in the lower
Paleocene of Patagonia (Jud et al., 2018). Endo-
carps of different Menispermaceae (Stephania,
Palaeosinomenium Chandler and Tinospora Miers)
were also found in the lower Paleocene of Paris
Basin, Europe (Kara et al., 2023). Since the
Eocene, endocarps of Menispermaceae are abun-
dant in Europe and North America (Chandler,
1964; Collinson, 1983; Manchester, 1994; Mai,
1995; Jacques and De Franceschi, 2005). The

earliest record, which was interpreted as Menisper-
maceae wood, comes from the latest Creta-
ceous–early Paleocene Deccan Intertrappean
beds, India (Bonde, 1997). This material is charac-
terized by alternating rings of phloem and xylem
that resemble modern lianas.

Therefore, the Paleogene records of Meni-
spermites are usually assigned to the family Meni-
spermaceae and this attribution is confirmed by
findings of corresponding reproductive structures
in the same deposits (Doria, et al., 2008; Guzmán-
Vázquez et al., 2018; Del Rio et al., 2021). But the
attribution of Cretaceous finds of Menispermites to
Menispermaceae is debatable. Indeed, the leaves
of Menispermites are also similar to leaves of some
modern representatives of Nymphaeaceae and
Piperaceae. However, the Cretaceous representa-
tives of these families differ rather well from Meni-
spermites. Besides, the relationships of the
Cretaceous finds with modern families Nym-
phaeaceae and Piperaceae is also questionable,
as is the relationships of Menispermites and Meni-
spermaceae. Thus, some authors consider Meni-
spermites as a morphological taxon of unclear
systematic position (Herman et al., 2016).

The first endocarps with affinity to Menisper-
maceae were recorded from the Turonian of
Europe (Knobloch and Mai, 1984) and were
attributed to the genus Prototinomiscium Kno-
bloch et Mai. However, endocarps of Prototinomis-
cium do not have a well-developed condyle, and
this makes the assignment of this genus to Meni-
spermaceae doubtful (Herrera et al., 2011; Weffer-
ling et al., 2013).

Actually, many Cretaceous genera have char-
acters that preclude their direct assignment to the
extant families. For example, small actinomorphic
pistillate flowers of Callicrypta chlamydea Krassilov
et Golovneva from the Cenomanian Timmerdyakh
Formation of the Lena-Vilyui depression are char-
acterized by a significant similarity to the flowers of
Menispermaceae but also share diagnostic fea-
tures with several other ranunculid families (Krassi-
lov and Golovneva, 2004). Floral and fruit
morphology of the early eudicot Ranunculaecarpus
quinquecarpellatus Samylina from the lower-mid-
dle Albian Buor-Kemyus Formation of the North-
East of Russia support possible affinity of this spe-
cies to extant Ranunculaceae, but it is distin-
guished from modern members of the family by
some features of the perianth and pollen (Man-
chester et al., 2018).

Similarity of Menispermites with Menisperma-
ceae in leaf morphology and association of Paleo-
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gene representatives of Menispermites with
reproductive structures of Menispermaceae sug-
gest that the Cretaceous representatives of this
genus could also be related to ancestral forms of
Menispermaceae. Their detailed study could allow
us to consider their taxonomic affinity more pre-
cisely. Unfortunately, many Cretaceous species,
especially from North America, are represented by
fragmentary material, have nomenclature problems
and need reinvestigation. The Cretaceous records
of Menispermites from Northern Asia are repre-
sented by numerous whole leaves. In this paper,
we attempt to analyze changes in the morpholog-
ical diversity and stratigraphic and geographical
distribution of the genus Menispermites at the end
of the Early Cretaceous and during the Late Cre-
taceous. In addition, we describe a new species,
M. temlyanensis Zolina, Golovneva et Grabovskiy,
sp. nov. from the Maastrichtian–Danian Tanyurer
Formation of Chukotka.

MATERIAL AND METHODS

Species of Menispermites from Northern Asia
were restudied based on original material and
published data. Full and abbreviated names of
institutions, where studied specimens of Meni-
spermites are stored, are given in Table 1, and all
localities are shown in Figure 1.

Four species of Menispermites come from
the upper Albian–lower Turonian Krivorech-
enskaya Formation, Grebenka River, Anadyr River
basin (Philippova and Abramova, 1993; Golov-
neva et al., 2015): M. minutus (Kryshtofovich)
Shczepetov, Herman et Belaya, M. vasetskii
Philippova, M. marcovoensis Philippova, and M.
orientalis Golovneva. The last species was also

found in the upper Turonian–Coniacian Zarya and
Arman formations of the Magadan Region, and in
the lower Coniacian Poperechnenskaya Forma-
tion, Pekulney Ridge, Chukotka (Philippova,
2010; Golovneva et al., 2015).

M. ginterensis Herman is present in the
Cenomanian Ginter Formation in the northeast-
ern part of the Koryak Upland (Herman, 1988; Moi-
seeva, 2010).

Leaves of M. sibiricus (Heer) Golovneva were
originally described from the Cenomanian–Turo-
nian Simonovo Formation of Eastern Siberia under
the name Acer sibiricum Нееr (Heer, 1878; Golov-
neva, 2006; Golovneva and Nosova, 2012). Later,
this species was also found in the Cenomanian
Timmerdyakh Formation of t h e  Lena-Vilyui
depression (Golovneva, 2006), in the Ceno-
manian Altykuduk Formation and in  the Turonian
Zhirkindek Formation of Kazakhstan (Vachra-
meev, 1952; Shilin, 1986; Golovneva, 2006), in the
upper Turonian–Coniacian Valizhgen Formation of
northwestern Kamchatka (Herman and Lebedev,
1991), and in the upper Turonian–Coniacian
Chingandzha and Arman formations of the
Magadan Region (Golovneva et al., 2011; Herman
et al., 2016; Golovneva, 2019), In this paper, we
also referred to this species leaves from the Coni-
acian Poperechnenskaya Formation.

Two species of Menispermites were
described from Sakhalin Island. М. sachalinensis
Kryshtofovich ex Zhilin comes from the Campan-
ian Zhonk’er Formation (Kryshtofovich and
Baikovskaya, 1960; Zhilin, 1974; Krassilov, 1979).
М. favosus Krassilov was reported from the Maas-
trichtian–Danian Boshnyakovo Formation (Vachra-
meev, 1966; Krassilov, 1979).

TABLE 1. Names of institutions, in which studied material are stored.

