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THE N. S. SNIGIREVSKAYA’'S COLLECTIONS OF FOSSIL PLANTS
IN KOMAROV BOTANICAL INSTITUTE
WITH AN ACCOUNT OF HER LIFE AND WORK

S. M. Snigirevsky! 2, A. P. Lyubarova?

Saint Petersburg State University, Institute of Earth Sciences, St. Petersburg, Russia, s.snigirevsky @spbu.ru

?Komarov Botanical Institute RAS, St. Petersburg, Russia

KOJIJIEKITUU UCKOMMAEMbBIX PACTEHUI H. C. CHUTUPEBCKOI1
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?bomanuveckuii uncmumym um. B. JI. Komaposa PAH, Canxm-Ilemepbype, Poccus

Abstract. A catalogue of fossil plants collected
and/or described by the famous Russian palaeobota-
nist, an employee of the Komarov Botanical Institute
RAS, Natalia Snigirevskaya is presented. The mate-
rials are stored in the Laboratory of Palaeobotany of
the BIN RAS. References are provided to publications
based on these collections. The catalogue is accompa-
nied by images of some holotypes made with modern
equipment. A short essay on the life and work of Nata-
lia Snigirevskaya precedes the catalogue.

Key words: palaeobotany, catalogue of fossil
plants, Palaecozoic, Mesozoic, Komarov Botanical
Institute RAS, N. S. Snigirevskaya.

Pestome. TTy6imkyercst KaTaaor KOJJIEKIIUN HC-
KOIaeMbIX PacTeHWH, COOPaHHBIX U/Win 06paboTaH-
HBIX W3BECTHBIM POCCHIICKUM Masc000TaHUKOM, CO-
TpyauukoM Boranmyeckoro unctutyta uMm. B. JI. Ko-
mapoBa PAH Harammeit CepreeBroii CHUTHPEBCKOI.
Matepuasibl XpaHsaTes B 1ab0paToOpuu MasecoO0TaHUKN
BWH PAH. TIpuBoasTcs cChUIKK Ha MyOJIMKAINT, OC-
HOBaHHbIEC Ha MaTepuaiax Kojiekiuii. Karamor cHab-
JKeH M300pasKeHMSIMU TOJIOTUIIOB, BBIMOJTHEHHBIMU Ha
coBpeMeHHOM obopyoBaruu. Karamory mpesiecTsy-
eT KpaTKWI 04YepK O JKU3HU U JedTerbHocT HaTtammm
CHUTHPEBCKOM.

Kniouesvte cnosa: naneoboTaHMKa, KaTajgor ¥c-
KOIlaeMbIX pacTeHU, 1ajieo30i, Me3030i, boranuye-
ckuit uactutyT PAH, H. C. Caurnpenckag.

INTRODUCTION

The published catalogue covers most of the Palaeozoic collections of the Komarov Botanical Institute
of the Russian Academy of Sciences (BIN), collected or processed by the famous palacobotanist Nata-
lia Sergeevna Snigirevskaya during 63 years (from 1952 to 2015). After the death of N. S. Snigirevskaya
(NS), one of the authors of this catalogue (SMS) put in order all the collections processed by NS, that are
now available to specialists from all over the world. Collections are stored in the Laboratory of Palacobo-
tany of BIN. The catalogue contains 198 collections, each of which includes from 1 to 905 specimens, in
total about 5000 specimens. Many specimens have been studied and materials are published, but others
remained unexplored.

Stanwyn Shetler noted in his extensive review of the history of the Botanical Institute, that «Besides a
large fossil fruit collection, they [ Laboratory of Palacobotany of BIN] boast of having one of the largest coal
ball collections in the world, which is highly unique» (Shetler, 1967, p. 106).

The catalogue is preceded by a short essay on the life and work of Natalia Snigirevskaya, previously
published in Russian in an expanded version (Snigirevsky, 2016a, b).

https.//doi.org/10.31111/palaeobotany /2021.12.5 5
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A BRIEF OUTLINE OF THE LIFE AND WORK OF NATALIA SNIGIREVSKAYA

Natalia Sergeevna Snigirevskaya was born on August 9, 1932 in the city of Ufa, into a family of zoo-
logists. Her father, Sergei Ivanovich Snigirevsky!, was a famous ornithologist, and her mother, Ekateri-
na Mikhailovna Snigirevskaya' (nee Vakulenko), devoted herself to the study of rodents. NS spent most
of her childhood (from 3 to 12.5 years) with her parents in nature reserves (Bashkirian nature reserve at
South Ural and Zhiguli at the Volga River), where she received her first skills in working with herbarium
and animal observation. She took part in her parents’ routes dedicated to recording and collecting plants
and animals, as well as searching for archaeological sites and fossil remains of mostly Quaternary animals.

After successful school graduation in Leningrad in 1950, NS entered the Faculty of Biology (Leningrad
State University) following the example of her parents. She took her first steps on science in Department
of Higher Nervous Activity and Department of Vertebrate Zoology. However, laboratory experiments on
animals prompted NS to look for another topic of the coursework. On the advice of her great-uncle, the fa-
mous winemaker Nikolai Prostoserdov, NS moved to the Department of Botany and started to work under
the supervision of Professor Armen Leonovich Takhtajan. Pollen of Nymphaea was her first research object.
NS published her first article in 1955, while she was still a student (Fig. 1).

The study of representatives of the order Nymphaeales sensu Cronquist (1981) has paved the way for
NS to both botany and palacobotany. During the expedition to the mouth of the Volga River, she collected
extensive material, which formed the basis of her diploma. Throughout her long scientific activity, which
lasted over 60 years, NS carried a reverent attitude to her «first love in science», the lotus (Nelumbo Adans.).
Her articles on Nymphaeales in Russian reference books «Zhizn rasteniy (Plant Life)», «Osnovy paleon-
tologii (Fundamentals of Palaecontology)», the
Great Soviet Encyclopedia, «Iskopajemyje ts-
vetkovyje SSSR (Fossil flowering plants of the
USSR)», the Red Book of the RSFSR are still
relevant and important.

Natalia defended her PhD thesis on coal
balls in 1964. She has devoted many years of
her life to the study of fossil plants in stone balls
or nodules in the coals of the Donets Basin. In
the 1950-1970, the study of coal balls was a
very progressive and widely developed field
of research, especially in the United States of
America. Natalia was the first who use a rapid
peel-technic method in the USSR. According
to H. N. Andrews « ... she should be regarded
as a real pioneer in this phase of the Soviet pa-
laecobotany...» (Andrews, 1980, p. 366).

In the late 1960s, NS participated in sever-
al field seasons of the All-Union Aerogeologi-
cal Trust (Moscow) to the area of development
of Triassic sediments in the Tunguska Basin
and on the Putorana Plateau. The palaeobo-
tanical outcome of these expeditions was the
rich collections of unique fossil plant Takhtaja-
nodoxa Snigirevskaya, a new link in the evolu-
tion of lycopods, which connects arborescent
Carboniferous lepidodendrids and the modern
Isoétopsida.

In the early 1970s, at the invitation of
A. L. Takhtajan, NS assumed the responsi-
bility of preparing the XII International Bo-
Fig. 1. Natalia Sergeevna Snigirevskaya. tanical Congress (IBC) as the Scientific Sec-
Photo by K. A. Kuprijanov, 1950s, Leningrad. retary. Preparing for the congress lasted for

et

' In their publications - S. I. Snigirevskij (Snigirewski) and E. M. Snigirevskaja



nearly 5 years and took up almost all of her time. The result was the brilliant conduct of the IBC, about
which many enthusiastic words were said in the botanical community. NS was rightly the «first star» of
the Congress: a Scientific Secretary with excellent English already known as a great expert in the study
of the Donets coal balls, beautiful and intelligent, benevolent and responsive. The success of the Congress
led to her considerable success in the scientific community.

The text of the book «The fossil hunters, in search of ancient plants» (Andrews, 1980) is accompa-
nied by photographs of the most famous palaeobotanists. In the chapter «<USSR» there are three persons:
M. D. Zalessky, A. N. Kryshtofovich and N. S. Snigirevskaya. Taking into account the great merits of NS in
strengthening the prestige of the national palaeobotany, she was awarded two international diplomas from
the Biographical Institute of the United States of America: «Woman of the Year» and «For International
Cooperation» in 1994.

N. S. Snigirevskaya was one of the few palaecobotanical students of A. L. Takhtajan who took his ideas
of conducting palaeobotanical studies in the spirit of evolutionary morphology and phylogeny (Fig. 2). This
applies to all of her publications (a total of 186) devoted to the morphology, anatomy and systematics of
extinct plants of the Palaeozoic and Mesozoic, in particular, Archaeopteridophyta and Lycopodiophyta, as
well as the fossil and recent lotus.

In the second half of the 1970s much of her work was focused on the Late Devonian, the time of appear-
ance and development of the first forest ecosystems as an important planetary phenomenon in the history of
biosphere. Detailed works of 1980 in the southern part of the Donets Basin, near the Razdol'noye and Styla
villages, made it possible to collect the trunks of ancient progymnosperms with root systems previously
unknown to specialists. The work on a large -
amount of material, including the elucidation b =0 'a
of the taphonomic features of the fossil plant ' b7
localities, formed the basis for a large number
of NS publications on this subject. In 2000,
she proposed that two groups of the Devonian
plants be considered as independent taxonomic
units of high rank: the divisions of Archaeop-
teridophyta and Archaeospermatophyta.

At the beginning of the XXI century, NS
expanded her field of study into more ancient
plants. In addition to the study of Ordovi-
cian and Silurian fossils (mainly from South
Kazakhstan), she was actively involved in the
study of the early evolution of the land plants
and their interactions with fungi, algae and cy-
anobacteria. The last listed works were carried
out by a working group composed of N. S. Sni-
girevskaya, I. V. Karatygin, K. N. Demchenko,
R.N. Belyakova and S. V. Vikulin in the frame-
work of the scientific project of the Program of
the Russian Academy of Sciences «The Evolu-
tion of the Biosphere». Results of this research
were reported by NS at the conferences of the
Palaeontological Institute RAS: «Evolution of
Ecosystemss», «Mysterious Organisms in Evo-
lution and Phylogeny». She focused on study-
ing of the problematic remains of ancient or-
ganisms.

NS paid great attention to the preservation
of the geological heritage: the localities of fossil
plants and palacobotanical collections. She ini-
tiated a major project, implemented by 1994, : : e
to collect materials throughout the country in Fig. 2.N. S. Snigirevskaya in front of alma mater —
localities that need protection. These materi- St. Petersburg State University, 1999.
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als were collected through the thesaurus, of which she was the main compiler and editor. NS informed the
world scientific community about her work on the preservation of the palaeobotanical heritage through re-
peated publications in periodicals of the International Organization of Palacobotanists (IOP-Newsletter),
of which she has been an active member for more than a decade.

NS conducted a study of plant detritus in kimberlite pipes for three decades in close scientific contact
with Moscow geologists dealing with diamond-bearing rocks (S. M. Sablukov and others). These studies
made it possible to determine the age of the kimberlite volcanism and the structure of the vegetation of
the Devonian and Carboniferous periods in the areas of development of kimberlites. Research materials
were cited in publications of geologists, and were also combined in the final article «The importance of the
palacobotanical analysis of detritus inside volcanic pipe craters (the Arkhangelsk Region, Russia)» (Sni-
girevskaya, 2012).

In the last years of her life, NS paid great attention to the problem of «Tunguska meteorite». Due to
numerous comparisons of available facts, her own observations and analysis of literature data, NS came
to the conclusion that the «Tunguska phenomenon» has an endogenous nature. One of the recent articles
«The volcanic origin of the Tunguska explosion and its importance for understanding the history of plant
landscapes in the Middle Siberia (Russia)» devoted to this problem (Snigirevskaya, 2014).

In 1957, NS was admitted to the All-Union Botanical Society (now the Russian Botanical Society).
Since 1983, she was chairman of the Palacobotanical Section and a member of the Council of this society. In
the same 1983, NS became a member of the All-Union Palacontological Society. In 1969 she was admitted
to the membership of the International Organization of Plant Taxonomists, and from 1975 in the Interna-
tional Organization of Palacobotanists, where from 1981 to 1993 she was elected a member of the Executive
Committee (the headquarters of the Organization was then in London). NS was the initiator and organizer
of the first «Lectures in memory of A. N. Kryshtofovich», which are still regularly held by the Laboratory
of Palacobotany of the BIN.

During the more than sixty years of scientific activity, NS carried out a huge number of expedition trips:
Donets and Kuznetsk coal basins, the Lower Tunguska and Volga rivers basins, Putorana plateau, Novosi-
birsk and Astrakhan' regions, Moscow syneclise (Leningrad, Vologda and Novgorod regions), Kazakhstan,
Armenia, Georgia, Poland, France and Japan. During these field trips, NS collected almost all of the Pha-
nerozoic samples, except the Cambrian, personally.

In her spare time from scientific activities, NS was actively engaged in scuba diving. She took
second place in Leningrad’s underwater orienteering championship. Since 1962, she was a secretary
of the underwater sports section at the Second Marine Club and a secretary of the presidium of the
underwater sports section of Leningrad. As a part of the group of submariners Natalia participated
in underwater research of the coastal areas of the Black Sea. Thus, their group produced underwater
topographic survey of the bottom of Balaklava Bay, search of flooded German military items left over
from the World War I1, survey of the wreck sites of ancient Greek and Roman ships and mapping of the
flooded parts of the ancient capital of Crimea in the area of Khersones. In addition, amphoras, coins,
statuettes, and other objects of ancient material culture were raised from the seabed, which became
part of the Simferopol Museum collection.

Natalia Snigirevskaya died on December 6, 2015, after a serious and prolonged illness. She worked
until the last day of her long and fruitful life. At the time of her death, NS had three articles in print. With
the passing of NS, the active work of the galaxy of the oldest domestic palacobotanists in the BIN RAS has
practically ended.

Expanded texts of memories about the life and scientific work of Natalia S. Snigirevskaya, written by
her son and student S. M. Snigirevsky (2016 a, b) and a complete list of her works are published in the jour-
nals «Biosfera» and «Lethaea Rossica».

COLLECTIONS CATALOGUE

The collections are divided into groups by geological age from the Proterozoic to recent time. Refe-
rences and collection numbers are given for published materials. Russian letters, which were included into
specimen numbers, are not transliterated into English and are given in italics.

Terms and their abbreviations:

ts (thin section) — section on a glass slide, with a cover slip;

peel — acetate film removed from a polished specimen;

prep. — differently processed (prepared) fragment of specimen (for SEM, LM, TM).



Proterozoic
Collection 1684. Shungites; Republic of Karelia, near of Shun’ga village; the Zaonezh’e Formation, Lower
Proterozoic; collected by V. S. Kofman, I. B. Volkova in 1986. Specimens are partially processed, but
not published.

Ordovician

Collection 1674. Compressions with preserved plant tissues of Akdalaphyton caradocki Senkevitsch and
other Late Ordovician plants; South Kazakhstan, Alma-Ata Region, Chu-Ili Mountains, south of
Balkhash region, locality Anderkenyn-Akchoku; about 60 m down from the base of the Anderken
Limestone, Anderken Horizon, Caradocian; collected by L. E. Popov, M. A. Senkevitsch in 1981-1985.

Akdalaphyton caradocki — published in Snigirevskaya et al., 1992, p. 2, pl. I, fig. 1-3, 34, 4, 5, pl. 11, fig. 1, 1a,
16, 18, 12, 2. Described specimens: BIN 1674/1, BIN 1674,/2, BIN 1674/3, BIN 1674/5, BIN 1674/5a.
Figured specimens: BIN 1674/1, BIN 1674/2, BIN 1674/3, BIN 1674 /4. Figured prep.: BIN 1674/3,
BIN 1674 /4. Missing specimen: BIN 1674 /5a.

A. ¢f. caradocki — published in Snigirevskaya et al., 1992, p. 4, pl. 11, fig. 3, 4. Figured specimen: BIN 1674,/5
(prep. Sa-luc). Missing specimen: BIN 1674 /5a-11.

In Snigirevskaya (1993a) and Popov, Snigirevskaya (1994) some specimens from collection 1674 are de-
scribed without references to collection numbers.

Collection 1675. Compressions and petrifactions of the Late Ordovician plants; South Kazakhstan,
south of Balkhash region, Mt. Dulankara, the Ojsu River, locality Anderkenyn-Akchoku, right
bank of the Ashchi-Su River, right bank of the Kopaly-Saj River, left bank of the Kopaly-Saj River
near of the Mt. Buldukbaj; Anderken and Dulankara Horizons, Caradocian; collected by N. S. Sni-
girevskaya in 1991.

Collection 1698. Specimens from glacial disruption of the Ordovician sediments, also fossils of other ages
from several places of Poland; Poland, Zakroczym; collected by N. S. Snigirevskaya, D. Zdebska, Octo-
ber 10, 1990.

Devonian

Collection 55. Woods and petrifactions; Donets Basin, several localities; Devonian and Carboniferous; col-
lected by M. D. Zalessky.

Callixylon trifilievii Zalessky — published in Lemoigne et al., 1983, p. 81, pl. 2, fig. 5-8. Figured specimen:
BIN 55/1. Figured ts: BIN 55/1/4, BIN 55/1/t. Missing ts: BIN 55/1/A.

Collection 452. Coal balls, woods, compressions; Kuznetsk Basin; Devonian—Jurassic; collected by N. S. Sni-
girevskaya in 1956. 505 specimens.

Collection 887. Petrified peat with Rhynia gwynne-vaughanii Kidston et Lang and other fossils; Scotland,
near Aberdeen, village Rhynie, different outcrops; Lower Old Red Sandstones, Pragian (Siegenian),
Lower Devonian; collected by W. G. Chaloner in 1960 or 1969, A. C. Scott, D. Zdebska in 1964. Speci-
men BIN 887/3 (field number 429R); specimen BIN 887 /4 (field number 446P). 4 specimens.

Glomites sporocarpoides Karatygin, Snigirevskaya, K. Demchenko et Zdebska — published in Karatygin et
al., 2006a, p. 573, pl. XVIII, fig. 8, 9, 94, pl. XIX, fig. 1-4. Figured prep.: BIN 887/2/1, BIN 887/4/1
(holotype). Holotype figured in this article in pl. V, fig. 4, 5. — Karatygin et al., 2006b, p. 495, text-
fig. 2,7, 8, 10. Figured prep.: BIN 887/2/1, BIN 887 /4/1.

Aglaophyton major (Kidston et Lang) D. S. Edwards — published in Karatygin, Snigirevskaya, 2011, p. 160,
pl. 2, fig. 0, e, xc. Figured prep.: BIN 887 /4.

In Snigirevskaya (2010) some specimens from collection 887 are described without references to collection
numbers.

Collections 1142, 1143. Petrified woods of Callixylon trifilievii; Donets Basin, Starobeshevo area, vicinity of
village Razdol'noye (former Bol’shaya Karakuba), near of the mine «Dal’nij», left bank of the Mokraya
Volnovakha River, starboard of Zalessky ravine (named after M. D. Zalessky by N. S. Snigirevskaya, N.
P. Vassiljuk and S. M. Snigirevsky in 1980); 50—60 m below the boundary with the Lower Carbonifer-
ous strata, Upper Devonian; collected by N. S. Snigirevskaya in 1974. BIN 1142 — 4 specimens; BIN
1143 — 4 specimens.

Callixylon trifilievii — published in Lemoigne et al., 1983, p. 81. The numbers of the specimens and ts figured
in the article are not given in the explanations to the plates, indicated: «lame Coll. Snigirevskaya, Insti-
tut Bot. Komarov, Léningrad».




Collection 1144. Compressions; Donets Basin, village Razdol'noye; the Razdol'noye Formation («grey
Devonians ), Upper Devonian; collected by N. S. Snigirevskaya in 1974.

Collections 1143, 1146, 1147. Petrified woods of Callixylon trifilievii, plant fossils; Donets Basin, Starobe-
shevo area, vicinity of village Razdol'noye (former Bol’shaya Karakuba), near of the mine «Dal’nij»,
both banks of the Mokraya Volnovakha River; the RazdoI'noye Formation («grey Devonians ), Upper
Devonian; collected by N. S. Snigirevskaya, June 5, 1975. BIN 1145 — 6 specimens; BIN 1146 — 7 speci-
mens; BIN 1147 — 7 specimens.

Archaeopteris archetypus Schmalhausen — published in Snigirevskaya, 1982, p. 1241, text-fig. 2.1.-2.6.,
3.1-3.3. (collection BIN 1145).

Callixylon spp. — published in Lemoigne et al., 1983, p. 81, the numbers of the specimens and ts figured in
the article are not given in the explanations to the plates, indicated: «lame Coll. Snigirevskaya, Institut
Bot. Komarov, Léningrad».

In Snigirevskaya, Snigirevsky (1994b) some specimens from collections 1145, 1146, 1147 are described
without references to collection numbers.

Collection 1151. Compressions, petrifactions; Donets Basin, different localities; Devonian, Carboniferous,
Permian; collected by N. S. Snigirevskaya in 1974.

Collection 1154. Compressions of Archaeopteris sp., Psilophyton sp.; Canada; Upper Devonian; collected by
N. Radforth in 1963.

Note: In Lemoigne et al. (1983: p. 81) collection BIN 1154 indicated erroneously.

Collection 1155. Barsassite (type of coal) with plant fossils, mostly Orestovia devonica Ergolskaya; Kuznetsk
Basin, Barsass city; the Barsass Formation, Givetian, Middle Devonian; received from T. V. Arkadiev
(BIN, Museum) and from Yu. S. Nadler in 1969. Specimens are partially processed, but not published.
17 specimens.

Collection 1166. Petrified peat with plant remains of Aglaophyton major, Rhynia gwynne-vaughanii, Aste-
roxylon mackiei Kidston et Lang, including a new genus (gametophyte Dianneya Snigirevskayain msc.);
Scotland, near Aberdeen, vicinity of the village Rhynie; Lower Devonian; collected by A. L. Takhtajan
in 1967. 5 specimens.

Rhynia gwynne-vaughanii — published in Karatygin, Snigirevskaya, 2004, fig. 1a, 6, 3a—s. Figured prep.:
BIN 1166/1/3. Missing prep.: BIN 1166/1/2. — Karatygin, Snigirevskaya, 2011, p. 161, pl. 1, fig. ¢, 2,
pl. 2, fig. a, 2. Figured ts: BIN 1166,/1/3.

cf. Aglaophyton major — published in Karatygin, Snigirevskaya, 2004, fig. 2 a—e, 4a—6. Figured prep.:
BIN 1166/1/3 (indicated incorrectly, should read BIN 1166,/1/3-1, note of N. S.), BIN 1166/3.

Glomites sporocarpoides — published in Karatygin et al., 2006a, p. 100, 105, pl. XVIII, fig. 1-7, pl. XIX,
fig. 5—-6. Described specimens: BIN 1166/1/1-2, BIN 1166/1/2-2, BIN 1166/1/3, BIN 1166/1/3-1,
BIN 1166/1/8. Figured prep.: BIN 1166,/1,/2-2, BIN 1166/1/3, BIN 1166/1/3-1, BIN 1166/1/8. —
Karatygin et al., 2006b, p. 495, fig. 2-6, 9. Described specimens: BIN 1166/1/2-2, BIN 1166/1/3,
BIN 1166/1/3-1, BIN 1166/1/8. Figured prep.: BIN 1166/1/3, BIN 1166,/1/3-1, BIN 1166,/1/8.

Winfrenatia reticulata T.N. Taylor, Hass et Kerp — published in Karatygin et al., 2009, p. 108, text-fig. 1a—d,
pl. 13, fig. 1-7, pl. 14, fig. 1-8. Described specimens: BIN 1166,/1/3, BIN 1166,/1/3-6. Described prep.:
BIN 1166/1/3-1. Figured prep.: BIN 1166/1/3-1, BIN 1166/1/3-6. Missing prep.: BIN 1166/1/3-6
(may be prep. incorrectly labeled BIN 1166/1/6). — Karatygin et al., 2010, p. 32, text-fig. 1a—ac, 2a—0.
Described specimen: BIN 1166/1/3. Described prep.: BIN 1166,/1/3-1, BIN 1166,/1/3-6. Figured prep.:
BIN 2266/1/3-6 (indicated incorrectly, should read BIN 1166,/1/3-6).

In Snigirevskaya (2010) some specimens from collection 1166 are described without references to collec-
tion numbers.

Collection 1169. Barsassite (type of coal) with plant fossils (Orestovia Zalessky ex Ergolskaya nom. con-
serv. propon., Barsassia Zalessky); Kuznetsk Basin, Barsass city, right bank of the Barsass River, down-
stream of bridge with dam, about 200 m from the coastal outcrops of coal; the Barsass Formation,
Givetian, Middle Devonian; collected by L. A. Bogdanova in 1968.

Orestovia sp. — published in Snigirevskaya, Bogdanova, 1992, p. 59.

O. sniatkovii (Zalessky) Snigirevskaya — published in Snigirevskaya, Bogdanova, 1992, p. 59. —Snigirevs-
kaya, 2010, p. 759, plate, fig. 1. Figured specimen: BIN 1169/1.

Barsassia ornata Zalessky — published in Snigirevskaya, Bogdanova, 1992, p. 58, text-fig. 1a—6, pl. 1, fig. 1, 1a, 2,
2a, 3, 4, pl. 11, fig. 1, 1a, 16. Figured specimen: BIN 1169/2. —Snigirevskaya, 2010, p. 759, plate, fig. 1, 3—6.
Figured specimens: BIN 1169 /1, BIN 1169/2, BIN 1169/5. Missing specimens: BIN 1169,/1, BIN 1169/5.
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Collections 1177, 1178, 1179, 1487, 1488, 1489. Woods, compressions and petrifactions; Donets Basin,
Starobeshevo area, vicinity of village Razdol'noye, near of the mine «Dal’'nij», both banks of the Mokra-
ya Volnovakha River; Upper Devonian; collected by N. S. Snigirevskaya, S. M. Snigirevsky, E. V. Zhe-
lezkova in 1979.

Cladoxylon tanaiticum Snigirevsky — published in Snigirevsky, 1992, p. 174, text-fig. 1, pl. I, fig. 1—4, pl. 11,
fig. 1, 2. Figured specimen: BIN 1178/16 (holotype). Holotype figured in this article in pl. IV, fig. 1-3.

In Snigirevskaya, Snigirevsky (1994b) some specimens from collections 11771179, 1487—-1489 are de-
scribed without references to collection numbers.

Collections 1180, 1480, 1481, 1482, 1483, 1484, 1485, 1486, 1498. Compressions, anatomically preserved
petrifactions, woods; Donets Basin, left bank of the Mokraya Volnovakha River, 4 km upstream of vil-
lage Styla, around the palacovolcano Maf-Haya; Upper Devonian; collected by N. S. Snigirevskaya,
S. M. Snigirevsky, E. V. Zhelezkova in 1979.

Collection 1492. Woods and compressions; Donets Basin, village Styla, near of the palacovolcano Maf-
Haya; Upper Devonian; received from N. P. Vassiljuk in 1979. Specimens are partially processed, but
not published. 3 specimens.

Collection 1493. Woods; Donets Basin, Starobeshevo area, village Razdol'noye, left bank of the Mokraya
Volnovakha River, ravine with drainage; Upper Devonian,; received from N. P. Vassiljuk in 1979. Speci-
mens are partially processed, but not published. 17 specimens.

Collection 1496. Petrified «stem» of Germanophyton psygmophylloides (Krausel et Weyland) Hoeg; Pskov
Region, near of the city Luga, left bank of the Luga River, in alluvium at the depth of 2 m; Luga or
Yashchera layers of Narova Horizon, Middle Devonian; specimen was received from I. V. Kotlukova
(North-West Geological Trust). One specimen is partially processed, but not published.

Collection 1497. Petrified algae (?); several localities; Cambrian, Devonian; received from I. V. Kotlukova.
Specimens are partially processed, but not published. 8 specimens.

Collection 1499. Petrified «stem» of Prototaxites Dawson; Canada, Ontario State; Devonian. One thin sec-
tion was made, but not published.

Collection 1500. Woods of Callixylon trifilievii; Donets Basin, 2 km west of village Razdol'noye, left bank
of the Mokraya Volnovakha River; Famennian, Upper Devonian; received from T. A. Ishchenko, 1971.
One specimen (fragment of the specimen 1684/494 from the Geological Institute, Kyiv) is partially
processed, but not published.

Collection 1501. Pyritized wood of Callixylon timanicum Zalessky ex Lemoigne, Jurina et Snigirevskaya;
Arkhangelsk Region, Northern Timan, the Volonga River; Famennian, Upper Devonian; collected by
A. L. Jurina, 1979. 1 specimen.

Callixylon timanicum — published in Snigirevskaya, 1988, p. 121, text-fig. 3. Figured specimen: BIN 1501 /5.

Collections 1502, 1503, 1504, 1503, 1506, 1507, 1508, 1509. Woods (and photos of the localities with
plant fossils) and compressions; Donets Basin, upstream of village Razdol'noye (former Bol’shaya Ka-
rakuba), left bank of the Mokraya Volnovakha River; the Razdol'noye Formation, Famennian, Upper
Devonian; collected by N. S. Snigirevskaya, S. M. Snigirevsky, E. V. Zhelezkova, K. Ju. Galanichey,
S. V. Pakhomov in 1980 (Fig. 3).

Callixylon trifilievii — published in Snigirevskaya, 1984a, p. 705, text-fig. 2. Figured specimen: BIN 1505/1.
This specimen is exhibited at the Botanical Museum; fragments and ts are stored in collection. — Sni-
girevskaya, 1984c, p. 28, pl. I, fig. 1a, 16, pl. 11, fig. 1a, 16, 16, pl. 111, fig. 1a, 16, 18, 12, 10, 1e, 1ac. Figured
specimen: BIN 1504 /1. Figured ts: BIN 1505/1/5, BIN 1505/1,/6, BIN 1505/1/7, BIN 1505/1/22, BIN
1505/1/24, BIN 1505/1,/25. — Snigirevskaya, 1988, p. 115, text-fig. 2. Figured specimen: BIN 1505/1.

Caracuboxylon bakhasuense Zalessky — published in Snigirevskaya, 1984c, p. 28, pl. I11, fig. 2a, 26. Figured
ts: BIN 1505/1'/276.

In Snigirevskaya, Snigirevsky (1994b) some specimens from collections 1502—1509 are described without
references to collection numbers.

Collections 1510, 1511, 1512, 1513, 1514, 1515, 1520, 3211. Woods, compressions of Archaeopteris leaves,
herbaceous lycopods; Donets Basin, right bank of the Mokraya Volnovakha River upstream of the vil-
lage Razdol'noye (former Bol’shaya Karakuba); the Razdol'noye Formation («grey Devonian»), Fa-
mennian, Upper Devonian; collected by N. S. Snigirevskaya, S. M. Snigirevsky, L. Ivanova, S. V. Pak-
homov, E. V. Zhelezkova, V. Polyakova, P. V. Baklanov, E. Shalyuto in 1980 (Fig. 4).

Collection 1516. White quartzite with vertebrate remains; Donets Basin, left bank of the Mokraya Volno-
vakha River, ravine Balynnaya; Lower Devonian; collected by N. S. Snigirevskaya in 1980.
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Fig. 3. Fragments of woods and root systems of archaeopterids, locality of collection BIN 1505,
Donets Basin, village Razdolnoe, Upper Devonian, 1980.

.

Fig. 4. Members of the expedition to the Devonian sediments in June-August 1980, Donets Basin, vil-
lage Razdolnoe, upper reaches of Zalessky-ravine. From left to right: Sergey M. Snigirevsky (expedition
volunteer); Nina Pavlovna Vassiljuk (specialist in rugose and tabulate corals, Donetsk Polytechnical

Institute); Sergey V. Pakhomov (expedition worker).
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Collection 1517. Plant fossils; Donets Basin, left bank of the Mokraya Volnovakha River, ravine Anton-
Tarama; collected by N. S. Snigirevskaya, P. V. Baklanov in 1980.

Collection 1518. Woods and compressions; Donets Basin, left bank of the Mokraya Volnovakha River, lo-
wer part of the ravine Vasil’-Tarama; lower part of the Dolgaya Formation («brown Devonian»), Upper
Frasnian, Upper Devonian; collected by N. S. Snigirevskaya, E. V. Zhelezkova, N. P. Vassiljuk in 1980.

Collection 1519. Woods; Donets Basin; collected by N. S. Snigirevskaya, P. V. Baklanov, E. V. Zhelezkova
in 1980.

Collections 1521, 1522, 1523, 1524, 1525, 1526, 1527, 1528, 1529, 1695, 1696. Compressions of (?)
Aneurophyton Kriusel et Weyland and other plant fossils; Donets Basin, left bank of the Mokraya Vol-
novakha River, about 4 km upstream of the village Styla, around the palacovolcano Maf-Haya; Famen-
nian, Upper Devonian; collected by N. S. Snigirevskaya, S. M. Snigirevsky, E. V. Zhelezkova, S. N. Ma-
kiyanskij in 1980.

Heleniella karakubensis (Schmalhausen) Snigirevskaya — published in Snigirevskaya, 1987b, p. 1564, text-
fig. 2—5 (collection BIN 1522).

H. kazakhstanica (Senkevitsch) Snigirevskaya — published in Snigirevskaya, 1987b, p. 1570.

Archaeopteris archetypus — published in Snigirevskaya, 1988, p. 115, fig. 1. Figured specimen: BIN 1529/1. —
Scheckler et al., 1997, p. 141. Described specimen: BIN 1529/1. — Snigirevsky, Snigirevskaya, 2008,
p. 109, pl. 1, fig. 1. Figured prep.: BIN 1529/1.

Cephalopteris squarrosa Schweitzer — published in Schweitzer, 2006, S. 139, 142 (collection BIN 1521).

In Snigirevskaya (1994) and Snigirevskaya, Snigirevsky (1994a) some specimens from collections 1521—
1529, 1695, 1696 are described without references to collection numbers.

Collections 1530, 1685. Plant fossils; Donets Basin, Vasil’evka village, left bank of the Kal’'mius River, near
of the bridge to Razdol'noye; collected by N. S. Snigirevskaya, E. V. Zhelezkova in 1980.

Collection 1671. Woods of Callixylon trifilievii; Republic of Khakassia, Ujtag; collected by V. Malahat’ko in
1973; received from S. V. Meyen, December 1, 1980. 18 specimens.

Note: The initial collection number 1530 has been changed to 1671. Ts 1530/9, 1530/14, 1530/15, 1530/18,
1530/24 were transferred to Y. Lemoigne.

Callixylon trifilievii — published in Snigirevskaya, Lemoigne, 1990, p. 1559, photo 6. Figured specimen:
BIN 1671/24 (=1530/24). Figured ts: BIN 1671/24/1 (=1530,/24,/1). Missing ts: BIN 1671/24/1
(=1530,/24/1).

C. erianum Arnold — published in Snigirevskaya, Lemoigne, 1990, p. 1557, photo 1-5. Figured ts: BIN
1671/1,/1a (=1530/1/1a), BIN 1671/1/1c (=1530/1,/1¢), BIN 1671/15/4 (=1530/15/4). Missing ts:
BIN 1671/1/1c (=1530,/1/1c).

C. newberryi (Dawson) Elkins et Wieland — published in Snigirevskaya, Lemoigne, 1990, p. 1557, photo 7,
8. Figured ts: BIN 1671/14/1b (=1530/14/1b).

In Snigirevskaya, Malahat’ko (1994) some specimens from collection 1671 are described without references
to collection numbers.

Collection 1673. Compressions of Orestovia voronejiensis T. A. Ishchenko et A. A. Ishchenko; Voro-
nezh Region, village Babka, borehole 37, depth 57 m; Middle—Upper Devonian (?); received from
A. A. Tshchenko. There are no specimens, but prep. are available.

Orestovia voronejiensis — published in Snigirevskaya, 1993b, p. 1133, fig. 1a, 16, 18, 12, 10, fig. 2a, 26, 26, 2.
Figured prep.: BIN 1673/2/1.

Collection 1677. Coal and phytoleims of stems of Orestovia; Kuznetsk Basin, the Barsass River; the Barsass
Formation, Middle Devonian; collected by Yu. S. Nadler.

Orestovia sniatkovii — published in Snigirevskaya, Nadler, 1994, p. 11, text-fig. 2—4, pl. 1, fig. 1-12, pl. 2,
fig. 1-11, pl. 3, fig. 1-9, pl. 4, fig. 1-7, pl. 5, fig. 1-8, pl. 6, fig. 1—7. Figured specimen numbers not speci-
fied. — Snigirevskaya, 2010, p. 758, plate, fig. 2. Figured specimen: BIN 1677 /4.

Collection 1679. Siltstones with plant fossils; Donets Basin, near of the village Razdol'noye, ravine Kon-
taktovaya; collected by N. S. Snigirevskaya, October 25, 1984.

Collection 1690. Plant fossils; Donets Basin, village Razdol’'noye, ravine Victoria-Tarama; collected by
N. S. Snigirevskaya in 1981.

Collection 1691. Plant fossils; Donets Basin, village Styla, ravine Helena-Tarama; collected by N. S. Sni-
girevskaya, E. V. Zhelezkova, June 23, 1981.

Collection 1693. Woods, compressions; Kazakhstan, several localities; Upper Devonian, Lower Carboniferous,
Permo-Carboniferous; collected by L. A. Goganova. Specimens are partially processed, but not published.
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Collection 3208. Plant fossils from the kimberlites; Arkhangelsk Region, different localities; collected by
S. M. Sablukov.

Note: The text of the article (Snigirevskaya, 2012) contains only field numbers, without reference to the
BIN collection.

Nematosketum diversiforme Burgess et Edwards — published in Snigirevskaya, 2012, p. 1463, pl. 11, fig. 1,
1a, 16, 2, 2a, 26. Figured specimens: BIN 3208/1 (field number 70/650), BIN 3208/2 (field num-
ber 70/771). Described specimens: BIN 3208/8 (field number 70,/308,4), BIN 3208/9 (field number
70/308,8), BIN 3208/10 (field number 70/555,6), BIN 3208/11 (field number 70/769,2). Locality:
pipe named after V. Grib, Zimnij Bereg.

Callixylon timanicum — published in Snigirevskaya, 2012, p. 1462, pl. 1, fig. 1, 1a, 2, 2a. Figured specimen:
BIN 3208/3 (field number 123/55,9). Locality: pipe AN-14, Onega peninsula, collected by E. Kuznetso-
va. Figured specimen: BIN 3208 /4 (field number 252/420). Locality: pipe named after A. P. Karpinsky,
Zimnij Bereg.

Callixylon sp. — published in Snigirevskaya, 2012, p. 1462. Described specimen: BIN 3208/5 (field num-
ber 102/250,5). Locality: pipe named after V. Grib, Zimnij Bereg. Described specimen: BIN 3208/6
(field number 252/400). Locality: pipe named after A. P. Karpinsky, Zimnij Bereg. Described specimen:
BIN 3208 /7 (field number 114,/118,5). Locality: pipe AN-29, borehole 114, Onega peninsula.

Carboniferous

Collection 55. Woods and petrifactions; Donets Basin, several localities; Devonian and Carboniferous; col-
lected by M. D. Zalessky.

Physostoma elegans Williamson — published in Snigirevskaya, 1989b, p. 1442, text-fig. 2, plate, fig. 1. Fig-
ured specimen: BIN 55/3. Figured peel: BIN 55/3/2a. Missing peel: BIN 55/3/2a.

Collection 450. Coal balls; Donets Basin, several localities; Middle Carboniferous; collected by V. S. Yablo-
kov. 24 specimens.

Note: Specimens of coal balls were studied on the basis of sections made in two perpendicular planes, de-
signated respectively by the letters «a» and «g». 135 cuts (18 ts and 117 peels) was made from coal
ball BIN 450/14; 90 cuts (15 ts and 75 peels) was made from coal ball BIN 450/15; 330 cuts (59 ts and
271 peels) was made from coal ball BIN 450/16 (Snigirevskaya, 1964a).

Several microphotographs from collection BIN 450 have been figured in Snigirevskaya (1984b) to illust-
rate the methods of anatomical study of plant tissues in petrified peat.

Lepidophylloides aciculum (Reed) Snigirevskaya — published in Snigirevskaya, 1958, p. 106, pl. I, fig. 1-5.
Figured ts: BIN 450/16/5a [Ne 4], BIN 450,/16,/6a [N 5]. Locality: the mine Pervomajskaya; seem ki,
Moscovian, Middle Carboniferous.

L. angulatum (Graham) Snigirevskaya — published in Snigirevskaya, 1958, p. 106, pl. I, fig. 6-8, pl. IV,
fig. 16, 17. Figured ts: BIN 450/16/5a [Ne 1], BIN 450/16/6a [Ne 1]. Locality: the mine Pervomajskaya;
seem k,, Moscovian, Middle Carboniferous.

L. alatum (Reed) Snigirevskaya — published in Snigirevskaya, 1958, p. 106, pl. 111, fig. 9-12. Figured ts:
BIN 450/16 1a, BIN 450/16/6a [ Ne 2]. Locality: the mine Pervomajskaya; seem kg, Moscovian, Middle
Carboniferous.

Lepidodendron cf. selaginoides Sternberg — published in Snigirevskaya, 1958, p. 106, pl. IV, fig. 13—16. Figured
ts: BIN 450,16/ 1a [Ne 2], BIN 450,/16,/2a, BIN 450,/16,/5a, BIN 450,/16,/6a [Ne 8], BIN 450,16 /6a [Ne 3.
Missing ts: BIN 450,/16,/5a. Locality: the mine Pervomajskaya; seem k,, Moscovian, Middle Carboniferous.

Sphenophyllum plurifoliatum Williamson — published in Snigirevskaya, 1959, p. 109, pl. VII, fig. 1-9,
pl. VIII, fig. 1-9. Figured ts: BIN 450/16/1a [Ne 1], BIN 450/16/4a [Ne 2], BIN 450/16/4a
[Ne 3], BIN 450/16/4a [Ne 4], BIN 450/16/5a [Ne 1], BIN 450,/16/5a [Ne 3], BIN 450/16,/7a,
BIN 450/16/126, BIN 450/16/6a [Ne 6], BIN 450/16/6a [Ne 7], BIN 450/16/14¢ [Ne 1], BIN
450,/16,/186, BIN 450,/16,/206, BIN 450/16/21a [Ne 1], BIN 450/16/21a [Ne 2], BIN 450,/16,/21a
[Ne 3], BIN 450/16,/216, BIN 450,/16,/22¢, BIN 450,/16,/236 [ Ne 3]. Locality: the mine Pervomajskaya;
seam kg, the C,’ Formation, Moscovian, Middle Carboniferous.

Botryopteris tridentata (Felix) Scott — published in Snigirevskaya, 1961, p. 1329, pl. I, fig. 1-5, pl. II,
fig. 1, 1a, 2, 2a, 3, 3a, 4. Described specimen: coal ball BIN 450/16. Described ts: BIN 450/16/31 —
BIN 450,/16,/38a, BIN 450/16/516. Figured ts: BIN 450/16/5a [ Ne 5], BIN 450/16,/196 and &' [Ne 1],
BIN 450/16/22¢ [Ne 3], BIN 450/16/33a (a'-a®) [Ne 1]. Locality: Lugansk Region, Pervomajsk city;
coal seam kg, upper part of the C,’ Formation, Moscovian, Middle Carboniferous.
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Bowmanites jablokovii Snigirevskaya — published in Snigirevskaya, 1962, p. 548, text-fig. 1-2, pl. I, fig. 1-6.
Described specimen: coal ball BIN 450/16. Described ts: BIN 450/16/36a, BIN 450/16/486, BIN
450/16,/496 (strobili), BIN 450/16/2a — BIN 450/16/7a, BIN 450/16/10s, BIN 450,/16,/13s, BIN
450/16,/16a, BIN 450,/16,/176, BIN 450,/16,/206, BIN 450,/16,/236, BIN 450/16,/276, BIN 450/16 /314,
BIN 450,/16/33a, BIN 450/16/466, BIN 450/16/506 (isolated sporangia with in situ spores). Figured
ts: BIN 450/16/4a [Ne 5], BIN 450,/16/7a [Ne 2], BIN 450/16/106, BIN 450,/16,236¢ [Ne 1], BIN
450/16/36a (holotype). Holotype figured in this article in pl. I, fig. 1, 2. Locality: Lugansk Region,
Pervomajsk city; coal seam k, upper part of the C,7 Formation, Moscovian, Middle Carboniferous.

Bowmanites pterosporus Snigirevskaya — published in Snigirevskaya, 1962, p. 549, pl. 11, fig. 1-6, text-
fig. 3.1-3.7. Figured coal balls: BIN 450,15, BIN 450/16. Figured ts: BIN 450/15/4a (holotype), BIN
450/15/126, BIN 450/16 /24, BIN 450,/16,/286 [ Ne 3]. Locality: Lugansk Region, Pervomajsk city; coal
seam k,, upper part of the C,” Formation, Moscovian, Middle Carboniferous.

Lepidodendron vasculare Binney — published in Snigirevskaya, 1964b, p. 11-18, pls. I-V, text-
fig. 1-6. Described specimens: coal balls BIN 450/14 — BIN 450/16. Described ts: BIN 450/15/56,
BIN 450/16/1a — BIN 450/16,/5a, BIN 450/16/66 — BIN 450,/16,/296, BIN 450,/16/30a — BIN
450/16/45a, BIN 450/16/466 — BIN 450/16/526, BIN 450/16/50a, BIN 450/16/53a — BIN
450/16/59a. Figured ts: BIN 450/16/116, BIN 450/16/14¢ (in the collection indicated incorrect-
ly: ts BIN 450/16/286 [Ne 1]), BIN 450/16/146 [Ne 3], BIN 450,/16,/166, BIN 450,/16/19¢, BIN
450/16/19¢', BIN 450/16,/206 (in the collection indicated incorrectly: ts BIN 450/16/22¢ [Ne 2]),
BIN 450/16/206 [Ne 1], BIN 450/16/206 [Ne 2], BIN 450/16/216 (in the collection indicated in-
correctly: ts BIN 450/16/21a [Ne 4]), BIN 450/16/226 [Ne 2], BIN 450,/16,/23s, BIN 450/16/32a.
Missing ts: BIN 450,/16/76, BIN 450,/16,/96, BIN 450/16,/106, BIN 450/16/136, BIN 450,/16/146,
BIN 450/16,/196, BIN 450/16,256, BIN 450,/16/276, BIN 450/16/31a — BIN 450,/16/44a, BIN
450/16/476 — BIN 450/16/516. Locality: Donets Basin, near of Pervomajsk city; seam kg, the C,’
Formation, Moscovian, Middle Carboniferous.

Lepidostrobus maslenii (Maslen) Jongmans — published in Snigirevskaya, 1964b, p. 25, pl. V1, fig. 1—4, text-
fig. 7-11. Described specimens: coal balls BIN 450/14 — BIN 450/16. Described ts: BIN 450/14/4a',
BIN 450,/14/9a, BIN 450,/16,/2a, BIN 450/16 /4a, BIN 450,/16/7a, BIN 450,/16,/146, BIN 450,/16,/156,
BIN 450,/16,206, BIN 450,/16,/23, BIN 450,/16,/246, BIN 450/16/31a — BIN 450/16/34a, BIN
450/16/36a, BIN 450,/16/40a. Figured specimen: BIN 450/16. Figured ts: BIN 450/16/4a [Ne 1],
BIN 450/16/246, BIN 450/16/31a, BIN 450/16/33a [Ne 2]. Figured peels: BIN 450/16/31a, peel 15
[Ne 1], BIN 450/16/32a, peel 15. Missing ts: BIN450/14/4a', BIN 450/14,/9a, BIN 450/16/2a, BIN
450,16,/ 146, BIN 450,/16,/206, BIN 450,/16,/236, BIN 450,/16,/34a, BIN 450,/16,/36a, BIN 450,/16,/40a.
Missing peel: BIN 450,/16,/32a, peel 15. Locality: Donets Basin, near of Pervomajsk city; seam k, the
C,’ Formation, Moscovian, Middle Carboniferous.

Lepidostrobus takhtajanii Snigirevskaya — published in Snigirevskaya, 1964b, p. 29, pl. V1, fig. 5-7, pl. VII,
fig. 1-5, pl. VIII, fig. 1-10, text-fig. 12—18. Described specimens: coal balls BIN 450,/14 — BIN 450/16.
Figured ts: BIN 450,/15/86", BIN 450/15/8¢* [Ne 1-2], BIN 450,/16,/116, BIN 450,/16/226 [Ne 1],
BIN 450/16/236 [Ne 2], BIN 450/16/236 (indicated incorrectly, should read BIN 450/16/236),
BIN 450/16/40a [Ne 1] (holotype on the ts: BIN 450/15/7¢, BIN 450/15/86!, BIN 450/15/86,
BIN 450/16,/226, BIN 450/16/236). Figured peels: BIN 450/16/31a, peels 6—15. Missing ts: BIN
450/16/116. Holotype figured in this article in pl. I, fig. 3—7. Locality: Donets Basin, near of Pervo-
majsk city; seam kg, the C,* Formation, Moscovian, Middle Carboniferous.

Calamites sp. — published in Snigirevskaya, 1967, p. 11, pls. I-II1, pl. 1V, fig. 1, 2, pl. V, fig. 4, text-fig. 1. Figu-
red ts: BIN 450/16,/7a [Ne 1], BIN 450/16/16b, BIN 450,/16,/20b [Ne 3], BIN 450,/16,/33a [Ne 3, 4],
BIN 450/16/51b [Ne 1, 2] (spores Florinites (?) pumicosus (Ibrahim) Schopf et al.). Missing ts: BIN
450/16/16b. Locality: Donets Basin, near of Pervomajsk city; coal ball from coal seam kg, the C,> For-
mation, Moscovian, Middle Carboniferous.

Arthropitys variabilis Snigirevskaya — published in Snigirevskaya, 1967, p. 14, pl. IV, fig. 36, pl. V, fig. 1-3,
text-fig. 2. Figured ts: BIN 450,16,/ 1a [Ne 3], BIN 450,16,/ 12b, BIN 450,/16,/17b, BIN 450,/16,/24b, BIN
450/16/43a, BIN 450/16/47b, BIN 450,/16,/49b (holotype on the ts: BIN 450,/16,/1a — BIN 450,/16/4a,
specimen BIN 450/16, paratypes on the ts: BIN 450,/16,/12b, BIN 450/16/24b, BIN 450/16 /43a — BIN
450/16/45a, BIN 450/16/47h (indicated incorrectly, should read BIN 450/16/47b)). Missing ts: BIN
450/16,/17b. Holotype figured in this article in pl. II, fig. 1-3. Locality: Donets Basin, near of Per-
vomajsk city; coal ball from coal seam kg, the C,* Formation, Moscovian, Middle Carboniferous.
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Arthropitys hirmeri Knoell — published in Snigirevskaya, 1967, p. 15, pl. V, fig. 5-8. Figured ts: BIN
450/14/3a — BIN 450/14/5a. Missing ts: BIN 450/14/4a, BIN 450/14/5a. Locality: Donets Basin,
near of Pervomajsk city; coal ball from coal seam kg, the C,> Formation, Moscovian, Middle Carbonife-
rous.

Stewartopteris singularis Morgan et Delevoryas emend. Snigirevskaya — published in Snigirevskaya, 1967,
p. 17-20, pls. VI-VII, text-fig. 3, 4, 5.1.—5.3. Described ts: BIN 450/16,/28b, BIN 450/16,/29b, BIN
450/16,/39a — BIN 450,/16,/42a, BIN 450,/16/44a. Figured ts: BIN 450,/16,/2a, BIN 450,/16,/28b [Ne 2],
BIN 450,/16,/29b [Ne 1], BIN 450,/16/38a — BIN 450,/16,/42a, BIN 450/16,/40a [Ne 2]. Figured peels:
BIN 450/16/41a, peel 10 [Ne 1], BIN 450/16/41a, peel 11 [Ne 1], BIN 450/16/41a, peel 12 (by hand
of NS corrected: peel 13) [Ne 1], BIN 450/16/41a, peel 14 [Ne 1]. Missing ts: BIN 450/16/2a, BIN
450/16/38a. Locality: Donets Basin, near of Pervomajsk city; coal ball from coal seam kg, the C,> For-
mation, Moscovian, Middle Carboniferous.

Stewartopteris sp. — published in Snigirevskaya, 1967, p. 20, pl. VIII, text-fig. 5.4—5.11. Described ts: BIN
450,/16,/5a, BIN 450,/16/6a, BIN 450,/16,/18b — BIN 450,/16,/22b, BIN 450,16,/27b, BIN 450,/16,/32a
BIN 450/16/38a, BIN 450,/16,/50a. Figured ts: BIN 450,/16,/19b, BIN 450,/16,/20b, BIN 450,/16,/22b
[N 4], BIN 450,/16,/21b, BIN 450,/16,/22b, BIN 450,/16,/33a [Ne 5], BIN 450/16,/37a, BIN 450,/16/37a
[Ne 1]. Missing ts: BIN 450,/16,/6a, BIN 450/16/18b — BIN 450/16/21b, BIN 450,/16/27b, BIN
450/16/32a. Locality: Donets Basin, near of Pervomajsk city; coal ball from coal seam kg, the C,> For-
mation, Moscovian, Middle Carboniferous.

Selaginellites cf. crassicinctus Hoskins et Abbott — published in Snigirevskaya, 1972, p. 197, pl. 1, fig. 1. Fi-
gured ts: BIN 450/15/1a. Locality: Donets Basin; seam kg, the C,” Formation, Middle Carboniferous.

Selaginellites sp. — published in Snigirevskaya, 1972, p. 197, pl. 11, fig. 1. Figured ts: BIN 450,/16,/13b. Loca-
lity: Donets Basin; seam kg, the C,’ Formation, Middle Carboniferous.

Stigmaria ficoides (Sternberg) Brongniart — published in Snigirevskaya, 1984b, fig. 2. Figured ts: BIN
450/15/7b.

Lepidostrobus takhtajanii — published in Snigirevskaya, 1984b, fig. 3. Figured ts: BIN 450,/15/8b .

Selaginellites sp. — published in Snigirevskaya, 1984b, fig. 4. Figured ts: BIN 450,/16,/13b.

«Bothryopterids» — published in Snigirevskaya, 1986, p. 133. Figured specimen: BIN 450/16.

Lepidodendron vasculare Binney — published in Snigirevskaya, 1986, p. 126, pl. II, fig. 1. Figured ts:
450/15/5b. Locality: Donets Basin, the mine Pervomajskaya; coal seam k.

Collections 452, 457. Coal balls, woods, compressions; Kuznetsk Basin; Devonian—Jurassic; collected by
N. S. Snigirevskaya in 1956. BIN 452 — 505 specimens; BIN 457 — 300 specimens.

In Snigirevskaya (2010, p. 759) some specimens from collection 457 are described without references to
collection numbers.

Collections 455, 861. Coal balls, woods in coals, compressions; Donets Basin, village Mar’evka; Carboni-
ferous; collected by N. S. Snigirevskaya in 1958, 1964. BIN 455 — 905 specimens; BIN 861 — 340 speci-
mens.

Mesidiophyton paulus Leisman — published in Snigirevskaya, 1972, p. 197, pl. I, fig. 2. Figured ts: BIN
861,/253/9a. Locality: seam 1,, the C,® Formation, Middle Carboniferous.

Anachoropteris sp. — published in Snigirevskaya, 1972, p. 197, pl. I, fig. 3. Figured ts: BIN 861,/253/5a. Lo-
cality: seam 1,, the C,® Formation, Middle Carboniferous.

Cordaites principalis (Germar) Geinitz — published in Snigirevskaya, 1972, p. 197, pl. 1, fig. 6. Figured ts:
861/253/5a. — Snigirevskaya, 1984b, p. 1691, fig. 1. Figured ts: BIN 861/253/5a. — Snigirevskaya,
1986, p. 126. Described specimens: BIN 861/164, BIN 861,/173, BIN 861,/253. Missing specimens:
BIN 861/164, BIN 861/173. Locality: seam l,, the C,° Formation, Middle Carboniferous.

Cordaites felicis Benson — published in Snigirevskaya, 1972, p. 197. Figured ts: BIN 861/181.

Cardiocarpus leclercqiae Snigirevskaya — published in Snigirevskaya, 1972, p. 197, pl. 11, fig. 5-8. Figured
ts: BIN 861,/37/12b, BIN 861/37/26a, BIN 861/37/31b (all three — paratypes). Locality: seam L,, the
C,° Formation, Middle Carboniferous.

Several microphotographs from collection BIN 861 have been figured in Snigirevskaya (1984b) to illust-
rate the methods of anatomical study of plant tissues in petrified peat.

Paurodendron fraipontii (Leclercq) Fry — published in Snigirevskaya, 1986, p. 126, pl. I, fig. 1, 2. Figured ts:
BIN 861/147/1a. Locality: the coal mine 12 Ol'hovatka; upper part of coal seam 1,, Middle Carbonife-
rous. Figured ts: BIN 861/102/2a. Locality: the coal mine Chajkino southern, coal seam 1,. Missing ts:
BIN 861,/102/2a.
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Amyelon radicans (Williamson) Williamson — published in Snigirevskaya, 1986, p. 126, pl. I, fig. 2—5. Figu-
red ts: BIN 861,/339/2c, BIN 861/339/3c. Locality: the coal mine Kantarnaya; coal seam 1,, Middle
Carboniferous.

c¢f. Bowmanites jablokovii — published in Zodrow et al., 2002, p. 393, pl. 2, fig. 1, 2. Described specimen: BIN
861,/250. Locality: seam 1,, Middle Carboniferous.

¢f. Physostoma stellatum Holden — published in Zodrow et al., 2002, p. 393, pl. 3, fig. 1, 2, 4. Figured speci-
men: BIN 861,/250. Locality: seam 1,, Middle Carboniferous. Figured specimen: BIN 861,/128. Locality:
seam k,, Middle Carboniferous.

Stigmaria ficoides — published in Zodrow et al., 2002, p. 393, pl. 2, fig. 3, 4, pl. 4, fig. 1, pl. 5, fig. 3. Figured
specimens: BIN 861,/56, BIN 861,/125, BIN 862/125 (indicated incorrectly, should read BIN 861/125).
Locality: seam k, Middle Carboniferous.

Collection 456. Compressions with preserved tissues; Donets Basin, village Karbonit, clay quarry Ne 1;
Carboniferous, Permian; collected by N. S. Snigirevskaya in 1963 (expedition of O. P. Fissunenko). 35
specimens.

Collection 459. Compressions; Donets Basin, near of village Veselaya, ravine B. Fomina 7; Middle Carbo-
niferous; collected by N. S. Snigirevskaya. 22 specimens.

Collection 862. Coal balls; Donets Basin, several localities; Middle Carboniferous; collected by N. A. Redich-
kin (received in 1966). 29 specimens.

Cardiocarpus leclercqiae — published in Snigirevskaya, 1972, p. 197, pl. 11, fig. 2—4. Figured ts: BIN 862/18 /6a
(holotype), BIN 862/5/12¢ (paratype). Holotype figured in this article in pl. II, fig. 4, 5. Locality:
seam |, the C % Formation, Middle Carboniferous.

Snigirevskaya, 1984b. Described specimen: BIN 862/3/5a.

Snigirevskaya, 1986. Described specimen: BIN 862/28.

Sphenophyllum plurifoliatum — published in Zodrow et al., 2002, p. 393, pl. 1, fig. 2, 3. Figured specimens:
BIN 862/9, BIN 862/12. Locality: seam |, Middle Carboniferous.

Mesoxylon sp. — published in Zodrow et al., 2002, p. 393, pl. 1, fig. 4. Figured specimen: BIN 862/19. Missing
specimen: BIN 862/19. Locality: seam 1., Middle Carboniferous.

Lepidodendron vasculare — published in Zodrow et al., 2002, p. 393, pl. 3, fig. 3. Figured specimen:
BIN 862/12. Locality: seam I, Middle Carboniferous.

Stigmaria ficoides — published in Zodrow et al., 2002, p. 393, pl. 4, fig. 2, pl. 5, fig. 1-3. Figured specimens:
BIN 862/9, BIN 862/12, BIN 862/24. Locality: seam 1., Middle Carboniferous. Figured specimen: BIN
862,/125 (indicated incorrectly, should read BIN 861,/125). Locality: seam k,, Middle Carboniferous.

Collection 863. Plant fossils with compressed tissues from coals, imprints on the splitting planes of huge
cores (about 3 m in diameter), excellent preservation; Donets Basin, village Petrovka, drilling area
Ne 40; Middle Carboniferous; collected by N. S. Snigirevskaya in 1964. 317 specimens.

Collection 865. Compressions with preserved tissues; Kuznetsk Basin; Carboniferous—Permian; collected
by palaeozoological expedition of Borissjak Palacontological Institute Academy of Sciences, USSR,
Moscow in 1952 (Collection in BPI Ne 743); received from T. G. Sarytcheva in 1963. 108 specimens.

In Snigirevskaya (2010) some specimens from collection 865 are described without references to collection
numbers.

Collections 888, 1170. Petrifactions of Asterochlaenopsis kirgizica (Stenzel) Sahni; Central Kazakhstan,
Karaganda Basin, Churubaj-Nura industrial area, about 40 km to SW from the city Karaganda; middle
part of the Karaganda Formation, Visean—Namurian (Serpukhovian), Lower Carboniferous. Specimen
1 — roof of the seam K ,, depth 475,0 m, field number 11786; specimen 2 — borehole 11657, depth
124,5-124,65 m, interlayer 0,20 cm, core in the interval of rocks between coal seams K, and K|, — the
mine named after Kalinin, borehole 19165; collected by E. A. Slatvinskaya (VSEGEI) recelved from
A. A. Kuznetsova (Karaganda, coal-chemical laboratory).

Asterochlaenopsis kirgizica — published in Snigirevskaya et al., 1999b, p. 447, text-fig. 1, 2 (specimen num-
bers are not indicated) (see also: Zdebska, Snigirevskaya, 2001).

Collection 1151. Compressions, petrifactions; Donets Basin, several localities; Devonian, Carboniferous,
Permian; collected by N. S. Snigirevskaya in 1974.

Collection 1156. Coal balls, mineral interlayers in the coals; Donets Basin; Middle Carboniferous; speci-
men BIN 1156/2 —i,’, the mine Molodogvardejskaya, 445 m from the entrance; specimens BIN 1156/3,
BIN 1156/4 — coalified siltstone, Pelecypoda-Horizon in the seam k,% collected by A. M. Lapteva.
4 specimens.
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Coal ball — Snigirevskaya, 1973, p. 124, pl. V, fig. 1.

Collection 1158. Coal balls; Donets Basin, village Annenka, the mine Annenskaya; mine dumps of the seams
1,-1; collected by N. S. Snigirevskaya in 1976 (field-book Ne 2 for 1976, point XI HC/1976). The col-
lection suffered water damage, some specimens are lost.

Collection 1159. Coal balls; Donets Basin, the mine Mihajlovskaya-12, mine dumps; collected by N. S. Sni-
girevskaya in 1976. 2 specimens.

Collection 1160. Coal balls; Donets Basin, Pervomajsk city, the mine named after Menzhinskij; seams L, 1,
1,1, 1, Middle Carboniferous; collected by N. S. Snigirevskaya in 1976.

Collection 1162. Coal balls; Donets Basin, village Mar’evka, 5% area, Peter mine; Middle Carboniferous;
collected by N. S. Snigirevskaya. The collection suffered water damage, some specimens are lost.

Collection 1163. Coal balls; Donets Basin, village Mar’evka, Zolotoe-5, along the left bank of the Kamyshe-
vakha River, the Mar’jevka anteclise; a series of mine dumps along the i, seam, Middle Carboniferous;
collected by N. S. Snigirevskaya, S. M. Snigirevsky in 1976. 11 specimens.

Collection 1164. Coal ball; Donets Basin, the mine Rodina, mine dumps; collected by N. S. Snigirevskaya
in 1976. 1 specimen.

Collections 1167, 1168. Woods from «tobacco sandstones»; Donets Basin, village Mar’evka, left bank of
the Kamyshevakha River, Mar’evka anteclise; Middle Carboniferous; collected by N. S. Snigirevskaya,
S. M. Snigirevsky in 1976. BIN 1167 — 22 specimens; BIN 1168 — 1 specimen.

In Snigirevskaya (2010) some specimens from collections 1167, 1168 are described without references to
collection numbers.

Collection 1171. Coal balls; Donets Basin, Pervomajskugol’, the mine «Sokologorovkas; eastern gal-
lery of seam 1,, horizon 400 m, about 120 m eastern of querschlag of seam 1, to 1,, Middle Carbo-
niferous; collected by A. V. Lapo in 1977. Specimens are partially processed, but not published.
18 specimens.

Collection 1172. Coal balls; Donets Basin, Mine office «Pervomajskoje», the mine Mihajlovskaya; transport
gallery (streck) of upper eastern “lava” of the seam 1, Middle Carboniferous; collected by A. V. Lapo in
1977. Specimens are partially processed, but not published. 21 specimens (field numbers 19-39).

Collection 1173. Coal balls, coal; Donets Basin, the mine «Zolotoe»; 2" south «lava», seam L, horizon 600 m,
140 m southern of querschlag 1.~k ; horizon 436 m, Middle Carboniferous; collected by A. V. Lapo in
1977. 13 specimens (field numbers 40—50 + 2 specimens without numbers).

Coal ball, seam 1, — published in Zodrow et al., 2002, p. 393, pl. 4, fig. 3. Figured specimen: BIN 1173/1.

Collection 1174. Petrifactions; Donets Basin, the mine «Zolotoe», seam 1; the mine named after Kalinin,
seam k,’h ; Middle Carboniferous; collected by A. V. Lapo in 1977. Specimens are partially processed,
but not published. 4 specimens (field numbers 51-54).

Collection 1490, 1491. Concretions in the coal; Donets Basin, Donetsk Region, village Petrovka, the mine
Chelyuskincev; the C,’ — C,* Formations; collected by N. S. Snigirevskaya in 1979. Total 7 specimens.

Collections 1494, 1669. Coal balls; Donets Basin, several localities; Middle Carboniferous; received from
G. P. Vyrvich (Matsenko). Specimens are partially processed, but not published.

Collection 1670. Coal balls; Donets Basin, city Gukovo; Middle Carboniferous; collected by O. P. Fis-
sunenko in 1976.

Coal ball — published in Snigirevskaya, 1986. Described specimens: BIN 1670,/1-3.

Collection 1672. Coal balls; Donets Basin, several localities; Middle Carboniferous; received from
V. V. Kiryukov, February 22, 1986. Specimens are partially processed, but not published. 10 speci-
mens.

Collection 1678. Coals; Dnepropetrovsk Region, western part of Donets Basin, Novomoskovsk city; col-
lected by P. K. Ohotnik, A. N. Ratushnaya; received from T. G. Shendrik (Donetsk), June 1984.

In Snigirevskaya et al. (1988) some specimens from collection 1678 are described without references to
collection numbers.

Collection 1681. Plant fossils; Carboniferous-Permian?; collected by N. S. Snigirevskaya during excursions
of the International Palynological Conference (Novosibirsk, 1971), July 12-17, 1971.

Collection 1686. Coals from lens in sandstones; Donets Basin, east of settlement Starobeshevo, mountain
Lysaya, nameless quarry; Lower Carboniferous (?); collected by N. S. Snigirevskaya, E. V. Zhelezkova
in 1980.

Collection 1689. Compressions; Donets Basin, near of village Illiriya, ravines Dolgaya and Karaguz; col-
lected by N. S. Snigirevskaya, S. M. Snigirevsky in 1975.
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Permian

Collection 451. Coal balls, woods; Kuznetsk Basin, several localities; Upper Permian; collected by V. S. Yab-
lokov. 80 specimens.

In Snigirevskaya (2010) some specimens from collection 451 are described without references to collection
numbers.

Collections 452, 457. Coal balls, woods, compressions; Kuznetsk Basin; Devonian—Jurassic, predominant-
ly Upper Permian; collected by N. S. Snigirevskaya in 1956. BIN 452 — 505 specimens; BIN 457 —
300 specimens.

In Snigirevskaya (2010) some specimens from collection 457 are described without references to collection
numbers.

Collection 456. Compressions with preserved tissues; Donets Basin, village Karbonit, clay quarry Ne 1;
Carboniferous, Permian; collected by N. S. Snigirevskaya in 1963 (expedition of O. P. Fissunenko).
35 specimens.

Collection 615. Woods of Araucarioxylon Kraus ex Schimper; Taimyr peninsula, plateau Syverma, the Heta
River; the Ergalak Formation, Upper Permian; collected by J. I. Pol’kin in 1959.

Araucarioxylon sp. — published in Snigirevskaya, Gromyko, 2000, p. 39, fig. 3. Figured ts: BIN 615/4.

Collections 718, 719, 720, 721. Plant fossils; Tunguska Basin, the Tajmura River; Upper Permian—Lower
Triassic; collected by N. S. Snigirevskaya, A. A. Boruchinkina in 1970. BIN 718 — 14 specimens; BIN
719 — 1 specimen; BIN 720 — 20 specimens; BIN 721 — 7 specimens.

Collection 865. Compressions with preserved tissues; Kuznetsk Basin; Carboniferous—Permian; collected
by palaeozoological expedition of Borissjak Palacontological Institute (BPI) Academy of Sciences,
USSR in 1952 (Collection in BPI Ne 743); received from T. G. Sarytcheva in 1963. 108 specimens.

In Snigirevskaya (2010) some specimens from collection 865 are described without references to collection
numbers.

Collection 867. Compressions and petrifactions; Tunguska Basin; Permian—Triassic—Jurassic?; collected
by N. K. Mogutcheva; received in 1969. Specimens are partially processed, but not published. 39 speci-
mens.

Collection 869. Petrifactions and compressions; Tunguska Basin, several localities along the Nizhnyaya Tun-
guska and Tajmura rivers; the Tutonchana Formation, Permian—Triassic?; collected by A. P. Stepanov
in 1965; received from G. N. Sadovnikov in 1969. Specimens are partially processed, but not published.
3 specimens.

Collection 889. Petrifactions; Tunguska Basin, the Igodehkit River; Permian—Triassic; collected by
A. A. Boruchinkina in 1967. Specimens are partially processed, but not published. 8 specimens.

Collections 890, 891, 1136, 1140, 1141. Compressions; Tunguska Basin; Permian, Triassic; collected by
N. S. Snigirevskaya, A. A. Boruchinkina in 1969. Total 46 specimens.

Collection 896. Compressions with preserved tissues, petrifactions, including woods; Tunguska Basin, right
bank of the Tajmura River, upstream of Kerbe village and Tajmura threshold, shore-outcrops, several
localities; Permian—Triassic; collected by N. S. Snigirevskaya, A. A. Boruchinkina in 1970.

Collection 898. Petrifactions and compressions; Tunguska Basin, several localities; Permo-Triassic; col-
lected by G. N. Sadovnikov. Specimens are partially processed, but not published.

Collection 1151. Compressions, petrifactions; Donets Basin, several localities; Devonian, Carboniferous,
Permian; collected by N. S. Snigirevskaya in 1974.

Collection 1165. Petrified «cone»; Ufa city, Sima factory; the Yangatau Formation, Artinskian, Lower Per-
mian; received from V. P. Vladimirovich in 1978. Specimens are partially processed, but not published.

Triassic

Collections 452, 457. Woods, compressions; Kuznetsk Basin; Devonian—Jurassic; collected by N. S. Sni-
girevskaya in 1956. BIN 452 — 505 specimens; BIN 457 — 300 specimens.

In Snigirevskaya (2010) some specimens from collection 457 are described without references to collection
numbers.

Collection 712. Plant fossils; the Van’ga River; Triassic; collected by A. A. Boruchinkina. Specimens are
partially processed, but not published.

Collections 718, 719, 720, 721. Plant fossils; Tunguska Basin, the Tajmura River; Upper Permian—Lo-
wer Triassic; collected by N. S. Snigirevskaya, A. A. Boruchinkina in 1970. BIN 718 — 14 specimens;
BIN 719 — 1 specimen; BIN 720 — 20 specimens; BIN 721 — 7 specimens.
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Collection 776. Plant fossils; Middle Siberia, Tunguska River Basin, different localities; Triassic. Collected
by N. K. Mogutcheva.

Septomedullocaulon putoranicum Snigirevskaya, Gromyko et Mogutcheva — published in Snigirevskaya et
al.,, 1999a, p. 130, pl. I, fig. 1, 1a, 16, 2—4, pl. 11, fig. 1, 1a, 2—4, pl. 111, fig. 1—4. Figured specimen: BIN
776/1 (holotype). Figured ts: BIN 776/1/1 — BIN 776/1/7. Holotype figured in this article in pl. V,
fig. 1-3. Type locality (after N. K. Mogutcheva): the Kurejka River, outcrop 33, 60°N, 90°E; upper
member of the Dvurogij Formation, Induan — lower part of Olenekian, Lower Triassic.

Septomedulloxylon putoranicum Snigirevskaya, Gromyko et Mogutcheva in msc. (the generic name is erro-
neously named Septomedulloxylon instead of Septomedullocaulon) — published in Snigirevskaya, Gro-
myko, 2000, p. 39, fig. 1, 2. Figured ts: BIN 776/1/3.

Chromorhiza dobruskinae Snigirevskaya et Mogutcheva — published in Snigirevskaya, Mogutcheva, 2010,
p. 40, pl. 1, fig. 14, pl. II, fig. 1-3, pl. I11, fig. 1-3, 3a. Figured specimen: BIN 776/5 (type specimen).
Figured ts: BIN 776/5/1 (holotype), BIN 776/5/2—4 (isotypes). Holotype figured in this article in
pl. V, fig. 6—8. Type locality: Tunguska syneclise, right bank of the Kiramka River, 10 km above of its
inflow; the Nidym Formation, Olenekian—Anisian, Lower Triassic.

Collection 866. Petrified plants; East Siberia, Evenkia national county, Ilimpiya district, Tunguska Basin,
right bank of the Nizhnyaya Tunguska River, 2 km downstream of the settlement Amo (Kislokan),
coastal outcrops against the tip of a sandy island, at the mouth of a stream, 100 m upstream of the bore-
hole of VAGT (Vsesoyuznyj Aehrogeologicheskij trest), 1972 (group of E. L. Fischer); Korvunchana
Group, the Tutonchana Formation, Permo-Triassic or Early Triassic(?); collected by L. I. Tsajeva in
1966—68; received from G. N. Sadovnikov in 1969. 60 specimens.

Takhtajanodoxa Snigirevskaya — published in Snigirevskaya, 1980a, p. 95.

Takhtajanodoxa mirabilis Snigirevskaya — published in Snigirevskaya, 1980a, p. 95, fig. 1, 2. Figured specimens:
BIN 866,39 (holotype), BIN 866,/31. Holotype figured in this article in pl. III, fig. 1—4. — Snigirevs-
kaya, 1980b, p. 51, pl. I fig. 3, 5, pl. IL, fig. 6, 7, pl. 111, fig. 1, 2, pL. IV, fig. 2, p. V, fig. 1—4, pl. VI, fig. 1, 14, 16,
16, 2. Figured specimens: BIN 866,/1, BIN 866/5, BIN 866,/9, BIN 866,/15, BIN 866,39, BIN 866,/39/3a.
Figured ts: BIN 866,31, BIN 866,39/1a, BIN 866,/39/94, BIN 866/39,/16a, BIN 866/61. — Snigirevs-
kaya, 1989a, p. 74, pl. I, fig. 2, 3. Figured specimen: BIN 866,/15. Figured ts: 866,/39/16a.

Takhtajanodoxaceae Snigirevskaya — published in Snigirevskaya, 1980b, p. 43.

Takhtajanodoxales Snigirevskaya — published in Snigirevskaya, 1980b, p. 43.

Takhtajanodoxa longicaulis (Burges) Snigirevskaya — published in Snigirevskaya, 1989a, p. 82.

Pleuromeia Corda ex Germar — published in Snigirevskaya, 1989a, p. 84.

Collections 867, 1134, 1135. Compressions and petrifactions; Tunguska Basin; Permian—Triassic—Juras-
sic?; collected by N. K. Mogutcheva; received in 1969. Specimens are partially processed, but not pub-
lished. BIN 867 — 39 specimens; BIN 1134 — 4 specimens; BIN 1135 — 1 specimen.