Abbreviation Institute City

BIN Komarov Botanical Institute, Russian Academy of Sciences Saint Petersburg

GIN Geological Institute, Russian Academy of Sciences Moscow

FSCEATB, (previously IBSS) Federal Scientific Center of the East Asia Terrestrial 
Biodiversity, Far East Branch, Russian Academy of Sciences

Vladivostok

IBP Institute of Botany and Phytointroduction Astana

IUT Industrial University of Tyumen Tyumen

NEISRI The North-East Interdisciplinary Research Institute, Far East 
Branch, Russian Academy of Sciences

Magadan

TFGI Geological Museum of the Territorial Fund of Geological 
Information for the Far Eastern District Branch 

Magadan

TPU Tomsk Polytechnic University Tomsk

TSNIGRM F. N. Chernyshev Central Scientific Research Geological 
Survey Museum

Saint Petersburg
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M. lebedevii Moiseeva comes from the Santo-
nian–Campanian Emuneret Formation, Enmy-
vaam River, Chukotka. A leaf fragment of
Menispermites, described as М. cf. sachalinensis
(Moiseeva and Sokolova, 2007) was found from
the Campanian Barykov Formation of the Ugol-
naya Bay, North-East of Russia.

Leaves of the new species, M. temlyanensis,
sp. nov., were collected by A. Grabovskiy from the
Tanyurer Formation, distributed in the northern
part of the Pekulney Ridge and between the
Pekulney Ridge and the Zolotoy Ridge near Anadyr
town, Chukotka. This formation is 550–2200 m
thick and consists of andesites, pyroxene and
olivine basalts, tuffs and volcano-sedimentary
deposits (Zvizda et al., 1974). In the lower part of
the section, there are beds of conglomerates with
interlayers of coaly siltstones and grey sand-
stones. Plant fossils are confined to the volcano-
sedimentary layers in the base of the Tanyurer
Formation, which are exposed in the road quarry
near Ugolnye Kopi settlement (Figure 2).

The meaning of Latin abbreviations using in
chapter “Systematic Palaeontology” is given in
Table 2. The terminology follows Ellis et al. (2009),
except we use 'entire' in the sense of being
unlobed. Photographs of the specimens were
made using a Canon 6D camera with low angle
illumination.

Registry

New species name Menispermites temlyanen-
sis Zolina, Golovneva et Grabovskiy, described in
this paper, is registered with a unique PFN number
in the Plant Fossil Names Registry, hosted and
operated by the National Museum, Prague for the
International Organisation of Palaeobotany.

SYSTEMATIC PALAEONTOLOGY

Class MAGNOLIOPSIDA Brongniart, 1843
MAGNOLIOPSIDA incertae sedis

Genus MENISPERMITES Lesquereux, 1874
Menispermites sibiricus (Heer) Golovneva

Figure 3A–G, Figure 4E
1878 Acer sibiricum Heer, p. 46, pl. 10, figure 4b,

5a, pl. 12, figure 1b. 
1878 Nymphaeites tener Heer, p. 44, pl. 13, figure

7.
1952 Menispermites kryshtofovichii Vachrameev,

p. 194, pl. 14, figure 5, 6, pl. 15, figure 6,
text-figure 41.

1955a Menispermites sibiricus (Heer) I. Lebedev
non rite publ., p. 199, pl. 30, figure 1. 

1955b Cissites sibirensis I. Lebedev, p. 203, pl. 31,
figure 4.

FIGURE 1. Distribution of the genus Menispermites in
Northern Asia: 1, 2 – Altykuduk Formation; 3 – Simon-
ovo Formation; 4 – Timmerdyakh Formation; 5 –
Zhonk'er and Boshnyakovo formations; 6 – Arman For-
mation; 7 – Chingandzha Formation; 8 – Valizhgen
Formation; 9 – Krivorechenskaya, Zarya and
Poperechnenskaya formations; 10 – Emuneret Forma-
tion; 11 – Tanyurer Formation; 12 – Barykov and Ginter
formations.

FIGURE 2. Locality of Menispermites temlyanensis
Zolina, Golovneva et Grabovskiy, sp. nov. in the terri-
tory of Anadyr district, Chukotka.

TABLE 2. The meaning of Latin abbreviations in the sys-
tematic chapter.

Abbreviation Meaning

non rite publ. not correctly published

auct. non not by authors

designat. typi omissa type designation missing

cf. similar

ex gr. from the group
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FIGURE 3. Menispermites sibiricus (Heer) Golovneva (A–D – Simonovo Formation, Cenomanian-Turonian; E –
Altykuduk Formation, upper Albian-Cenomanian; F – Poperechnenskaya Formation, Coniacian; G – Chingandzha
Formation, upper Turonian– Coniacian): A – spec. TPU 29/3; B – spec. IUT 252; C – spec. GIN 1800/11, lectotype;
D – spec. IUT 245; E – spec. IBP 313/452; F – spec. TFGI 63/1; G – BIN 1565/383. Scale bar is 1 cm.
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1962 Menispermites sibiricus (Heer) I. Lebedev
non rite publ. p. 258, pl. 49, figure 1. 

1962 Menispermites simonovskiensis I. Lebedev,
p. 258, pl. 65, figure 2.

1962 Menispermites tschulimensis I. Lebedev, p.
258, pl. 49, figure 5.

1968 Menispermites ribesifolius Budantsev, p. 11,
pl. 2, figure 3.

1968 Menispermites stellatus Budantsev, p. 12, pl.
2, figure 4.

1974 Menispermites kryshtofovichii Zhilin, p. 99, pl.
37, figure 5, pl. 40, figure 7.

1974 Protoacerophyllum sibiricum (Heer) Iljins-
kaja, p. 151, text-figure 96, figure 4.

1975 Menispermites sp., Philippova, p. 64, pl. 9,
fig. 1; text-figure 3.

1986 Menispermites kryshtofovichii Shilin, pl. 8,
figure 2, 4, pl. 9, figure 1.

1986 Menispermites syrdariensis Shilin, p. 113, pl.
9, figure 3, pl. 10, figure 4.

1991 Menispermites kryshtofovichii Vachrameev;
Herman and Lebedev, p. 67, pl. 2, figure 5,
text-figure 13.

2006 Menispermites sibiricus (Heer) Golovneva,
p. 1733, pl. 1, figure 1–3; 2010 Cissites cf.
inscissus auct. non Herman; Philippova, pl.
28, figure 2.

2012 Menispermites sibiricus (Heer) Golovneva;
Golovneva and Nosova, p. 115, pl. 43, figure
1–7, pl. 84, figure 5–9, text-figure 8.1, 8.2.

2016 Menispermites sibiricus (Heer) Golovneva;
Herman et al., p. 727, pl. 23, figure 10, 11,
text-figure 18.

2019 Menispermites sibiricus (Heer) Golovneva, p.
66, pl. 41, figure 1–5.

Lectotype (designated by Golovneva, 2006).
Specimen GIN 1800/11, Eastern Siberia, Chulym
River basin, Simonovo Formation, Cenomanian–
Turonian; figure 3C.
Diagnosis (Golovneva, 2006). Leaves rounded or
broadly ovate in outline, usually broader than
long, 3–7 lobate or entire, with peltate, rounded,
cordate or truncate base and broadly triangular
obtuse apex; lobes radially divergent, decreasing
downwards, with additional secondary lobes or
lobe-like teeth, which are rounded or triangular with
obtuse apex; sinuses between lobes rounded;
margin entire or irregularly coarsely dentate,
varying in different leaves; venation palmate with
5–7 straight basal veins, which have several lateral
branches on each side in the distal part; basal

veins usually craspedodromous, other ones form
loops near the margin; peltate base innervated by
2–5 thin veins, running from the beginning of basal
veins.
Range and occurrence. Kazakhstan, Altykuduk
Formation, Cenomanian, Zhirkindek Formation,
Turonian; Western Siberia, Simonovo Formation,
Cenomanian–Turonian; Eastern Siberia, Tim-
merdyakh Formation, Cenomanian; North-East of
Russia, Valizhgen, Chingandzha and Arman for-
mations, upper Turonian–Coniacian, Poperechn-
enskaya Formation, lower Coniacian.