Collection 868. Compressions and petrifactions; East Siberia, Evenkia national county, right bank of the
Nizhnyaya Tunguska River, 2 km downstream of settlement Amo (Kislokan), coastal outcrops against
the tip of a sandy island; Permian—Triassic or Early Triassic (?); collected by A. A. Boruchinkina,
S. D. Makarova, E. K. Obonickaya, A. A. Yuon in 1967; received from E. K. Obonickaya in 1972.
32 specimens.

Takhtajanodoxa mirabilis — published in Snigirevskaya, 1980b, p. 51, pl. I, fig. 4, 4a. Figured specimen: BIN
868,/20.

Collection 869. Petrifactions and compressions; Tunguska Basin, several localities along the Nizhnyaya
Tunguska and Taymura rivers; the Tutonchana Formation, Permian—Triassic?; collected by A. P. Stepa-
nov in 1965; received from G. N. Sadovnikov in 1969. 3 specimens. Specimens are partially processed,
but not published.

Collection 885. Anatomically preserved petrifactions, predominated Osmundacaulis sp. (together with
Takhtajanodoxa); East Siberia, Evenkia national county, Tunguska River Basin, right bank of the Nizh-
nyaya Tunguska River, 2 km downstream of settlement Amo (Kislokan), coastal outcrops against the
tip of a sandy island, at the mouth of a stream, 100 m upstream of the borehole of VAGT of 1972; the
Tutonchana Formation, Early Triassic (?); collected by G. N. Sadovnikov in 1969. 17 specimens. Speci-
mens are partially processed, but not published.

Collections 886, 890, 891. Anatomically preserved plant petrifactions and compressions; Tunguska Basin;
Upper Permian—Lower Triassic (?); collected by A. A. Boruchinkina, N. S. Snigirevskaya in 1969. Total
40 specimens.
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Collection 889. Petrifactions; Tunguska Basin, the Igodehkit River; Permian—Triassic; collected by
A. A. Boruchinkina in 1967. Specimens are partially processed, but not published. 8 specimens.

Collection 892. Petrifactions and compressions of Takhtajanodoxa mirabilis; East Siberia, Evenkia national
county, Tunguska River Basin, right bank of the Nizhnyaya Tunguska River, 2 km downstream of settle-
ment Amo (Kislokan); Early Triassic (?); collected by E. K. Obonickaya in 1968. Specimens are par-
tially processed, but not published. 14 specimens.

Collections 893, 898. Petrifactions and compressions; Tunguska Basin, several localities; Permo-Triassic;
collected by G. N. Sadovnikov in 1968. Specimens are partially processed, but not published. Total
7 specimens.

Collection 894. Petrifactions; Tunguska River Basin, 3 km downstream of settlement Amo (Kislokan);
Lower Triassic (?); collected by S. D. Makarova, N. Afanas’eva in 1968; received from G. N. Sadovnikov
in 1970 (in his opinion, the specimens come from the Verkhnyaya Korvunchana subformation of the
Burgarikta Formation).

Takhtajanodoxa mirabilis — published in Snigirevskaya, 1980b, p. 51, pl. I, fig. 1, pl. 11, fig. 3, pl. IV, fig. 1.
Figured specimens: BIN 894/1, BIN 894/6. — Snigirevskaya, 1989a, p. 74, pl. I, fig. 1. Figured specimen:
BIN 894/6.

Takhtajanodoxa longicaulis — published in Snigirevskaya, 1989a, p. 82.

Pleuromeia — published in Snigirevskaya, 1989a, p. 84.

Collection 895. Petrifactions of Takhtajanodoxa mirabilis; Tunguska Basin, several localities; Upper Perm-
ian—Lower Triassic (?); collected by N. G. Verbickaya, E. K. Obonickaya in 1968. Specimens are par-
tially processed, but not published. 40 specimens.

Collections 896, 899, 1137. Compressions, petrifactions, including woods; Tunguska Basin, several locali-
ties; Permian—Triassic; collected by N. S. Snigirevskaya, A. A. Boruchinkina in 1970.

Takhtajanodoxa mirabilis — published in Snigirevskaya, 1980b, p. 51, pl. I, fig. 2, pl. 11, fig. 2, 24, pl. VI, fig. 3.
Figured specimens: BIN 899/112, BIN 899,/200, BIN 899/257. Missing specimens: BIN 899/112, BIN
899,/257.

Collections 1132, 1133. Petrifactions; Tunguska Basin, Kislokan settlement; Lower Triassic; collected by
N. S. Snigirevskaya in 1971. Total 22 specimens.

Takhtajanodoxa mirabilis — published in Snigirevskaya, 1980b, p. 51, pl. 11, fig. 4, 5, pl. 111, fig. 3, 3a, 4,
pl. 1V, fig. 3, 3a. Figured specimens: BIN 1133 /264, BIN 1133/266. Figured ts: BIN 1133/26/3a, BIN
1133/26,/29a, BIN 1133,/26/32a. Missing ts: BIN 1133/26,/3a, BIN 1133/26/32a.

Collection 1161. Strobilus of Pleuromeia rossica Neuburg with megasporangia and megaspores; Yaroslavl’
Region, right bank of the Volga River, village Krasnoe; the Rybinsk Formation, Olenekian, Lower Tri-
assic; collected by M. 1. Ivakhnenko (BPT); received from A. T. Burakova.

Megaspores of Pleuromeia rossica — published in Zhelezkova, 1985, p. 472, pl. 1, fig. 1. Figured specimen:
BIN 1161 /1.

Collection 1692. Plant fossils; Taymyr peninsula and other localities; Triassic; collected by N. K. Mogutcheva.

Aetophyllum stipulare Brongniart — published in Fefilova et al., 2007, p. 119, pl. I, fig. 1-10, pl. 1T, fig. 1-3,
pl. 111, fig. 1-7, pl. TV, fig. 1-5. Figured specimen: BIN 1692 /1 (field number 2246-37/3) and ts, made
from it. Locality: Middle Siberia, the Avam River; lower subformation of the Dvurogij Formation, In-
duan—Olenekian.

Collection 1699. Pleuromeia rossica; Jaroslavl’ Region, near of the city Rybinsk, village Tihvinskoe; col-
lected by T. M. Zhukova in 2004; received from S. M. Snigirevsky. Specimens are partially processed,
but not published. Collection 1669 includes other fossil remains of Pleuromeia from different regions of
the former USSR.

Jurassic

Collections 452, 457. Woods, compressions; Kuznetsk Basin; Devonian—Jurassic; collected by N. S. Sni-
girevskaya in 1956. BIN 452 — 505 specimens; BIN 457 — 300 specimens.

In Snigirevskaya (2010) some specimens from collection 457 are described without references to collection
numbers.

Collection 1157. Plant fossils; Eastern Siberia, Republic of Yakutia, the Chona River, right tributary of
Vilyui River, 17 km upstream of the Marhaj River; horizon of highly carbonized dark gray mudstones
of marine origin, lower-middle parts of Lower Jurassic; collected by N. N. Tazikhin (VSEGET) in 1955;
received from I. A. Shilkina. 1 specimen.
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Matoniopteris sibirica Snigirevskaya — published in Snigirevskaya, 1977, p. 858, text-fig. on the p. 859, pl. I,
fig. 1-8, pl. 11, fig. 1-8. Figured specimen: BIN 1157 /1 (holotype). Figured ts: BIN 1157/1/m/1°, BIN
1157/1/m/1, BIN 1157/1/m/2°, BIN 1157/1/10/7, BIN 1157/1/2g/2 (indicated incorrectly, should
read BIN 1157/1/23/2), BIN 1157/1/1/8, BIN 1157/1/1/9, BIN 1157/1,/23/4, BIN 1157/1/23/14,
BIN 1157/1/20/17, BIN 1157/1/m/23 (index decoding: m/... — mother rhizom; 19, 20 — 1** and 2"
daughter rhizomes respectively; /... — leaf petiole). Missing ts: BIN 1157/1/1/8, BIN 1157 /1 /m/23,
BIN 1157/1/20/17. Holotype figured in this article in pl. II, fig. 6-8.

Cretaceous

Collection 900. Petrifactions; south-eastern Mongolia, 315 km to the south of Ulan-Bator, between Del’ger-
Khangoj ridge and Argalanty mountain; collected by B. M. Chudinov in 1931; received from M. F. Neu-
burg in 1956. 2 specimens.

Cycadeoidea mongolica Neuburg — published in Neubourg, 1932, p. 200.

Tertiary

Collection 1697. Plant fossils and detritus; Ukraine, Ovruch depression, borehole 168; collected by
V. V. Furtes.
Note: The text of the article (Snigirevskaya et al., 1990) states (p. 916): «thin sections from the collection

of V. V. Furtes». However, all materials (specimens, preparations, images) are stored in the collection
BIN 1697.

Quaternary and recent

Collection 3207. Coaly slate from the bottom of the Atlantic Ocean; collected by L. E. Shterenberg (GIN
RAS, Moscow).

Note: In the text of the article (Shterenberg, Snigirevskaya, 1994) the collection number is not specified. In
BIN is stored in the collection 3207.

Collection 3209. Recent an fossil remains of Nelumbo, materials to the diploma and articles; several places;
collected by N. S. Snigirevskaya, different years.

Nelumbo Adans. — published in Snigirevskaya, 1955, 1964c, 1974, 1992.

Also, the BIN collections as a whole were described in the articles by Iljinskaya et al. (1965) and Sni-
girevskaya (1987a).
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PLATEI

1, 2 — Bowmanites jablokovii Snigirevskaya, part of an oblique longitudinal section through the strobilus,
showing the location of the sporangia, the structure of the multilayer wall and sporophores. Thin sec-
tion BIN 450/16/36a. (Snigirevskaya, 1962, pl. I, fig. 5). Locality: Lugansk Region, Pervomajsk city;
coal seam kg, upper part of the C,” Formation, Moscovian, Middle Carboniferous.

3-7 — Lepidostrobus takhtajanii Snigirevskaya. Thin section BIN 450/15/8¢ (Snigirevskaya, 1964b,
pl. VIII, figs. 1-5). Locality: Donets Basin, near of Pervomajsk city; seam k, the C,° Formation,
Moscovian, Middle Carboniferous.

3 — megasporangium with four megaspores, one of which is functioning;
4 — abortive megaspores;
5 — sporophore;
6 — ray canals of the tetrad scar of a functioning megaspore;
7 — megagametophyte.
Scale bar: 1,3 — 500 pum; 2, 4 — 200 um; 5-7 — 100 um.
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PLATE I

1-3 — Arthropitys variabilis Snigirevskaya. Thin section BIN 450/16/1a. Locality: Donets Basin, near of

Pervomajsk city; coal ball from coal seam k,, the C,’ Formation, Moscovian, Middle Carboniferous.
1, 2 — transverse section of stem and secondary xylem. (Snigirevskaya, 1967, pl. IV, figs. 3, 4);
3 — transverse section through a group of protoxylem cells. (Snigirevskaya, 1967, pl. V, fig. 3).

4, 5 — Cardiocarpus leclercqiae Snigirevskaya, pollen chamber, longitudinal section. Thin section BIN

862/18/6a. (Snigirevskaya, 1972; pl. 11, fig. 3). Locality: Donets basin; seam 1, the C,* Formation,
Middle Carboniferous.

6—8 — Matoniopteris sibirica Snigirevskaya. (Snigirevskaya, 1977, pl. 1, figs. 3a, 36, 5). Locality: Eastern

Siberia, Republic of Yakutia, the Chona River, right tributary of Vilyui River, 17 km upstream of the

Marhaj River; horizon of highly carbonized dark gray mudstones of marine origin, lower-middle parts

of Lower Jurassic.

6 — central meristele in transverse section. Thin section BIN 1157 /x,/1%;

7 — section of endarchic xylem of the second meristela. Thin section BIN 1157 /m/1°%;

8 — phloem parenchymal cells and adjacent scalariform tracheids of metaxylem. Thin section BIN
1157 /m/2".

Scale bar: 1,4 — 500 um; 2, 6,7 — 200 pm; 3,8 — 100 pm; 5 — 250 pm.
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PLATE III

1-4 — Takhtajanodoxa mirabilis Snigirevskaya. Locality of BIN 866,/31, BIN 866,39, BIN 866/39/3a:
East Siberia, Evenkia national county, Ilimpiya district, Tunguska Basin, right bank of the Nizhnyaya
Tunguska River, 2 km downstream of the settlement Amo (Kislokan), coastal outcrops against the tip
of a sandy island, at the mouth of a stream, 100 m upstream of the borehole of VAGT; Korvunchana
Group, the Tutonchana Formation, Permo-Triassic or Early Triassic(?). Locality of BIN 1133,/26 /29a:
Tunguska Basin, Kislokan settlement; Lower Triassic.

1 — scalariform tracheids. Thin section BIN 866,/39/3a. (Snigirevskaya, 1980b, pl. 11, fig. 7);

2 — transverse section of stem with eccentrically located xylem, hollow inner bark, numerous leaves
cut at different levels. Specimen BIN 866,/31. (Snigirevskaya, 1980a, fig. 2);

3 — transverse section of the upper part of the rhizophore xylem. Thin section BIN 1133/26,/29a.
(Snigirevskaya, 1980b, pl. ITI, fig. 3a);

4 — branching shoot. Specimen BIN 866,/39. (Snigirevskaya, 1980b, pl. I, fig. 5). 29

Scale bar: 1 — 100 pm; 2 — 1 ¢m; 3 — 200 pm; 4 — 2 cm.



PLATE IV

1-5 — Cladoxylon tanaiticum Snigirevsky. Locality: Donets Basin, Starobeshevo area, vicinity of village

Razdol'noye, near of the mine «Dal’nij», left bank of the Mokraya Volnovakha River, Zalessky-ravine;

the Razdol'noye Formation, Upper Devonian.

1 — general view of the prepared stem. Rock is left in the area of side branches (in nodes). Specimen
BIN 1178/16. (Snigirevsky, 1992, pl. I, fig. 1);

2 — flattened side of the stem with lenticular tubercles, with longitudinal striation. Specimen BIN
1178/16. (Snigirevsky, 1992, pl. 1, fig. 2);

3 — three-lobed branch trace. Transverse section. Thin section BIN 1178/16. (Snigirevsky, 1992,
pl. 11, fig. 2);

4 — transverse section of the stem. Meristeles of the central and peripheral zones are visible. Thin
section BIN 1178/16. (Snigirevsky, 1992, pl. I, fig. 3);

5 — longitudinal section of the stem. Meristeles with long tracheids and parenchymal tissue of the
cortex are visible. Thin section BIN 1178/16. (Snigirevsky, 1992, pl. I, fig. 4).

Scale bar: 1 — 2 cm; 2 — 1 ecm; 3 — 500 pm; 4, 5 — 5000 pm.
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PLATEV

1-3 — Septomedullocaulon putoranicum Snigirevskaya, Gromyko et Mogutscheva. (In Snigirevskaya et

al.,, 1999a, p. 130, pl. I, fig. 1, 1a, 16, 2—4; pl. 11, fig. 1, 1a, 2—4; pl. I11, fig. 1—4). Locality: the Kurejka

River, outcrop 33, 60°N, 90°E; upper member of the Dvurogij Formation, Induan — lower part of Ole-

nekian, Lower Triassic.

1 — transverse section of the secondary xylem; in the late wood, individual cells with dark contents
are visible, possibly being a strand parenchyma. Thin section BIN 776/1/1 (isotype);

2 — tangential section of the cells of the strand parenchyma in the late wood. Thin section BIN
776/1/2 (lectotype);

3 — radial section of secondary xylem. Thin section BIN 776,/1/2 (lectotype).

4, 5 — Glomites sporocarpoides Karatygin, Snigirevskaya, K. Demchenko et Zdebska (Karatygin et

al., 2006a, pl. XIX, figs. 2, 3). Locality: Scotland, near Aberdeen, village Rhynie; Lower Old Red
Sandstones, Pragian (Siegenian), Lower Devonian. Sporocarps Glomites sporocarpoides in axes of

Aglaophyton major. Thin section BIN 887/4/1.

6—8 — Chromorhiza dobruskinae Snigirevskaya et Mogutscheva. (Snigirevskaya, Mogutscheva, 2010,

pl. I, figs. 2, 3; pl. I, fig. 2). Locality: Tunguska syneclise, right bank of the Kiramka River, 10 km

above of its inflow; the Nidym Formation, Olenekian—Anisian, Lower Triassic.

6 — tangential section of root wood, with single-seriate rays and single-seriate pitting on tracheid
walls. Thin section BIN 776/5/4;

7 — transverse section of central root part, with diarch protostele. Thin section BIN 776/5/1;

8 — radial section of secondary xylem, with single- to double-seriate tracheid pitting in alternating or
opposite position and their cross-fields with rays. Thin section BIN 776/5 /4.

Scale bar: 1-3 — 100 pm; 4, 5 — 200 pm; 6 — 100 um; 7 — 500 um; 8 — 200 um.
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GENUS ARCTOPTERIS (PTERIDACEAE) IN THE CRETACEOUS FLORAS
OF THE NORTHEAST OF RUSSIA

A. A. Grabovskiy

Komarov Botanical Institute RAS, St. Petersburg, Russia, AGrabovskiy@binran.ru

Pesiome. B janHOIi cTarbe TpencTaBieHbl pe-
3yJIBTaThl PEBU3UU TIATIOPOTHUKOB poja Arctopteris
n3 MesoBbIX otryokenuit Ceepo-Bocroka Poccum:
alTypCKOM, TaTMMOBCKOM, KPUBOPEYEHCKOM, apMaH-
CKOHW, aMKWHCKOH, TUIPUHCKOMU, KaHAHBITMHCKOMH,
TBLIBITATBIPTBIHANCKOM, TIOTTEPEYHEHCKOH, IMYHIPIT-
CKOM, GapbhIKOBCKOI 1 PAPITKMHCKOI CBUT. YCTaHOB-
JIEHO, UTO B cOocTaB pofa Arctopteris BXOIAT BOCEMb
BUOB: A. lenaensis Vassilevskaja (amnr), A. heteropin-
nula Kiritchkova (awxnuii-cpenuuii ans6), A. koly-
mensis Samylina (HUKHUN-cpeaHnii anb0), A. obtusi-
pinnata Samylina (HywkHUR-cpeaauii ansb), A. rari-
nervis Samylina (HrKHUN aab6-KOHBIK), A. penzhi-
nensis E. Lebedev (typon-komnbsx), A. ilirensis Go-
lovneva (Typon-Bepxumii canton) u A. rarytkinensis
Vassilevskaja (konbsk-ganuii). Buabr A. microphylla
Philippova u A. rarinerois oObeinHe bl 0/ HA3BAHM-
eM A. rarinervis.

Kniouesvie caosa: nickonaembie MAOPOTHUKH,
Pteridaceae, mei1, CeBepo-Bocrok Poccun.

Abstract. The ferns of the genus Arctopteris from
the Cretaceous deposits of the North-East of Rus-
sia (the Aigur, Galimov, Krivorechenskaya, Arman,
Amka, Gidra, Kananyga, Tylpegyrgynai, Poperech-
naya, Emuneret, Barykov and Rarytkin formations)
were re-examined. In the result eight species were
included in this genus: A. lenaensis Vassilevskaja (Ap-
tian), A. heteropinnula Kiritchkova (lower—middle Al-
bian), A. kolymensis Samylina (lower—middle Albian),
A. obtusipinnata Samylina (lower—middle Albian),
A. rarinerois Samylina (lower Albian-Coniacian),
A. penzhinensis E. Lebedev (Turonian-Coniacian),
A. ilirnensis Golovneva (Turonian-upper Santonian)
u A. rarytkinensis Vassilevskaja (Coniacian-Danian).
Species A. microphylla Philippova and A. rarinervis are
united under the name A. rarinervis.

Key words: fossil ferns, Pteridaceae, Cretaceous,
North-East of Russia.

BBEAEHNE

Cospementoe cemeiictBo Pteridaceae E. D. M. Kirchner Briouaer 53 pomga u okoso 1200 BuaoB
(PPG 1, 2016). D10 cemeiicTBo oTHOCUTCst K Iopsiaky Polypodiales (Pryer et al., 2004; Smith et al., 2006)
u coctout u3 1sTH nojicemeiicts: Cryptogrammoideae Lindsay, Pteridoideae Link, Parkerioideae Burnett,
Vittarioideae Link u Cheilanthoideae Horvat (Schuettpelz et al., 2007; Christenhusz, Byng, 2016; PPG I,
2016).

Y npejcraBuTesiel TanopoTHUKOB ceMeiicTBa Pteridaceae mmunOe, MOJI3y4ee KOPHEBHIIE, TOKPHITOE
JeryiKaMu, peske BoJocKaMu. JIMCThs IPOCThIe WK MEPUCTBIE, C CETYATHIM MJIU TIEPUCTHIM JKIUIKOBAHU-
eM. Copychl JIMIIEHbI WHY3UyMa ¥ TIPUKPBITHI JIOKHBIM MTOKPBIBAJIBIIEM, 0GPa30BAHHBIM U3 3aBEPHYTOTO
Kpast sincra, criopsl Tpusietbie (Tryon et al., 1990; Schuettpelz, Pryer, 2007). IIpeacraButernu cemeiicTa
Pteridaceae — ato HazemHuble, anndUTHBIE, KCEPODUTHBIE U BOIHbBIE BU/IBI MATIOPOTHIUKOB, KOTOPBIE Pac-
npoctpanenbl B Adpuke, Mamarackape, Asun, I0xH0it AMeprke 1 B Apkruke (Schuettpelz et al., 2007).

B uckomnaemom cocrosinuu cemeiictso Pteridaceae npeacrasieno pogamu Preris Linnaeus, Acrostichum
Linnaeus, Heinrichsia Regalado, Schmidt, Krings et Schneid, Arctopteris Samylina u Kolymella Samylina
et Philippova (Krassilov, Bacchia, 2000; Bonde, Kumaran, 2002; Moreno-Dominguez et al., 2016;
Regalado et al., 2019; Samylina, 1964; Samylina, Philippova, 1970). B reosioruueckoii jietorucu ocTatku
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cemeiicTa Pteridaceae BriepBbie MOSIBJISIFOTCS] B MEJTOBBIX OTJIOKEHUSX allTCKOro sipyca Bocrounoit Cubupu
(Vassilevskaja, 1967). Kpome sT0T0 OHU M3BECTHBI M3 BepxHeMesoBbIxX otTiaoxenuii Jiuana (Krassilov,
Bacchia, 2000) u Mpsambr (Regalado et al., 2019), a Takke u3 BepXHEOJUTOIEHOBBIX OTI0KeHUi [Tupe-
Heilickoro mosnyocrpoBa (Moreno-Dominguez et al., 2016). Ha teppurtopun Cesepo-Bocroka Poccun ma-
MOPOTHUKH cemelicTBa Pteridaceae oTMeueHbI B HUKHE- U BEPXHEMEIOBBIX OTJIOKEHUSAX U TIPEICTABICHDI
pomamu Arctopteris u Kolymella (Samylina, 1964, 1976; Samylina, Philippova, 1970).

Pon Arctopteris ¢ TunioBbim Bujiom A. kolymensis Samylina, 61 onucan B. A. Cambummnoit (Samylina,
1964) u3 HICKHE-cpeHeaTbOCKUX OTJIOKEHI T OYOP-KEMIOCCKON CBUTHI 3BIPSTHCKOTO YIJIEHOCHOTO OacceiiHa.
U3 aroii sxe cButhl CambuinHa (Samylina, 1964) onucana Bropoit Bun A. rarinervis Samylina. 113 HukHe-
cpenHeanbOCKUX OTIOKEHHI aiirypekoit cBuThl Basbirsraan-Cyroiickoro nporunba Cambiinna (Samylina,
1976) onucana A. obtusipinnata Samylina. [lo3nHee, pa3HbIMU MCCTIETOBATENSIMU U3 BEPXHEMEJIOBBIX OT-
aoxennit CeBepo-Bocroka Poccun, 6but0 ommcano erte derbipe Bupa: A. rarytkinensis Vassilevskaja,
A. penzhinensis E. Lebedev, A. microphylla Philippova u A. ilirnensis Golovneva (Vassilevskaja, 1977;
Herman, Lebedev, 1991; Philippova, 2005; Golovneva, 2018), a Takxe coszana komOunauus A. ochotica
(Samylina) Golovneva (Golovneva, 2019). 13 menoBbix orioxenuit Boctounoit Cubupu (Kiritchkova,
Slastenov, 1966; Vassilevskaja, 1967) 6bu10 onucano asa Buma — A. heteropinnula Kiritchkova (xaTbipbik-
CKasl CBUTA, HIKHUI-cpeHuil aibd) u A. lenaensis Vassilevskaja (oronep-ropsixckast CBUTa, anr).

JIucThst pa3HbIX BUIOB pojia Arctopteris XapaKTepuayIoTcs PO0JITOBATHIMY UJTH TUTHEIHBIMY TTEPbITII-
KaMH, ¢ 3y0uaThiM UJIH TeJTbHBIM KPaeM U MePUCTBIM KuaKoBaHeM. CIIOPOHOCHBIE JIUCThST OBLIH OTIMCAHbI
TOJIBKO 17151 BUtoB A. kolymensis (Samylina, 1964) u A. obtusipinnata (Samylina, 1976). /I 60siee To4HOTO
olpejie/IeHust IMAaTHOCTUYECKUX MTPU3HAKOB BUIOB HAMU OBLIT MEpen3ydeH TUIIOBOI MaTeprasl 1Mo BUIaM
A. kolymensis, A. rarinervis, A. obtusipinnata, A. rarytkinensis u A. ilirnensis. JIJist 3TuX BUIOB JJaHbI PACIITH-
peHHbIe [ruaruo3sl. KpoMe aToro Oblia cliejiana peBU3rsi HAXOM0K poja Arctopteris W3 HUKHE- U BEpXHe-
MesToBbIX oTyokeHnit CeBepo-Boctoka Poccun: alirypckoit, TamMOBCKOI, KPUBOPEUEHCKOM, apMaHCKOM,
AMKUHCKOM, TUPUHCKON, KaHAHBITHHCKOM, THUIBIIATBIPTBIHANCKOM, TIOMEPEYHEHCKOM, 9MYHOPITCKOI, Oa-
PBIKOBCKOM M PapbITKUHCKOM CBUT.

MATEPUAJL

Tumnosoii matepuan Arctopteris kolymensis n A. rarinervis xpanutcss B BOTaHMYECKOM WHCTHUTYTE
um. B. JI. Komaposa PAH (BVH PAH), komtekitst BITH Ne 508. On 1iponcxouT U3 HUKHE-CPeIHeanb0-
CKUX OTJIOJKEHUTT Oyop-KeMIoccKoit cBuThbI Gacceiina p. Kosbima 1 6611 cobpan B. A. Cambuinnoii B 1957 ropy.

TunoBoit matepuan A. obtusipinnata TPOUCXOMUT W3 HUKHE-CPEAHEATbOCKUX OTJIOKEHWHA alryp-
ckoit cButhl Basbirbraan-Cyroiickoro mporu6a (Samylina, 1976). O6pasibt xpausres B Kosutekimn BITH
Ne 510 u 6b11u cobpatibl C. V. @usarosbiM B 1962—1963 rr.

Tunosbie 06pasibl A. ilirnensis 6uimu cobpanbr C. B. Mlenerossim B 1990 romy (Shezepetov, 1991)
13 KOHbSIKCKUX OTJIOKEHMIT BOpoHbUHCKOIT cBuThl (Golovneva, 2018) na sieBobepeskbe p. [Tanssaam (Ilen-
tpambHas UykoTka). Onu xpanarcs B CeBepo-BocTouHOM KOMIITIEKCHOM HAyYHO-MCCIE0BATETbCKOM MH-
cruryte PAH B Maragane (CKBHUN), kostexknus CKBHUN T1D3.

TunoBoit Matepuas A. penzhinensis TpOUCXOIUT U3 HYKHEN (TYPOH) ¥ cpeiHeil (KOHBSIK) YacTeil Ba-
mkrerckoit ceutsbl CeBepo-3anaanoii Kamuarku (Herman, Lebedev, 1991) u xpanurcest 8 Teosornueckom
urcruryre PAH B Mockse, kosteknust TTH Ne 843. 91u 06pasiipbl M3y4aanch TOJIbKO Ha OCHOBAHUH JIU-
TepaTypHBIX TaHHBIX.

TunoBoit matepuan A. microphylla nporucxXoauT U3 KOHBSKCKUX OTJIOKEHUH THUIBIATBIPIUHANCKOI
cuthl xpeOra Ilekympheit (Philippova, 2005). On xpanutcst B Maranase, B ['eosiornueckom mysee Mara-
nanckoro unmana « Teppuropuanbubiii hon 1 Teosiorudeckoit nadopmainu 1o /lasmpaeBoctounomy deje-
paimbrOMy OKpyTY» (Kosutekiust TADU Ne 1017) u Takske u3ydasucst HAMU TOJIBKO HA OCHOBaHUH OITYOJIKO-
BauHbIX pabot Dusmmnmosoit (Philippova, 2005; Philippova, 2010).

Tosorutt A. rarytkinensis xpauutcs B IleHTpasibHOM HayYHO-UCCIIEA0BATETECKOM TE0JIOTOPA3BEI0YHOM
mysee um. @. H. Yepnsbiesa B Cankr-Ilerepbypre, kosutekius [THUTPM Ne 12043. Drot o6paserlr mpo-
HCXO/UT U3 MAACTPUXT-AATCKUX OTJIOKEHUN PapbITKMHCKON cBUTHI 13 Oacceiina p. [Tepsas Tonoseas, Ko-
psikckoe Haropbe, u 0611 cobpan I. T1. Tepexosoit u B. 1. Boobyesoii B 1969 roxy. Hamu Takske Obun u3-
yueH obpaseil A. rarytkinensis, cobpaunbiii . A. JIpanoBckum B 1962 ro/1y 13 OTIOKEHUN PapbITKUHCKOI
CBWTBI B ceBepHOI yacTut xpebra Papbirkun (kosutekinss BIH Ne 967B).

Kpome aroro, Hamu ObLI U3y4eH MaTepUasl 110 JUCTbsIM Arctopteris N3 KOHbSIKCKUX OTJIOKEHWI TH/I-
PUHCKOW M KaHAHBITUHCKOW cBUT pp. Busmra u Tymansr (kosteknus BUH Ne 546, 812), coGpanHbIit
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C. B. IllenerosbiM B 1983—1985 1T, a TakKe 13 0OHOBO3PACTHBIX OTIO0KEHIIT aMKUHCKON CBUTHI GacceiiHa
p. Yabs (xomrekiuss BUTH Ne 1575). 9rot matepuan 611 cobpan JI. B. Tonosuesoii, C. B. [leneroBbim
u II. 1. Anexceesbim B 2013 roxy. JlonmomHUTENBHO U3ydeH MaTepUal U3 AMYHIPITCKON CBUTHI (TTO3HUI
canToH) Oacceitna p. ImynaparseeM ([lentpanbhas Yykorka), cobpannbiii A. A. Tpabosckum B 2017 roxy
(vosumeximst BUH Ne 1593).

Hawmu takske ObLIN TPOCMOTPEHBI OMYOJIMKOBAHHBIE M300PAKEHUST 110 aPKTOIITEPUCAM U3 YMKYBEEM-
ckoit (YMKyBeeMCKast BIaJinHa, anb0), KpUBOPEUEHCKOIT (bacceitt p. AHaIbIPb, BEPXHUIT a/lbO-HUKHUNT TY-
poH), 6apbIKOBCKOIT (OyxTa YTOIbHAs, HUKHIA KaMITaH ) W YMHTaHKIUHCKON (Mexaypedbe pp. Kanaubiru
u Tymamnbl, Typon-koubsik) cBut (Philippova, 1975; Shezepetov et al.,, 1992; Moiseeva, Sokolova, 2011;
Golovneva, 2019).

Crucok Bcex KOJLIEKIii, M3yYeHHbIX B JaHHOI paboTe, IpuBeieH B Tabaule 1.

Tabauna 1

Koanexnun nckornaeMbix pacteHuii u3 MesoBbix oTyoxernii Cesepo-Bocroka Poccun

Kosmexiuis Kosnektops! u ro/ipt Crparurpaduueckne Bospacr MeCTOHAXOAKACHILS
c6opoB TIOZIpasieNIeH s

BIH 508 B. A. Cambrmmna, Oyop-KeMIocCKast CBUTa | paHHUIA-cpe il ainbb | bacceitrsl pp. Cuirsi
1957 (Samylina, 1964) 1 3bIpsIHKA

BMH 510 C. . ®unaros, afrypckast u panHuii-cpeauuii anpb | Baabireraan-
1962-1963 raJJMMOBCKast CBUThHI (Golovneva et al., Cyroiickuii iporub

2017)

BUH 546 C. B. Illemneros, TH/IPUHCKAST CBUTA konbsk (Shezepetov, Gacceiin p. Kananbira
1983-1985 Golovneva, 2010)

BIUH 812 C. B. Illeneros, KaHaHBITMHCKast CBUTA koHbsk (Shezepetov, | 6acceitn p. Buaura
1983-1985 Golovneva, 2010)

BUH967B | A. A. JIpanoBckuii, PapbITKUHCKAsS CBUTA MaacTpUXT-JAaHuN Kopsikckoe Haropbe
1962 (Golovneva, 1994)

BUH 1575 JI. Bb. TonoBHesa, aAMKUHCKasT CBUTA konbsik (Golovneva, Gacceiit p. Yibs
C. B. lIlemneros, 2013)
II. 1. Anekcees, 2013

BUH 1593 A. A. Tpabosckwuii, HMYHIPITCKAS CBUTA nosaauii cantoH (Moi- | bacceilH p. DHMbIBaaM
2017 seeva, Sokolova, 2014)

TOU 1017 | L. I1. Tepexosa, TBLIBIIATBIPIIHANCKAST konbsik (Philippova, xpeber ITexyibHeit
I T. ®uiunmnosa, 1 TIoTIepeYHeHCKast 2010)
1981 CBUTBI

CKBHIUM C. B. Illeneros, 1990 | BoponbuHCKas konbsk (Golovneva, Gacceiin p. [Tangpaam

[Md3 1 KO9KBYHbCKas cBUThl | 2018)

[MHUTPM I". IT. Tepexoga, PapbITKMHCKAS CBUTA MaacTpUXT-JAaHUN Kopsikckoe Haropbe

12043 B. 1. Bosobyesa, (Golovneva, 1994)
1969

CUCTEMATUKA
Otnen POLYPODIOPHYTA
Kanacc POLYPODIOPSIDA

[Mopstmok POLYPODIALES Link

Cemetictso PTERIDACEAE E.D.M. Kirchner, 1831
Pox ARCTOPTERIS Samylina, 1964

Tunosoii Buz: Arctopteris kolymensis Samylina
Bunosoii cocraB: A. lenaensis Vassilevskaja, A. heteropinnula Kiritchkova, A. kolymensis Samylina,
A. rarinervis Samylina, A. obtusipinnata Samylina, A. rarytkinensis Vassilevskaja, A. penzhinensis E. Lebedev,
A. ilirensis Golovneva.
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Diagnosis emended. Fronds bipinnate; ultimate sterile pinnae linear-lanceolate; pinnules alternate or
subopposite, linear-lanceolate or oblong, with rounded or acute apex, entire or toothed margin, decurrent
to the pinna rachis; basal pinnule from basiscopic side of pinna decurrent to the leaf rachis; there are interca-
lated triangular pinnules between pinnae; pinnule venation pinnate; lateral veins simple or forked 1-3 times
or incomplete 2 times; fertile pinnae linear with reduced pinnules; sori marginal, elongated, 1—2 mm long,
covered with folded margin of pinnule.

Arctopteris kolymensis Samylina
Taba. 1, pur. 1-4,9

Arctopteris kolymensis Samylina, 1964, c. 51, Ta6u. 111, pur. 5-8, Tabu. IV, ur. 1-2, puc. 4.

Holotype. Spec. BIN 508/99a, North-East of Russia, Zyryanka River, Hara-Uulah Creek, Buor-Ke-
myus Formation, lower—middle Albian; Samylina, 1964, pl. I11, fig. 7. — PI. I, fig. 3.

Toxorun. Kosr. BUUH Ne 508, ax3. 99a, CeBepo-Boctok Poccuu, 6acceiin p. 3bipsinka, pyd. Xapa-
Vynax, 6yop-KeMIoccKasl CBUTa, HUKHUI-cpeannii anbb; Samylina, 1964, ta6ua. 111, ¢ur. 7. — Taba. I,
¢ur. 3.

Diagnosis emended. Sterile pinnules linear-lanceolate, 7-30 mm long and 3—9 mm wide, tapering api-
cally, with entire or toothed margin and acute apex; lateral veins frequent, simple or forked 1-3 times or
incomplete 2 times; fertile pinnae with reduced pinnules; sori marginal, elongated, 1-2 mm long, covered
with folded margin of pinnule.

Onucanne. B KoJieKnnm mpeicTaBaeHbl BAKIBITIEPUCTBIE (PParMeHThl JIUCThEB, 10 13 cM ammHOM
u 10 cm mpuHoitl. Paxuc npsamoii, mpogoabHo 60po3ayarteiii, 10 3 MM B auamerpe. KoHeuHble cTepuiib-
HbI€ [Ie€PbsI INHEHHO-TAHIIETHBIE, TIOCTEIIEHHO CY’KAIOIMECsT K BEPXYIIKe JIUCTA U CJIeTKa OKOJIO OCHOBAHMS,
110 10 cM JTUHOT U 5 ¢M ITUPUHOMN, TIPUKPETIISIOTCS K PAXKCY IO/ yTJIOM 0K0JI0 45°. B BepxHeit uacTu incra
KOHEUHBIE TIEePbsT MONapHO-COMMKEHHbIE, B cpeiHell — ouepebie. OcH KOHEUHBIX MEPhEB TPSIMbIE, TOHKHE,
1-2 MM mmpunOi. [lepbs conpukacaoTcs Kpasmu.

[Tepprnky muHeTHO-JIaHIIETHBIE, TTOCTETIEHHO CYKUBAIONINECs K OCTPOi Bepxylike, oT 7 10 30 MM
JUIHHOU ¥ 0T 3 10 9 MM HMIMPUHON, OYepeHbIe WK MONapHO-COIKEHHbIE, ¢ MEeJTbHBIM Ui 3y04aThiM
KpaeM, OTXO/AT OT ocH 1o yrioMm 45—50°. TTocieiHee ephIKO HUKHETO psijia Hu3beraer Ha CTep:KeHb
nepa UM OTXOJUT HEMOCPEACTBEHHO OT Hero. Mexy mepbsiMu Ha paxuce JIMCTA HAXOJATCS TPOMEKY-
TouHble Tepbiku. OHM TpeyroJbHble WJIN JUHEeHo-JanieTHbie, 10 10 MM A1MHON 1 6 MM ITUPUHOM,
C 3a0CTPEHHOI BEPXYITKOH, MPUKPEIJIIIOTCS HA PAXUC JIUCTA BCEM OCHOBAHUEM M OTXOJST TIOJ YIJIOM
0K0J10 40—45°, meabHbIe.

JKunkoBanue niepeiiek mepuctoe. BokoBble KUIKU TTPOCTbIE UM IUXOTOMUPYIOT 1—3 MM HEMOJIHBIX
2 paza. JKusku TOHKHE, 4acThbie, Ha 5 MM Kpast TIEPhIIIKa IIPUXOAUTCS 7—9 OKOHYaHUIT GOKOBBIX JKIIOK. Ba-
3aibHast 00KOBast JKUJIKA HUJKHETO Psijla OTXOMT HEIIOCPEACTBEHHO OT CTEPIKHS Tepa.

DparMeHTbl CIIOPOHOCHBIX TIEPHEB JI0 5 CM JIVTUHON U 7 MM IMTUPUHON, OTJHMYAIOTCS OT CTEPUIIBHBIX T1e-
PbEB peyIIMPOBAaHHBIMU TiepbiiiikaMu. [lepbiiku ouepesinbie, oT 1 10 5 MM tnHOI 1 OT 1 10 4 MM TIMpU-
HOIA, 1lesibHOKpaiiHblie. COpychl TIPOIOJTOBATHIE, OT 1 /10 2 MM JIJIMHOI, KpaeBbie, TPUKPBITHI JIOKHBIM T10-
KpbIBaJIbIIeM, 0OPa30BaHHBIM 13 3aBEPHYTOrO Kpas mepsbiimka (tabmr. I, dur. 9). Kuakosanue mepuctoe.
Bokosblie skujiky npocrole.

Marepuan. Kosn. BUUH Ne 508, ax3. 65, 65a, 94, 95, 99, 99a, 110, 111, 116, 117.

Pacnpocrpanenue. CeBepo-Bocrok Poccu, 6yop-kKemMiocckast CBUTa, HUKHUN-CPEAHU a0,

Arctopteris rarinervis Samylina
Tabu. I, pur. 68, Tabu. 11, dur. 6, 7

Arctopteris rarinervis Samylina, 1964, c. 53, ta6.1. IV, ¢ur. 3—5, ta6. XIII, dur. 5.

Arctopteris lenaensis auct. non Vassilevskaja: Samylina, 1976, c. 32, ta6m. X1V, dur. 6.

Arctopteris heteropinnula auct. non Kiritchkova: Samylina, 1976, c. 31, Ta6u. X, ¢ur. 4a.

Arctopteris penzhinensis auct. non E. Lebedev: Shczepetov et al., 1992, ta6u. 10, dur. 1-6.

Arctopteris microphylla Philippova, 2005, c. 94, Tabx. 1, ¢ur. 1, 2. — Philippova, 2010, c. 73, ta6a. 11,
¢ur. 3, Tabu. V, pur. 4—10, taba. VIII, dur. 1.

Arctopteris sp., Philippova, Abramova, 1993, ta6.1. XII, ¢pur. 7-10, tabsx. XVII, dur. 3.
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Holotype. Spec. BIN 508,/71, North-East of Russia, Zyryanka River, Buor-Kemyus Formation, lower—
middle Albian; Samylina, 1964, pl. 1V, fig. 3. — P1. 1, fig. 8.

Tonorun. Kosur. BITH Ne 508, 9x3. 71, CeBepo-Boctok Poccuu, 6acceiit p. 3vipsiaku, pyd. Byop-Kewmioc,
Gyop-KeMIOCCKast CBUTaA, HUKHUI-cpeinuii anb6; Samylina, 1964, tabu. IV, ¢ur. 3. — Taoa. I, ¢ur. 8.

Diagnosis emended. Sterile pinnules oblong or linear-lanceolate, 6-25 mm long and 2-8 mm wide,
with entire or slightly serrate margin; lateral veins sparse, simple or forked 1-2 times or incomplete 2 times.

Onucanue. JIuctbst ABakAbIIeprCThIE. Paxuc mpssMoil, pooibHO OOPO3IUaThIi, 10 2 MM B IHAMETPE.
Koneunble nepbst IMHEHO-TaHIIETHBIE, TOCTETIEHHO CY:KAIOIIecs K BEPXYIIKe U CJIeTKa OK0JIO OCHOBAaHUS,
110 8 ¢M ITUHON U 10 3,5 ¢M MIUPUHON, OTXOSAT OT paxuca o yriaom okosio 50°. Ocu KOHEeYHBIX MePbeB
psiMble WJIN JIyTOBUTHO N30THYTHIE, TOHKHE, 0K0JI0 1 MM mmpunoii. [lepbs compukacaioTest Kpasgmu.

[TepbIky S3bIKOBU/IHBIE NN JTUHEITHO-JIAHIIETHBIE, CO CJIETKA CYKEHHOI BEPXYIIKOiA, 0T 6 10 25 MM
JTMHOM 1 0T 2 10 8 MM IIUPUHON, OYepeHbIE, C IEeJTbHBIM WU PEIKOITMIbYATBIM KPaeM, OTXO/AT OT paxuca
niepa ot yriiom 50—60°, ¢ HYKHIM KpaeM, HusberarommM Ha paxuc riepa (tabir. I, pur. 8). Mexay nepbsimu
Ha CTepyKHE JIMCTA CUJIAT JAOMOJHUTEIbHbBIE TTePBITTKH.

JKunkoBanue nepwiiiek nepuctoe. BokoBbie JKUIKM TPOCTHIE WK ANXOTOMUPYIOT 1—2 1IN HETTOTHBIX
2 pasa, OTXOAT OT cpejiHelt Kuiaku 1oz yriom 25—30°. bazaibHas KUTKA HUKHETO Psila OTXOAUT HeTo-
CPEJICTBEHHO OT OCH Tiepa U AuXoToMupyer 1-2 pasa, npuyeM ee HUXKHeEE OTBETBJIEHUE HA TTPOTSKEHUN
npumepHo 10 MM uzieT napasielbHO Kpaio nepbiika. JKuiku pesikue, Ha 5 MM Kpast IEPbINTKA TIPUXOJAUTCS
4—5 oxonuanuii xunok (tabu. 11, pur. 6).

Marepuan. Kosn. BUH Ne 508, sk3. 69-71, 86, 96, 103, 104, 114, 115; xor. BUH Ne 510, ax3. 86;
koL TOU Ne 1017, sx3. 157—180.

Pacnpocrpanenune. CeBepo-Boctok Poccun, Gyop-kemrocckasi, aiitypckast M rajJiMOBCKast CBUTHI,
HYKHUR-CPeHiT aib0; KPUBOPEYEHCKAsE CBUTA, BEPXHMI albO-HUKHUNA TYPOH; ThLIbIATBIPrbIHACKAS
1 TIOTIePEYHEHCKAs CBUTHI, KOHBSIK.

Arctopteris obtusipinnata Samylina
Tabu. 11, pur. 1-5

Arctopteris obtusipinnatus Samylina, 1976, c. 33, Ta6u1. X, ¢ur. 1, 2, rab. XII, dur. 5.
Arctopteris kolymensis auct. non Samylina, 1964: Samylina, 1976, c. 32, rabs. X, ¢wur. 3.

Holotype. Spec. BIN 510/89, North-East of Russia, Balygychan River, Aigur Formation, lower—middle
Albian; Samylina, 1976, pl. X, fig. 1. — P1. II, fig. 1.

Toaorun. Kosui. BUH Ne 510, 9x3. 89, Cesepo-Bocrok Poccun, Gacceiin p. Bajbirbiaan, Bogopasue
pyubeB Mapbsik u Ditopa, aiirypckast cBUTa, HIKHUNA-cpeHnil anbd; Samylina, 1976, Taba. X, dur. 1; —
Ta6u. 11, ur. 1.

Diagnosis emended. Sterile pinnules oblong, with entire margin and rounded apex, 1—17 mm long and
2—6 mm wide; lateral veins simple or forked 2—3 times or incomplete 2 times; fertile pinnae with reduced
pinnules; sori widely lanceolate, marginal, covered with folded margin of pinnule.

Onucanue. JIucThst 1BaKIABIIEPUCTBIE, KPYITHbIE. B KOJIJIEKIIUN TIpe/ICTaBIeHbl ()ParMeHThI JTUCTHEB,
1o 13 M muHO# u 10 9 M mmpuHON. Paxuc mpsMoii, pogoabHo 6G0PO3aYaThiii, 10 2 MM B JHAMETpeE.
Koneunble nepbst JIUHEHO-TAHIIETHBIE, 10 7 CM JIJTUHON M 2 CM MUPUHON, OTXOSAT OT paxuca Mmoj yTJIoM
30—-40°. Ocu KOHEUHBIX ITePbEB MPSIMbIE WU AYTOBUIHO U30THYThIe, ToHKKe, 1 MM mmmmpuHoii. [lepbs conpu-
KacaloTCs KpasiMHu.

[Tepoimkn ot 1 10 17 MM mHOR 1 OT 2 10 6 MM IIMPUHOM, OYepeIHbIE WU MOMAPHO-COMKEHHbIE, OT-
XOJIAT OT OCH TIOJ] YTJIOM OKOJIO 45°, TPO/IOJITOBATBIE MJIN SI3bIKOBU/IHBIE, C OKPYTJION BEPXYIITKOIA, IOACTHBIE
B BEPXHEH Y4acTH JIMCTa U IeJIbHBbIE B CPeHEH ¥ HuKHel dacTsx. HkHUN Kpail nepbliiek Hu3OeratoIuii.
BasasibHoe TIepBIIKO HUKHETO Psijia HU30eraeT Ha paxuc JirucTa. BOIM3n BepXyIiKy 1epbheB MEePhIIIKK CIBa-
I0TCSI IPYT C ZIPYTOM, 00pasyst JIOTIACTHOE BEPXYIIEYHOE MEPBIIIKO TPEYTOIbHOI (hopMbI. [TpoMesKyTOUuHbIE TTe-
PBIIIKK TPEYTOJIbHBIE, 10 10 MM JUTMHOI 1 6 MM IIUPUHOIA, ¢ OKPYTJIOi BEPXYIIKOI 1 HU3GETaloIMM HIKHUM
KpaeM, TIPUKPETISTIOTCS] HA PAXUC JIMCTA BCEM OCHOBAHUEM U OTXOAAT 1101 yriiom 30—-35°.

JKunkoBanme nepoiiiek nepuctoe. BokoBbie KUIKM TUXOTOMUPYIOT 2—3 WM HETIOJHBIX 2 pasa. sKuaku
TOHKHE, 4aCThie, Ha 5 MM Kpast TIEPhIIIKA TPUXOAUTCS 8—9 OKOHUAHMIT OOKOBBIX JKIJIOK.

B kosutekium umeercst obpasert ¢ GepTUIbHBIMU U CTEPUILHBIME TIEPhSIMU 8 CM JUIHHON U 5,5 CM TITH-
putoit. Deprusbhbie epbst 0T 2,5 10 5 cM ayinHon u 0T 0,5 10 1 cM MUPUHOIL, OTJTHYAIOTCS OT CTEPUIIBHBIX
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peayIupoBaHHbIMU Tiepbiiiikamu. OHU OvepesiHble, OT 3 10 8 MM JUIMHON U OT 2 10 5 MM HTUPUHON, 11€JTh-
HOKpaliHble. BokoBbIe JKUIKM MTPOCTbIE WM AUXOTOMUPYIOT OJIMH Pa3 MM HENOJIHBIX JiBa pada. Copychbl
OBaJIbHbIE, KpaeBbie, OT 1 /10 2 MM B JUIMHOM, pacroaraioTcs Ha BEPXYIIKAX PeyIIUPOBAHHBIX IEPBIIIEK
Y TIPUKPBITHI JIOKHBIM MTOKPBIBAJIbIIEM, 0OPa30BaHHBIM U3 3aBePHYTOTO Kpas mepbiiika (tadu. I, dur. 2, 3).

Marepuan. Kosn. BUUH Ne 510, ax3. 52, 84, 85, 88-93.
Pacnpocrtpanenue. CeBepo-Bocrok Poccuu, aiirypekast cBuTa, HUKHUN-CPEAHUH aiib0.

Arctopteris ilirnensis Golovneva
Tabu. 1, pur. 5, tabo. 111, pur. 3-8, tabu. 1V, dur. 1, 2, 4-8

Arctopteris ilirnensis Golovneva, 2018, c. 119, ta6.. 9, ¢pur. 1-7, Tabu. 10, pur.1, 2. — Grabovskiy, Golov-
neva, 2018, pl. I, fig. 2. — Golovneva, 2019, p. 46, pl. VIII, fig. 1—4, pl. XLVII, fig. 1, pl. XLVTIII, fig. 1.

Arctopteris aft. tschumicanensis auct. non E. Lebedev: Shezepetov, 1991, taba. 12, dur. 4—6, tabm. 13,
dur. 1, 2, Tabu. 14, dur. 1, 2, Tabu. 15, Tab. 16.

Arctopteris aft. rarytkinensis auct. non Vassilevskaja: Moiseeva, Sokolova, 2014 pl. I, fig. 5, fig. 3C.

Arctopteris sp., Shezepetov, Golovneva, 2010, Ta6u. IV, dur. 1, tabu. V, ¢ur. 1, Tabm. IX, dur. 8. — Golov-
neva et al., 2011, ta6u. I, pur. 6. — Golovneva, 2013, Ta6u. I, ¢pur. 1. — Herman et al., 2016, p. 678, pl. V,
fig. 13, 14.

Birisia sp., Shczepetov, Golovneva, 2010, Ta6u. IX, ¢ur. 5, 9.

Holotype. Spec. NEISRI PF3/29, North-East of Russia, Palyavaam River Basin, Voronja Formation,
the Coniacian; Golovneva, 2018, pl. 9, fig. 2. — PL. IV, fig. 4, 5.

Toaorun. Komr. CBKHUU TIM3, sk3. 29, Cesepo-Bocrok Poccun, Gacceiin p. Ilanssaam, 1. 60,
BOPOHBUHCKAs CBUTA, KOHbSK; [ooBHeBa, 2018, Tabur. 9, dur. 2. — Taba. IV, ¢ur. 4, 3.

Diagnosis emended. Sterile pinnules linear-lanceolate, with acute, sometimes attenuate apex
and dentate margin, 2—18 mm long and 2—-5 mm wide; venation pinnate, lateral veins simple or forked
1-2 times.

Omnucanne. B xonexiiuy mpeacTaBieHbl ABaXKIbITIEpUCTbIe (hparMeHTs! TUCTheB. Paxuc mpsamoii, mpo-
JOJIbHO OOPO3/YaThIil, B BepXHeil yacTu jucta 1—2 MM IIMPUHOIA, B cpeiHell — 3—4 MM, OKPBIJIEHHbII HI3-
GeraroIuMI OCHOBaHUSMHU Tiepbiiiiek. KoHeuHble Tiepbst IMHEITHO-TaHIIeTHbIE, 10 12 ¢M TMHON U 5 ¢M -
PUHOM, TIOTIapHO-COIMKEHHbBIE, PEKe OYePEIHbIE, TPSIMble UJIH Yallle [yTOBUIHO M30THYTHIE, MOCTETIEHHO
CY/KaIOIINeCs] K BEPXYIIKE U CJerKa OKOJIO OCHOBAHUSI, OTXOAAT OT paxuca moj yriaom 50—60°. B Bepxueit
YACTH JINCTA KOHEYHbIE TIEPhsl OTXOMAT OT Paxuca Mo yriaoM okosio 35°. Ocu KOHEUHBIX TIePheB TIPSIMbIe
WJIW JIyTOBU/THO U30THYThIe, TOHKUE, 1—2 MM mupunoil. [lepbs pacrnonaraioTcss Ha HEKOTOPOM PACCTOSTHUHT
JPYT OT JIPyTa, PeKe COMPUKACAIOTCS KPAsSMH.

[lepbiku TrHeHO-JIAHIETHBIE, 2—18 MM JUIMHON W 2—5 MM IIUPUHON, OYepeHble WU TOMAPHO-
cOMKeHHbIE, C CY/KEeHOI 3a0cTperHol Bepxytkoil (Tabu. 111, dur. 3, 6, 7, tabu. IV, dur. 6, 7) u 3yGuarsim
KpaeM, OTXO/ISIT OT cTepsKHs mepa 1o yriiom 40—50°. B BepxHeii yacTu jincTa, KOT/Ia TIEPBIITKU ellle CTBa-
I0TCS1 JIPYT € IPYTOM, Kpail y HUX TpenMyInecTBeHHo teabhbiii (tabs. 111, 5, 8). Huskuuii kpaii, Husberao-
M Ha paxuc mepa 1in o6pasyolnil ero oKkaiiMeHne, 4acTo HEMHOTO HOJKAThIN, BEPXHUIA Kpail cJierka
HO/IKATBIN WK IPsIMOiL. BasasibHoe MephIIKO HUKHETO psijia HusberaeT Ha cTepsKeHb Jucra. Boimsu Bep-
XYIIKU TIePbeB U Ha BEPXYIIKe JINCTA TIEPBIIIKU MOCTETIEHHO YKOPAYUBAIOTCS U CJIUBAIOTCS IPYT C JIPY-
roM, 00pasysi B pe3yJsibTare B TOIl WJIM WHOI CTENeH! JIOMACTHOE BepXylieunoe mnepoimko (tadu. 111, dur.
8, tabm. 1V, 7, 8). Mex/y mepbsiMu Ha CTEpPsKHE JIMCTa CHIAT JAOTIOJHUTEIbHBIE MEPBIIKA TPEYTOJIbHOI
WJIH JINHEHHO-JIAHIIETHON (POPMBI € MIMPOKUM HU3OETAIOIUM MU CJIETKA MOJKATHIM OCHOBaHMeM (TabJr.
IV, dur. 1, 2, 4, 5).

sKunkoBanue nepsoiniek rnepuctoe. BoKoBbie JKUIKKM MTPOCThIE WU TUXOTOMUPYIOT 1-2, peske Hero-
HBIX /[Ba pa3a. Kuiaku pekue, Ha 5 MM Kpast IEPBIIIKA TPUXOAUTCS 3—5 OKOHUAHUIT JKILIOK.

Marepuan. Ko, CBKHIUM I1MD3, sks. 3, 8, 19a, 6, 29, 34, 161, 307, 412; kosur. BITH Ne 546, sk3. 77,
136; xor. BIH Ne 812, ak3. 21, 27, 68; xonn. BUH Ne 1576, axs. 2, 3, 6-7, 10-12, 1418, 22, 25, 35-37,
45; komn. BUH Ne 1575, sk3. 56, 58, 62, 64, 65; kosn. BH Ne 1593, 5k3. 2.

Pacnpocrpanenne. Cesepo-Bocrok Poccun, apmaHckas CBUTA, TYPOH-KOHbSK; UMHTAH/[KUHCKAS,
AMKUHCKasl, TUIPUHCKAsT, KAHAHBITMHCKAs!, BOPDOHbUHCKAs, KOOKBYHBCKAsI CBUTBI, KOHBSIK; OMYHIPITCKAS
CBUTA, BEDXHUI CAHTOH.
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Arctopteris rarytkinensis Vassilevskaja
Tabo. 111, dur. 1, 2, rabu. IV, ¢ur. 3

Arctopteris rarytkinensis Vassilevskaja, 1977, c. 126, tabx. XII, ¢ur. 5. — Philippova, Abramova, 1993,
c. 59, Tabu. LXVIII, ¢ur. 2, 4. — Golovneva, 1994, c. 64, Tabx. X1, ¢ur. 16. — Philippova, 2010, c. 72,
tabum. V, ¢ur. 1-3.

Arctopteris sp., Moiseeva, Sokolova, 2011, Ta6u. I, dur. 8.

Cladophlebis cf. socialis auct. non (Heer) Berry: Budantsev, 1983, ta6. 6, ¢ur. 9.

Holotype. Spec. TSNIGRM 12043/3, North-East of Russia, the Koryak Upland, the Rarytkin Ridge,
Pervaya Topolevaya River, middle part the Rarytkin Formation, Maastrichtian-Danian; Vassilevskaja,
1977, pl. X11, fig. 5. — PL. IV, fig. 3.

Tonorun. Konn. ITHUTPM Ne 12043, ax3. 3, CeBepo-BocTtok Poccun, Kopsikckoe Haropbe, ceBepHast
gacTb xpeOra PapbiTkuH, Bepxosbe p. Ilepsoit TornoseBoil, cpeHsist 4acTh PapbITKMHCKOW CBUTHI, Maa-
cTpuxT-ganuii; Bacunesckas, 1977, rabu. XII, pur. 5. — Ta6a. IV, ¢ur. 3.

Diagnosis emended. Sterile pinnules 8—17 mm long and 4—7 mm wide, oblong or linear-lanceolate, with
entire margin and rounded, slightly acuminate apex; lateral veins simple or forked one time or incomplete
two times.

Onucanue. Jluctbst aBaskabiepuctoie. CamMblil KPYIHBIH (DparMenT JucTa 10 5,5 ¢M AJIUHONH 1 6 cM
mupuHoit (tabr. IV, dur. 3). Paxuc TOHKMIL, TPOA0TbHO 60PO314aThIil, OKpbLICHHBIH, 1 MM mupuHoiil. Ko-
HEYHBIE TIePbst INHEHHO-JIAHIIETHBIE, 0 5 CM [UINHON ¥ 2,5 CM IIUPUHOMN, 0OYepeHbIe WU TTONapHOo-cOIn-
JKEHHbIE, TIOCTENIEHHO CY;KAIOIIecs K BEPXYIIKe JIMCTA, OTXOAAT OT paxuca 1o yriaom 45—60°. Ocu koneu-
HBIX [I€PbEB TIPSIMbIE WU TyTOBUIHO U30THYThIE, TOHKUE, 1 MM mupuHoii. [lepbst conprkacaioTcst KpasMu.

[Tepormiku ot 8 10 20 MM TTUHOM 1 OT 3 710 6 MM MIMPUHOM, SI3BIKOBUIHBIE, TIPOIOJITOBATHIE UJTH JIMHEWHO-
JIAHTIETHBIE, OUePE/IHbIE, C OKPYTJION MJIH CJIETKA 3A0CTPEHHON BEPXYIIKOIl 1 HU30EralonM HIKHIM KPAaeM,
1eIbHOKpaiiHble, OTXOMAT OT paxuca nepa oz yriaom 30—-40°. B cpenneit yactu nnepa HUKHUH Kpail iepbIiiex
o6pasyeT oKaliMJIeHHe Ha paxuce repa MUpUHOii 10 2 MM. HeKoTopbie KPYITHbIE MIEPHIITKU B BEPXHEH 4acTH
JIUCTA PaccevyeHbl HA JIONIACTH, KOTOPBIE B CPETHEN YaCTH JIMCTA CTAHOBATCS CAMOCTOSITEIbHBIMU MTEPBITTKAMT
(tabur. I11, dur. 1, 2). BazaibHble HEPHINIKI HIZKHETO Psi/ia 3HAYUTETbHO MeJibue 0CTatbHbIX. CaMmbie KpyITHbIe
HEPBIIIKU PACIIOJIOKEHbBI B CPEIHEN YaCTH KOHEUHBIX MepbeB. Mesk/y MepbsMu Ha CTePsKHE JIMCTA CUMIAT J10-
HOJTHUTEJIHBIE TIEPBITIKI TPEYTOTbHON UK SI3bIKOBUAHON (hOPMBI, HU30eraiolie Ha Paxuc JUCTA.

JKukoBanme nepwliek mepuctoe. BOKoBbIe JKUIKU TPOCTHIE UM TUXOTOMUPYIOT OJIMH WJIA HETTOJIHBIX
nBa pasa. KWk pesikue, Ha 5 MM Kpasi TIEpPBIITKA IIPUXOAUTCS 4—5 OKOHYAHUIT JKUJIOK.

Marepuan. Kosr. ITHUTPM Ne 12043, sk3. 3; kos1. BUH Ne 967B, ak3. 17a, 6; ko, TOU Ne 1017,
9K3. 152—156.

Pacnpocrpanenue. Huxnnii mesr CeBepo-Boctoka Poccnn, ThIbIaThIprbIHANICKAS 1 TIOTIEPEUHEHCKAs
CBUTBI, KOHbBSIK; OapBIKOBCKast CBUTA, HUKHUI KaMITaH; PapbITKUHCKAs CBUTA, MAACTPUXT-AHUI.

OBCYKIAEHUE

OCHOBHBIMU JIMATHOCTUYECKUMU MTPU3HAKAMU pojia Arctopteris SIBJISIOTCS JTUHENHO-JIAHIIETHbIE, TIPO-
JIOJITOBATBIE NI SI3bIKOBU/IHbIE TIEPBINTKYA Y HAJTUYKE JIOMOJHUTETHHBIX TIEPBIIIEK PACTIOTOKEHHBIX MEK/LY
nepbsIMU Ha cTep:kHe Jcta. Bumsl pona Arctopteris paznuyatorces pazmepamu, hOpMOii BEPXYIIEK U Xapak-
TEPOM Kpast TIEPHIIIEK, a TAKKe KOJIMIECTBOM BETBJICHIIT GOKOBBIX KUJIOK BHYTPHU MEPBIIIEK.

Jlist tumioBoro Buzia A. kolymensis xapakTepHBI CTEPUIIbHBIE MEPBITIKH C TIETHHBIM MU 3y0UaThiM KPaem
U C OCTPOI1 BePXYIIKOil. BOKOBbIE KUJIKU y 9TOTO BUJA IPOCThIE WU TUXOTOMUPYIOT 1—3, M1 HETIOJTHBIX
2 pasa. ¥ ronoruna A. kolymensis oTcyTCTBYIOT ClIOpOHOCHBIE Tiepbiiiku. B kosutexkimn BUTH umeercst 06-
paszeir (508,/65a) co cIIOPOHOCHBIMU KOHEYHBIMHE TIEPHSIMU, KOTOPBIN MTPOUCXOUT U3 TOTO K€ MECTOHAXOK-
JleHust, 9To U roJoTu, u Obut onucad CambuinHoi (Samylina, 1964) kak A. kolymensis (tabu. 1, dur. 9).
OpHako Ha 3TOM 06pasiie COXPaHUIUCH TOJBKO CIIOPOHOCHBIE MIEPHSI, UTO JAETAET HECKOJIBKO YCIOBHBIM OT-
Hecenue ux K A. kolymensis. @parMeHTBI CIOPOHOCHBIX MEPHEB OTJIUYAIOTCS OT CTEPUIBHBIX PELYIIHPOBAH-
HBIMU TIEPBIITKAMU.

Kpome A. kolymensis u3 Gyop-kemiocckoii cBuThl Gacceitna p. 3pipsinka (Samylina, 1964) 6b11 omnu-
can eme oaun Bug — A. rarinervis. Ot A. kolymensis Bun A. rarinervis orsmadaercs: 6ojiee MeJKUMU pa3Me-
pamu mepbitiek ¥ (HOPMOI UX BepXyIIeK, a TaKKe MEHBITUM KOJUYECTBOM BETBJIEHWIT GOKOBBIX JKUJIOK.
[lepoitku y A. rarinervis co cjierka CyKeHHON BEPXYIIKOii, GOKOBbIE KUJIKH POCTHIE WU JTUXOTOMUPYIOT
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1-2 win venosHbix 2 pasza (tabu. 11, dur. 6). Kpome aroro, HusKHWIA Kpail TEpPhINIEK He TOJIbKO HU30e-
raet Ha paxuc 1epa, Ho u oOpasyet ero okaiimsenue (tabur. I, dur. 8). K coxanenuro, s JTUCTHEB BU/IA
A. rarinervis He U3BECTHBI CIIOPOHOCHDBIE TIEPBITIIKU.

Hawubosee 6mmskum 110 Mopdosioruu K A. rarinervis siustercst Bun A. microphylla, onvicanubiii U3 Ko-
HBSIKCKUX OTJIOKEHUH THLIBIATBIPIBIHANCKON ¢BUTHI ceBepHOl yactu xp. [ekympheit (Philippova, 2005).
Tonorut A. microphylla npencrasisiet co6oii HebGobION hparmeHT Bepxyieatoi yactu scta (Philippova,
2005, tab. 1, ¢ur. 1). Ilepbiku y 5TOr0 BUja SA36IKOBHU/IHbIE, ¢ 3y0UaThIM KPaeM M TIPUOCTPEHHON Bep-
xymurkoil. BasaibHbre jkuiaku auxoroMupytor 1-2 win sHenosubix 2 pasa. @usmnmosa (Philippova, 2005)
CYUTAJIA, YTO OCHOBHBIMU OTJIMYUTEbHBIMU MTPU3HAKAMHY JIJIs1 BUJOB A. rarinervis u A. microphylla sisns-
1oTcst: pasmep mepbitiek (y A. rarinervis ot 6 10 25 MM JUTHHOI 1 OT 2 10 8 MM MIMPUHOI, a 'y A. microphylla
OT 3 10 8 MM JIJIMHO U JI0 5 MM ITMPUHOI) 1 hopMa MX BepxyIiek (cjerka cyskeHnast y A. rarinervis v npu-
octpennast y A. microphylla). Onnaxo B xosteknuu TOU 1017, rae xpanurtest TUTIOBON MaTepuas BUA
A. microphylla, npencrasieHsl TOMbKO (hparMEHTHI BEPXYIHIEYHBIX YacTell iepbeB aroro Buaa (Philippova,
2005; Tabu. 1, ur. 2; Philippova, 2010, ta6.r. 2, dur. 3; tabm. 5, pur. 4—10). B ganHom ciayuae pasmep re-
PBIIIEK He MOKET OBITH OTJIMYUTEIBHBIM IIPU3HAKOM Y 3TUX JIBYX BUA0B. Kpome 5TOT0, BEPXYIIKHU MEPHIIIEK
y Bun0B A. microphylla v A. rarinervis ciierka cyxxenubie. bazanbHbie JKUIKH y 000UX BHIOB AUXOTOMUPYIOT
1—2 nu HenosHbIX 2 pasa. [109TOMy MbI cYUTaEM, YTO OCTATKH, OTIMCAHHBIE IO/l Ha3BaHueM A. microphylla
13 THIIBIIATBIPTBIHANCKOI CBUTHI, B IEHCTBUTEJIBHOCTH NIPUHAJIEKAT A. rarinervis.

Hawubosbliree cxocTBO BUIL A. rarinervis uMmeet ¢ BUJIOM A. ilirnensis, HO OTJIMYAETCS OT [1OCJIeHEr0 BU/IA
GoJiee KPYITHBIMU MEPBITITKAMU, XapaKTEPOM Kpast TIePbIIieK 1 (hOPMOil UX BepXyIIeK. Y A. rarinerois NepbIiiKu
KpytHbie (6—25 MM JUTMHOI 1 2—8 MM mmpuHoii), a y A. ilirnensis nepbiiiku 6osiee Meskue (2—18 MM inHOi
u 2—5 MM mpuHoi ). Y A. ilirnensis kpaii nepbiiiek ToJbKo 3youarsiii (Tabir. 1, dur. 6, rabr. IV, dwur. 5, 7),
a 'y A. rarinervis — nenbHbIil wian 3yGuarsiii (tabu. I, gur. 6-8). Kpome aroro, stu Buabl orindanoTcst Gop-
MOi1 BEpPXYIIIKH TIephIiiieK. Y A. rarinervis NephIIKy co cJierka CyKeHoit Bepxyuikoii (tabu. I, ¢ur. 7, tabu. 11,
dbur. 7), ay A. ilirnensis epbIiKu ¢ Cy;KeHON 3a0CTpeHHOI Bepxymikoii (Tabur. II1, dur. 3, 4, 7).

3 ambOCKUX OTJIOKEHUH YMKYBEEMCKOM CBUTBI Y MKYBEEMCKON BIQJNHbBI JIBAK/BIIIEPUCTDIE JIUCThS
C SI3BIKOBUTHBIMU ITPOJIOJITOBATHIMU MEPBITTKaMu ObLn otticanbl mojt HasBauueM A. aff. rarinervis (Philippova,
1975, Tabur. 4, pur. 1-3). O1HaKO OTHECEHVE JIMCTHEB U3 YMKYBEEMCKOIT CBUTBI K BUILY A. rarinervis BbI3bIBAET
PsLL COMHEHU 1 HY>K/IaeTcsl B laJibHelileM u3yyeHu Matepuasia. B 1anHoil cratbe, IMCTbs 1allopOTHUKOB,
omucanubix Ounnnmosoit kak A. aft. rarinervis, mp1 paccmarpuBaem 1o/ HazBanuem Arctopteris sp.

Bun A. obtusipinnata ormyaercsi OT APYrUX BUAOB apKTONTEPUCOB IEIbHOKPANHBIMU TIEPBITKAMU
C OKPYTJION BepXytiKoii. /[y aToro Bua Tak:ke n3BeCTHBI CIIOPOHOCHBIE TIepPbs, paciioJiaraoiiecs: Ha ofl-
HOM JIMCTE BMecCTe €O CTepuIbHbIMU. COpyChI OBaJIbHBIE, KpaeBble, PACIIOIATAIOTCS Ha KOHIIAX JKUJIOK U TTPH-
KPBITHI JIOKHBIM TOKPBIBAJIBIIEM, 0OPa30BaHHBIM U3 3aBEPHYTOTO Kpas nepbiiika (tabu. 11, dur. 2, 3).

Emte opuu By apkrontepucos — A. penzhinensis — 611 onucan E. JI. JlebGeneBbiM Ha (hparMeHTapHOM
MarepuaJie TIJI0OX0H COXPAaHHOCTU U3 HIKHEN (TypoH) U cpejiHeil (KOHbSIK) YacTell BaTUAKTeHCKON CBUTHI
Cesepo-3anannoii Kamuatku (Herman, Lebedev, 1991). Tlepbiiku y 5TOr0 Buia Mpoa0roBaTo-IaHIleT-
Hble, 10 16 MM UTMHON 1 6 MM IUPUHOMN, 11eJIbHOKPANHbIE, C TPEYTOJbHO-TIPUOCTPEHHON WU TTPUTYILJICH-
HOI BEPXYIIKON U HU30EraloM HUKHUM KpaeM. BOKOBbIe JKIJIKU IMXOTOMUPYIOT O/iH pa3. [lo MHeHUTO
Jlebenesa (Herman, Lebedev, 1991), manublii Bua oTauyaercst OT APYrux BUIOB poja Arctopteris pazme-
pamu mepbitiek, GopMoil BepXyIieK U TOJbKO OAWH pa3 AUXOTOMUPYIONUMHU Kujakamu. CaMoCTOsTe N b-
HOCTb JIAHHOTO BUJIA BBbI3bIBaeT HeKOTopble comHenus. [omotun (kosn. TMH Ne 843, ax3. 76) npencraBien
(bparmenToM cpeziHeil yacTu JIMCTa He OYEHb XOPOIIel COXPAaHHOCTH, Kpail Tiepbiliek u (hopmMa BepXyIieK
oueHb 1m0x0 paziuunmbl (Herman, Lebedev, 1991, tabmr. XXII, dur. 49a). Takum 06pazoM, caMOCTOSATE N b-
HOCTB Busia A. penzhinensis HyK1aeTcs1 B TIOATBEPIKACHIN Ha O0JIee TIPeICTaBUTETbHOM MaTepHralie.

[To xapakrepy Kpast TIEPHIIIEK ¥ 10 KOJNYECTBY BETBJIEHUS OOKOBBIX JKUJIOK BUI A. penzhinensis umeer
HanboJIbIIee CXOACTBO ¢ BUpoM A. rarytkinensis. Ot A. penzhinensis, OCJAETHUN BUJL OTJIMIAETCST OKPYTOit
WJIM CJIETKA 320CTPEHHON BepXyHIKOH mepbiiiek. Kpome atoro, y A. rarytkinensis GazaibHbIe TIEPHIITKI HIK-
HETO psi/la 3HAYNTEIHHO MeJIbue OCTAIbHBIX.

JI. B. Tooresa (Golovneva, 2019) niepesesna B pox Arctopteris Bun Anemia ochotica Samylina, onucan-
ubiii Cambimtoit (Samylina, 1984) 13 KOHBSKCKUX OTIOKEHUIN YMHTAH/PKUHCKON cBUTHI p. Tar. B pacro-
psokerry CaMbUTMHON [T OITUCAHS 9TOTO BH/IA UMEJICS TOJIbKO oiH o6paselr (Samylina, 1984, ta6u. 11,
¢wur. 1; Golovneva, 2019, pl. IX, fig. 1, 4). On npeacrasien (hparMeHTOM BEPXYIIEUHON YACTH JIBAXKIBITIEPU-
CTOTO JIUCTa OKOJIO 6 cM jitiHOM. [Tepbiiiku Kiaaohie60uHbie, TPEYTOIbHBIE UIIH TIPOIOJITOBATHIE, C I[EJIb-
HBIM, 3y0UaTHIM WU BOJTHUCTBIM KPaeM, ¢ CysKEHOU MJIH OKPYTJION BEPXYIIKOIT, HU30ETAIOINM WUJIH CJIETKA
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CY’KEHHBIM OCHOBAHUEM MEPhIIIeK B 0a3aIbHOI YacTH KOHEYHOTO Mepa; JKUJIKOBaHUE MEPHIIIEK TIEPUCTOE;
GOKOBBIE JKUJIKU TIPOCTHIE WK JUXOTOMUPYIOT OAUH pa3. B orimdne oT a1oro 06pasiia, MephIIiKk y BCex
BUJIOB apPKTONTEPUCOB OoJiee yIMHEHHBIE; Kpail epbliieKk ObIBAET IeJbHBIM MU 3y0UaThIM, HO He BOJIHU-
creiM. Kpome artoro, y Arctopteris ochotica (Samylina) Golovneva 0TCyTCTBYIOT IIPOMEKYTOUHBIE MEPBITITKI
Ha paxuce JIMCTa, 4TO SIBJISIETCS AMATHOCTUYECKUM TIPU3HAKOM pojia Arctopteris. [ToaTroMmy B raHHO# paboTe
MBI He paccMaTpUBaeM JaHHBIN BUJ B cOcTaBe poja Arctopteris.