Menispermites minutus (Kryshtofovich) 
Shczepetov, Herman et Belaya 

Figure 4G, Figure 5D, F
1958 Menispermites septentrionalis auct. non Hol-

lick; Kryshtofovich, p. 53, pl. 11, figure 2, 3.
1958 Populus minuta Kryshtofovich, p. 42, text-fig-

ure 19.
1992 Menispermites ex gr. septentrionalis Hollick;

Shczepetov et al., pl. 41, figure 2, pl. 42, fig-
ure 1, pl. 44, figure 1, pl. 49, figure 1, pl. 50,
figure 3, 4, pl. 59, figure 4, 5.

1992 Menispermites minutus (Kryshtofovich)
Shczepetov, Herman et Belaya, p. 44, pl. 41,
figure 6.

1993 Menispermites septentrionalis auct. non Hol-
lick; Philippova and Abramova, pl. 31, figure
1–3. 2015 Menispermites minutus Golov-
neva et al., p. 431, pl. 7, figure 1–7, pl. 8, fig-
ure 1–3.

Neotype (designated by Golovneva et al., 2015).
Specimen NEISRI PF1/688a, North-East of Rus-
sia, Anadyr River basin, Grebenka River, Krivore-
chenskaya Formation, upper Albian–lower
Turonian; Golovneva et al., 2015, pl. 7, figure 4.
Emended diagnosis (Golovneva et al., 2015).
Leaves entire, broadly ovate, sometimes with
lobe-like extensions in upper part, with cordate,
rounded or truncate base and broadly triangular
obtuse or attenuate apex; margin dentate; teeth
broadly triangular, with concave sides, an acute
apex with glands and wide low sinuses; venation
palmate, craspedodromous, with 7–9 basal veins;
midvein straight with 2–3 pairs of secondary
branches in upper part; other basal veins curved,
decreasing downwards, with 2–3 basi- and 1–3
acroscopic branches or dichotomizing 1–3 times.
Range and occurrence. North-East of Russia,
Krivorechenskaya Formation, upper Albian–lower
Turonian. 
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FIGURE 4. Morphological diversity of the genus Menispermites in Northern Asia: A –M. obtusilobus Lesquereux
(after Lesquereux, 1874, pl. 25, figure 1); B – M. septentrionalis Hollick (after Hollick, 1930, pl. 42, figure 4); C – M.
ginterensis Herman, GIN 3385/203 (after Herman, 1988, text-figure 2); D – M. lebedevii Moiseeva, spec. GIN 3392/
68, holotype (after Moiseeva, 2014); E – M. sibiricus (Heer) Golovneva, spec. IUT 243; F – М. favosus Krassilov,
spec. FSCEATB 330/377, holotype; G – M. minutus (Kryshtofovich) Shczepetov, Herman et Belaya, spec. NEISRI
PF1/688a, neotype; H – Menispermites sp., spec. GIN 3385/85, (after Moiseeva and Sokolova, 2007, figure 6i); I – M.
marcovoensis Philippova, spec. TFGI 622/3, holotype; J – М. sachalinensis Kryshtofovich ex Zhilin, spec. TSNIGRM
6256/149, lectotype; K – M. vasetskii Philippova (after Philippova and Abramova, 1993, pl. 107, figure 1); L – M. ori-
entalis Golovneva, spec. NEISRI PF1/505, holotype. Scale bar is 1 cm.
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Menispermites orientalis Golovneva 
Figure 4L, Figure 5G, H

1993 Menispermites septentrionalis auct. non Hol-
lick; Philippova and Abramova, pl. 83, figure
1.

2010 Menispermites efimovae Philippova, non rite
publ., p. 94, pl. 17, figure 5, 6.

2015 Menispermites orientalis Golovneva; Golov-
neva et al., p. 434, pl. 8, figure 4–6.

2016 Menispermites orientalis Golovneva; Her-
man et al., p. 726, pl. 23, fig. 9, text-figure
17.

Holotype. SSpecimen NEISRI PF1/505; North-
East of Russia, Anadyr River basin, Grebenka
River, Krivorechenskaya Formation, upper Albian–
lower Turonian; Golovneva et al., 2015, pl. 8, figure
4.Holotype. Specimen NEISRI PF1/505; North-
East of Russia, Anadyr River basin, Grebenka
River, Krivorechenskaya Formation, upper Albian–
lower Turonian; Golovneva et al., 2015, pl. 8, figure
4.
Diagnosis (Golovneva et al., 2015). Leaves entire,
broadly ovate, with cordate base and obtuse or
rounded apex; margin crenate; teeth rounded or
broadly triangular, with convex sides and rounded
apex with glands; venation palmate, craspedodro-
mous, with 9 basal veins; midvein straight with 1–
2 pairs of secondary branches; other basal veins
curved, decreasing downwards, with 2–3 basis-
copic branches or dichotomizing 1–2 times.
Range and occurrence. North-East of Russia,
Krivorechenskaya Formation, upper Albian–lower
Turonian, Zarya and Arman formations, upper
Turonian–Coniacian, Poperechnenskaya Forma-
tion, lower Coniacian.

Menispermites vasetskii Philippova 
Figure 4K

1993 Menispermites vasetskii Philippova; Philip-
pova and Abramova, p. 122, pl. 32, fig. 1,
pl.38, figure 5, 6, pl. 40, figure 4, pl. 56, fig-
ure 5, pl. 57, figure 1, 2.

Holotype. Specimen TFGI 622-1-40/225a, North-
East of Russia, Bystraya River, Krivorech-
enskaya Formation, upper Albian–lower Turonian;
Philippova and Abramova, 1993, pl. 32, fig. 1.
Diagnosis (presented here). Leaves entire, broadly
ovate, with cordate or truncate base and rounded
or acute apex; margin dentate; teeth evenly
spaced, high, triangular, with rounded apex;
sinuses rounded; venation palmate, craspedodro-
mous, with 5–7 basal veins, midvein with 1–2
pairs of dichotomizing secondary branches in

upper part; lateral veins dichotomously branching
2–3 times.
Range and occurrence. North-East of Russia,
Krivorechenskaya Formation, upper Albian–lower
Turonian.