JlvicTbst Arctopteris 04eHb IOXOKU HA JINCThst pojia Birisia Samylina (Samylina, 1972; Grabovskiy, Golov-
neva, 2018; Golovneva et al., 2020). Onpesesnetre (hparMeHTapHOTO MaTepraia 3TUX POIOB MOKET IIPUBECTH
K onmOkaM. OCHOBHBIM JIMATHOCTHYECKUM MPU3HAKOM Pojia Birisia siByisieTcst inHelHas (hopMa MephIiliex,
HO Y HETO OTCYTCTBYIOT IIPOMEKYTOUHbIE TIEPBINTKA Ha paxuce JUCTa. Bubl 3TOro pojia pa3inyarorcs pas-
MepaMU U CTENIeHbI0 PACCEYEHHOCTH TIephIlieK, (hOPMOI, HATMYNeM 1 KOJIMYeCTBOM JIOTIACTel, a TaKsKe KOJIH-
4eCTBOM BETBJICHHIT GOKOBBIX JKUJIOK BHYTpH Jiomacreit. CriopoHoiieHre KoHronTepouaHoro tuia. Copycs
OKPYTJIbIe, OZIMTHOYHO PACIIOJIOKEHBI HAa BEPXYIITKAX PeyITMPOBAHHBIX JIOTIACTel TIephITeK NN Ha BEPXYIITKAX
niepbitiiek. Takoi THIT CTPOEHsI CIIOPOHOCHBIX TIEPBIIIEK XapakTepeH st ceMeiicTBa Dicksoniaceae.

PACITPOCTPAHEHUWE BUJAOB POAA ARCTOPTERIS
B MEJIOBbBIX OTVIOJKEHUAX CEBEPO-BOCTOKA POCCHUN

Ocratku suctbeB poga Arctopteris B MesoBbix oTioxenusx Ceepo-Bocroka Poccun mpencraBiieHsr
6 Bumamu: A. kolymensis, A. rarinervis, A. obtusipinnata, A. penzhinensis, A. ilirnensis u A. rarytkinensis. VIx
pacmipocTpanenne mokasano Ha puc. 1. [IpocrpanctBennas muddepentmaiusa no3aHemesnoBbix ¢uop Ce-
Bepo-Bocroka Poccuu B TaHHOI cTaThe paccMaTpUBAETCsI COTJIAacHO cxeMe, paspaborantoii JI. B. TonosHe-
Boii (Golovneva, 2018).

[Tepuon cymiectBoBanust atoro pozaa Ha Tepputopun Ceepo-Boctoka Poccum oxsarbiBaeT Bpems
c aipbOa (Philippova, 1975; Samylina, 1964) o maactpuxt-znanwuii (Vassilevskaja, 1977). Pon Arctopteris 6bLt
MIMPOKO paciipocTpaHeH B paHHeMeJTOBbIX (hopax BepxosiHCckoii TPOBUHITMN U B TIO3/IHEMEJIOBBIX (hjtopax
Anazpipekoit u F'oproit Oxorcko-YykoTckoit mpouniinii. Hanbosiee yacto, ocTaTKu JUCTHEB 3TOTO POJIA,
[PUYPOUYEHDI K HUKHE-CPeAHEaTbOCKIM 1 KOHbKCKUM oTiokeHusiM CeBepo-Bocroka Poccu.

Camble paHHMe HAXOJIKA OCTaTKOB JINCTheB apKTonTeprucoB Ha Tepputopun Ceepo-Boctoka Poc-
CUM M3BECTHBI U3 aTbOCKUX OTJOKEHUN YMKyBeeMCKOil cBUTHI ¥YMKyBeeMckoil Braauubl (Philippova,
1975) u Gbuin oTHeceHbl Hamu K Arctopteris sp. VI3 HuKHe-cpeHETbOCKUX OTJIOKEHUN Oyop-KeMioc-
CKO#I CBUTBI 3BIPSTHCKOTO YTIIIEHOCHOTO Oacceiiina oTMeueHo aBa Bua: A. kolymensis u A. rarinervis. Bun A.
kolymensis BcTpeyaeTcst TOJMBKO B OTIOKEHUSAX OyOp-KeMIoccKoit cBuThl (Samylina, 1964).

Bun A. rarinervis BriepBbie TOSIBJISIETCS] B GYOP-KEMIOCCKO# CBUTE 3BIPSTHCKOTO YTJIIEHOCHOTO OacceiiHa
(Samylina, 1964). TTo3xHee nucTbst 5TOTO BUAA U3 MeIOBBIX oTnoxkennii CeBepo-Bocroka Poccun ornuchi-
BAJIVChH TI0/] Pa3HBIMU BUIOBBIMY Ha3BaHUsIMU. V3 HUKHE-CpeHeaTbOCKIX OTIOKEHUN allTypCKOi U ra-
JMMOBCKO#T cBuT Basbirbraan-Cyroiickoro nporuba Buj A. rarinerois 61 onucan Cambuintoit (Samylina,
1976) nox nazsauusimu A. heteropinnula Kiritchkova u A. lenaensis Vassilevskaja. Bug A. heteropinnula 6o1t
ommucan A. M. Kupuukosoii (Kiritchkova, Slastenov, 1966) u3 anb6cKkux OTI0KEHUIT XaTHIPIKCKOI CBUTHI
p. Jlermucke (6acceiin p. Jlena). Ot A. rarinervis 5ToT Buj oTindaercst 6ojee MEJTKUMU JIMHEHBIMU TEPBITI-
KaMu OT 4 110 14 MM gymuHON 1 0T 2 110 4 MM mpuHoi. Bun A. lenaensis 6b11 ommican H. JI. Bacuiesckoit
(Vassilevskaja, 1967) us anTckux oT10KeHUIT OTOHEP-IOPSIXCKON cBUTHI Oacceiina p. Jlena (Bocrounast Cu-
OUPb) M OTJIIMIAETCS OT A. rarinervis e IbHOKPATHBIMU UJTH JIOTIACTHBIMU TTE€PBITKAMHU.

M3 BepxHeaabOCKMX-HIKHETYPOHCKUX OTJIOKEHWIT KPUBOPEYEHCKON CBUTHI OacceiiHa CpeaHero
TeyeHust p. AHAJIBIPb JUCTbs A. rarinervis Ol onucanbl 1o/ HazBauueM Arctopteris sp. (Philippova,
Abramova, 1993) u A. penzhinensis (Shczepetov et al., 1992). YV Buna A. penzhinensis nepbiiku TOJIBKO
1eJIbHOKpaiiHbie, GOKOBbBIE KUJIKU BETBATCS TOJBKO oAuH pa3. Camas MO3/HsS HAXOJKa, OTMEYeHHast
JUid Busa A. rarinerois, TPOUCXOUT U3 KOHBSIKCKUX OTJI0KEHUH THIIBIATBIPTBIHANCKON U TTOTIepEeYHEeH-
CKOIt cBUT ceBepHOiT yacTu xpebTa [Texynbneit (Philippova, 2010).

Bun A. obtusipinnata orMedeH TOJBKO U3 HIKHE-CPEAHeaTbOCKIX OTJIOKEHUN allTypcKoii cBuThl bBa-
aeirbryan-Cyroiickoro mporuba (Samylina, 1976).

B nosaHem menty pon Arctopteris ipeictaBiet TpeMst Bugamu: A. penzhinensis, A. ilirnensis u A. raryt-
kinensis. Bun A. penzhinensis n3BecteH TOJbKO M3 HUXKHEN (TYypoH) u cpeaHeil (KOHbSIK) JacTell BaJIK-
rerckoii ceutel CeBepo-3amnaanoii Kamuyarku (Herman, Lebedev, 1991).

Bun A. ilirnensis otMedeH B TYPOH-KOHBSIKCKMX OTJIOKEHUSX apMaHCKON CBUTHI GacceiliHa p. Ap-
maub (Herman et al., 2016). Ocratku quctbeB A. ilirnensis XapaKTepHBbI U KOHBSKCKUX OTJIOKEHIT
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Cesepo-Bocroka Poccun u usBecTHbl U3 YnHTaHKIUHCKOW cBuThl p. Yunranmxka (Golovneva, 2019),
TUIPUHCKON ¥ KaHaHbITWHCKO#M cBuT p. Kanaubira (Shezepetov, Golovneva, 2010), aMKUHCKOW CBUTHI
p. Yibsa (Golovneva, 2013), BOpOHBUHCKO# 1 KO9KBYHbCKOI cBUT Oacceitna p. [Tanssaam (Golovneva,
2018). Camble mMo3/iHME HAXOJKU JINCTHEB ITOTO BUJIA MPOUCXOISAT M3 BEPXHECAHTOHCKUX OTJIOXKE-
HUIT BMYHIPATCKOI CBUTHI Oacceitna p. IMYHIPITBEEM, H3HAUAIBHO ONMCaHHbIe 110/ Ha3BanueM A. aff.
rarytkinensis (Moiseeva, Sokolova, 2014).

Bun A. rarytkinensis n3Becten n3 KOHbSIKCKMX OTJIOKEHU ThLIBIATBIPIBIHANCKON 1 MTOTIEPETHEHCKON
cBuT ceBepHoil yactu xpebra Ilekymbheit (Philippova, 2010) u HuKeKaMIaHCKUX OTJIOKEHUIT GAPBIKOB-
CKOii cBUTBI OyXxThl YT0sbHON (Moiseeva, Sokolova, 2011). Camast o3aHsIst HaXo/Ka, OTMEYeHHast [l BUa
A. rarytkinensis, kak u 1jis1 poza Arctopteris na repputopun CeBepo-Bocroka Poccuu, nponcxoant 3 maa-
CTPUXT-IATCKUX OTJIOKEHUN papbITKUHCKOI cBUTHI Kopstkekoro Haropbs (Vassilevskaja, 1977).

Hau6ousbIero pasnoobpasust poj Arctopteris fOCTUTAET B KOHbsIKE, T/i¢ OBIJIO OTMEUYEHO YEThIPE BU/IA.
B canTone Kom4yecTBO BUIOB I0BOJIBHO CUJIBHO COKpalaeTcs (10 OIHOTO) U 10 MaacTPUXTa-JAaHus OCTa-
€TCSI HEeM3MEHHBIM.

B BepxosiHcKoi 1 AHaZBIPCKOI TIPOBUHIUSAX STOT poJ ObLI Oojiee pasHOOOPasHbIM, YyeM B [opHOIi
Oxotcko-UykoTckoil nmpoBuHIy. B BepXosHCKON MPOBUHIMKM HaMU ObLIO OTMEYEHO YeThIpe BU/IA ap-
KTOINTEepUucoB, B AHazbipckoil — Tpu. B lopuoit Oxotcko-YykoTckoii mpoBuHnmnm pon Arctopteris nipe-
CTaBJIEH TOJIBKO OJHUM BUAOM — A. ilirnensis, KOTOPBIil CyIIeCTBOBAJ ¢ TYPOHA IO TO3IHUN CaHTOH. Buj
A. rarinervis oTMeueH /7151 TeppuTopuu Bepxosinckoi u AHaZpIpcKoil mpoBuHIMi. Bee ocTasmbHbie BUBI
pona Arctopteris GbLIN PacIPOCTPAHEHBI TOJBKO B TIPE/IeIaX OHOM TPOBUHITUH.

HauGousbiiee crparurpaduveckoe pacrnpocTpaHeHne UMeT Bupbl A. rarinervis (anbO—KOHBSIK),
A. rarytkinensis (xoubsik—panuii) u A. ilirnensis (TypoH—TIO3IHUN CAHTOH). JHAEMUYHBIMU BUIAMU,
pacrpocTpaHeHHBIMU B IIpejiesiaX TOJbKO OJHOTO CTpaTUTpaduyeckoro mojpasieseHus, apasgiorcs A.
kolymensis (6Gyop-keMIoccKasi CBUTa, HUKHUI-CpeAHUi anb0), A. obtusipinnata (aiirypckasi CBUTa, HIK-
HUii-cpenanii anb0) u A. penzhinensis (BaInKreHCKast CBUTA, TYPOH-KOHbBSIK).

BbIBO/IbI

B pesysbraTe peBusum yCTaHOBJIEHO, 4TO POi Arctopteris BKIO4aeT BoceMb BujoB: A. lenaensis,
A. heteropinnula, A. kolymensis, A. rarinervis, A. obtusipinnata, A. penzhinensis, A. ilirnensis w A. rarytkinensis.
Buust A. rarinervis u A. microphylla o6betensr oy HazsanueM A. rarinerovis. Bubt popa Arctopteris pas-
JYaioTest (OPMOil TEPHINIEK ¥ UX BEPXYIIEK, a TaKKe KOJMYECTBOM BETBJIECHWH OOKOBBIX JKUJIOK BHY-
TPH TIEPBIIIeK. Y cTaHOBJIEHO, uTo Ha Tepputopun CeBepo-Bocroka Poccuu atoT pojt cyiecTBoBas ¢ anbba
10 MaacTpuxT-Aanuit. Hanbosee 4acTo 0CTaTKu JIMCTHEB ATOTO POJIA, IPUYPOUEHBI K HUKHE-CPEIHEATOCKUM
U KOHBSIKCKUM OTJIoKeHusiM. Harboubitee crpaturpadudyeckoe pacpocTpaHeH e UMeJIi BUIbI A. rarinervis
(HKHUT anb0—KOHBSIK), A. rarytkinensis (Koubsik—nanuit) u A. ilirnensis (TypoH—BepXHUIA CAHTOH).

BJIATOAAPHOCTHA
WccnenoBanne BBIMOTHEHO B paMKax IJIaHOBOI TeMbl botannyeckoro nncruryra um. B.JI. Komaposa

PAH Ne AAAA-A19-119030190018-1.
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TABJINIIA 1
1-4,9 — Arctopteris kolymensis Samylina, p. 3pipsitika, pyd. Xapa-Yyiax, 6yop-KeMOCCKast CBUTA,
HUKHII-CPeTHII aIb0:
1 —ak3. BUH 508/94, x1,5;
2 —9k3. BUUH 508/99a, roorui,x1,5;
3 — k3. bUH 508,/116, x2;
4 —sx3. BUH 508/95, x2;
9 — ax3. BUH 508/65a, cTpoenue cliOpOHOCHBIX HEPBITIEK, X3.
5 — Arctopteris ilirnensis Golovneva, sx3. BUUH 1593/2, Ilenrpambras YykorTka, p. DHMbIBaaM,
HMYHIPITCKAsI CBUTA, BEPXHUI CAHTOH, X1,5.
6-8 — Arctopteris rarinervis Samylina, p. 3bipsitka, BbIle ycThs pyd. Byop-Kemioc, 6yop-keMiocckast
CBWTA, HUKHUN-CPEAHUN anb0:
6 —sk3. bUH 508 /114, x2;
7 —9x3. BUH 508/115, X2;
8 —ak3. BUH 508/71, rosoruir, X2.

PLATEI
1-4,9 — Arctopteris kolymensis Samylina, Zyryanka River, Buor-Kemyus Formation, lower-mid-
dle Albian:
1 — spec. BIN 508/94, x1,5;
2 — spec. BIN 508,/99a, holotype, x1,5;
3 —spec. BIN 508,/116, x2;
4 — spec. BIN 508/95, x2;
9 — spec. BIN 508/654, fertile pinnules, X3.
5 — Arctopteris ilirnensis Golovneva, spec. BIN 1593/2, Central Chukotka, Enmyvaam River, Emuneret
Formation, upper Santonian, x1,5.
6—8 — Arctopteris rarinervis Samylina, Zyryanka River, Buor-Kemyus Formation, lower-middle Albian:
6 — spec. BIN 508/114, x2;
7 — spec. BIN 508/115, x2;
8 — spec. BIN 508/71, holotype, X2.
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TABJINIIA 1




TABJINIIA IT

1-5 — Arctopteris obtusipinnata Samylina, p. Bajbirbiuat, aiirypcekast CBUTa, HUKHUNA-CPEIHUN aJb0:

1 —ak3. BUH 510/89, rosorui, X1;

2,3 — k3. BIH 510/85, cTpoenue cliopOHOCHBIX TepbIlek: 2 — X1, 3 — X2;
4 — k3. BUH 510/91, x1;

5 —9k3. BUH 510/90, x1.

6—7 — Arctopteris rarinervis Samylina, p. 3bipsitka, Bbile ycThst pyd. Byop-Kewmioc, 6yop-keMiocckas

CBWTA, HUKHUN-CPEAHUN anbb:
6 —sk3. bBIH 508/103, x2;
7 — k3. bBUIH 508/96, x1,5.

PLATE II

1-5 — Arctopteris obtusipinnata Samylina, Balygychan River, Aigur Formation, lower-middle Albian:

1 — spec. BIN 510/89, holotype, x1;

2,3 — spec. BIN 510/85, fertile pinnules: 2 — x1, 3 — x2;
4 —spec. BIN 510/91, x1;

5 —spec. BIN 510/90, x1.

6—7 — Arctopteris rarinervis Samylina, Zyryanka River, Buor-Kemyus Formation, lower-middle Albian:
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6 — spec. BIN 508/103, x2;
7 — spec. BIN 508/96, x1,5.
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TABJINTIA I11

1-2 — Arctopteris rarytkinensis Vassilevskaja:

1 —9x3. TOU 1017 /152, xpeber [lexynbheit, p. Manas [lonepeunasi, monepedyneHcKasi CBUTa, KOHbSIK,
x1,5;

2 — 9x3. BUH 967B/17, Kopskckoe Haropbe, p. llonepeunas, papbITKUHCKas CBUTA, MAaaCTPUXT-
JaHu, X2,

3-8 — Arctopteris ilirnensis Golovneva (3—6, 8 — Gacceiin p. Yiibsi, AMKMHCKast CBUTa, KOHbSIK; 7 — GacceilH

p. ITasstBaaM, BOpDOHBUHCKAsT CBUTA, KOHBSIK):
3 —»ak3. BUH 1576/25, X1,5;

4 —sk3. bBUH 1576 /17, X1,

5 —»ak3. bBUH 1576 /11, X1,

6 —sk3. bBUUH 1575/64, X2;

7 — ox3. CBKHUU I1MD3/412b, x3,5;

8 —ak3. BUH 1576/18, x1.

PLATE III

1-2 — Arctopteris rarytkinensis Vassilevskaja:

1 — spec. TFI 1017/152, Pekulney Ridge, Malaya Poperechnaya River, Poperechnaya Formation,
Coniacian, x1,5;

2 — spec. BIN 967B/17, Koryak Upland, Poperechnaya River, Raritkin Formation, Maastrichtian-
Danian, x2.

3-8 — Arctopteris ilirnensis Golovneva (3-6, 8 — Ul'ya River Basin, Amka Formation, Coniacian; 7 —
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Palyavaam River Basin, Voron’ya Formation, Coniacian):
3 —spec. BIN 1576/25, x1,5;

4 —spec. BIN 1576/17, x1;

5 —spec. BIN 1576 /11, x1;

6 — spec. BIN 1575/64, x2;

7 — spec. NEISRI PF3/412b, x3,5;

8 —spec. BIN 1576/18, x1.



TABJINTIA 111
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TABJINTIA TV
1, 2, 4-8 — Arctopteris ilirnensis Golovneva (1, 2 — Gacceiid p. Yjibsi, aMKUHCKasl CBUTa, KOHbSIK; 4—8 —
Gacceitn p. [TasnsiBaaM, BODOHBUHCKASI CBUTA, KOHBSIK):
1,2 —sk3. BUH 1576/5: 1 — x1, 2 — X2;
4,5 —sk3. CBKHUMU I1D3/29: 4 — ronotum, X1, 5 — X1,
6, 8 — 9x3. CBKHUU I1D3/3: 6 — X2, 8 — x1;
7 —9k3. CBKHUU [1D3 /412, x1.
3 — Arctopteris rarytkinensis Vassilevskaja, sx3. [ITHUTPM 12043/3, rosorun, Kopsikckoe Haropbe, ce-
BepHast yacTh xpeOTa PapbiTkuh, BepxoBbe p. IlepBoii TomoseBoil, cpeHsis 4acTh PapbITKUHCKON
CBUTDI, MAACTPUXT-aHNUiA, X 1.

PLATE IV
1, 2, 4—8 — Arctopteris ilirnensis Golovneva (1, 2 — Ul'ya River Basin, Amka Formation, Coniacian; 4—8 —
Palyavaam River Basin, Voron’ya Formation, Coniacian):
1,2 —spec. BIN 1576/5: 1 — X1, 2 — X2;
4,5 — spec. NEISRI PF3/29: 4 — holotype, x1, 5 — x1;
6, 8 — spec. NEISRI PF3/3, 6 — X2, 8 — x1;
7 — spec. NEISRI PF3/412, x1.
3 — Arctopteris rarytkinensis Vassilevskaja, spec. TSNIGRM 12043/3, holotype, Koryak Upland, Pervaya
Topolevaya River, middle part of the Rarytkin Formation, Maastrichtian-Danian, x1.
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CTPOEHMUME S1INJAEPMbI INCTBEB COBPEMEHHbBIX THETOBbBIX
(GNETUM L.) U CPEJHEIOPCKUX BEHHETTUTOBBIX
(NILSSONIOPTERIS NATHORST U PTILOPHYLLUM MORRIS)

A. O. bornanora, JI. A. Kapiera

Bomanuueckuii uncmumym um. B. JI. Komaposa PAH, Canxm-Ilemepoypez, Poccus,
ianinapagoda@gmail.com

LEAF EPIDERMAL STRUCTURE OF EXTANT GNETALES (GNETUM L.) AND
THE MIDDLE JURASSIC BENNETTITALES (NILSSONIOPTERIS NATHORST
AND PTILOPHYLLUM MORRIS)

I. O. Bogdanova, L. A. Kartseva

Komarov Botanical Institute RAS, St. Petersburg, Russia, ianinapagoda@gmail.com

Pesiome. V3ydena anumepma JUCThEB YeTbIPEX
BUI0B poga Gnetum L. 1 yeTbIpex BUAOB IOPCKUX OEH-
HETTUTOBBIX U3 pooB Nilssoniopteris Nathorst u Pti-
lophyllum Morris. Kpome ornmcanusi KayeCTBEHHBIX
MPU3HAKOB C TIOMOIIBIO CTATUCTUYECKUX METOM0B
MPOBE/IEH AaHAJIN3 PA3JINIHBIX KOJTMUECTBEHHBIX TIPHU-
3HakoB. KoadduumeHTsl Bapuamuy KOJNYECTBEH-
HBIX TTPU3HAKOB CTPOEHUS IMUIEPMBI ¥ THETYMA KO-
nebmotest ot 6.4 10 24.0%, y Ptilophyllum ot 15.7 1o
63.5%, y Nilssoniopteris or 18.0 no 39.9%. ¥ obenx
IPYIIIT pacTeHMiT CTaOMIbHBIMU TPU3HAKAMU SIBJISTIOT-
CS1 U3BUJIUCTOCTD TAHTEHTAJIBHBIX CTEHOK OCHOBHBIX
KJIETOK B BepxHell u HuzkHel snugepme (Cv < 18.0%).
Y ponos Ptilophyllum w Gnetum ww3Kkuil ypoBeHb
U3MEHYMBOCTH  JIEMOHCTPUPYET  JUIMHA  YCTBUI]
(Cv < 16.8%). 3naunTtenbHbIN pa3bpoc 3HAUEHMIT KO-
b PUITMEHTOB BAPUAIINN U Y THETYMA, U Y U3yYEHHBIX
PO/IOB GEHHETTUTOBBIX XapaKTePeH [IJIsl YHCIa OCHOB-
HBIX KJIeTOK Ha 1 MM? BepXHell ¥ HUKHEH SIIHIePMBI
(17.5% < Cv < 31.9%), mwiomaayn OCHOBHBIX KJIETOK
BepxHeil u nuxkHeit anmgepmbl (21.2% < Cv < 63.5%)
U YUCJTA YCTHUIl HA €UHUIY TLIONMAIN IMUAEPMbI
(29.3% < Cv < 39.9%). Cx0aCTBO B KOPPETATNOHHOM
CTPYKTYPE TIPU3HAKOB CTPOEHUS ATTH/IEPMBI TTIPOSTBIIS-
eTCsl B KOPPEJISIIINA MEK/Ty M3BUIUCTOCTHIO TaHTEH-
TAJIbHBIX KJIETOK AMU/IEPMBI, YUCJIOM YCTHUI[ HA €/[1-
HUILY TUTOIIAAN U €€ MeJIKO- U KPYTTHOKJIETOYHOCTBHIO,
a TaKKe MeXK/Y JITMHON YCTHUI[ U YUCTIOM OCHOBHBIX
KJIETOK HIM/IEPMBI U €Ille MEK/Yy YCThIUUHBIM MH/IEK-
COM U YUCJIOM OCHOBHBIX KJIETOK anujiepmbl. ¥ Gne-
tum cooTHolieHne uuciaa AudGepeHInPOBaHHbIX
YCTBUI[ KOPPEJUPYET € YUCJIOM abOPTHPOBAHHBIX
Ha equHMIlE TUTonaau snugaepmol. Y N. angustifolia

https.//doi.org/10.31111/palaeobotany /2021.12.56

Abstract. The leaf epidermis of four spe-
cies of Gnetum L. and four species of the Jurassic
Bennettitales (Nilssoniopteris Nathorst and Ptilo-
phyllum Morris) were studied. In addition to the
description of qualitative characters, the analysis
of various quantitative characters was carried out
using statistical methods. Coefficients of variation
for quantitative characters of the epidermal struc-
ture in Gnetum range from 6.4 to 24.0%, in Ptilophy!-
lum from 15.7 to 63.5%, in Nilssoniopteris from 18.0
to 39.9%. The sinuosity of tangential cell walls of
the epidermal cells in the upper and lower epider-
mis is the stable character in both groups of plants
(Cv < 18.0%). In Ptilophyllum and Gnetum, the
length of stomata demonstrates a low level of com-
mon variability (Cv < 16.8%). A significant range
in the coefficients of variation in both Gnretum and
the studied genera of Bennettitales is typical for the
number of epidermal cells per 1 mm? of the upper and
lower epidermis (17.5% < Cv < 31.9%), the area of
the epidermal cells of the upper and lower epidermis
(21.2% < Cv < 63.5%), and the number of stomata
per 1 mm? of the epidermis (29.3% < Cv < 39.9%).
The similarity in the correlation structure of epi-
dermal characters is manifested in the correlation
between sinuosity of tangential cell walls of epider-
mal cells, the number of stomata per 1 mm? of the
epidermis, and size of epidermal cells, as well as be-
tween the length of the stomata and the number of
epidermal cells and also between the stomatal index
and the number of cells in epidermis. In Gnetum, the
ratio of the number of differentiated stomata corre-
lates with the number of aborted stomata per 1 mm?
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u P. caucasicum auciio ycrbui] Koppesaupyet ¢ unciom  of epidermis. In N. angustifolia and P. caucasicum,

TTANNJI Ha €UHUILE TLIOTIAIN. the number of stomata correlates with the number of
Kniouesvte caosa. Gennerrutosbie, THetoBble,  papillae per 1 mm?
JIACT, 2IIAEPMa. Keywords: Bennettittales, Gnetales, leaf, epider-
mis.
BBEAEHUNE

I'uerosbie (Gnetales) u 6enrerTutoBbie (Bennettitales) — /Be Tpymiibl TOJIOCEMEHHBIX PACTEHUT, 9BO-
JIOIMS KOTOPBIX, KaK MOKa3blBAIOT MHOTHE HMCCJe0BaHus, mpoxoania napamieabio (Crane, 1996; Do-
noghue, Doyle, 2000; Friis et al., 2007). IIpeacraButesn 060X TAaKCOHOB MOSIBUJIUCH IIPUMEPHO B OTHO
U TO JKe BPEMsi, B HayaJie Me30301CKOIi OPbI: THETOBbIE — Ha rpanuile nmepmu u Tpuaca (Wang, 2004), 6en-
HETTUTOBbIe — HaurHas ¢ nosaHero Tpraca (Krassilov, Bugdaeva, 1988); u pasBuBaiich B CXOIHBIX 9KOJIO-
riuyecknx ycaosusax (Crane, 1996).

Y 0601X TAKCOHOB BBISIBJIEHBI HEKOTOPBIE 00IIHE YePThI CTPOEHUS, TI0 KOTOPBIM B PA3IMYHbBIX KJIACCH-
duranuax ux yacro comkaior (Crane, 1996; Donoghue, Doyle, 2000; Friis et al., 2007). Bo-1iepsbix, 910 Ha-
sune oboernosbix crpobusios (Carmichael, Friedman, 1996; Friedman, 1998; Kiritchkova, Nosova, 2012).
My:kckue cTpoOHIIbI COBPEMEHHBIX THETOBBIX HECYT HE(DYHKIMOHAIBHbIE CEMSI3a4aTKI, KOTOPhIE pAacCMaT-
PHMBAIOTCSI HEKOTOPBHIMU aBTOPAMK KaK CJIE/IbI MPOIILIOi 060ermonocTr y mpeakoBbix pactenuii (Haycraft,
Carmichael, 2001). Bo-BTOpBIX, CXOJCTBO B CTPOECHUU SIMUAEPMbI, B YACTHOCTH, YCTHUIL. DnupepMa GeH-
HETTUTOBBIX BriepBbie Oblia onucana X. X. Tomacom u H. Bankpodrom (Thomas, Bancroft, 1913), koro-
pbl€ ONpPEeJININ, YTO YCThUUHBIE ATapaThl UCCAEOBAHHBIX UCKOTIAEMbIX PACTEHUI OTHOCITCS K Tapa-
[IUTHOMY THUITY. DTOT TUII HE BCTPEYAETCS Y IUKAJOBBIX, K KOTOPHIM U3HAYAIBHO OTHECIN OEHHETTUTOBDIE,
a cpeau JIPYTUX TOJOCEMEHHBIX M3BecTeH TosbKo y THetoBbix (Nautiyal et al., 1976) u HemaBHO omvican
y Podozamites Braun (Shi et al., 2017; Nosova et al., 2017). Kpome Toro, maparutHbie yCThHIIA YaCTO BCTPe-
qaioTcs y 1BeTKOBBIX pactenuii (Donoghue, Doyle, 2000).

HecMoTpst Ha BHEIlIHee CXOICTBO YCTHUYHBIX allllapaToB, MX Pa3BUTHE Y THETOBBIX U GEHHETTUTOBBIX
npoucxoaut mo-pastomy. P. @aopun (Florin, 1931, 1933) onucan crocob pasBuTusi yeTbuil GEHHETTH-
TOBBIX KaK CHH/IETOXeNIbHbINA. [Ipu aTOM MaTepuHCcKas KJIeTKa yCThHUIIA B IPOTOJEPME /IBA Pa3a IeTUTCS
HEepPaBHOMEPHO, MPUBO/IS K 00Pa30BaHmI0 MOOOYHBIX KJIETOK, a B pe3yJbrare (DMHAILHOTO PABHOMEPHOTO
JleIeHsT 0OPas3yroTCs 3aMbIKatoIie KJAeTKU. Takum 06pasom, IPOUCXOsKIEHIE TTOOOUHBIX U 3aMBIKAIOTIIX
KJIETOK €JINHOe, 13 OIHOTO Mepuctemonjia. K atomy ke tumny pazsutusg DopuH OTHEC ¥ yCTbUYHBIE AllTia-
patsl ABYX pojioB THeToBbIX ( Gnetum L. u Welwitschia Hook. f.).

Onnako unzaniickue uceaenosaren (Nautiyal et al., 1976), neranbHo U3ydmBIIITE THCTOTEHES SMUIEPMBI
THETYMa, BBISICHIJIN, YTO TTAPAIIUTHBIE YCThUYHBIE AIlIapaThl ATOTO POJIA UMEIOT /IBOWCTBEHHOE TIPOUCXOK/IE-
HII€: 3AMBIKAIOIIHE KJIETKU U JIaTepaIbHbIe TOOOYHBIE KJIETKI 00Pa3yi0TCst U3 OTHOTO MATEPUHCKOTO MEPHCTE-
MOUJIA, a COCEIHME KJIETKU HA MOJII0CAX BO3HUKAIOT U3 JAPYTHUX KJIETOK rpoTtogepmbl (Pant, 1963).

VY [BETKOBBIX K€ MPUCYTCTBYET BECh CIEKTP CIIOCOOOB Pa3BUTHUSI MAPAIUTHBIX YCTHUIl B 3aBHCHMO-
CTU OT TOTO, MPOUCXOAAT JU KJIETKHU, OKPYy’Kalolllne YCThUlle, U3 TOU ke caMOll MaTepuHCKON KJETKH,
YTO ¥ 3aMBIKAIOIIHE, UM U3 IPYTUX KJIETOK IPOTOEPMbI, UJTH TaKyKe UMEIOT JBOWCTBEHHOE TIPOUCXOK]IE-
uue (Pant, 1965).

[Tesbto JAHHOTO WICCJIEIOBAHMS SIBJISIETCS OI[EHKA OOIIeil M3MEHYNBOCTH ¥ KOPPEJSAIUN MEK/LY TIPH-
3HAKaM¥ CTPOEHWUS SITUIEPMbI TIpe/IcTaBuTe el BoiMepinx OeHHeTTuTOBbIX ( Nilssoniopteris Nathorst u Pti-
lophyllum Morris) u coBpeMeHHbIX BUI0B poja Gnetum, a TakKe BbIsIBIICHIE OOIINX YE€PT U Pa3IMIrii B KOP-
PEJIIIMOHHO CTPYKTYPe MPU3HAKOB Y 9TUX IPYIIIL

InuzepMma JrucTbheB 6eHHeTTUTOBBIX Xoporno uaydena (Florin, 1931, 1933; Doludenko, Svanidze, 1969;
Kiritchkova, Nosova, 2012), 0/{HaKO TOTIBITOK OIEHUTH KOPPEJAIUOHHbBIE CBSI3U MEK/LY TPU3HAKAMU CTPO-
€HWS JINCTA, B YACTHOCTHU, SMTUJIEPMBI, C IPUMEHEHNEM METOJI0B MHOTOMEPHOI CTATUCTUKU, JI0 HACTOSIIETO
BpeMeHU He MPoBOAMIOCch. Hamu cresrana morbITKa aialiTupoBaTh TOT METO/I JIJIsl IUCThEB MCKOTIAEMBIX
pacTeHwuit, 4TO MOTJIO ObI MPUTOAUTHCS B KJIACCHUYECKUX HCCIEAOBAHUSAX MO CHCTEMATUKe U (DUIOTEHUH
U CTaTh aJbTEPHATUBON MOJIEKYJISIPHOU cucTeMaTHKe. MeTo/l TJIAaBHBIX KOMIIOHEHT J/leJTaeT BO3MOKHbBIM
cpaBHeH¥e 6OJIBITOT0 0ObeMa TAHHBIX 110 KOJIMYEeCTBEHHBIM IIPU3HAKAM KaK JIJIsl BBIMEPIIIHX, TaK U /s HbIHE
SKUBYIIMX PACTEHUI.

JIuctbst GEHHETTHTOBBIX XapaKTEPU3YIOTCS 3HAYUTEJbHBIM pazHooOpasueM. VX juiMHa BapbupyeT
OT HECKOJIBKUX CAHTHMETPOB 0 MeTpa u Gosiee. JINCTbst MPEUMYIIECTBEHHO MEPUCThIE, HO MHOT/IA BCTpe-
YAIOTCS 1eJIbHbIe. JTHIepPMabHble TIPU3HAKH, HAPSLY ¢ MOP(OTOTHUECKUMHU, UMEIOT OOJIBIIIOE 3HAUYCHIE
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nuist pasimmuenust BujoB (Taylor et al., 2009). B kauectBe 00bEKTOB MCCIEI0BaHUS BHIOPAHBI /[Ba POJA 10P-
ckux OeHHeTTHTOBBIX: Nilssoniopteris ¢ 1eJbHO JTUCTOBON TtacTUHKON u Ptilophyllum ¢ nucroBoii mra-
CTUHKOH, pacce4eHHO Ha CerMeHThl.

VckomaeMbie OcTaTKi rHETOBBIX BeTpedatorest He peako (Krassilov, Bugdaeva, 1988; Rydin, Friis, 2010;
Friis et al., 2019), ogHako B110B, OIMCAHHBIX 110 dIIUAEPME JUCTheB, ToKa uTo Het (Crane, 1996). Omucana
TOJIBKO BTIHIEPMa HEKOTOPBIX PEPOAYKTUBHBIX CcTPYKTYP 1 1oberos (Rydin, Friis, 2010). TTo ganHbiM MO-
JIEKYJISIPHOTO ananusa poj Gnetum BO3HUK MPUMEPHO B d0TleHe-cepeinHe MuolieHa. V3 Bcex HblHe JKUBY-
MIMX THETOBBIX JIUIIb 3TOT PO/ He TPe/IcTaBIeH B ajseoHTosorndeckoii sertonucu (Won, Renner, 2006),
BO3MOJKHO, U3-32 TOTO, UTO JIUCThSI THETYMOB CXO/IHBI C JINCTHSIMU I[BETKOBBIX PACTEHWH, U B UCKOMTAEMOM
COCTOSTHUM UX ¢cJI0KkHO oTanauTh (Crane, 1996). V3BecTeH Jviib cpeHeropekuii poj Protognetum, kombu-
HUPYIOINUiT BereTaTUBHbBIE Y€PThI CTPOEHUsE A(DeAPHI ¢ PerpoAyKTUBHBbIMI YepTamu rHeTyma (Yang et al.,
2017). I1. T1. TamGapsta u A. H. Kysuetos (2021), cTpost Mojiesib THIIOTETHYECKOTO TIPEIKA I[BETKOBBIX pac-
TEHWI, PEJIIOJIATAI0T, YTO TUIIOTETUYECKOE THETOBOE I0PCKOTO MEPHO/Ia MOTJIO HATIOMUHATH 110 CBOEMY Ta-
6uTycy coBpeMeHHbIl Bux Gnetum gnemon L.

B orsMume ot Apyrux rHETOBBIX, MpeacTaBuTesu pona Gnetum UMEIOT TPOCTbIE, IeJbHbIE JIUCTHS,
KOTOpBIE SIBJISIIOTCS. YAI00OHBIMU MOJE/NbHBIMU 00bekTaMu. Y popa Ephedra L. muctbsi pepynupoBaHbl,
a 'y Welwitschia Bcero niBa Jiucta, ¥ OHM PACTYT MOCTOSTHHO 32 CYE€T MHTEPKAISIPHON MEPUCTEMBIL.

[Tpu BHelTHEM Pa3HOOOPa3UU Pa3MepOB JIMCTHEB B MpeesiaX OJHOTO BH/A, KOPPEISIIMOHHAS CTPYK-
Typa, TO €CTh CBSI3W MEK/Ly OTAeJbHBIMU TIPU3HaKaMu, octaercst skectkoit (ITaytos, 2009; Arbicheva et al.,
2021), 4To 1aeT BO3MOKHOCTh CPAaBHUBATh UMEHHO 9TH CBSI3U Y JIMCThEB Pa3HBIX TAKCOHOB CEMEHHBIX pac-
TEHUIl, HECMOTPSI Ha CYIIECTBEHHbIE PA3JIMYKs B CTPOCHUH IMUAEPMbI, 1 OOHAPYKUBATH B CUCTEME ITHX
cBsi3eil HartpaBJieHust aBostionuu Jincthes (ITaytos, 2009; Arbicheva et al., 2021).

MATEPUAJI 1 METO/Ibl

JIucThs GEHHETTUTOBBIX, U3YYEHHBIE B HacTOsIIEeH pabote, Obin cobpansl I'. B. [lesie us cpeneit opb
(kesumoseit) T'pysum, Ha p. Bapyua, B okpectrocTsix cena Iecu 8 1980 r. Ouu xpaHsTcs B 1abOpaTOPUH Ta-
seoboranuku Boranmdeckoro nneruryTta uM. B. JI. Komaposa PAH (BUH PAH), kosutekust BITH 1073.
HauboJiee moapobHoe onucatue ¢ropsi ¢ p. bapysia B 11eJ10M, 1 H3yY€HHBIX BUIOB B YaCTHOCTH, TIPUBEEHO
B pabote M. I1. [Tonyzaenxo u 1. Y. Ceanuase (Doludenko, Svanidze, 1969).

DparMeHTbI ATHEpPMb 0TOOPaHBbI ¢ 73 JcTheB. VIX paciipeiesieHre o pojiaM ¥ BUIaM TIOKa3aHO HUKE.

Nilssoniopteris angustifolia Doludenko — 9 sk3emmuisipos o Homepamu 1497, 1498, 1521, 1536, 1538,
1540, 1541, 1560, 1564.

N. longifolia Doludenko — 16 sksemiuispos o Homepamu 1509, 1510, 1519, 1520, 1525, 1526, 1527,
1528, 1530, 1532, 1537, 1550, 1556, 1557, 1562, 1563.

Ptilophyllum caucasicum Doludenko et Svanidze — 20 sx3emmisipos mox Homepamu 1573, 1586, 1593,
1595, 1597, 1598, 1599, 1608, 1613, 1619, 1620, 1621, 1623, 1639, 1642, 1649, 1650, 1651, 1656, 1683;

Ptilophyllum sp. — 28 sx3emiuigpos nox Homepamu 1568, 1572, 1581, 1584, 1589, 1592, 1600, 1601,
1602, 1604, 1606, 1607, 1615, 1617, 1622, 1631, 1632, 1635, 1637, 1638, 1646, 1647, 1648, 1657, 1658, 1672,
1679, 1680.

st pona Gnetum stuupepma Oblia u3ydeHa y 76 chOpPMUPOBAHHBIX JIUCTHEB, TPUHAJIECKAIIIX
K 4 BUIAM.

Jlnst Buga G. gnemon L. 21 mucr 6611 cobpan B opatkepesix Borannueckoro caga BITH PAH B 2017 1.,
a 3 ymacra B3sTol u3 repbapust BUH PAH (LE). ITocueanaue Gbi cOOpaHbl 13 €CTECTBEHHBIX YCIOBHIT TPO-
uspacranus Ha o. [letision u 0. Hoag I'sunes;

Y G. gracilipes C. Y. Cheng 6b110 u3ydeHo 16 J1CThEB ¢ 9K3EMILISIPOB, TIPOU3PACTAIONINX B €CTECTBEH-
HbIX ycaoBusix B npoButimu Ounanb, Kurait (21°37°48.0»N 101°26'24.0»E). Matepuan Obu1 cobpan
C. C. IlomnoBoii B 2018 1.

Jlnst Buna G. latifolium Blume usydeno 11 nucrbe. Marepuasn npoucxoaut u3 repbapust BUH PAH
1 ObLT cOOpaH B €CTECTBEHHBIX YCIOBUsIX Mpouapactanust (nposuniust IOuHaHb, 0. Xaitnaub, Kuraii; Ton-
kour; Beetnam; o. Cymatpa, Minnonesus; o. Jlantao, @uaumub );

st Buga G. montanum Markgr. 21 nucr cobpan B opamskepesix Boranmueckoro caga BUIH PAH
B 2017 1. u yersipe yucra npoucxonsat us repbapuss BUH PAH, coOpaHHBIX U3 €CTECTBEHHbIX YCIOBUIl
npouspactanus (nposunius IOnnanb, Kurtaii; BoetHam).

Jl1st u3ydeHus: sMUEPMbl THETYMA MCIOJB30BATUCH (hparMeHThl U3 CPeHElN 4acTu JUCTOBOM Tiia-
CTUHKH, PACIOJIOKEHHbIE MEIK/LY TJIABHO KUJIKON 1 Kpaem. YKuBoit u repbapHbIii MaTepras (hUKCUPOBAJIH
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B 70° cimpre. [lasee repOapHblii MaTepuas MOMEINAJICSI B CMeCh TJIMIEPUHA, TUCTUILIMPOBAHHON BObI
u criupra (70°) B cootnomennu 1:1:1 B tepmocrar ua 50° Ha cytku (Barykina et al., 2000), a mocsie ormbi-
BAJICS B AMCTUJIMPOBAHHON BOJIE U MCTIOJIB30BAJICS JIJIS IAIbHEUTITNX UCCIIeIOBAHU.

VY ucKomaeMbix OEHHETTUTOBBIX (hparMeHThl (PUTOJIEHM IO BO3MOKHOCTH GPAIMCh U3 CPEIHE YacTh
1eJIbHOIT JicTOBOM TutacTuHky (Nilssoniopteris), 1100 W3 cpeHeil YacTu JIMCTOBOTO CErMEHTA VJIN T1eJIbIit
cerment (Ptilophyllum). Otobpantbie (hparMeHTbI BBIAECPKUBAIICEH B TJIABUKOBOI KUCJIOTE.

Jlnst marepanuu (parMeHTBI JINCTHEB THETYMOB U JINCTheB OEHHETTHTOBBIX MOMEMIAINCH B CMEChH
[Tysabita (Nautiyal et al., 1976), 3ateM npoMbIBAJINCH IUCTUILIMPOBAHHON BOJOW 1 TIOMEIAIUCH B BOJHBIN
pactBop rugpookncu Kaaus (KOH). Ilocae atoro dparMeHTsl BHOBD MPOMBIBAINCH AUCTUILIMPOBAHHOMN
BOJIO.

[l n3ydenust Ha CB€TOBOM MUKPOCKOTIE (DparMeHThI AMTH/IEPMbI 3aTMBAJINCD TITUIEPUH-3KEeTATHHOBOM
cMechlo. DTuepma rueTyma okpanBaaich capparntom (Barykina et al., 2000). Msyuenue u pororpadu-
poBaHue mpenaparoB OBLIO MPOBEIEHO ¢ TIOMOIIbI0 OMHOKYJIspa Leica EZ4, mukpockonos Leica DM500,
Leica DM1000 u tiudpposoit horokamepsr Leica EC3. MororpadupoBanme mnuctbeB GEHHETTUTOBBIX MTPO-
BO/IMJIOCH ¢ TToMoTIbio hoTtoarnmapata Canon EOS 770.

JIJist M3y4eHus Ha CKAaHUPYIOIIEM 3JIEKTPOHHOM MUKPOCKOIIE (hparMeHThI JINCTHEB THETYMa 00€3BOKHI-
BaJIM B CEPUM CIUPTOB Bo3pacTtaioniux KoHienTpamuit: 20°, 50°, 70°, 80°, 90°, 96°, 100°. 3aTem oHu 1po-
BOJIMJIMCH 4Yepe3 CMeCh alleTOHA CO CHUPTOM, alleTOHA C M30aMUJIAIleTaTOM M YUCTBIM M30aMUJIalleTar.
O6e3BosKeHHBIE 00PA3IIBI JUCTHEB THETYMA, a TAKKE MallepUPOBaHHbIE (hParMeHThbl KYyTHKYJI IUCTHEB OEH-
HETTUTOBBIX BBICYIIUBAIUCH PU KPUTHUYECKOI TOUKE KUAKON yriaekucaoTsl. Cyxue 06beKThl HaKJIenBa-
JIVICh HA CTOJIUKW ¥ HATBLISIMCH MOHAMU 30J10Ta. J[ajiee 00beKThl U3ydaIuch Ha CKAHUPYIOIIEM 3JIEKTPOH-
HoM Mukpockorie JSM—-6390LA (Anonus) B borannueckom nnctutyre PAH.

®Dopma, oyepTaHusi ¥ TTPOEKITUU OCHOBHBIX KJIETOK onuchiBaauch 1o kinaccudukamun C. @. 3axa-
pesuua (Zakharevich, 1954), tunbl yerbur — 1o kiraccudukaiuun M. A. Bapanooit (Baranova, 1992).
[l kKaueCcTBEHHON OIIEHKU KOJMYEeCTBEHHBIX TPU3HAKOB MCITOIB30BAIACh KAACCUMUKAINSA, TIPUBEIEeHHAS
B paborax b. P. Bacusbena (Vasiliev, 1988) u A. A. Tlayrosa (Pautov, 2009). MamepeHyie u mocyeT KOJIu-
4eCTBEHHBIX IPU3HAKOB OBLIN TIPOBEIEHBI 10 MUKPodoTOTpadusM B makere mporpamm Image].

N3BUAMCTOCTD TAHTEHTATBHBIX CTEHOK OCHOBHBIX KJIETOK BepXHEH a1i/IePMbl PACCYUTHIBATIACH 110 (hOP-
mysie B. P. BacuibeBa (Vasiliev, 1988):

r/le UB3 — U3BUJIUCTOCTh OCHOBHBIX KJIETOK BEPXHEN IMUJIEPMBI; B3 — MEPUMETP OCHOBHBIX KJIETOK
BEPXHEH a1H/IePMbl, MKM; IOKB — CPe/IHSIS TIJT0MIA/Ib OCHOBHBIX KJIETOK BepXHET aTtniepMbl, MKM?. 13BuI1-
CTOCTD KJIETOK HIKHEH 3MUePMbl PACCUUTBIBAETCS aHATIOTUYHO.

YeThruHbI MHIEKC pacCUUThIBAJICS 110 crenytorieii hopmyste (Vasiliev, 1988):

uny

= x 100
2 X4y + KH3 %

VHH

rJle YHH — YCTBbUYHBINA WHIEKC, %; YAy — 4ucio quddepeHiinpoBantbiX yeTbull Ha 1 MM? anu/iepMbr;
KH9 — YHCJIO OCHOBHBIX KJIETOK Ha 1 MM? HIKHEN 91TU/IEPMBI.

JIJIst TOTIOJTHUTETbHON XapaKTEPUCTHKY BUIOB OBLIIO 0TOOpaHO 13 KOJMUYECTBEHHBIX TIPU3HAKOB, O~
chIBAOIUX cTpoenue amugepmbl (tadur. 1, 2). [las onpeenenust o01eil U3MEHUYMBOCTU PACCYUTaH KO3h-
dburment Bapuaiuu (Cv). Orienka ypoBHs 001ell HKBMEHYNBOCTH ITPU3HAKOB MTPOBOANIACH B COOTBETCTBHUH
¢ knaccuduranueii C. A. Mamaesa (Mamaev, 1972).

Ornipeziesienne cB3eil MeXIy MTPU3HAKAMU ITPOBO/IUJIOCH C UCIOJIb30BAaHNEM KOMIIOHEHTHOTO aHAIN3a
(Kendall, Stewart, 1976) 8 makere niporpamm STATISTICA 8.0. [laHHbBIiT MAaTEMaTUIECKUIT METO/L IUPOKO
HPUMEHSIETCST U1 PABOThI ¢ GOMBITUME 00beMaM¥ HCXOAHBIX JAHHBIX, TIOCKOJIbKY B TAKOM CJIydae Koppe-
JIAIIMOHHBIE CBA3W MEXKy TPU3HAKaMU HEOUeBUIHBI. B ero ocHOBe JIe)KUT MPeaIoNoKeHne, 4To eCJau U3-
MEHYHBOCTb IPYIIIIBI IPU3HAKOB COTJIACOBAHA, TO ATO OIPE/EJISETCS UX 00IIEil 3aBUCHMOCTBIO OT KAKOTO-TO
OJTHOTO JIJIST BCelt TpymIibl (hakTopa, a caMu MPU3HAKU, BXOJAIINE B (hakTop, 00beiuHATCs B 1Iesay. Ta-
KM (haKTOPOM MOKET ObITh OJIMH M3 U3yYaeMbIX TIPU3HAKOB WJIM MMOKA3aTellb, He BKIIOYECHHbII B aHAIN3
(MHOT/Ia ¥ HE MOIAIONITUIICS HETOCPEICTBEHHOMY U3MEPEHMIO ), TO €CTh, HEKOTOPast CKPBITas IepeMeHHasl,
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PUPOJIA KOTOPOiT MOKET ObITh BBISIBJIEHA B la/ibHEHIIeM. AHAJIN3 [TO3BOJISIET PA3/IEJIUTh BCIO CUCTEMY KOP-
pesisiuit Ha hparMeHTbl, COOTBETCTBYIOIIE BJIUSHIIO OTAEJbHBIX, HE3ABUCUMBIX JPYT OT ApyTa (haKTOPOB
(Vasiliev, 1988; Pautov, 2009). /It uHTEPIIPETAIINY BBIIETEHHBIX (haKTOPOB UCIIOIB3YIOTCS KaK (hopMasib-
HbIE TIPHEMbI (BBIIEJIEHIE TPU3HAKOB ¢ HAMOOJIBIINM BKJIAZOM B (haKTOP), TaK U MPEJACTABICHUS UCCTIe-
noBaresist 06 0COOEHHOCTSIX COTJIACOBAHHON M3MEHYMBOCTH M3y4YaeMbIX pusHakoB. [Ipu uHTEprperanun
1 OIMCAHWH TIJIESIT B IEPBYIO OY€pe/ib 0OpaIaloT BHUMaHUe Ha TPU3HAKK ¢ MAKCUMAJIbHBIMU JIUCTIEPCUSMIE
(I| > 0.5), sarem — na Gosee 6muskue k num (Kendall, Stewart, 1976).

IIINMAEPMA THETOBbBIX
Pon GNETUM L., 1767
Gnetum gnemon L.
Tabu. I, pur. 1-4

Bepxusist anuzepma (tabor. I, pur. 2) ouens meskokaerounas (2100-2500 kiaerok Ha 1 Mm?) wim MeJi-
kokserounas (2500—-3400 kmetok Ha 1 MMm?). CpeHsist IIOIA/b OCHOBHBIX KieToK 250—410 MM, ux 1re-
pumetrp 80—125 mrm. Ouepranus KJIeTOK M3BUJIUCTBIE, BOJIHUCTBIE WU KPYIHO-BOTHUCTBIE. [Tpoekiius
BBITSIHYTad, pacrnactantas. KoadduiirenT n3BMiIMCTOCTH OUePTAHNIT HAPYKHBIX TAHTEHTAIbHBIX CTEHOK
coctasisteT oT 1.1 10 1.7.

Huwxasst anugepma (taba. I, dur. 3, 4) cioxena kiaerkamu cpeaaux pasmepos (1600—2400 kiretok
Ha 1 Mm?), 60 MeskokreTouHast (2400—-3000 kretok Ha 1 Mm?). CpeHsist TIIOMIab OCHOBHBIX KJIETOK
370-810 mxm?, ux nepumerp 90—153 mxm. OuepTanust KJIETOK U3BUIUCTBIE UM KPYITHO-BOTHUCTHIE. [Ipo-
eKIIUs BBITSHYTas UK paciuiactTannas. KoahuimenT nu3BuancTocT ouepTanuii Hapy>KHbIX TAHTEHTAJb-
HBIX cTeHOK KoJieOmercst ot 1.1 10 1.6.

Yerbun na euauity noraan masio (120—160 ua 1 mm?), cpennee uncio (160—-250 na 1 MM?) nim MHOTO
(250-290 Ha 1 Mmm?). JIUCTbst TUIIOCTOMATHBIE. Y CTBHUIIA PACHIOTIOKEHBI MEXKLY JKIIKaMu 6€3 BUIAMMOTO T10-
psizika (tabor. I, ur. 4). Hajx KpyHBIMU KUJTKAMU TaK/Ke BCTPEYAIOTCS €IMHIUYHbIE YCThUTIA. J[JIiHA yCThUI]
23—-30 mMkM. Ycrbuunblii ungekc Masbiil (4.9—6%) niau ouenb Masbril (6—11.8%). Tursl yeThuil: mapanur-
HBIH, JTATEPOIUTHBIN, aHOMOIIMTHBIH, TEPEXOIHbII K SHIUKIONUTHOMY. [Ipeobsafaer mapaiuTHbIA THIT
(tabu. I, pur. 3). [TpucyrcrBytor aboprupoBanHbie U napHbie ycrbuiia (tabsr. I, dur. 3). Ha Hapy:xHOIi 110-
BEPXHOCTHU 3MUIEPMbI 0OHAPYsKeHbI KOpoBbie GoponaBku (Pagoda et al., 2015).

CrarucTryeckre XapaKTepUCTUKH TIPU3HAKOB CTPOEHUs anuepmbl G. gnemon ipuBe/ieHbl B Tabuiie 1.

Tabmnuma 1
Crarucruyeckre XapaKTepUCTUKY TIPU3HAKOB CTPOEHHUSI ATIUEPMbI pojia Gnetum
Table 1
Statistical values of the epidermis characters for the genus Gnetum
G. gnemon G. gracilipes

[Ipusnaku
M c m X X M c m X

min ma X min Iax

YUCJI0 OCHOBHBIX KJIE€TOK Ha 1 MM? BepxHel arn-
nepmbt (number of epidermal cells per 1 mm? of | 2875 | 361 | 587 | 2166 | 3425|1537 | 375 | 384 | 1120 | 2567
upper epidermis)

CPEJHSIST TIOMIA/b OCHOBHBIX KJIETOK, MKM? (area
of epidermal cells in upper epidermis, pm?)
NepPUMETP OCHOBHBIX KJIETOK BEPXHEH anuep-
mbI, MkM (perimeter of epidermal cells in upper 99 | 10 | 20 | 79 | 125 | 144 | 21 | 36 | 92 | 171
epidermis, pum)

U3BUJIMCTOCTh OCHOBHBIX KJIETOK BEPXHEH 9111~
nepmer (sinuosity of epidermal cells in lower 1.39 1015028 | 1.08 | 1.66 | 1.34 | 0.07 | 0.33 | 1.19 | 1.42
epidermis)

YHCJI0 OCHOBHBIX KI€TOK Ha 1 MM? HIDKHET s~
nepmbl (number of epidermal cells per 1 mm? of | 2401 | 370 | 490 | 1609 | 3040 | 1414 | 480 | 475 | 972 | 1856
lower epidermis)

CPEHSIS TUIOTIA/Th OCHOBHBIX KJIETOK HIZKHET
snmgepMbl, MkM? (area of epidermal cells in the 495 | 121 | 101 | 367 | 814 | 873 | 247 | 218 | 432 | 1273
lower epidermis, um?)

319 | 49 | 65 | 249 | 409 | 732 | 163 | 183 | 380 | 961
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G. gnemon G. gracilipes

[Ipusnaku

M c m o X M c m, | X | X
HepUMETP OCHOBHBIX KJIE€TOK HUKHEH S1UIEPMbI,
MkM (perimeter of epidermal cells in lower epi- M9 | 19 | 24 | 92 | 153 | 160 | 26 | 40 | 103 | 196
dermis, um)
M3BUJIMCTOCTH OCHOBHBIX KJIE€TOK HUKHEH 9111~
nepMbi (sinuosity of epidermal cells in lower 1341014027 | 1.05| 156 | 1.37 | 0.06 | 0.34 | 1.25 | 1.50
epidermis)
ameno yerbun Ha T smazepyer (number of | g6 gp 6o | qgg | 543 | 205 | 68 | 51 | 135 | 438
stomata per 1 mm? of epidermis)
yrcJio auddepeHnnpoBaHHbIX yCThUIl Ha 1 MM?
snugepMbl (number of differentiated stomata per | 202 | 52 | 41 | 127 | 295 | 182 | 48 | 46 | 122 | 336
1 mm? of epidermis)
anuna yerbuia, MM (length of stomata, pm) 25 2 5 23 | 30 | 29 1 7 27 | 32
YCTBUYHBIHN WHIEKC, % (stomatal index, %) 7121165 | 1.45 | 488 |11.76| 7.50 | 0.41 | 1.88 | 6.55 | 8.00

G. latifolium G. montanum
YHCJI0 OCHOBHBIX KJI€TOK Ha 1 MM? BepxHei amn-
nepmbl (number of epidermal cells per 1 mm? of | 1231 | 335 | 371 | 978 [2179| 906 | 188 | 181 | 424 | 1312
upper epidermis)
CPCAILASL ILIONAAD OCHOBHBIX KICTOK, MM (Ar€a | g19 | 146 | 947 | 465 | 1061|1112 | 325 | 222 | 718 | 2393
of epidermal cells in upper epidermis, pm?)
HePUMETP OCHOBHBIX KJIETOK BEPXHEH anmep-
MmbI, MkM (perimeter of epidermal cells in upper 120 | 24 | 36 | 77 | 162 | 176 | 36 | 35 | 117 | 299
epidermis, um)
U3BUJINCTOCTH OCHOBHBIX KJIETOK BEPXHEH a1TH-
nepMbl (sinuosity of epidermal cells in lower 1.13]0.08 | 0.34 | 1.01 | 1.24 | 1.32 ] 0.12 | 0.26 | 1.06 | 1.53
epidermis)
YHCJI0 OCHOBHBIX KJIETOK Ha 1 MM? HUIKHEH o1~
nepMmbl (number of epidermal cells per 1 mm?of | 1101 | 73 | 332 | 990 [ 1250 | 970 | 145 | 194 | 521 | 1187
lower epidermis)
CPEIHSIS TIONIA/Ib OCHOBHBIX KJIETOK HYZKHEHT
srmgepmbl, MM (area of epidermal cells in the | 1061 | 171 | 320 | 714 | 1293|1240 | 335 | 248 | 809 | 2457
lower epidermis, pm?)
[epPUMETP OCHOBHBIX KJIETOK HUKHEI JIUIEPMBbI,
MmkM (perimeter of epidermal cells in lower epi- 146 | 27 | 44 | 90 | 192 | 193 | 30 | 39 | 148 | 285
dermis, um)
U3BUJIUCTOCTH OCHOBHBIX KJIETOK HUKHEH D1TH-
nepmbr (sinuosity of epidermal cells in lower 1.2110.09 036 | 1.07 | 1.33 | 1.39 | 0.11 | 0.28 | 1.22 | 1.65
epidermis)
YUCJIO0 yeThUIl Ha 1 MMm? DIHIEPMBI (number of 168 | 43 511121 | 285 | 162 | 29 3 98 | 239
stomata per 1 mm? of epidermis)
qucsio quddepeHnrpoBaHHbIX YCThUIl Ha 1 MM2
stmgepmMbr (number of differentiated stomataper | 151 | 36 | 46 | 118 | 248 | 137 | 27 | 27 | 72 | 213
1 mm? of epidermis)
mnHa yerbuia, MM (length of stomata, pm) 32 2 10 | 28 | 36 | 30 2 6 27 | 33
YCTBUYHBIH MHAEKC, % (stomatal index, %) 10.66| 1.38 | 3.21 | 9.09 |14.18|10.08| 1.04 | 2.02 | 7.88 [12.56
M — cpennee; m_— ommOKa CPeIHEro; 6 — CTaHAAPTHOE OTK/JIOHeHHe; X . — HanMeHbllee 3HaueHune; X — Han-

6oJIblee 3HaUYCHIE.

max

M — mean; m_- standard error of the mean; ¢ — standard deviation; X . — minimum; X = — maximum.

Gnetum gracilipes C.Y. Cheng
Tabun. I, pur. 5-7

Bepxusist anuzpepma (tabm. I, dur. 6) ciaoxkena kiaerkamu cpeanux pasmepos (1100—1600 kiretok
Ha 1 mm?), mu6o meskokserounas (1600—2500 kiretok Ha 1 Mm?). CpeHsist TIIOIAib OCHOBHBIX KJIeTOK 380—
921 mxm?, ux nepumetp 92—170 mxm. IIpoekims TaHTeHTATBHBIX CTEHOK OCHOBHBIX KJIETOK KBajpaTHas),
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NPSIMOYTOJIbHAS, BBITSIHYTast WK paciiactanuas. Ouepranus U3BUIMCTO-BOTHUCThIE. Koadduiment us-
BUJINCTOCTH OUYePTAaHUI HAPY/KHBIX TAHTEHTAJIBHBIX CTEHOK cocTaBisieT oT 1.2 no 1.4.

Huxuss anupepma (tado. I, pur. 7) kpynHokiaerounas (9701350 kierok na 1 Mmm?), 1160 cioxkena
kieTkamu cpeaux pasmepoB (1350—1800 kierok Ha 1 mm?). CpeHsist MJI0MMab OCHOBHbBIX KJIeTOK 430—
1270 mxm?, ux iepumerp 100—200 mxm. [Ipoekius TaHTeHTATBHBIX CTEHOK OCHOBHBIX KJIETOK KBaJIpaTHAs,
PSIMOYTOJIbHAS, BBITSIHYTas WK paciiactaniasg. Ouepranus U3BUIMCTO-BOTHUCThIE. Koadduiment us-
BUJIUCTOCTU OYEPTAHWIA HAPY/KHBIX TAHTEHTAJIBHBIX CTEHOK Kostebercs ot 1.3 1o 1.5.

Ha equauiny moBepXHOCTH TTOKPOBHON TKaHM YCThUI] HacuuThiBaeTcss Masio (120—160 na 1 mm?), MHOTO
(160-250 na 1 mm?), b0 cpemnee uncio (250-330 wa 1 mm?). JIucThst TUIIOCTOMATHBIE Y CTHUIA Pac-
HOJIOKEHBI MEXKY JKUIKaMu 6e3 Buaumoro nopsiaka (tadu. I, dwur. 7). Hax KpyImHBIMEU JKUJIKaMU TaKKe
BCTPEYAIOTCS efIMHNYHbIe yeThulla. [limmHa yerbuir 27—-32 MKM. YcTbuunblil wHAEKC Masbiil (6.5—8.0%).
[Tpeobaagatonuii Tun ycrbuil naparutHbiii. O6HapysKeHbl abopTupoBantbie yerbuia (tabm. I, dur. 7).
Ha roBepxHOCTH HUKHEN STHIEPMBI TIPHCYTCTBYIOT KOPOBbIe OOPOIABKH.

Crarucruyeckye XapaKTepUCTUKU MPU3HAKOB CTpoeHust anuaepmbl G. gracilipes nipuBeieHbl B TaO-
saure 1.

Gnetum latifolium Blume
Tab6m. 11, pur. 1-3

Bepxusist snmpepma (taba. II, dur. 2) cioxkena xiaerkamu cpeauux pasmepos (950—1600 kiretok
Ha 1 mm?) nimm meskokerounast (1600—-2100 knerox na 1 mm?). CpesHsst 1JIONAab OCHOBHBIX KJIETOK
460—1060 mxm?, ux nepumetp 80—160 mxm. Ouepranust kieTok okpyrible. [Ipoekius kpyrias niam aJ-
quntudeckad. KoabduiineHT U3BUINCTOCTH OUYePTAaHUN HAPYKHBIX TAHTEHTATbHBIX CTEHOK COCTABJISIET
or 1.1 no 1.2.

Huxusst amugepma (taba. 11, dur. 3) kpymnHokaerounas (990—1200 kiaerok Ha 1 mm?). Cpeatsist 110-
mab OCHOBHBIX KJIeToK 700—1300 mxm?, ux nmepumerp 90—190 mxm. OuepTanus KJIETOK U3BUIUCTO-BOJI-
uucteie. [Ipoexnus BoiTsinyTas. KoadduiinenT n3BUANCTOCTH OYepTaHN HAPYKHBIX TAHTEHTATBHBIX CTe-
HOK koJstebnercs ot 1.1 no 1.3.

Yerpu Ha euauity mronaan Maio (120—160 na 1 mm?), tu6o cpearee uncso (160—250 Ha 1 mm?). JTu-
CTbsI THTIOCTOMATHBIE. Y CThUIA PACTIOTIOKEHBI MEXK/LY JKUIKaMu 6e3 BugmuMoro nopsiaka (tabu. I, wur. 3).
Han xpymHbIMU JKUJTKaMM TakKe BCTPeyaloTcsl efuHnyHble yeThuia. /lnuna yersuil 28—36 MkM. Y cTbny-
Hbiil nuaeke Masbiil (9.1-11 %), mubo cpenunii (11-14.2 %). Turbl yeThUIL: HapaUTHBII, TATEPOIUTHBIH,
AHOMOIIUTHBII, SHIIUKJIOIMTHBIN, MEPEXOHbIE K TAPAIUTHOMY ¥ SHIIMKJIONUTHOMY TuiiaM. [Ipeobiamaer
napanuThelii tut. [IpucyrerByor abopruposanubie yerbuia (tabor. I1, gur. 3). B mokpoBHO# TKaHM BCTpe-
YaI0TCsT KOPOBBIE GOPOIABKHU.

Crarucruyeckue XapaKTepUCTUKU TIPU3HAKOB CTpoeHus anupepmbl G. latifolium npusenensr B Tab-
jqure 1.

Gnetum montanum Markgr.
Tabun. 11, pur. 4-7

Bepxusist srmgepma (taba. 11, dur. 5) xkpymnuokaerounast (420—900 kierok Ha 1 Mm?), 160 ciokeHa
kieTkamu cpepinux pasmepoB (900—1300 knerok Ha 1 Mm?). Cpennsst TIOMAaab OCHOBHBIX KJIeTOK 710—
2400 mrwm?, ux nepumerp 120—-300 mxm. Odepranus KJIETOK U3BUJIUCTO-BOJTHUCTbIE WJIM KPYITHO-BOJHU-
ctoie. [Ipoekiusa BoITAHyTasg uam pacriacrannas. KoahduiimeHT M3BUINCTOCTH OUYepTaHUN HAPY KHBIX
TaHTEHTAJIBHBIX CTEHOK cocTasiseT ot 1.1 1o 1.5.

Huxusst snuaepma (taba. 11, dur. 6, 7) ouenns kpynHokaeroutas (520—600 kiretok Ha 1 MM?) mimm KpyTi-
Hokserounast (600—1200 kierox uHa 1 mm?). Cpeasis miomanb ocHOBHBIX KieTok 810—2400 Mkm?, ux me-
pumetp 150—285 mxm. OuepTanus KJI€TOK U3BUJIUCTO-BOJTHUCThIE UJIN KPYITHO-BOJIHUCTBIE. [IpoeKIust Bbi-
TAHyTas Uin paciviactantasd. Koadduiment nu3BuimncTocT odyeprannii HapyKHbIX TAHT€HTAJTbHBIX CTEHOK
kosiebstercst ot 1.2 1o 1.6.

Yerpuil Ha equHuUIly miommaau oyerb Masio (72—100 na 1 mm?), maso (100—-160 ua 1 mm?) uam cpen-
Hee yncao (160—-210 wa 1 mm?). JIucThsi runocToMaTHble. Y CThUIIA PACIIOJNOKEHBI MEXK/IY KUJIKAMU
6e3 Buaumoro mopsiaka (tabu. 11, ur. 7). B yuacTkax Haj KPYIHBIMU KUJIKAMU BCTPEYAIOTCS €[UHITY-
Hpie ycTbuia. [muna yerbuil 27—-33 MKM. YcTbuuHblil nHaeKe Manbiil (7.9—11 %) wiu cpennumii (11—
12.6 %). Tumnbl ycThUIL: MAPAlUTHBIN, TeMUTIAPAIIUTHBIH, JATEPOIUTHBIN, AaHOMOIIUTHBIH, TTePEeXOIHbIE
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K TeMUpanapaiuTHOMY, JaTePOIUTHOMY U SHIIUKJIOUTHOMY TuIaM. [Ipeobiamaer mapanutHbiii (Tabr.
I1, pur. 6). IpucyrcTBytoT abOpTUPOBAHHbIE YCThUIA. B TOKPOBHOIT TKAHM BCTPEYAIOTCS KOPOBBIE HOPO-
naBku (Pagoda et al., 2015).

Crarucruyeckye XapaKTepUCTUKK PU3HAKOB CTPOEHUS anuaepMbl G. montanum TpUBEIEHbI B Ta0-
sure 1.

IIMNJTEPMA bBEHHETTUTOBDBIX
Pox NILSSONIOPTERIS Nathorst, 1909
Nilssoniopteris angustifolia Doludenko
Tabu. I11, pur. 1-7

Bepxwusist anuzpepma (tabor. 111, dur. 2) kpymrokiaerounas (530—900 krerok Ha 1 Mm?), 1160 cI0KeHa
kyeTkaMu cpepinux pasmepoB (900—1200 knerok Ha 1 Mm?). Cpennss TI0MAab OCHOBHBIX KJIeTOK 950—
2200 mrm?, ux nepumerp 155-390 mxm. Kierku cobpanbr B 6oJiee i MeHee YeTKHe MPOIOJIbHBIE PSIJIBL.
[Tpoekiusa ux momaan KBajpaTHas UK BoITAHyTad. OdepTanus KJIeTOK U3BUIMCTO-BOTHUCTHIE. Koad-
(OUIMEHT U3BUIUCTOCTH TAaHTEHTAJIbHBIX CTEHOK KoJsiebsercst ot 1.2 10 2.1.

Huxusst anugepma (tabor. 111, ¢ur. 3—-7) kpynHokiaerounas (610—1350 kaerok wa 1 mm?), 1u6o ciio-
JKeHa KieTkamu cpeaux pasmepoB (1350—1450 kierok Ha 1 mm?). CpeiHsis MI0IA1b OCHOBHBIX KJIETOK
1060-1630 mxm?, ux mepumerp 155-270 mrm. COCTOUT U3 YEPEAYIONMXCS YCTBUYHBIX 1 G€3yCThUIHBIX
nosioc (tabu. 111, dur. 5). TIpoekius mI0IMan OCHOBHBIX KJIETOK B YCTBUYHBIX MOJIOCAX KPYTJIast WU BbI-
tanyTas. QuepraHus KJI€TOK M3BUJIMCTO-BOJHUCTBIE MM MEJIKOU3BUJIMCTBIE. B 6€3yCThUUHBIX TT0JI0CAX
KJIETKU PACIIONIOXKEHBI psAnaMu. VX mpoekius TpsiMOyToJibHas UM KBaJ[paTHAsT; O4epTaHus — U3BUJIUCTO-
BOJTHUCTBIE, KPYITHOBOJHUCTBIE, MEJIKOU3BUINCTBIE. KoadduimenT U3BUIMCTOCTH TaHTEHTAIBHBIX CTe-
HOK KoJieOmercst ot 1.2 10 1.7. BONBIIUHCTBO OCHOBHBIX KJIETOK HUJKHEH STIMIEPMBI KaK B YCTHUUYHBIX, TaK
1 B 6e3yCTHUYHBIX TIOJI0CAX UMEIOT B IIEHTPE TI0 OIHOM BBITYKJIOH marue (tabr. 111, dur. 3, 4, 6). Yucso
naruit Bapbupyet ot 300 1o 745 na 1 mm?

Ha mmvipuny yCThbHYHON TIOJIOCHI TIPUXOAUTCS OT OAHOTO 0 Tpex yerbutl (tabu. III, dur. 5, 6). 1x
anepTypbl OPUEHTUPOBAHBI 110/l PA3HBIMU yTJIAMU BHYTPH T0JIOCHL. EMWHUYHBIE yCTHUIIAM MOTYT BCTpe-
4aThCst B 0€3yCThUYHBIX TOJIOCAX M HaJl KPYMHbIMU KuyiKkamu. JlrHa yerbui 32—43 MKM. YCeThbUIla mapa-
trHbie (tabu. 111, dur. 6, 7). Jluctbst tuniocroMmarHbie. Ha mMOBEPXHOCTH SMUAEPMBI YCTHUIl HACYUTHIBA-
ercst ouerb Masio (~ 70 ma 1 mm?), maso (100—160 na 1 mm?), cpexnnee yncao (160-250 na 1 mm?), MmHOTO
(~ 260 na 1 Mmm?). TaHTeHTATBHBIE CTEHKU TOOOYHBIX KJIETOK POBHBIE, TOJICTBIC. Y CTBUYHBIN HHIEKC MAJIbIii
(9.5-11 %), cpenumii (11-16 %) nau Gobuioit (16—17.0 %).

Crarucruyeckre XapaKTepUCTUKY TIPU3HAKOB CTpoeHwus atuaepmbl Nilssoniopteris angustifolia npuse-
JleHbl B Tabsuiie 2.