Menispermites marcovoensis Philippova 
Figure 4I, Figure 5E

1978 Menispermites marcovoensis Philippova, p.
141, pl. 10, figure 1, 2.

1993 Menispermites marcovoensis Philippova;
Philippova and Abramova, p. 121, pl. 32, fig-
ure 3–5, pl. 56, figure 4.

2010 Menispermites marcovoensis; Philippova
Moiseeva, pl. 15, figure 12, 13, text-figure
3l–3n.

Holotype. Specimen TFGI 622/3, North-East of
Russia, Anadyr River basin, Grebenka River, Kri-
vorechenskaya Formation, upper Albian–lower
Turonian; Philippova, 1978, pl. 10, figure 1, text-
figure 1.
Diagnosis (presented here). Leaves entire, fan-
shaped, usually the width is twice the length, with
broadly cuneate or truncate base and obtuse
rounded apex; margin dentate; teeth evenly
spaced, high, broadly triangular with rounded
apex; sinuses rounded; venation palmate, craspe-
dodromous, with 7–11 basal veins dichotomously
branching in upper part.
Range and occurrence. North-East of Russia,
Krivorechenskaya Formation, upper Albian–lower
Turonian, Ginter Formation, Cenomanian.

Menispermites ginterensis Herman 
Figure 4C

2010 Menispermites ginterensis Herman, 1988, p.
112, text-fig. 2, 3. – Moiseeva, pl. 15, fig. 11,
text-figure 4g.

Holotype. Specimen GIN 3385/203, North-East of
Russia, Koryak Upland, Ugol’naya Bay, Ginter
Formation, Cenomanian; Herman, 1988, text-figure
2, 3.
Diagnosis (presented here). Leaves entire,
widely ovate, with truncate base and obtuse
apex; margin dentate; teeth small, no evenly
spaced, triangular, with acute or rounded apex;
sinuses rounded; venation palmate, brochidodro-
mous or semi craspedodromous in lower part of
lamina and craspedodromous in its upper part,
with 5 basal veins; midvein with 3 pairs of sec-
ondary branches in upper part; lower basal veins
curved, with several basiscopic branches.
Range and occurrence. North-East of Russia,
Ginter Formation, Cenomanian.
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FIGURE 5. Species of the genus Menispermites from Northern Asia: A, B – М. favosus Krassilov, Boshnyakovo For-
mation, Maastrichtian-Danian: A – spec. GIN 58/33; B – spec. GIN 58/53a; C – М. sachalinensis Kryshtofovich ex
Zhilin, spec. TSNIGRM 6256/149, lectotype, Zhonk'er Formation, Campanian; D, F – M. minutus (Kryshtofovich)
Shczepetov, Herman et Belaya, Krivorechenskaya Formation, upper Albian-lower Turonian: D – spec. TFGI 223/
1; F – spec. NEISRI PF1/688a, neotype; E – M. marcovoensis Philippova, spec. TFGI 622/3; G, H – M. orienta-
lis Golovneva: G – spec. TFGI 622/13, Krivorechenskaya Formation, upper Albian-lower Turonian; H – spec. TFGI
403/1, Poperechnenskaya Formation, Coniacian. Scale bar is 1 cm.
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Menispermites lebedevii Moiseeva 
Figure 4D

2014 Menispermites lebedevii Moiseeva, p. 681,
pl. 15, figure 1–5, 9.

Holotype. Specimen GIN 3392/68, North-East of
Russia, Enmyvaam River, Emuneret Formation,
Santonian–Campanian; Moiseeva, 2014, pl. 15, fig.
1, 5, text-figure 3b.
Diagnosis (Moiseeva, 2014). Leaves entire,
rounded or ovate, slightly asymmetric; leaf base
peltate eccentric; leaf apex rounded; margin irreg-
ularly dentate, partly undulate; teeth usually flat,
rounded-triangular with rounded or more rarely
acute apex; venation palmate, craspedodromous
or semicraspedodromous, with 7–9 basal veins
decreasing downwards; midrib prominent, with 2–
3 pairs of secondary veins; lower basal veins thin
and short, running to base of leaf lamina into pelta.
Range and occurrence. North-East of Russia,
Emuneret Formation, Santonian–Campanian.

Menispermites sachalinensis Kryshtofovich 
ex Zhilin 

Figure 4J, Figure 5C
1918 Hedera macclurii auct non Heer; in Kryshto-

fovich, p. 59, text-figure 14.
1960 Menispermites sachalinensis Kryshtofovich,

non rite publ., designat. typi omissa; Krysh-
tofovich and Baikovskaya, p. 81, pl. 17, fig.
2, text-figure 28.

1974 Menispermites sachalinensis Kryshtofovich
ex Zhilin; Zhilin p. 100, pl. 38, figure 6.

1979 Menispermites sachalinensis Kryshtofovich
ex Zhilin; Krassilov, p. 108, pl. 30, figure 11.

Lectotype (designated by Zhilin, 1974). Specimen
TSNIGRM 6256/149, Sakhalin, Cap Jonquiere,
Zhonk’er Formation, Campanian; Zhilin, 1974, pl.
38, figure 6.
Diagnosis (presented here). Leaves entire,
rounded in outline, with cordate base, apex acute
with big rounded tooth in the top; margin dentate or
undulate; teeth large, distantly spaced, broadly tri-
angular with rounded apices, different in size;
sinuses rounded; venation palmate, craspedodro-
mous, with 5–7 basal veins; midvein with 1–2 pairs
of secondary veins in upper part; lateral veins pro-
ducing 1–3 basiscopic branches or dichotomizing.
Range and occurrence. Sakhalin, Zhonk'er For-
mation, Campanian.

Menispermites favosus Krassilov 
Figure 4F, Figure 5A, B

1979 Menispermites favosus Krassilov, p. 108, pl.
31, figure 1.

Holotype. Specimen FSCEATB 330/377, Sakhalin,
Avgustovka River, Boshnyakovo Formation,
Maastrichtian–Danian; Krassilov, 1970, pl. 31, fig-
ure 1.
Diagnosis (presented here). Leaves entire, broadly
ovate; base rounded or truncate, peltate or non-
peltate; pelta (if present) small, 2–3 mm high; apex
rounded with small triangular tooth in top; margin
undulate; venation palmate, craspedodromous,
with 5–7 basal veins; midvein producing 2–3
pairs of secondary veins; outer lateral basal
veins providing 3–5 basiscopic brochidodromous
branches.
Range and occurrence. Sakhalin, Boshnyakovo
Formation, Danian.