Tabuuna 2
CrartuctuyecKie XapaKTepUCTUKY TIPU3HAKOB CTPOEHISI STTH/IEPMBbI
ponos Nilssoniopteris w Ptilophyllum
Table 2
Statistical values of the epidermis characters for the genera Nilssoniopteris and Ptilophyllum

N. angustifolia N. longifolia
M c m_ | X X M c m_ | X

min ma min ma

[Ipusnaku

YUCJIO0 OCHOBHBIX KJIETOK Ha 1 MM? BepxHel a1n-
nepmbt (number of epidermal cells per 1 mm? of | 795 | 251 | 281 | 538 [1234| 797 | 255 | 266 | 444 | 1263
upper epidermis)

CPEIHSIS TTOTIA/Ih OCHOBHBIX KIETOK, MKM? (area
of epidermal cells in upper epidermis, pm?)
HepUMeTP OCHOBHBIX KJIETOK BEPXHEIl anuiep-
mbI, MkM (perimeter of epidermal cells in upper | 244 | 76 | 86 | 156 | 388 | 228 | 75 | 76 | 141 | 338
epidermis, um)

U3BUJICTOCTb OCHOBHBIX KJIETOK BEPXHEM DITH-
nepMbl (sinuosity of epidermal cells in lower 1.58 1 0.30 | 0.56 | 1.25 | 2.08 | 1.54 | 0.29 | 0.51 | 1.08 | 1.93
epidermis)

1466 | 421 | 518 | 952 | 2177|1373 | 524 | 458 | 648 |2231
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N. angustifolia

N. longifolia

[Ipusnaxu

M c m | X | X M c m o | X
YHCJI0 OCHOBHBIX KJIE€TOK Ha 1 MM? HUKHEH s1in-
nepmbl (number of epidermal cells per 1 mm? of | 967 | 272 | 342 | 618 | 1453 | 759 | 214 | 253 | 516 | 1136
lower epidermis)
CPEHSIS TJIOIA/Ih OCHOBHBIX KJIETOK HIKHEH
srmziepMbl, MKM? (area of epidermal cells in the | 1326 | 210 | 469 | 1065 | 1632 | 1639 | 467 | 546 | 1030 | 2285
lower epidermis, um?)
HepPUMETP OCHOBHBIX KJIETOK HUKHEH 9IHMIEePMBbI,
MmkM (perimeter of epidermal cells in lower epi- 215 | 40 | 76 | 156 | 271 | 270 | 94 | 90 | 156 | 450
dermis, um)
U3BUJIUCTOCTH OCHOBHBIX KJIETOK HUKHEH JITH-
nepmel (sinuosity of epidermal cells in lower 1.47 1021 (052|116 | 1.72 | 1.65] 0.38 | 0.55 | 1.10 | 2.45
epidermis)
HHCIIO TIAITHIL Ha 1 Mm? IIHJICPMbI (number of so4 1133 1 185 | 303 | 744 | 0 0 0 0 0
papillae per 1 mm? of epidermis)
umeso yerbun Ha 1 v staaepunt (number of oo\ 70| 59 | 73 | 961 | 140 | 54 | 40 | 59 | 222
stomata per 1 mm? of epidermis)
mnHa yerbuia, MM (length of stomata, pm) 37 8 9 32 | 39 | 31| 10 | 10 | 30 | 48
YCTBUYHBIH WHEKC, % (stomatal index, %) 12.45] 2.95 | 4.40 | 9.54 [16.96|11.83| 2.94 | 3.94 | 6.77 |15.12

P. caucasicum Ptiliphyllum sp.

YHCJIO OCHOBHBIX KJIETOK Ha 1 MM? BepxXHeil anu-
nepmbl (number of epidermal cells per 1 mm? of | 926 | 268 | 178 | 574 [1773| 803 | 113 | 207 | 535 | 953
upper epidermis)
CPEAss IO OCHOBHBIX KICTOK, MM (area | 04 | 1934 | 389 | 607 | 4668|2284 | 1510 | 590 | 558 | 4830
of epidermal cells in upper epidermis, pm?)
MepUMETP OCHOBHBIX KJIETOK BEpPXHEH aruiep-
Mbl, MkM (perimeter of epidermal cells in upper | 341 | 140 | 66 | 152 | 646 | 380 | 138 | 98 | 199 | 635
epidermis, um)
U3BUJIUCTOCTh OCHOBHBIX KJIETOK BEPXHEH a1TH-
nepMel (sinuosity of epidermal cells in lower 1941034 (037|119 2.61|2.09]029]|0.54| 162|269
epidermis)
YHCJIO0 OCHOBHBIX KJIeTOK Ha 1 MM? HUKHEH s1in-
nepMel (number of epidermal cells per 1 mm?of | 1050 | 232 | 202 | 655 | 1629 | 938 | 168 | 242 | 561 | 1254
lower epidermis)
CPE/IHSIS TJIONIA b OCHOBHBIX KJIETOK HUKHEI
srmziepmbl, MkM? (area of epidermal cellsin the | 1870 | 771 | 360 | 301 3702|1837 | 1352 | 474 | 482 | 4392
lower epidermis, pm?)
NepPUMETP OCHOBHBIX KJIETOK HUKHEH 91HMIePMBbI,
miM (perimeter of epidermal cells in lower epi- 301 | 100 | 58 | 114 | 531 | 314 | 147 | 81 | 129 | 613
dermis, um)
U3BUJIMCTOCTh OCHOBHBIX KJIETOK HUKHEH D11H-
nepmbr (sinuosity of epidermal cells in lower 1.76 | 0.34 [ 034 | 1.30 | 2.49 | 1.90 | 0.29 | 0.49 | 1.34 | 2.41
epidermis)
HHCIO TAITHILT Ha 1 mm? DIIIEPMBbI (number of 567 | 137 | 146 | 285 | 744 | 0 0 0 0 0
papillae per 1 mm? of epidermis)
YUCIIO yCTHUI] Ha 1 MM? DIMIEPMBI (number of (1138 | 21 156 1179 | 156 | 60 | 40 | 59 | 255
stomata per 1 mm? of epidermis)
anuna yerbuia, MM (length of stomata, pm) 39 7 7 29 | 48 | 37 5 9 31 | 46
YCTBUUHBIHN UHIEKC, % (stomatal index, %) 8.86 [ 3.05 | 1.70 | 4.35(13.98|12.11| 2.79 | 3.13 | 7.07 | 16.88

M — cpexmee; m_— onmbKa cpejiHero; ¢ — CTaHapTHOe OTKIOHeHue; X . — HanMeHbIIlee 3Hauenne; X — Hau-

60JIbIIEE 3HAYECHHME,

M — mean; m_- standard error of the mean; ¢ — standard deviation; X . — minimum; X _ -~ maximum.
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Nilssoniopteris longifolia Doludenko
Tabo. 1V, pur. 1-7

Bepxwusist anuzpepma (tabir. IV, dur. 2) xpynrokaerounast (440—-900 kierok Ha 1 Mm?), 1160 cI0KeHa
kyeTkamu cpepinux pasmepoB (900—1300 knerok Ha 1 Mm?). Cpennss MI0MaAb OCHOBHBIX KJIeTOK 650—
2231 mxm?, ux nepumetp 140—340 mkm. TIpoekiust TI0Mmaan OCHOBHBIX KJIETOK KBaJpaTHast, B 00JIaCTsIX
AMUIEPMBI Ha/l KUJIKaMU — BBITAHyTad. OuepraHus KJIETOK M3BUJIMCTO-BOJHUCTBIE MW KPYITHOBOJIHU-
crore. KoadhduimeHT H3BUIMCTOCTH TAaHTEHTAIBHBIX CTeHOK Kostebercs ot 1.1 10 1.9.

Huskusst stmpepma (taba. IV, dur. 3-7) kpynrokiaerounast (510—-600 kiaerok Ha 1 MM?), 04eHb KPYII-
Hokstetounast (600—1100 knerok ua 1 Mm?). Cpennsis 1iomnaib oCHOBHBIX KireTok 1030—2285 Mixm?, ux me-
pumetp 155-450 MKM. DrugEpMa COCTOUT M3 YePEIYIONIUXCS YCThUYHBIX U 6e3yCThbUYHbIX 1os10¢ (Tabu. IV,
¢dur. 3). TIpoexiumst TIOMAIM OCHOBHBIX KJIETOK B YCTHHUYHBIX TOJIOCAX KBaJpaTHAsl WM OKpyrJas, B 6e3-
YCTBUYHBIX TI0JIOCAX 110 KPasiM KBa/IpaTHas, a B IIEHTPAJIbHOI YacTH BbITsIHYTad. OuepTanus KJIeTOK U3BUJIN-
CTO-BOJIHUCTBIE W KPYITHOBOJHUCTBIE. KOaDUIMEHT M3BUIMCTOCTH TAHTEHTATIBHBIX CTEHOK KOJIeOJIeTCst
or 1.1 no 2.4.

Ha mupuHy ycThUYHOI MOJIOCH TPUXOAUTCS TpU-deThipe yerbuia (tabmr. IV, dur. 3). VIx anepryps
OPHMEHTUPOBAHBI TI0/] PA3HBIMU YTJIaMU BHYTPHU MOJIOCHI. EAMHUYHBIE YCTHUIIA MOTYT BCTPEYaThest B Ges-
yeThbUUHBIX TTostocax. [lumna yersuil 30-48 mxm. JIucteg runocromaTtHbie. Ha moBepxHOCTH 3nniepMbl
yCTBUI[ HacuuThiBaeTcst ouetb Masio (59—100 yerpuir Ha 1 mm?), maso (100-160 yerbuir va 1 mm?), 1160
cpennee uncyio (160-250 yerpuir Ha 1 mm?) (tabi. IV, dur. 3). Yerbuia napanutasie (tabm. IV, dwur. 4, 6,
7). Yerpuunblii utgexce Masbiii (6.8—11%) wim cpexamii (11-15.1%). TanreHTadbHbIE CTEHKU TTOOOYHBIX
KJIETOK POBHBIE UJIV N30THYTHIE.

Peziko B 6€3yCTBIYHBIX TIOJI0CAX TPUCYTCTBYIOT OCHOBaHUS BOJIOCKOB (Tabu. IV, dwur. 4, 5). Onu Kpyti-
Hbl€e, TPABUJIBHON KpyTJI0ii (hopMmbl. VX mmomiazs coctasisiet okosio 1000—1100 mxm?

Crarucruyeckue XapaKTepUCTUKU TIPU3HAKOB cTpoeHus asnupepmbl Nilssoniopteris longifolia npuse-
JleHbl B Tabsuile 2.

Pox PTILOPHYLLUM Morris, 1840
Ptilophyllum caucasicum Doludenko
Tabu. V, dur. 1-6

Bepxwusist stmepma (tabu. V, dur. 2) kpynHokaeroutnast (570—-900 kretok Ha 1 MM?), ciiokKeHa KJeT-
Kamu cpeaaux pazmepoB (900-1600 kierok wa 1 mm?), b0 menakokmerounass (1600—1770 kierok
Ha 1 mm?). Cpennsist wiomab OCHOBHBIX KieToK 600—-4660 mrm?, ux mepumerp 150—645 mrm. [Tpoexiist
TIJI0MIA/IM OCHOBHBIX KJIETOK KBaJlpaTHAS WJIN MPSAMOYTOIbHAS, HA/l KPYITHBIMU SKUJIKAMU TTPSMOYTOJIbHAS.
Ouepranust KIeTOK N3BUJINCTO-BOJHUCTDIE, KPYITHOBOJIHUCTDIE WK n3Buinctoie. KoadduimenT napuim-
CTOCTH TaHTEHTAbHBIX CTEHOK KoJsiebsercst ot 1.2 110 2.6.

Husknasst argepma (tabi. V, dur. 3—6) kpynHokiaetounas (655—1350 kierok Ha 1 Mm?), b0 cioxkeHa
kietkamu cpenaux pazmepoB (1350—1600 kietok na 1 mm?). Cpe/Hsis TIIOMIAb OCHOBHBIX KieTOK 300—
3700 mxm?, ux nepumerp 115-530 Mkm. CoCTOUT Yepeayomuxcst yCThUYHBIX U O€3yCThUYHBIX M0JI0C (Tabr.
V, ¢ur. 5). TIpoekiust MmIomajan OCHOBHBIX KJIETOK B YCThUYHBIX MOJIOCAX OKPYIJIas, KBajapaTHas; B Ge3y-
CTBUYHBIX TTOJI0CAX — KBA/IPATHAS, IPSIMOYTOIbHAS; OUE€PTAHUS KJIETOK U3BUIUCTO-BOJIHUCTbIE, KPYITHOBOJI-
HUCTbIE, u3BUIMCTBIE. KoahduImeHT n3BUINCTOCTH TAHTEHTATIBHBIX CTEHOK KoJtebercst ot 1.3 10 2.5. Bouib-
IIUHCTBO OCHOBHBIX KJIETOK HUJKHEH SIUAEPMbI KaK B YCTBUYHBIX, TaK U B O€3yCTHUYHBIX TOJOCAX UMEIOT
B IIEHTpE 110 OJIHO BBIITYKJIOH manusie. VIX oTreyaTky XOpolio BUIHbI B BEPXHEH anujiepMe B BU/IE BbIILY-
KJIBIX BBIPOCTOB U C HYZKHEH CTOPOHBI — TIPEACTABIISIIOT COO0N y3K1e YriryOIeHUs-TI0JIOCTH B EHTPAbHbIX
YacTsAX OCHOBHBIX KJIETOK (Tabu. V, dur. 3, 4, 6). Hucsio nanuit Bapbupyet ot 285 10 745 va 1 mm?,

Yerbuiia pacnoiaraloTest IByX-TpexpsaAHbiMu mosiocamu (tabir. V, Gur. 5), ux aneprypbl OpueH-
TUPOBAHBI MOTIEPEK KUIOK. JIOBOJBHO YaCTO yCTHUIIA BCTPEUYAIOTCS B 6€3YCTHUUHBIX TTOJIOCAX, PEKE —
HaJl KpynHbIMHU skuikamu. [lanna yerbuir 29-48 mim. Jluctbs runocrtomatubie. Ha moBepxHocTH
STUIEPMBI YCTHUI[ HACUUTHIBaeTCsT oderb Maio (56—100 ycrpuir va 1 mm?), mamo (100-160 ycrouig
Ha 1 mm?), 6o cpeatee ancio (160—180 yerpui Ha 1 mm?). Tun yerbuil — napanutheiii (tabu. V, ¢wur.
6). YcTbuunblilt uHIEKC 04eHb Masblil (4.4—6%), masbiii (6—11%) wau cpepnnit (11-14.0%). Ycrbuiia
HOTPy’KEeHHBbIE, TOOOUYHbBIE KJIETKW HABUCAIOT HAJ 3aMbIKaomuMu, Gopmupyss H-o6pasHyio morocTb

(tabu. V, dur. 3, 4).
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Crarucruyeckue XapaKTEepUCTUKU TIPU3HAKOB cTpoeHus anupepmbl Prilophyllum caucasicum nipuse-
JleHbl B Tabsutie 2.
Ptilophyllum sp.
Tabum. VI, pur. 1-6

Bepxusist anmpepma (tabi. VI, dur. 2) xpymrokaerounast (535-900 kierok Ha 1 Mm?), 1160 c10KeHa
kieTkamMu cpeauux pasmepoB (900-950 kuetok Ha 1 Mm?). CpeznHss 1Iomab OCHOBHBIX KJIETOK 560—
4830 mxm?, ux iepumerp 200—635 mrm. [Ipoexiust oI OCHOBHBIX KJIETOK KBAJPATHAS UJIH IPSIMOY-
rosibHas. OuepTaHus KJIeTOK N3BUJIMCTO-BOJTHUCTbIE, KPYITHOBOJTHUCThIE WK u3BUIMCThie. Koadduiiment
M3BUJIMCTOCTH TAHTEHTAJIBHBIX CTEHOK Kostebercs ot 1.6 10 2.7.

Huxusst snugepma (tabm. VI, dur. 3—6) oyenb kpynHokaeroutas (560—600 kiaerok Ha 1 Mm?), 1160
kpymnHokietounas (600—1253 kirerok vHa 1 Mmm?). CpenHsist IOMA/[b OCHOBHBIX KJIeTOK 480—4390 Mrm?, 11x
nepumetp 130—610 mxm. CocTOUT U3 YePeAYIONUXCS YCTHUYHBIX U 6e3ycTbuuHbIX Tosoc (Tabu. VI, dur. 3).
[Tpoexkius 1101 OCHOBHBIX KJIETOK PACIJIACTAHHAS, KBa/[PATHAS WJIA IPSIMOYTOJIbHAS, HAJl KPYITHBIMU
JKIJIKaM¥ TIPSAMOYTOIbHast. QuepTaHust KJIETOK U3BUJIMCTO-BOJIHUCTDIE U U3BUJIMCTBIE B O€3YCTHIYHBIX MO-
JI0CaX, KPYITHOBOJHUCTBIE M M3BUJINCTO-BOJIHUCTBIE B YCTBUYHBIX 10JI0cax. KoadduimenT n3aBuimcTocT
TaHTEHTAJIbHBIX CTEHOK KoJsiebsercst ot 1.3 110 2.4.

Yerbuiia pactosiaraioTesi He4YeTKMMHU JIBYPSITHBIMU TTIOJIOCAMM, MX allePTyPbl OPUEHTUPOBAHBI TIOTIEPEK
&m0k (1abu1. VI, dur. 3). YeTbuuHbIE TIOJ0CHI MOTYT CAUBATHCS JAPYT € IPYTOM. Y CTHHIIA 4aCTO pacoiara-
10TCS B 6€3yCTHUYHBIX MOJIOCAX, PEsKe — HaJl KPYIMHbIMU sKuikamu. [limHa yerbui 31-46 mxm. JIucTbst ru-
nocromartHbie. Ha OBEPXHOCTH ATMIEPMBI yCTBUI] HACUUTBIBaeTCs1 04enb Masio (59—100 yerbuir na 1 Mmm?),
masio (100—160 ycrbur Ha 1 mm?), 6o cpentee yrcao (160—-250 yerpuir vHa 1 mm?). Tun yerbuiy — ma-
parutHeiii (taba. VI, dur. 5, 6). Yerbuunbiii utgexe mManbiii (7.1-11%), cpenuuii (11-16%) win 601b-
moit (16—16.9%). Ycrbuiia morpyskentbie, moOOYHbIE KJIETKH HABUCAIOT HaJl 3aMBIKAIOIIUMU, (hOPMUPYST
H-o6pasuyto nosocts (tabu. VI, pur. 4).

Crarucruyeckue XapaKTepUCTUKY TIPU3HAKOB CTPOeHUst anuaepmbl Ptilophyllum sp. npusenenst B Ta0-
jurie 2.

OBCYKIAEHUE
M3MeHYrBOCTD IPU3HAKOB CTpOeHus snuaepmbl Gnetum, Nilssoniopteris u Ptilophyllum

KoadduimenTsl Bapuanum M3y4eHHbIX MPU3HAKOB JIsI pecTaBuTesieil poga Gnetum xoaebmorces
ot 6.4 10 24.0% (puc. 1, Tabu. 3). Bosblias uX 4acTb UMeET CPEJHMUIT U MOBBINIEHHbI YPOBHU 00IIEi 13-
menunBocTr. OueHb HU3KMIT ypoBenb uaMeHunBoct (Cv < 7.5%) cBOIICTBEHEH JUINHE YCThUIL, HU3KUI (8—
12%) — M3BUJIMCTOCTU TAHTEHTAJIBHBIX CTEHOK OCHOBHBIX KJIETOK BEPXHEH U HUKHE dNUePMbI; CPEeHUI
(13—-20%) — yCcTbUYHOMY MHJIEKCY, [IEPUMETPY OCHOBHBIX KJIETOK BePXHEN U HUKHEI SMUIEePMbl U YHCITY
OCHOBHBIX KJIeTOK Ha 1 MM? HUKHel amuiepMbr; oBbinieHHbIH (21-30%) — cpeaHeit 1oIaan OCHOBHBIX
KJIETOK BepXHell W HUKHEeW 3MUjIepMbl, YUCITYy OCHOBHBIX KJIE€TOK HAa 1 MM? BepXHEl a1HIepPMbl U YUCITY
ycrbuil Ha 1 MM? a1IUjIepMBbI.

Koahdurmentsr Bapuariy npusHakoB CTPOEHUs ATUIEPMbI [IJIs1 TpeicTaBuTesieit pojaa Nilssoniopteris
kosiebmorest ot 18.0 10 39.9% (puc. 1, Tabu. 3). BoJibiiast 4acTh U3 HUX AEMOHCTPUPYET TIOBBIIIEHHBIN U BbI-
COKHUI ypoBHU 00111eit uamenunBocT. CpeiHuil ypoBeHb U3MEHUYNBOCTH CBONCTBEHEH U3BUJIMCTOCTH TaH-
TeHTAJIbHBIX CTEHOK OCHOBHBIX KJIETOK B BEPXHE M HUKHEN STTH/IEPMe, TIOBBINIEHHBIN — YCThUYHOMY WH-
JIEKCY, CPeJIHEN TIOTA/I OCHOBHBIX KJIETOK HYKHEN 1TUIEPMbI ¥ UX TIEPUMETPY, YUCTY OCHOBHBIX KJIETOK
Ha 1 MmM? HIDKHEN anuepmbl; Boicokuit (31-40%) — nmiHe yCTBUIL, CPeHell IOl OCHOBHBIX KJIETOK
BEPXHEH ATUIEPMbI U X [TEPUMETPY, YNCTY OCHOBHBIX KJI€TOK Ha 1 MM? BepXHEI a1TUIEPMbI, YUCITY YCTHUI]
Ha 1 MM? a1IUIEPMBI.

Koaddunmentsr Bapuaiuy Mpu3HaKOB CTPOEHUS SMUEPMBbI st BUA0B poaa Ptilophyllum koe-
6motest ot 15.7 1o 63.5% (puc. 1, tabu. 3). BoJbIIMHCTBO W3 HUX WMEET MOBBINIEHHBI U BBICOKHIT
ypoBHU 0011eil usmenunBoctu. CpeiHuil yPOBEHb U3MEHUYNBOCTH JIEMOHCTPUPYIOT U3BUIUCTOCTH OC-
HOBHBIX KJIETOK BEPXHEIl U HUKHEI S1U/IePMBI, IJINHA YCTHUIL, YUCJIO OCHOBHBIX KJIETOK Ha 1 MM? HYIK-
Heil 9TU/IePMbI; TIOBBIIIIEHHBI — YMCJI0 OCHOBHBIX KJIEeTOK Ha 1 MM? BepxHell 3MuaepMbl, YCTbUYHBII
WH/IEKC; BBICOKUIT — YMCJI0 yCThUll HA 1 MM? aniniepM, iepuMeTp OCHOBHBIX KJIETOK BEPXHEH U HIKHEN
anuiepMbl; oueHb BoicOKU (Cv > 40%) — cpennsis TJIOMAJb OCHOBHBIX KJETOK BePXHEW U HIKHEN
SIU/IEPMBI.
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Puc. 1. O61as u3MeHUMBOCTD TIPU3HAKOB cTpoeHus jvicta y Gnetum, Nilssoniopteris w Ptilophyllum.

1 — 4MCJI0 OCHOBHBIX KJIETOK Ha 1 MM? BepxHel smuepMbr; 2 — CPeHSIs TIIOMIA/b OCHOBHBIX KJIETOK,
MKM?; 3 — MepUMeTpP OCHOBHBIX KJIETOK BEPXHEH MUIEPMbI, MKM; 4 — U3BUJIHCTOCTD OCHOBHBIX KJIETOK
BEpPXHEll SIHMIEPMBI; 5 — YHCIO OCHOBHBIX KJIETOK Ha 1 MM? HYZKHEN STuepMbl; 6 — CpeHsis IIOMab
OCHOBHBIX KJIETOK HUKHE aMUAEPMBI, MKM%, 7 — IEPUMETP OCHOBHBIX KJIETOK HIZKHEN SITHIEPMbI, MKM;
8 — M3BMJINCTOCTH OCHOBHBIX KJIETOK HIKHEH anuaepMer; 9 — qucsio yerbuil Ha 1 Mm? sammaepmnr; 10 —
JUTMHA yCTbUTIA, MKM; 11 — YCThUIHBIN WHIEKC, %.

Fig. 1. The common variability of the leaf structure characters in Gnetum, Nilssoniopteris and Ptilophyllum.
1 — number of epidermal cells per 1 mm? of upper epidermis; 2 — area of epidermal cells in upper epider-
mis, pm? 3 — perimeter of epidermal cells in upper epidermis, pm; 4 — sinuosity of epidermal cells in lower
epidermis; 5 — number of epidermal cells per 1 mm? of lower epidermis; 6 — area of epidermal cells in the
lower epidermis, um? 7 — perimeter of epidermal cells in lower epidermis, um; 8 — sinuosity of epidermal
cells in lower epidermis; 9 — number of stomata per 1 mm? of epidermis; 10 — length of stomata, um; 11 —
stomatal index, %.

Kak mokazano Ha amarpamme Ha puc. 1, 3Hauenus: K03 UIMEHTOB Bapualui MPU3HAKOB CTPOECHUS
SIUIEPMBI M3YUEHHBIX POIOB GEHHETTUTOBBIX B 11EJIOM BbIIIE, 4eM y rHeTyma. O611ast UBMEHYUBOCTD MPH-
3HaKOB y ponoB Nilssoniopteris u Ptilophyllum nepsxutcst Ha TOBBIIIEHHOM U BHICOKOM YPOBHSIX, y Gnetum —
HA CPEJIHEM U MOBBINIEHHOM YPOBHsIX. TeM He MeHee, B 1[eJIoM 3HaueHusT KO3 bUImeHToB Bapuanuu mpu-
3HAKOB 3MU/IEPMbI OEHHETTUTOBBIX U THETOBBIX COMTOCTABUMBI 1, HECMOTPSI Ha SIBHBII pa3bpoc B 3HAYCHUSX,
JIEMOHCTPUPYIOT PSIIT CXO/ICTB.

Bo-11epBbIX, 1 Y THETOBBIX, 1 Y GEHHETTUTOBBIX M3BUJINCTOCTH TAHTEHTATBHBIX CTEHOK OCHOBHBIX KJIe-
TOK 3TH/IEPMBI, 110 CPABHEHUIO C UI3MEHYMBOCTDIO Y IPYTUX MPU3HAKOB, IMEET CAMBbIl HU3KWIT YPOBEHD 13-
menunBocTr (Cv < 18.0%), TO €cTh 3TO I0CTaTOYHO CTAOWIBHBIN MPU3HAK, YTO COTJIACYETCST ¢ TAHHBIMHU
cucteMaTuku. VI3BUITMCTOCT TAHTEHTAIBHBIX CTEHOK OCHOBHBIX KJIETOK C YCIIEXOM HCIIOJIB3YeTCs KaK JIra-
THOCTUYECKUIT IIPU3HAK IS BbIAeIeHUs OTAeabHbIX BIA0B OenneTTuToBbIX (Doludenko, Svanidze, 1969;
Kiritchkova, Nosova, 2012).

Bo-BTOpBIX, K CTAOMIBHBIM MTPU3HAKAM TAaKKe OTHOCUTCS ¥ JyInHA yeThuil. OHa OTHOCUTENHHO MaJIO-
usMeHnunBa y Busios poaa Ptilophyllum (Cv = 16.8%) u manouamenuusa y Gnetum (Cv = 6.4%). Y mepBbix
pa3Mep yCThUIL TAKKE MMeeT TakcoHoMrYecKyto 3Haunmoctb (Doludenko, Svanidze, 1969).

B-TpeThux, 3HAUMTENbHBIN pa3bpoc 3HaYeHMiT KOA(DMUIIMEHTOB BapHaIliK XapaKTePeH JIJIsT YUCIa OC-
HOBHBIX KJIeTOK Ha 1 mm? BepxHeil u Hukuel anugepmser (17.5% < Cv < 31.9%), muromain TaHreHTab-
HBIX CTEHOK OCHOBHBIX KJIETOK BepxHeii u HuskHell anuaepmbl (21.2% < Cv < 63.5%) u 111 urcyia yCThHIL
Ha 1 mm? antugepmbr (29.3% < Cv < 39.9%).

VHTEpecHO, YTO HECMOTPST Ha CYIIECTBEHHbIE KOJIeOAHMs YPOBHS 00IIeil HU3MEHYMBOCTH Pa3JINYHBIX
9JIEMEHTOB AIHIEPMbI Y GEHHETTUTOBBIX, COOTHOIIEHUE YKCJIA YCTHUIL M YHCIa OCHOBHBIX KJIETOK, TO €CTh

67



Tabmuma 3
3navenus koaduimentos Bapuanuu (Cv, %) NPU3HAKOB CTPOEHUS AMUIEPMbBI
Gnetum, Nilssoniopteris v Ptilophyllum

Table 3
Coefficients of character variation (Cv, %) of epidermal structure
for Gnetum, Nilssoniopteris and Ptilophyllum
ITpusHaku Gnetum | Nilssoniopteris | Ptilophyllum
YICJI0 OCHOBHBIX KJIETOK Ha 1 Mm? Bepxueii anugepmbl (number of epider- 21.94 31.89 2151
mal cells per 1 mm? of upper epidermis) ) ’ '
CpelHss IIOIAAb OCHOBHBIX KIeToK, MkM? (area of epidermal cells in up- 91.99 3144 63.55
per epidermis, ym?) ’ ’ ’
[epUMeTp OCHOBHBIX KJIETOK BepXHeil aruepMbl, MKM (perimeter of epi- 16.33 3043 38.69
dermal cells in upper epidermis, um) ’ ’ ’
U3BUJINCTOCTh OCHOBHBIX KJIETOK BepXHeii anmzepmbl (sinuosity of epider- 811 17.96 15.68
mal cells in lower epidermis) | ’ ’
YKCJI0 OCHOBHBIX KJIeTok Ha 1 MMm2 HuzkHel anugepmbl (number of epider-
mal cells per 1 mm? of lower epidermis) et € b 17.49 26.32 2003
CPE/IHSIS TIOIIA b OCHOBHBIX KJIETOK HIGKHEH anmuaepMbl, MkM? (area of 93.95 93 44 5749
epidermal cells in the lower epidermis, pm?) | ’ :
HepUMETP OCHOBHBIX KJIETOK HIKHEH aruaepmbl, MKM (perimeter of epi- 16.52 9540 3998
dermal cells in lower epidermis, pm) : : ‘
M3BUJINCTOCTh OCHOBHBIX KJIETOK HIZKHEH armaepMbr (sinuosity of epider- 759 17.97 1719
mal cells in lower epidermis) ) ) '
HHCTIO YCTBHIL Ha 1 Mm? armepmbr (number of stomata per 1 mm? of epi- 93.88 39.85 36.52
dermis)
miuna yerbuia, MM (length of stomata, pm) 6.39 30.16 16.83
YCTBUYHBIH WHIEKC, % (stomatal index, %) 12.97 22.81 28.76

yCTbH‘iHbIﬁ MHAEKC, OCTaeTCA 6osee man MeHee CTaOUIbHBIM B Ipejesiax He TOJIbKO BH/la, HO U PO/ia

(13.0% < Cv < 28.8%).

Koppensinus npuaHakoB crpoenusi snunaepmbl Gnetum, Nilssoniopteris u Ptilophyllum

ITo pesysbTaTaM KOMIOHEHTHOTO aHajM3a ObLIO BBISBJIEHO TPU IIES/bI IPU3HAKOB CTPOEHHUS JITH-
nepmbl (Tabu. 4). Vx cymmaphast hakropaast aucneperst (Y FD) cocraBuia 78.9 %.

[Mepsag mesna (Jr| = 0.5; FD = 52.5%) o6beaunnna 11 NpusHaKOB CTPOEHMS SIHIEPMbL CPel-
HSS TJIONIA/Ib OCHOBHBIX KJIETOK B BEPXHE M HUIKHEI a1ujiepMe, UX MEePUMETP U U3BUIUCTOCTh UX
TAHTEHTAJbHBIX CTEHOK, YUCJIO OCHOBHBIX KJIETOK Ha 1 MM? BepxHel W HUIKHEH snupepmbl, odiiee
YUCI0 U YUca0 AuddepeHnMpoBaHHbIX YCThUIl Ha 1 MM? antuaepmsl, funHa ycrbuil. [Ipusnakom-un-
IUKATOPOM (TIPU3HAK ¢ MAKCUMAJIbHBIM 3HAUYEHWEM JAUCIepPCHU B (haKTOpPe) SBJISETCS TePUMETpP OC-
HOBHBIX KJIETOK HIZKHEN atuaepMbl (r= —0.896). Uem KpyIHOKIeTOUHEE IUAEPMA, TeM OOJIbIIE TLI0-
Ma/[b ¥ MEPUMETP €€ KJIETOK, HU)Ke M3BUJIMCTOCTb X TAHT€HTAJIBHBIX CTEHOK, MEHbIIIE KOJUYECTBO
yerbuil Ha 1 MM? mutomnaau, HO yCThuIla KpynHee u Gobiiast ux yactb auddepeniuposana. 1 Hao60-
pOT, 4YeM MEJKOKJIeTOUHee SIUePMa, TeM MEHbIIe MJIOIIA/b U TIEPUMETP OCHOBHBIX KJIETOK, BbIIIE U3-
BUJINCTOCTH MX TAHTEHTAJIbHBIX CTEHOK, 60JIble yeThull Ha 1 MM?, MEHbIIE UX pasMep, U 4aCTh YCTHHII
SABJIAIOTCS aDOPTUPOBAHHBIMHU.

Bo Bropyto miesany ([r| = 0.5; FD = 14.3%) Bouwto Tpu Ipu3HaKa: YMCI0 A/l Ha 1 Mm? sriugepMbl,
ob1tee uncsio u yrcesio auddepeHiimpoBaHHbiX yeThuil Ha 1 MM? amiaepmbl. [IpU3HAKOM-UHANKATOPOM SIB-
nsiercst yncsio auddepennrpoBannubix yerbuil Ha 1 Mm? anuzepmsl (r = —0.669). /lannas niesiga mokasbi-
BaeT Pa3jinuust B CTPOCHUH SMUAEPMBI BUJIOB OEHHETTUTOBBIX, HECYIIMX MAMUJLIBI HA TOBEPXHOCTH OCHOB-
HbIx Kiaetok (N. angustifolia v P. caucasicum), BujioB OEHHETTUTOBBIX, Y KOTOPBIX MAIUJIIbI OTCYTCTBYIOT
(N. longifolia w Ptilophyllum sp.) u npencraButesneii poga Gnetum. J{nst BujioB GEHHETTUTOBBIX, HECYIIIUX
Ha MMOBEPXHOCTH STHIEPMbI MATUJIIIBI, OTMeYeHa KOPPEJISAIUS MEK/Y YNCTIOM YCTHUIL U YUCJIOM HATTUJLIL.
Yem 6oJIbIITEe YHUCIIO YCTHUIL HA €MHUILY TUIOIIAAN, TeM OOJIbIIe YUCI0 AU, U HA000POT, YeM MEHBIIE
YHCJIO YCThUIL HA €JMHMUIIE TIJTOIMIAIN, TeM, COOTBETCTBEHHO, MEHbIIIe YUCJI0 Al B anugepme THeTy-
MOB 001I[ee YHCJIO YCTHUI] KOPPETUPYET € YUCJIOM AubHePEHIIMPOBAHHBIX YCTHHIL YeM Bbiiiie 001Iee Ynucio
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Tabutia 4
DakTopHast CTPYKTypa MPU3HAKOB CTPOEHUS IH/ICPMBbI
Gnetum, Nilssoniopteris v Ptilophyllum

Table 4
Factor structure of epidermal characters
in Gnetum, Nilssoniopteris and Ptilophyllum
[Ipusnaku [neana 1 | Ilneana 2 | Tlnesina 3
YKCJI0 OCHOBHBIX KJIeTOK Ha 1 MM? BepxHeii anuaepmbl (number of epidermal
cells per 1 mm? of upper epidermis) 785 231 478
CpelHss IJIoIaAb OCHOBHbBIX KieToK, MkM? (area of epidermal cells in upper _831 956 151
epidermis, um?)
epuMeTp OCHOBHBIX KJIETOK BepXHel anuaepMbl, MkM (perimeter of epider- -889 971 939
mal cells in upper epidermis, um)
M3BUJIMCTOCTH OCHOBHBIX KJIETOK BepxHell aruaepMbl (sinuosity of epidermal 733 2969 349
cells in lower epidermis)
YICJIO OCHOBHBIX KJIeTOK Ha 1 MMm? HuzkHel anuzepMbl (number of epidermal 765 317 597
cells per 1 mm? of lower epidermis)
CPe/IHS [JIOIIa/lb OCHOBHBIX KJIETOK HUZKHEl anuepmbl, MkM? (area of epi- -840 -089 064
dermal cells in the lower epidermis, pm?)
MEPUMETP OCHOBHBIX KJIETOK HUKHEH ammepMbl, MKM (perimeter of epider- -896 -169 184
mal cells in lower epidermis, pm)
MU3BUJINCTOCTh OCHOBHBIX KJIETOK HIZKHEN araepMbl (sinuosity of epidermal 740 244 280
cells in lower epidermis)
yresto manust Ha 1 Mm? srmraepmbr (number of papillae per 1 mm? of epider-
mis) peI ( paptiacp P -373 -617 -270
qchlo yerbuil Ha 1 Mm? stmzepmst (number of stomata per 1 mm? of epider- 759 565 138
mis
uicso auddepeHmpoBaHHbIX yeTbull Ha 1 MM? srmgepmbr (number of differ- 643 -669 167
entiated stomata per 1 mm? of epidermis)
minHa yerbuia, MM (length of stomata, pm) -600 221 133
YCTBHYHBLI HH/EKC, % (stomatal index, %) -277 -444 -784
FD, % 52.5 143 12.1

[Mnespa 1-Ilnesaa 3 — Harpy3ku NpU3HAKOB IO MEPBOM. BTOPOI U TpeTheil miesgam. FD — ¢akrophas nucnep-
cus. %. HoJib 1 TouKa nepes 3Ha4eHUsAME IPU3HAKOB OIyIeHbl. JKUPHBIM PUQTOM BbieeHbl IpusHaky ¢ [r| > 0.5.
Ijie MOJLYJIb I' — JIUCTIEPCHSL.

Pleiad 1, Pleiad 2, Pleiad 3 — factor loadings on all the factors. FD — factor dispersion. %. Zero and the dot in front
of the characteristic values are omitted. Characters with [r| > 0.5 are marked by bold. || is variance.

yerbuil Ha 1 MM? amepMbr, TeM GoJIbIast UX 4acTh AuddepeHnnpoBana, 1 HaobopoT, YeM HUKe o01ee
YHICJI0 yCThUI HA 1 MM? STIHIEPMBI, TEM MEHbIIIas UX 4acThb [uddepeHmpoBana.