Menispermites temlyanensis 
Zolina, Golovneva et Grabovskiy, sp. nov.
Figure 6A–E, Figure 7A–E, Figure 8A–F

Plant Fossil Registration number PFN003476

Etymology. After Temlyan Mountain.
Holotype (designated here). Specimen BIN
1588/263, North-East of Russia, Anadyr district
of Chukotka, Tanyurer Formation, Maastrichtian–
Danian; figure 6A, 8B.
Material. Collection BIN 1588, specimens 218,
221, 241, 250–266, 410, 411.
Diagnosis. Leaves trilobate or unlobate, broadly
ovate with rounded, peltate base with high pelta;
lobes (if presents) small, broadly triangular with
rounded apices; central lobe bigger than lateral
ones; apex of unlobate leaves attenuate; margin
entire; venation palmate, with 3–5 basal veins;
midvein producing 3–5 pairs of secondary veins;
inner lateral veins straight, terminated in the lobes
apices; outer lateral basal veins curved, con-
nected with inner lateral veins; pelta innervated
by 2–4 pairs of thin veins.
Description. Leaves are simple, 3–12 cm in length
and 3–9 cm in wide. The leaf lamina is broadly
ovate in outlines, trilobate, more rarely unlobate.
Lobes (if presents) are small, broadly triangular
with rounded apices and strait or slightly convex
sides (Figure 6A, D, Figure 7C, Figure 8B, C, E).
Central lobe is significantly bigger than lateral
ones. Unlobate leaves have attenuate apex with
rounded tip (Figure 7A, B). The leaf base is
rounded, peltate. The height of the pelta ranges
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FIGURE 6. Menispermites temlyanensis Zolina, Golovneva et Grabovskiy, sp. nov.: A – spec. BIN 1588/263, holo-
type; B – spec. BIN 1588/218; C – spec. BIN 1588/251; D – spec. BIN 1588/265; E – spec. BIN 1588/261. Scale bar
is 1 cm.
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from one quarter to one third of the leaf length. The
margin is entire (Figure 6C).

Venation is palmate, with 3–5 basal veins. The
midvein is straight or slightly curved. It is thicker
and longer that other veins, running to the leaf
apex, producing 3–5 pairs of alternate or subop-
posite secondary veins in the upper one-quarter
of the lamina. These secondary veins are con-
nected to each other and form series of loops near
leaf apex. Inner basal lateral veins are thick,
straight, diverging from the midvein at an angle 35–
45°, running to the lobe’s apices. They produce 1–3
pairs of short curved brochidodromous secondary
veins in upper part, which innervate lobes. The
lowest acroscopic secondary veins are connected

with the lowest secondary veins extending from
the midvein. Outer lateral basal veins are curved,
thinner and shorter than inner lateral basal veins.
They diverge from the midvein at an angle about
75–85° and join with inner lateral veins near the
leaf margin. They provide 3–5 thin basiscopic
brochidodromous branches. Pelta is innervated
by 2–4 pairs of thin, radiating, dichotomously
branching veins (Figure 6A, B, E, Figure 7D, B, E,
Figure 8B, D, F). Tertiary veins form an alternating
series of meshes (Figure 6C, Figure 8B).
Remarks. The type species of the genus Meni-
spermites, M. obtusilobus (Figure 4A) from the
Dakota Formation has broadly ovate, trilobate pel-
tate leaves with obtuse apex, low pelta (3–4 mm),

FIGURE 7. Menispermites temlyanensis Zolina, Grabovskiy et Golovneva, sp. nov.: A – spec. BIN 1588/254; B –
spec. BIN 1588/262; C – spec. BIN 1588/411; D – spec. BIN 1588/410; E – spec. BIN 1588/266. Scale bar is 1 cm.



PALAEO-ELECTRONICA.ORG

13

truncate base and crenate or undulate margin
(Lesquereux, 1874). M. temlyanensis is similar to
the type species in its trilobate shape and in the
presence of a pelta. The new species differs from M.
obtusilobus by its small lobes, high pelta (2–4 cm)
and entire margin. Two species M. salinensis Les-
quereux and M. acerifolius Lesquereux were
described from the Dakota Formation together

with the type species (Lesquereux, 1874). Both
species are characterized by nonpeltate leaves.

Most species of Menispermites have entire
leaves. Since the leaves of the new species are tri-
lobate, they have the greatest resemblance to M.
sibiricus. TThis species has broadly ovate 3–5
lobate leaves, with rounded, cordate or truncate
base, broadly triangular obtuse lobes and dentate

FIGURE 8. Menispermites temlyanensis Zolina, Golovneva et Grabovskiy, sp. nov.: A – spec. BIN 1588/218; B –
spec. BIN 1588/263, holotype; C – spec. BIN 1588/259; D – spec. BIN 1588/410; E – spec. BIN 1588/265; F– spec.
BIN 1588/261. Scale bar is 1 cm.
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margin (Figure 4). Both species are characterized
by well-developed pelta. However, M. temlyanensis
is distinguished from M. sibiricus by less developed
lobes and by entire margin
Range and occurrence. North-East of Russia,
Tanyurer Formation, Maastrichtian–Danian.

Menispermites sp.
Figure 4H

2007 Menispermites cf. sachalinensis Kryshtofo-
vich ex Zhilin; Moiseeva and Sokolova, pl.
4, figure 12, text-figure 6i.

Range and occurrence. North-East of Russia,
Barykov Formation, Campanian.

DISCUSSION

The earliest occurrences of Menispermites in
the North-East of Russia appeared in the upper
Albian–lower Turonian Krivorechenskaya Forma-
tion. Here four species were recorded: M. minu-
tus, M. vasetskii, M. marcovoensis, and M.
orientalis. The first three of them were found only
in this formation. Thus, they are endemic to the
Grebenka flora (Shczepetov et al., 1992; Philip-
pova and Abramova, 1993), while M. orientalis
was also discovered in several late Turonian–
Coniacian floras in the North-East of Russia. The
leaves of these four species are rather diverse
in morphology, from fan-shaped with truncate
base to widely ovate with deeply cordate base.
However, all of them are entire (have no lobes)
and have no pelta (Figure 9).

M. ginterensis Herman was found in the Ceno-
manian Ginter Formation and is not recorded in
other places.

In western Kazakhstan and Siberia, Menisper-
mites appeared in the Cenomanian and is repre-
sented by M. sibiricus. This species is
characterized by very variable peltate and lobate
leaves with entire or dentate margin. It persisted in
Kazakhstan and Siberia up to the Turonian and
appeared in the North-East of Russia in the upper
Turonian–Coniacian.

After the Turonian, Menispermites did not
occur in Kazakhstan and Siberia. In the North-
East of Russia two species of Menispermites were
found in the Santonian and Campanian: M. lebe-
devii from the Emuneret Formation and Menisper-
mites sp. from the Barykov Formation (Figure 9).
The first species is characterized by entire ovate
leaves with dentate margin and high pelta, and
second species had also entire ovate leaves, but
with entire margin and nonpeltate.

In the Campanian Menispermites first
appears on Sakhalin, where two species are
known. М. sachalinensis, with entire widely ovate
nonpeltate leaves, was described from the Cam-
panian Zhonk'er Formation. The second species, М.
favosus, with entire ovate leaves and with very small
pelta, was found in the Maastrichtian–Danian Boshnya-
kovo Formation.

At the same time, M. temlyanensis was dis-
tributed in the North-East of Russia. Its lobate
leaves with very high pelta and entire margin were
found in the Maastrichtian–Danian Tanyurer For-
mation. Later findings of Menispermites in Northern
Asia are not known. Menispermites from Northern
Asia are characterized by significant morphologi-
cal diversity.

Among the representatives of Menispermites
from Northern Asia, four species have a pelta:
M. sibiricus, M. lebedevii, M. temlyanensis, and М.
favosus. This suggests that they may have been
lianas like many modern Menispermaceae, which
also have peltate leaves (Givnish and Vermeij,
1976). Leaves with this morphological feature are
observed from the Cenomanian to the Maastrich-
tian–Danian. Nowadays, lianas are mainly distrib-
uted in tropical climates, although they are also
found in both subtropical and temperate climates.
During the Late Cretaceous, the climate in the dif-
ferent parts of Northern Asia was humid, subtropi-
cal or temperate (Moiseeva and Sokolova, 2007;
Spicer and Herman, 2010; Zolina et al., 2020). The
analysis of fossil floras suggests that polydominant
deciduous forests with an admixture of evergreen
species were widespread in this territory (Spicer
and Herman, 2010; Golovneva and Nosova, 2012;
Golovneva, 2019).

Thus, Menispermites in Northern Asia is
known from the late Albian up to the Maastrich-
tian–Danian. The greatest number of species is
confined to the North-East of Russia.

In other regions of Northern Asia, stratigraphic
distribution of Menispermites was limited. In
Kazakhstan and Siberia, it is known from the Ceno-
manian to Turonian. On Sakhalin, Menispermites is
known from the Campanian to the Maastrictian–
Danian.

Eleven species of Menispermites are known
from Northern Asia. Among them, M. sibiricus had
the widest geographical and stratigraphic distribu-
tion. The other species of the genus had narrow
geographic and stratigraphic ranges.

In other regions of Eurasia, the species diver-
sity of Menispermites was significantly lower. Only
one species was described from the Upper Creta-
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ceous of Europe – M. summesbergeri from the
Campanian Grünbach Formation (Herman and
Kvaček, 2010). In North America, the greatest
species diversity of the genus occurs in the late
Albian–Cenomanian (Lesquereux, 1874; Knowl-

ton, 1919; Doria et al., 2008). Later finds are rare.
The youngest Cretaceous species is M. olmosen-
sis from the Campanian–Maastrichtian deposits of
Mexico (Guzmán-Vázquez et al., 2018).

FIGURE 9. Distribution of the genus Menispermites in Northern Asia. A – M. temlyanensis Zolina, Golovneva et
Grabovskiy, sp. nov.; B – М. favosus Krassilov; C – M. lebedevii Moiseeva; D – Menispermites sp.; E – М. sachalin-
ensis Kryshtofovich ex Zhilin; F, H – M. sibiricus (Heer) Golovneva; G, M – M. orientalis Golovneva; I – M. mar-
covoensis Philippova; K – M. vasetskii Philippova; L – M. minutus (Kryshtofovich) Shczepetov, Herman et Belaya; N –
M. ginterensis Herman.
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CONCLUSIONS

In Northern Asia, Menispermites was distrib-
uted from the late Albian up to the Maastrich-
tian–Danian. During this time, the territory of the
North-East of Russia was the center of species
diversity of this genus. Short-lived species with
limited ranges predominated. Members of Meni-
spermites had diverse leaf morphology. M. sibiricus
had the widest geographical and stratigraphic
ranges from Kazakhstan to Chukotka and from
Cenomanian to Coniacian. The greatest species

and morphological diversity of Menispermites
occurs in the Cenomanian–Turonian of the North-
East of Russia. 

ACKNOWLEDGEMENTS

The authors are grateful to Dr. Mike Pole, Dr.
Tatiana Kodrul, and anonymous reviewers for their
helpful comments. This study was supported by the
Russian Science Foundation (grant number 23-77-
01087).

REFERENCES

Angiosperm Phylogenetic Group (APG). 2016. An update of the Angiosperm Phylogeny Group 
classification for the orders and families of flowering plants: APG IV. Botanical Journal of the 
Linnean Society, 141:399–436. 
https://doi.org/10.1046/j.1095-8339.2003.t01-1-00158.x

Bell, W.A. 1956. Lower Cretaceous floras of western Canada. Geological Survey of Canada 
Memoir, 285:1–153. 
https://doi.org/10.4095/101511

Bell, W.A. 1962. Upper Cretaceous floras of the Dunvegan, Bad Heart, and Milk River 
Formations of Western Canada. Geological Survey of Canada, 94:1–76. 
https://doi.org/10.4095/100613

Berry, E.W. 1916. The lower Eocene floras of southeastern North America. U.S. Geological 
Survey Professional Paper 91, Washington, D.C., USA. 
https://doi.org/10.3133/pp91

Berchtold, B.V. von and Presl, J.S. 1820. O Prirozenosti Rostlin. Krala Wiljma Endersa, Prague.
Bonde, S. 1997. Fossil dicotyledonous liana Anamirta pfeifferi sp. nov. (Menispermaceae) from 

the Deccan Intertrappean beds of India. Journal of Palaeosciences, 46(3):89–94. 
https://doi.org/10.54991/jop.1997.1352

Brongniart, A.1843. Énumération des genres de plantes cultives au Muséum d’Histoire 
Naturelle de Paris, Saivant l’Orde établi dan l’école de Botanique en 1843. Paris.

Budantsev, L.Yu. 1968. Late Cretaceous flora of the Vilyui Depression. Botanicheskii Zhurnal, 
53(1):3–16. [In Russian]

Chandler, M.E.J. 1964. The Lower Tertiary Floras of Southern England. Volume IV. A 
Summary and Survey of Findings in Light of Recent Botanical Observations. British 
Museum (Natural History), London.

Collinson, M.E. 1983a. Fossil Plants of the London Clay. Palaeontological Association Field 
Guides to Fossils no.1, London.

Cronquist, A. 1981. An integrated system of classification of flowering plants. Columbia 
University Press, New York, USA.

Del Rio, C., Huang, J., Liu, P., Deng, W.Y.D., Spicer, T.E.V., Wu, F.X., Zhou, Z.K., and Su, T. 
2021. New Eocene fossil fruits and leaves of Menispermaceae from the central Tibetan 
Plateau and their biogeographic implications. Journal of Systematics and Evolution, 
59(6):1287–1306. 
https://doi.org/10.1111/jse.12701

Doyle, J.A. and Hickey, L.J. 1976. Pollen and leaves from the Mid-Cretaceous Potomac Group 
and their bearing on early angiosperm evolution, p. 139–206. In Beck, C.B. (ed.), Origin 
and early evolution of Angiosperms. Columbia University Press, New York, USA.

Ellis, B., Daly, D., Hickey, L.J., Johnson, K., Mitchell, J., Wilf, P., Wing, S. (eds.), 2009. Manual of 
leaf architecture. Cornell University Press, New York, 201 pp. 



PALAEO-ELECTRONICA.ORG

17

Friis, E.M., Crane, P.R., and Pedersen, K.R. 2011. The Early Flowers and Angiosperm 
Evolution. Cambridge University Press, Cambridge. 
https://doi.org/10.1017/CBO9780511980206 

Givnish, T.J. and. Vermeij, G.J. 1976. Sizes and shapes of liane leaves. The American Naturalist, 
110(975):743–778. 
https://doi.org/10.1086/283101

Golovneva, L.B. 2006. The genus Menispermites in the Cretaceous floras of Northern Asia. 
Botanicheskii Zhurnal, 91(11):1731–1740. (In Russian with English abstract)

Golovneva, L.B. 2019. The Chingandzha flora of the Okhotsk-Chukotka volcanic belt. 
Palaeobotany, 10:13–179. 
https://doi.org/10.31111/palaeobotany/2019.10.13

Golovneva, L.B., Shczepetov, S.V., and Alekseev, P.I. 2011. The Chingandzha flora (the Late 
Cretaceous, North-East of Russia): systematic composition, palaeoecological features and 
stratigraphic significance. Lectures in memory of A. N. Kryshtofovich, 7:37–61. [In Russian 
with English abstract]

Golovneva, L.B. and Nosova, N.B. 2012. Albian–Cenomanian flora of Western 
Siberia.Marathon, Saint–Petersburg. [In Russian] 
https://doi.org/10.1134/S0031030115030065

Golovneva, L.B. and Grabovskiy, A.A. 2015. Stratigraphic position and localities of the Temlyan 
flora from the Anadyr river lower course basin. Palaeobotany, 6:48–67. (In Russian with 
English abstract) 
https://doi.org/10.31111/palaeobotany/2015.6.48

Golovneva, L.B., Herman, A.B., and Shczepetov, S.V. 2015. The genus Menispermites 
Lesquereux (Angiosperms) in the Cretaceous Grebenka flora of Northeastern Russia. 
Paleontological Journal, 49(4):429–437.

Golovneva, L.B. and Grabovskiy, A.A. 2019. The genus Hausmannia (Dipteridaceae) in the 
Cretaceous of the North-East of Russia and its paleobiogeographic implications. Cretaceous 
Research, 93:22–32. 
https://doi.org/10.1016/j.cretres.2018.09.001

Guzmán–Vázquez, I., Calvillo–Canadell, L., and Sánchez–Beristain, F. 2018. Leaves of 
Menispermaceae and Dioscoreaceae from the Olmos Formation (Upper Cretaceous) from the 
state of Coahuila, Northern Mexico. Review of Palaeobotany and Palynology, 258:73–82.
https://doi.org/10.1016/j.revpalbo.2018.06.014

Heer, O. 1878. Beiträge zur fossilen Flora Sibiriens und des Amurlandes. Flora Fossilis 
Arctica, 5:1–58.

Herman, A.B. 1988. Cenomanian Flora of Ugol’naya Bay (Northeastern USSR). Izvestia 
Akademii Nauk SSSR, Seria Geolologia, 11:110–114. [In Russian]

Herman, A.B. and Lebedev, E.L. 1991. Stratigraphy and flora of Cretaceous deposits of the 
North-West Kamchatka. Nauka, Moscow. [In Russian]

Herman, A.B. and Kvaček, J. 2010. Late Cretaceous Grünbach Flora of Austria. Verlagdes 
Naturhistorisches Museum in Wien, Wien.

Herman, A.B., Golovneva, L.B., Shczepetov, S.V., and Grabovsky, A.A. 2016. The Late 
Cretaceous Arman Flora of Magadan Oblast, Northeastern Russia. Stratigraphy and 
Geological Correlation, 24(7):651–760. 
https://doi.org/10.1134/S0869593816070029

Herrera, F., Manchester, S.R., Hoot, S.B., Wefferling, K.M., Carvalho M.R., Jaramillo, C. 2011. 
hytogeographic implications of fossil endocarps of Menispermaceae from the Paleocene of 
Colombia. American Journal of Botany, 98:2004–2017.

Hollick, A. 1930. The Upper Cretaceous floras of Alaska. United States Geological Survey 
professional paper, 159:1–119.

Hoot, S.B., Zautke, H., Harris, D.J., Crane, P.R., and Neves, S.S. 2009. Phylogenetic 
patterns in Menispermaceae based on multiple chloroplast sequence data. Systematic 
Botany, 34:44–56. 
https://doi.org/10.1600/036364409787602339

Iljinskaja, I.A. 1974. Protoacerophyllum Romanova, p. 150–152. In Takhtajan, A.L. (ed.), 
Magnoliophyta Fossilia URSS 1. Nauka, Leningrad. [In Russian]

Jacques, F.M.B. 2009. Fossil history of the Menispermaceae (Ranunculales). Annals de 
Paléontologie, 95:53–69. 
https://doi.org/10.1016/j.annpal.2009.03.001



ZOLINA, GOLOVNEVA, & GRABOVSKIY: MENISPERMITES IN NORTHERN ASIA

18

Jacques, F.M.B. and De Franceschi, D. 2005. Endocarps of Menispermaceae from Le 
Quesnoy outcrop (Sparnacian facies, Lower Eocene, Paris Basin). Review of Palaeobotany 
and Palynology, 135:61–70. 
https://doi.org/10.1016/j.revpalbo.2005.02.005

Jacques, F.M.B., Wang, W., Ortiz, R.D.C., Li, H.?L., Zhou, Z.?K., and Chen,    Z.?D. 2011. 
Integrating fossils in a molecular-based phylogeny and testing them as calibration points 
for divergence time estimates in Menispermaceae. Journal of Systematics and Evolution, 
49:25–49. 
https://doi.org/10.1111/j.1759–6831.2010.00105.x

Jud, N.A., Iglesias, A., Wilf, P., Gandolfo, M.A. 2018. Fossil moon seeds from the Paleogene of 
West Gondwana (Patagonia, Argentina). America Journal of Botany, 105: 27–942.

Kara, E., Bardin, J., De Franceschi, D., and Del Rio, C. 2023. Fossil endocarps of 
Menispermaceae from the late Paleocene of Paris Basin, France. Journal of Systematics and 
Evolution, 62(4):809–828. 
https://doi.org/10.1111/jse.13033

Kessler, P.J.A. 1993. Menispermaceae, p. 402–418. In Kubitzki, K., Rohwer, J.G., and Bittrich, 
V. (eds.), The families and genera of vascular plants. Springer, Berlin.

Knobloch, E. and Mai, D.H. 1984. Neue Gattungen nach Früchten und Samen aus dem 
Cenoman bis Maastricht (Kreide) von Mitteleuropa. Feddes Repertorium, 95:3–41. 
https://doi.org/10.1002/fedr.4910950103

Knowlton, F.H. 1919. Catalogue of Mesozoic and Cenozoic plants of North America.Bulletin of 
the United States Geological Survey, 696:1–815.

Krassilov, V.A. 1979. The Cretaceous flora of Sakhalin. Nauka, Moscow. [In Russian] 
Krassilov, V.A. and Golovneva, L.B. 2004. A minute mid–Cretaceous flower from Siberia and 

implications for the problem of basal angiosperms. Geodiversitas, 26 (1):5–15.
Krishtofovich, A.N. 1958. Cretaceous flora of the river basin Anadyr. Proceedings of the BIN 

USSR Academy of Sciences, 8(3):7–68. [In Russian]
Kryshtofovich, A. 1918. On the Cretaceous flora of Russian Sakhalin. J. college of sc., 

Imperial University of Tokyo, 40(8):1–73.
Kryshtofovich, A.N. and Baikovskaya, T.N. 1960. Cretaceous Flora of Sakhalin Island. Akad. 

Nauk SSSR, Moscow. [In Russian] Lebedev, I.V. 1955a. Cretaceous system, p. 183–186. In 
Atlas of leading forms of fossil fauna and flora Western Siberia. Gosgeoltekhizdat, Moscow. 
[In Russian]

Lebedev, I.V. 1955b. Kassky complex, p. 196–205. In Atlas of leading forms of fossil fauna 
and flora Western Siberia. Gosgeoltekhizdat, Moscow. [In Russian]

Lebedev, I.V. 1962. Upper Cretaceous plants. Biostratigraphy of Mesozoic and Tertiary 
sediments of Western Siberia. Proceedings SNIIGGIMS, 22:237–282. [In Russian]

Lesquereux, L. 1874. Contributions to the fossil flora of the Western Territories. Part I. 
Cretaceous flora. United States Geological and Geographical Survey of the Territories, 6:1–
136. 
https://doi.org/10.5962/bhl.title.7726

Mai, D.H. 1995. Tertiäre Vegetationsgeschichte Europas. Gustav Fischer Verlag, Jena, 
Stuttgart, New York.

Manchester, S.R. 1994. Fruits and seeds of the Middle Eocene Nut Beds Flora, Clarno 
Formation, Oregon. Palaeontographica Americana, 58:1–205.

Manchester, S.R. ,Golovneva, L.B., Sokoloff, D.D., and Friis, E.M. 2018. Early eudicot 
reproductive structure: Fruit and flower morphology of Ranunculaecarpus Samyl. from the 
Early Cretaceous of eastern Siberia. Acta Palaeobotanica, 58(2):121–133. 
https://doi.org/10.2478/acpa–2018–0017

Moiseeva, M.G. 2010. New data on the Cenomanian Flora of the Ugol’naya bay (Northeastern 
Russia). Paleontological Journal, 44(2):226–239. 
https://doi.org/10.1134/S0031030110020140

Moiseeva, M.G. 2014. New Angiosperms from the Late Cretaceous Ust’Emuneret flora of Central
Chukotka. Paleontological Journal, 48(6):676–687. 
https://doi.org/10.1134/S0031030114060112

Moiseeva, M.G. and Sokolova, A.V. 2007. Campanian flora of the Ugolnaya Bay area (North–
Eastern Russia): systematics and paleoclimate. Lectures in memory of A. N. Kryshtofovich, 
7:62–87. [In Russian]



PALAEO-ELECTRONICA.ORG

19

Ortiz, R.D.C., Kellogg, E.A., and Werff, H.V.D. 2007. Molecular phylogeny of the moonseed 
family (Menispermaceae): implications for morphological diversification. American Journal 
of Botany, 94:1425–1438. 
https://doi.org/10.3732/ajb.94.8.1425

Philippova, G.G. 1978. The Cretaceous angiosperms from the Anadyr River basin. 
Paleontological Journal, 1:138–144. [In Russian]

Pilippova, G.G. 2010. Cretaceous Stratigraphy and Floral Assemblages of the Northern Pekulney 
Range (Chukotka). Northeastern Integrated Scientific Research Institute, Magadan. [In 
Russian]

Pilippova, G.G. and Abramova, L.N. 1993. The Late Cretaceous flora of the North-East of Russia. 
Nedra, Moscow. [In Russian]

Shczepetov, S.V., Herman, A.B., and Belaya, B.V. 1992. Middle Cretaceous flora on the right 
bank of the Anadyr River: stratigraphic setting, taxonomic composition, and atlas of fossil 
plants. SVKNII DVO RAN, Magadan. [In Russian]

Shilin, P.V. 1986. Late Cretaceous flora of Kazakhstan: systematic composition, history of 
development, stratigraphic significance. Nauka, Alma-Ata. [In Russian]

Spicer, R.A. and Herman, A.B., 2010. The Late Cretaceous Environment of the Arctic: A 
quantitative reassessment using plant fossils. Palaeogeography, Palaeoclimatolgy, 
Palaeoecology, 295:423–442. 
https://doi.org/10.1016/j.palaeo.2010.02.025

Vachrameev, V.A. 1952. Stratigraphy and fossil flora of the Jurassic–Cretaceous beds of 
western Kazakhstan. Regional Stratigraphy of the USSR, 1. Akademia Nauk SSSR, Moscow. 
[In Russian]

Vachrameev, V.A. 1966. Late Cretaceous floras of the Pacific coast of the USSR, features of 
their composition and stratigraphy in some positions. Proceedings of the USSR Academy of 
Sciences, Seria Geology, 3:76–87. [In Russian]

Wang, W., Ortiz, R.D.C., Jacques, F.M.B., Xiang, X.-G., Li, H.-L., Lin, L., Li,    R.-Q., Liu, Y., Soltis, 
P.S., Soltis, D.E., and Chen, Z.-D. 2012. Menispermaceae and the diversification of 
tropical rainforests near the Cretaceous-Paleogene boundary. New Phytologist, 195:470–
478. 
https://doi.org/10.1111/j.1469–8137.2012.04158.x

Wefferling, K.M., Hoot, S.B., and Neves, S.S. 2013. Phylogeny and fruit evolution in 
Menispermaceae. American Journal of Botany, 100:883–905. 
https://doi.org/10.3732/ajb.1200556

Zhilin, S.G. 1974. Menispermites Lesq., p. 97–102. In Takhtajan, A.L. (ed.), Magnoliophyta 
Fossilia URSS 1. Nauka, Leningrad. [In Russian]

Zolina, A.A., Golovneva, L.B., and Spicer, R.A., 2020. Latest Cretaceous (Maastrichtian) climate 
of the Koryak Upland of North-East Russia based on a quantitative analysis of a palaeo-polar 
flora. Palaeogeography, Palaeoclimatology, Palaeoecology, 560:1e12. 
https://doi.org/10.1016/j.palaeo.2020.109997

Zvizda, T.V., Papir, A.A., and Chubarova, Z.F. 1974. Report on hydrological and engineering–
geological survey of 1:200,000 scale on the territory of sheets Q–60–XXIUSH, XXX1U for 
1971–72. Anadyr. [In Russian]



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