B cocras tpereii mesanr (Jr| = 0.5; FD = 12.1%) Bowim aBa npu3Haka: yCTbHYHBIA MHAEKC W YHCIIO
OCHOBHBIX KJIeTOK Ha 1 MM? HIZKHEN amtiepMbl. [Ipu3HaKOM-UHIMKATOPOM SBJISIETCS YCThbUYHBIN WHIIEKC
(r=-0.784). I1nesiia onmmchiBaeT COOTHOMIEHNE Y/IETBHON IO YCTHUIL U KPYTTHOKJIETOUHOCTH. YeM KpyTi-
HOKJICTOUHEE SIHIePMa, TeM HUJKe YCTbUYHBIN MHIEKC U HA000POT, 4eM MEJTKOKJIETOUHEee MUAEPMa, TEM
BbIITIE€ YCTbUYHBIN UH/IEKC.

B ¢dakroprom mipoctpancTBe (puc. 2) 06pasiibl M3yYEHHbBIX JHCTHEB PACXOAATCS MO TIEPBOIT TLIEsIIE.
Bunet pona Gnetum hbopMupyIOT 10CTAaTOYHO TIIIOTHBIN KJIACTEP, B KOTOPOM XOPOIIO BBIIEJSIOTCS OT/IETh-
Hble BU/bL. BeHHeTTnTOBbBIE JKe (hOPMUPYIOT KPYITHBIN PACCETHHBIN KIacTep, 3aHNMAIONINI 3HAUUTETbHYIO
YyacTh (PaKTOPHOTO MPOCTPAHCTBA. BHYTPH 9TOT0 KJIacTepa BBIJIETUTD OT/EIbHbIE BUJIBI UJIN POIBI HE TIPe/l-
CTaBJISIETCST BO3MOKHBIM. TeM He MeHee, 110 BTOPOii Tiesijie GoJiee I MeHee BBIAEISIIOTCS 1B KJIacTepa,
BKJIIOYAIOIIME BUIBI, HECYTIIME TATUJIJIBI HA OCHOBHBIX KiteTKax anuaepmbl (N. angustifolia v P. caucasicum)
u Buzibt 6e3 narmuit (N. longifolia v Ptilophyllum sp.).

Kak yske 66110 MOKa3aHO B HAIUX Mpeabaynux crathsax (Pautov et al., 2012; Pautov, Pagoda, 2015),
aTmjIepMa mpejicTaBuTeseit poga Gnetum g0BOJBHO 0HO00pa3Ha. Pa3nnumst MeK /1y BUIAMU BbISIBJICHDI
10 COOTHOIIEHUIO COCTABHBIX 3JIEMEHTOB JMUAEPMBI, @ TAKKE 10 KOJUYECTBY aOOPTUPOBAHHBIX YCTHHIL
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Puc. 2. Pacuipesiesienue 06pasioB JjuctbeB Gnetum, Nilssoniopteris u Ptilophyllum B ipoctpancTBe mep-
BOU U BTOpO# 1utesi. Bumsl poga Gnetum obo3HaueHbl GeqbIMU 3HAUKAMU; BUJIbI GEHHETTUTOBBIX, OC-
HOBHBIE KJIETKU HUKHEH SMUIEPMBI KOTOPBIX HECYT MAMUILIbI, 0003HAYEHBI CEPBIMU 3HAYKAMU; BUJIbI
GEHHETTUTOBBIX O€3 MATNJIT — YePHBIMU 3HAYKAMH.

Fig. 2. Distribution of leaf samples of Gnetum, Nilssoniopteris and Ptilophyllum in the scatterplot of
Pleiad 1 and Pleiad 2. Gnetums are marked by white icons; Bennettitales with papillae in epidermal cells
are marked by gray icons; Bennettitales without papillae in epidermal cells are indicated by black icons.

U UX COOTHOIIEHUIO ¢ yrcjaoM aubdepeniimpoBarnbix. CooTHomeHe quddepeHnnpoBaHHbIX 1 abop-
TUPOBAHHBIX YCTHUI] HAXOJUT CBOE OTPaKeHUEe B KOPPEJASIIMOHHON CTPYKTYpe MPU3HAKOB CTPOCHUS JIH-
crbeB B pojie Gnetum (Pautov et al., 2012). Ita Koppessiius MOKeT ObITh CBSI3aHA € PETYJISAINEil yPOBHS
TpaHcupanuu JuctbeB (tabu. 4). YeM KpymHOKIeTOUHEee anugepMa (TPEeThs TIesi/ia, YUCI0 OCHOBHBIX
KJIETOK Ha eIMHUIly HWXKHel anugepmbl = 0.527), TeM HUXKe yaelabHas 0Jis YCTbUIl (TPEThs ILIes/a,
yCThUYHBINA uHIEKC = — 0.784), 1 HA060POT, YeM MEJIKOKJIETOUHEE IMUAEPMA, TEM y/IeIbHas 0JIs YCThUI]
Boire. Yem GoJibiiie yeThuil (Bropast IIesijia, YMCI0 YCThUIl Ha eMHUIly anuaepmbl = — (0.565) 3akia-
JbIBaeTCs, TeM OoJiblnas ux dacTh auddeperupyercs (BTopas miesa, yucyao auddepeHimpoBaHHbIX
yCTBUIl Ha eAuHUILy amugepmbl = — 0.669), To ecTb cTaHOBUTCS (PYHKITMOHATBHON, IPU 3TOM yIeTbHAS
JIOJIsST YCThUIL HIZKe (BTOpast Mmiesijia, yCThbUaHbIA nHaeke = — 0.444); 1 Ha060poT, 4eM MEHbBIIE 3aKJIa/Ibl-
BAETCST YCTHUII, TEM MEHbIIIast UX 4acTh AuddepeHupyercs, a yaeabHas 10Js1 YCThUIL Bbiliie, AGOPTHPO-
BaHHbBIE YCTHUIIA BCTPEUAIOTCS B aNUJIepMe MHOTUX BUIOB THeTyMa. Ha npumepe G. gnemon noxasaHo,
YTO UX 3aJI0KEHUE TPOUCXOUT HA TIPOTAKEHUU BTOPOH (ha3bl Pa3BUTHS JINCTA B TEPUOJ MACCOBOTO 3aJ10-
JKEHUs MapalUTHBIX YCTHUIL JTH JaHHbIE TOATBEPKAAIOT MPEAIIOTIOKEHIE O TOM, YTO Hajauune abopTu-
POBAHHBIX YCTHUIL MOKET SBJISITHCSI 3aKOHOMEPHOIT MyTalneil, BbipaboTaBIneiicst B IPoIiecce aBOIOIUN
niist ahdexkTuBHOI perysisitn BogHoro pexuma (Pautov, Pagoda, 2013, 2014).

Amunepma Nilssoniopteris v Ptilophyllum otinyaaercst 3HaunTEIBHBIM PA3HOOOPA3MEM JIaKe B MTPeIesiax
onHOTO BU/a. TeM He MeHee, HECMOTPS HA CUJIbHBIE PA3JInYus B CTPOEHUU AMUIEPMBbI, B CUCTEMe KOppeJis-
Uit MeKIy pusHakamu anugepmbl Gnetum, Nilssoniopteris v Ptilophyllum BoisiBiien psim oO1mux yepr.

70



Bo-11epBbIX, CXO/[CTBO B COOTHOIIEHUN CJIATAIONIUX IMUAEPMY dJeMeHTOB (TalIr. 4, mepBas Tiesiia),
OTIMCHhIBAEMOE TAaKMMHU TPU3HAKAMM KaK YMCJIO U TJIONIAJh OCHOBHBIX KJIETOK, a TaKKe YUCJIO yCTHUIL
Ha 1 MM? TUIOIIAN BTUAEPMBL. DTU KOPPEJSIIIMOHHBIE CBSI3U SBJSIOTCS Ga30BBIMHU JIJIsT TPU3HAKOB CTPOE-
HUSI JINCTHEB CEMEHHBIX pacTeHuil. MI3aMeHeHne Kakoro-to OJ{HOTO MPU3HAKa HEYKJIOHHO BJIeYeT 3a coOoil
M3MeHeHue APYTUX MPU3HAKOB He TOJIBKO 31uIepMbl, HO 1 Beero sncta (Pautov, 2009).

Bo-BTOpPBIX, 0/IMHAKOBBIE COOTHOIIEHUS MEXK/Y pasMepaMy JucTa (€ro KPymHO- U MEJKOKJIETOUHO-
CTH), YMCJIOM YCTHUIL U CTENEHBIO0 U3BUIMCTOCTH TAHTEHTAJIBHBIX CTEHOK OCHOBHBIX KJIeTOK (TabJ1. 4, mep-
Bas miesizia). YeM KpynmHOKIeTOYHee anuiepmMa (U1CI0 OCHOBHBIX KJIETOK Ha eIUHUITY TIJIOTIA/ I BePXHe
sruaepmbl = 0.785 u msknei anugepmsl = 0.765), Tem OoJiee U3BUITMCTbIE TAHTEHTAJIbHBIE CTEHKH €€ 0C-
HOBHBIX KJIETOK (M3BUJIMCTOCTh OCHOBHBIX KJIETOK BepxHell anugepmbl = — 0.733 1 HUKHEH anuepMbl
= — (.740), uro ykasbiBaeT Ha pazHoobOpasue X (HOPMbI, U HAOOOPOT, YeM MEJKOKJIETOUHEE DIUAEPMa,
TeM MeHee U3BUJINCTbIe TAHTeHTAJbHbIe CTEHKH ee OCHOBHBIX KJeToK. Hapsimy ¢ miomanbio moKpoBHOM
TKaHU, (popMa OCHOBHBIX KJIETOK UTPAET CyIleCTBEHHAs POJib B MOpgoTeHe3e JUCTheB CEMEHHBIX pacTe-
uuit (Pautov, 2009). Takum 06pa3oM, U3BUIUCTOCTD KIETOYHBIX CTEHOK MOJKET, B YaCTHOCTHU, Y4aCTBO-
BaTh B MOJIEP>KAHUY TJIOCKOH (DOPMBI JINCTOBOM TIIIACTUHKY, A TAKKe BIAUSATH HA TIIIOTHOCTh Pa3MelieHus
yerwuil (Pautov, Vasilieva, 2010).

B-Tperbux, y THETYMa U y UCCJIEAOBAHHBIX POJOB OEHHETTUTOBBIX BBISBJIEHA OTPUIIATEIbHAS KOP-
PEJISIIUS MEKIY Pa3MepoM YCThUI[ M KPYITHOKJIETOYHOCTBIO atuaepMbl (Tabul. 4, mepBas miesiia). DTo
MOKHO OOBSICHUTDH KaK TOBbIIeHHEM 3(h(MEKTUBHOCTH PETYJISIINN TPAHCIUPAIUU U YIeP/KaHUS BJIaru
pactenueM (CM. BBIIIE), TAaK U OHTOTEHETHYECKUMK OCOOEHHOCTSIMI PA3BUTHST JINCTA: YeM OOJIBIIE KJIETOK
MOJIEJINJIOCH, TEM MEJIKOKJIeTOuHee aTuaepMa (YMcJI0 OCHOBHBIX KJIETOK Ha eIMHUILY TIJIOMA/IA BePXHe
srmepmbl = 0.785 u HuskHeil anugepmbl = 0.765), U B Hell MHOTO MEJKUX YCThUI[ (JIJTHHA YCTHUIA = —
0,600), 1 Ha060POT, YeM MEHbIIIE KJIETOK TTOIEIUI0Ch, TEM KPYITHOKJIETOUHEE SMUIepMa, U B Hell HeGOoJIb-
I0€ YU CJIO KPYIHBIX YCTBUIL.

SAKIIOYEHNE

B n3MeHYnBOCTY M KOPPEJIAIMOHHON CTPYKTYpe NMPU3HAKOB CTPOEHUS 3MUJIEPMbI BBIMEPIINX PO/IOB
Nilssoniopteris u Ptilophyllum (Bennettitales), a Takske npezcraBuresneii coppemerroro poga Gnetum (Gne-
tales) oGHapyKeHO 3HAYUTEIHLHOE CXOICTBO.

[To 3HaueHusiM Koa(hdumenTa Baprauu caadb0 U3MEHUYNBBIM TIPU3HAKOM SIBJISIETCSI U3BUJIMCTOCTD
TAHTEHTAJIbHBIX CTEHOK OCHOBHBIX KJIETOK 3IMUEPMBI, TO €CTh 3TO OTHOCUTEJbHO KOHCEPBATUBHBIN MPH-
3HaK, Ha KOTOPBIN ONTMPAIOTCS CUCTEMATUKY IIPY BbllesieHuN BUI0B. [Ipn aTOM M3BUINCTOCTD KOppenpyeT
¢ pa3Mepamu JHcTa (YUCJAOM KJIETOK Ha €UHUILY TOBEPXHOCTH 3MUEPMbI U UX IIJIONABIO), YTO MOXKET
BJIUATH HA (DOPMY JUCTA.

OTHOCUTETBHO CTAOMIbHBIM TIPU3HAKOM SIBJISIETCST JITMHA YCTHUI, KOTOPask KOPPEJIUPYET C YHUCIOM OC-
HOBHBIX KJIETOK 3ITUA/IEPMBI, YTO MOXKET SABJSATHCS OTHUM U3 (DaKTOPOB PETYJISAINHI TPAHCITUPAINH.

N3MeHYnBBIMU ABJSIOTCS TaKKe TPU3HAKU KaK: YNCJI0 OCHOBHBIX KJIETOK HA €MHUILY TIJIOIA/N d111-
JIePMBI, TIJIONIA/[b UX TAHTEHTAJIbHBIX CTEHOK W YUCJO ycThull HA 1 MM? anujepmbl. JTU Ke TPU3HAKU
Mpe/ICTaBJIeHbl B TIEPBOI TJIesi/e TI0 Pe3yIbTaTaM aHaIn3a IIaBHBIX KOMIIOHEHT. OHU OlpesiesissioT KpyT-
HOKJIETOYHOCTb U MEJIKOKJIETOUHOCTD 3MUIEPMBI, a, CJIeZI0BATENbHO, U pa3Mep JIMCTa, KOTOPBIIT MOXKET Ba-
pPbUPOBATHCS B TIpeiesiax BU/A.

Y BunoB poga Gnetum npuCyTCTBYeT KOPPEJSAINS MEXKIY COOTHOIIeHneM unca auddepeHiimpoBan-
HBIX 1 abopTHpPOBaHHbIX yeThuil. Y N. angustifolia v P. caucasicum aucyio yCTbUIL KOPPETUPYET ¢ YHCTIOM
AW/ HA eIUHUTIE TITIOA/IH.
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TABJINTIA I
1-4 — Gnetum gnemon L.: 1 — nucr; 2 — Bepxuss anugepma, CM; 3 — HikH:Ag anugepma ¢ anddepeHimpo-
BaHHBIM (s) 1 aboprupoBanHbiM (as), COM, BU cHapYKI; 4 — HIZKHSS 9MTUAEPMBI C YCThHUIAMH (S),
COM, Buj cHapyKu.
5-7 — Gnetum gracilipes C.Y. Cheng: 5 — muct; 6 — Bepxusist anugepma, CM; 7 — HUKHsIA anuaepma ¢ -
dbepernupoBantbiME () 1 abopTupoBaHHbIME yeTbuiiamu (as), CM.
Jmmna muneiikn: 1,5 — 1 ¢em; 2, 4, 6,7 — 50 mxm; 3 — 10 MKM.

PLATE1
1-4 — Gnetum gnemon L.: 1 — leaf; 2 — upper epidermis, LM; 3 — lower epidermis with differentiated (s)
and aborted (as) stomata, SEM, outside view; 4 — lower epidermis with stomata, SEM, outside view.
5-7 — Gnetum gracilipes C.Y. Cheng: 5 — leaf; 6 — upper epidermis, SM; 7 — lower epidermis with differen-
tiated (s) and aborted stomata (as), LM.
Scale bar: 1,5 -1 cm; 2,4, 6,7 — 50 um; 3 — 10 pm.
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TABJINIIA 1

77



TABJIMIIA 1T
1-3 — Gnetum latifolium Blume: 1 — juct; 2 — Bepxusst anugepma, CM; 3 — aukHsis snugepMa ¢ auddepen-
[UPOBaHHBIMU (S) U abopTrpoBaHHbIME (as) ycrbutiamu, CM.
4-T7 — Gnetum montanum Markgr.,: 4 — nucr; 5 — Bepxusist armgepma, CM; 6 — ycTbulle Ha HUKHE aruaep-
me, COM; 7 — nuskuas snugepMma ¢ yerbuiami (s), COM.
Jmmna muneiikn: 1,4 — 1 em; 2, 3, 5 — 50 mxm; 6 — 10 MrM; 7 — 30 MKM.

PLATE IT
1-3 — Gnetum latifolium Blume: 1 — leaf; 2 — upper epidermis, LM; 3 — lower epidermis with differentiated
(s) and aborted (as) stomata, LM.
47 — Gnetum montanum Markgr.: 4 — leaf; 5 — upper epidermis, LM; 6 — stoma at the lower epidermis,
SEM, outside view; 7 — lower epidermis with stomata (s), SEM, outside view.
Juna muneiikn: 1,4 — 1 cm; 2, 3,5 — 50 um; 6 — 10 pm; 7 — 30 um.

78



TABJIUIIA 1T
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TABJINIIA II1

1-7 — Nilssoniopteris angustifolia Doludenko: 1 — ¢parment nucroBoii miactunku, sx3. BUH 1073/1560;
2 — Bepxuss anugepma, COM, Bun usnyrpu, ak3. BUH 1073/1538; 3 — HuskHsAs smmgepMa ¢ mna-
nustamu (p), COM, Bun cuapysxu, ak3. BUH 1073/1538; 4 — nuskusist anmaepma ¢ nanussamu (p),
CM, sx3. BUH 1073/1538; 5 — nuxkuss anugepma ¢ yerbutiamu (s), COM, Bug usnyrtpu, ax3. BUH
1073/1564; 6 — misknss suugepMma ¢ yerbuiiamu, CM, k3. BUUH 1073/1536; 7 — yctbuite, COM, Bus
uznyTpu, 9k3. bBIUUH 1073/1560.

Jmna nmuneiikn: 1 — 1 em; 2 — 20 MmrM; 3, 4, 6 — 50 Mmrm; 5 — 100 mrMm; 7 — 10 MKM.

PLATE 111
1-7 — Nilssoniopteris angustifolia Doludenko: 1 — fragment of leaf blade, spec. BIN 1073/1560; 2 — upper
epidermis, SEM, inside view, spec. BIN 1073/1538; 3 — lower epidermis with papillae (p), SEM,
outside view, spec. BIN 1073,/1538; 4 — lower epidermis with papillae (p), LM, spec. BIN 1073 /1538;
5 — lower epidermis with stomata (s), SEM, inside view, spec. BIN 1073/1564; 6 — lower epidermis
with stomata (s), LM, spec. BIN 1073/1536; 7 — stoma, SEM, inside view, spec. BIN 1073 /1560.
Scale bar: 1 — 1 ¢m; 2 — 20 um; 3,4, 6 — 50 ym; 7 — 100 pm; 8 — 10 um.
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TABJINIIA IV

1-7 — Nilssoniopteris longifolia Doludenko: 1 — ¢parmenT sucroBoil mwactuaky, 9k3. BUH 1073/1562;
2 — Bepxusag snugepma, COM, Bua usnytpu, 9xk3. BUH 1073 /1525; 3 — HuskHsAg sntuepma ¢ yCTbud-
ubiMu iosiocamu, CM, ax3. BUH 1073 /1528; 4 — nuxuss anujiepma ¢ yeTbuiiaMu (S) U OCHOBAaHUEM
Bosiocka (h), CM, sx3. BUH 1073/1527; 5 — uusKHAg snugepMa, ocHoBanue Bojsocka, COM, Buj
cHapysxu, 9k3. BUH 1073/1530; 6 — nmkuss smugepma ¢ yerbutiamu, COM, By usnyTpu, 9x3. bH
1073/1509; 7 — ycroune, COM, Buz uznyrpu, ak3. bIUUH 1073/1520.

Jmna muneiikn: 1 — 1 em; 2, 5 — 10 mrm; 3 — 200 MrMm; 4 — 50 MrM; 6, 7 — 20 MKM.

PLATE IV

1-7 — Nilssoniopteris longifolia Doludenko: 1 — fragment of leaf blade, spec. BIN 1073/1562; 2 — upper
epidermis, SEM, inside view, spec. BIN 1073/1525; 3 — lower epidermis with costal and intercostal
zones, spec. LM, BIN 1073/1528; 4 — lower epidermis with stomata (s) and trichome base (h),
LM, spec. BIN 1073/1527; 5 — lower epidermis with trichome base, SEM, outside view, spec. BIN
1073/1530; 6 — lower epidermis with stomata, SEM, inside view, spec. BIN 1073/1509; 7 — stoma,
SEM, inside view, spec. BIN 1073/1520.

Scale bar: 1 — 1 ¢cm; 2,5 — 10 pm; 3 — 200 pm; 4 — 50 um; 6, 7 — 20 um.
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TABJIUITA V

1-6 — Ptilophyllum caucasicum Doludenko: 1 — ¢parmenT JMCTOBOI MIACTHHKY ¢ cerMeHTamu, 9k3. BITH

1073/1573; 2 — Bepxuss snuaepma, COM, Bua usnytpu, sxk3. BUH 1073/1639; 3 — nukusis anu-
nepMa ¢ yetbuiamu (s) u nanuwiiamu (p), Bu cHapysu, ak3. BUH 1073 /1619 (COM); 4 — ycTbuiie
u nanwia (p), COM, Bun cuapysxku, sxk3. BUH 1073/1573; 5 — HiskHss aniuiepMa ¢ yCTbUYHBIMU
u 6e3ycrpuunbiMu osiocamu, CM, ax3. BIIH 1073 /1608; 6 — nuwkHsis stuepma, yCTbUIE U OCHOB-
HbIe KJIeTKHU ¢ yrayosrenusivu ot ranuiui (p), COM, Bux usuytpu, sxk3. BITH 1073 /1683.

Jmmna muneiikn: 1 — 1 em; 2, 4, 6 — 20 mrym; 3 — 50 MrM; 5 — 200 MKM.

PLATEV

1-6 — Ptilophyllum caucasicum Doludenko: 1 — fragment of leaf blade with segments, spec. BIN 1073/1600;

2 — upper epidermis, SEM, inside view, spec. BIN 1073/1568; 3 — lower epidermis with stomata (s)
and papillae (p), SEM, outside view, spec. BIN 1073/1584; 4 — stoma and papilla (p), SEM, out-
side view, spec. BIN 1073/1584; 5 — lower epidermis with costal and intercostal zones, LM, spec.
BIN 1073/1635; 6 — stoma and an epidermal cells with cavities from papillae (p), SEM, inside view,
spec. BIN 1073/1607.

Scale bar: 1 — 1 cm; 2, 4, 6 — 20 pm; 3 — 50 ym; 5 — 200 pm.
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TABJINIIA VI

1-6 — Ptilophyllum sp.: 1 — dbparmenT J1CcTOBOI TIACTUHKE ¢ cermerTamu, 9k3. BUH 1073/1600; 2 — Bepx-

usas anugepma, COM, Bun usnytpu, ax3. BUH 1073/1568; 3 — HskHssA smuaepMa ¢ yCTbUIHBIMU
u OesycthrunbiMu mosocamu, COM, Bun usuyrpu, k3. BUH 1073/1584; 4 — nwkusis anugepma,
yerbuite, COM, Bun cuapysxu, ax3. BUH 1073/1584; 5 — nukusist smuaepma ¢ yerbutiamu (s), CM,
ak3. BUH 1073/1635; 6 — musknss anunepma, yerbuile, COM, Bug uznyrpu, ax3. bH 1073/1607.

Jmmna nmuneiikn: 1 — 1 em; 2, 4, 6 — 20 mxym; 3 — 100 MrM; 5 — 50 MKM.

PLATE VI

1-6 — Ptilophyllum sp.: 1 — fragment of leaf blade with segments, spec. BIN 1073/1573; 2 — upper epider-

mis, SEM, inside view, spec. BIN 1073/1639; 3 — lower epidermis with costal and intercostal zones,
SEM, inside view, spec. BIN 1073/1619; 4 — lower epidermis, stoma, SEM, outside view, spec. BIN
1073/1573; 5 — lower epidermis with stomata (s), LM, spec. BIN 1073/1608; 6 — lower epidermis,
stoma, SEM, inside view, spec. BIN 1073 /1683.

Scale bar: 1 — 1 cm; 2,4, 6 — 20 pm; 3 — 100 pm; 5 — 50 pm.
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EAST ASIAN-EASTERN NORTH AMERICAN DISJUNCTION
IN THE ONOCLEA SENSIBILIS SPECIES COMPLEX:
VICARIANCE OR PERIPATRY?

K. Berry
Science Department, Hoehne Re-3 School District, Hoehne, CO, U.S.A., keith.berry@hoehnesd.org

BOCTOYHO-A3SUATCKRAA - BOCTOYHO-CEBEPOAMEPUKRAHCKRAA
AN3DBIOHKRINA B BUTOBOM KOMIIVIEKCE ONOCLEA SENSIBILIS:
BUKAPNAHTHOCTD NJIN ITEPUIIATPUA?

K. bappu
Jlenapmamenm nayxu, Illxonvnovui okpye Xéne Pe-3, Xéne, Konopado, CIIA, keith.berry@hoehnesd.org

Abstract. Disjunction between East Asian and eastern North American plants has been recognized since the
time of Darwin. Although there is considerable evidence for congruent vicariance associated with late Neogene/
Quaternary cooling among angiosperms, similar studies among specific fern families (e.g., Osmundaceae Mar-
tinov) have appeared incongruous with this pattern. Pteridologists continue to debate whether long-distance
dispersal of wind-blown spores could have produced intercontinental disjunctions among ferns. To date, how-
ever, state-of-the-art historical biogeographical approaches have not been applied to this problem. In this inves-
tigation, multiple chloroplast gene (rbcL, atpA, atpB, and matK) sequences for ferns in the family Onocleaceae
Pic. Serm. are drawn from GenBank, including those from the recently sequenced chloroplast genome of the
East Asian fern O. sensibilis L. var. interrupta Maxim., and used to create molecular phylogenies using Bayesian
(BEAUTI and BEAST) techniques. Using contemporary approaches for relaxed molecular clock divergence
time estimation with fossil calibration, divergence time estimates for East Asian and eastern North American
populations in the Onoclea sensibilis species complex are consistently reconstructed as the Pliocene (ca. 5 —
3.4 Ma), and the best-fitting historical biogeographic model is a DIVA-like (exclusively vicariant) model using
BIOGEOBEARS in RASP4, with a low probability of peripatry. Accordingly, these molecular and fossil data ap-
pear congruent with the pattern observed among angiosperms, despite the propensity for long-distance dispersal
of wind-blown spores in pteridophytes. The lack of evidence for peripatry in this lineage may be related to the
presence of short-lived green spores in onocleoid ferns; however, this hypothesis requires further investigation.

Keywords: ferns, biogeography, Onoclea sensibilis, vicariance, peripatry, disjunction.

INTRODUCTION

Beginning with Asa Gray (1859, 1878), numerous botanists have puzzled over the pattern of disjunc-
tion between East Asian and eastern North American floras (Li, 1952; Barrington, 1993; Kato,1993; Xiang
et al., 2000; Wolf et al., 2001; Moran, 2008; Xiang et al., 2015; Li et al., 2016). Using ribulose 1, 5-biphos-
phate carboxylase/oxygenase large subunit (7bcL) gene sequences for reconstruction of angiosperm phy-
logeny and molecular clock divergence time estimation coupled with fossil calibration, Xiang et al. (2000)
concluded that congruent vicariance associated with climatic cooling during the late Neogene and Quater-
nary was the best explanation for disjunction between East Asian and eastern North American angiosperms.
Among those ferns first described by Gray (1859) as exhibiting an East Asian-eastern North American dis-
junction were varieties of Osmunda cinnamomea L. and Onoclea sensibilis L. (Li, 1952). Although it is pos-
tulated that climatic cooling during the late Neogene and Quaternary was also responsible for vicariance
in O. sensibilis, long-distance dispersal by wind-blown spores has not yet been ruled out (Barrington, 1993;
Kato, 1993; Wolf et al., 2001; Xiang et al., 2015). Moreover, preliminary investigations within specific fern
clades, such as Osmundaceae Martinov, using similar rbcL and fossil evidence have suggested that the East
Asian-eastern North American disjunctions in O. cinnamomea and O. claytoniana L. (syn. Claytosmunda
claytoniana (L.) Metzgar et Rouhan) were incongruent with the pattern observed among angiosperm

https.//doi.org/10.31111/palaeobotany,/2021.12.88
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lineages, as separate episodes of evolutionary divergence coupled with biogeographic disjunction have been
dated to the Paleogene rather than the late Neogene/Quaternary: 35 Ma (Eocene) and 25 Ma (Oligocene),
respectively (Yatabe et al., 1999). Furthermore, intercontinental disjunctions among fern species are fre-
quently explained by long-distance dispersal of wind-blown spores rather than by vicariance (Wolf et al.,
2001; Sessa et al., 2017).

The choloroplast genome of East Asian Onoclea sensibilis var. interrupta Maxim. was recently se-
quenced by Du et al. (2021). Therefore, it is now possible to more accurately test the vicariance hypoth-
esis in the O. sensibilis species complex using a variety of chloroplast genes coupled with fossil calibration
on relaxed molecular clock divergence time estimates. In this investigation, the fossil record of O. sensi-
bilis is compared to this chloroplast gene-based phylogeny and subjected to Biogeography with Bayesian
(and likelihood) Evolutionary Analysis in R Scripts (BIOGEOBEARS; Matzke, 2014) in Reconstruct
Ancestral State in Phylogenies v. 4 (RASP4; Yu et al., 2020) to determine the best-fitting historical bio-
geographic model, either vicariance or peripatry following the procedures outlined by Matzke (2014)
(see also Sessa et al., 2017).

MATERIAL AND METHODS

Multiple chloroplast gene sequences, including 7bcL, ATP synthase alpha and beta chains (atpA, atpB),
and maturase K (matK), were drawn from GenBank to form a concatenated dataset. Sequences were aligned
using Muscle v. 3.8.31 (Edgar, 2004) and subsequently manually checked for alignment. GenBank-to-Tree
Analysis Using New Technology (GB-to-TNT; Goloboff et al., 2012, 2016) was used to create FASTA files,
which were uploaded into Bayesian Evolutionary Analysis Utility (BEAUTi) and Bayesian Evolutionary
Analysis Sampling Trees (BEAST), v. 2.6.5 (Bouckaert et al., 2019). In accordance with contemporary
studies of so-called “living fossils” of ferns and other vascular plants, such as Wood et al. (2020) and Du
et al. (2021), the following priors were established in BEAUT!I: a lognormal relaxed molecular clock with
GTR + I + G model of nucleotide substitution with four rate categories and a birth-death speciation prior.
As in the recent study on fern phylogeny by Du et al. (2021), a log normal age distribution of the stem node
of Onoclea was set at 56 Ma (late Paleocene), the age of the oldest, best preserved fossils attributed to the
O. sensibilis lineage (Rothwell, Stockey, 1991). As there are different opinions regarding the first appea-
rance of the O. sensibilis lineage, however, a separate analysis was run with an offset of 83.6 Ma (the San-
tonian/Campanian boundary), when fossils attributed to O. sensibilis first appear in both the fossil record
of North America and Asia (Lloyd, 1971; Vakhrameev, 1991). Following a few preliminary runs with an
MCMC chain length of 10,000,000 (10% burn-in), TRACER v. 1.7.2 (Rambaut, 2018) was used to refine
the analysis and to evaluate convergence. For the final analyses, MCMC chain lengths of 20,000,000 (10%
burn-in) were used, as convergence was observed.

Following specification of these priors in BEAUTi, BEAST was run, and two maximum clade credibil-
ity trees (one for each stem age prior) were reconstructed using TreeAnnotator v. 2.6.4 (Rambaut, Drum-
mond, 2021). Upon reviewing the results in Tracer v. 1.7.2 to confirm convergence, a burn-in of 50% of the
trees with a posterior probability of 0.95 was selected along with node heights. Although a less stringent
criterion for maximum clade credibility construction could have been selected on the basis of Tracer results,
this more stringent criterion ensured that only trees with convergent results were considered in construc-
tion of the maximum clade credibility tree. Maximum clade credibility trees were analyzed using TreeView
v. 1.4.4. (Rambaut, 2018), and node labels and the 95% highest posterior density (HPD) intervals were ap-
plied to the nodes. Continental distributions for terminal taxa were coded as follows: (A) North America,
(B) Europe, and (C) Asia.

BEAST trees were uploaded into the program RASP4 (Yu et al., 2010, 2015, 2020) to use BIOGEO-
BEARS (Matzke, 2014) to find the best-fitting historical biogeographic model. This was done by following
procedures outlined by Matzke (2014) and Sessa et al. (2017), such as by selecting the model with the high-
est weight for the Aikake Information Criterion for small samples (AICc) and by conducting a Likelihood
Ratio Test (LRT) for determining whether the null hypothesis that historical biogeographic models that
are exclusively vicariant (e.g., DIVA-like) or peripatry-accommodating (e.g., DIVA-like + J) conferred
equal likelihoods on the data.

Morphological characters were mapped to the molecular phylogeny generated in this study using
parsimony in Mesquite v. 3.61 (Maddison, Maddison, 2008). Morphological character states were drawn
from Gastony and Ungerer (1997) and Xing and Kato (2013) and verified by comparison with specimens
in the United States National Herbarium (USNH), Pteridophyte Collections Consortium (PCC), and
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the study conducted by Rothwell and Stockey (1991) on fossils attributed to O. sensibilis from the early
Paleogene.

DATA AND RESULTS

Regardless of whether a 56 Ma (late Paleocene) age prior or an 83.6 Ma (early Campanian) age prior was
used for stem Onoclea, BEAST trees converged on a crown node age from slightly less than ~3.5 Ma (mid
to late Pliocene) (ESS > 1,000) to an age of ~5 Ma (early Pliocene) (ESS > 1,000), respectively (Fig. 1).
According to BIOGEOBEARS (Fig. 2), the best-fitting model was the DIV A-like (exclusively vicariant)
model (AICc = 0.53), as opposed to DIVA-like + J (peripatry-accommodating) model (AICc = 0.005) and
other models, such as Dispersal-Extinction Cladogenesis (DEC) and DEC + J models. As the test statistic
for the Likelihood Ratio Test (LRT) was 0.73 and the p-value 0.39, however, these values were insufficient
to reject the null hypothesis that the DIVA-like (exclusively vicariant) and DIVA-like + J (peripatry-
accommodating) models conferred equal likelihoods on the data. With regard to the O. sensibilis crown
node, however, the probability of vicariance being responsible for the East Asian-eastern North American
disjunction in O. sensibilis was high in both the DIV A-like and DIV A-like + J models (P =1 and P = 0.92,
respectively, with an average P = 0.96). Accordingly, vicariance is more likely than peripatry to have been
responsible for divergence between O. sensibilis and O. sensibilis var. interrupta.

Mapping morphological characters to the molecular phylogeny revealed that O. sensibilis var. inter-
rupta evolved fertile pinnae nearly equal to length to sterile pinnae independently of the outgroup taxon,
Pentarhizidium orientale (Hook.) Hayata. These patterns of character evolution are illustrated in Figure 3.
The best preserved fossils of O. sensibilis from western North America exhibit fertile pinnae much shorter
than the sterile pinnae, which is reconstructed as plesiomorphic for the O. sensibilis lineage.

Matteuccia struthiopteris

43.6215

Onocleopsis hintonii

59.7012

’/ Onoclea sensibilis var. sensibilis

E. 3977
Onoclea sensibilis var. interrupta

74.7566

Pentarhizidium intermedium

15.7251

Pentarhizidium orientale

[Cretaceous [Pale.| Eocene [Oligo.| Miocene [P|H

Figure 1. Chloroplast gene-based phylogeny with divergence time estimates mapped to nodes. Note prior
and posterior age distribution for the stem node of Onoclea sensibilis, which was estimated to be 56 Ma
on the basis of well-preserved O. sensibilis fossils (Rothwell, Stockey, 1991; Du et al. 2021). Divergence
time estimates were calibrated with fossils described in the text, such as the best preserved O. sensibilis
fossils used to calibrate the stem node (probability distribution), asin Du et al. (2021), and the youngest
O. sensibilis fossils from the vicinity of Beringia (Wolfe, Tanai, 1980; Fletcher et al., 2021).
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(ABC) Matteuccia struthiopteris

(A) Onoclea sensibilis

(C) Onoclea sensibilis var. interrupta
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(C) Pentarhizidium intermedium
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[[e
[]AC
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Figure 2. Results of the best-fitting historical biogeographic model based on results from BIOGEOBEARS
in RASP4. Vicariance between O. sensibilis and O. sensibilis var. interrupta is reconstructed as having
occurred during the Pliocene (Fig. 1).

DISCUSSION

Although it is widely accepted that vicariance associated with climatic cooling during the late Neo-
gene and Quaternary was responsible for the East Asian-eastern North American disjunction among an-
giosperms on the basis of combined molecular and fossil datasets (Xiang et al., 2000), this hypothesis has
garnered less support among pteridologists on the basis of divergence time estimates in Osmundaceae, as
disjunction in O. cinnamomea and O. claytoniana has been dated to the Paleogene rather than the Neo-
gene/Quaternary (Yatabe et al., 1999). Considering that East Asian-eastern North American disjunction
in O. cinnamomea was among the first examples identified by Gray (1859, 1878), the observation that evo-
lutionary divergence in this lineage has not been dated to the same period as the angiosperms leads one to
question whether the causes of disjunction among ferns and angiosperms are ascribable to the same phe-
nomena. This is particularly the case given the fact that pteridophytes demonstrate a propensity for long-
distance dispersal of wind-blown spores (Wolf et al., 2001).

The results of this investigation lend support to the concept that climatic cooling associated with
vicariance contributed to the pattern of East Asian-eastern North American disjunction observed in
the Onoclea sensibilis species complex, another example first identified by Gray (1859, 1878). Fossil
evidence, which was not incorporated into the BEAUTi and BEAST prior specifications, lend addi-
tional support to this hypothesis. First, fossils of O. sensibilis are known from mid-Miocene strata in the
vicinity of Beringia, but not from the Miocene/Pliocene boundary strata from the same region (Wolfe,
Tanai, 1980; Fletcher et al., 2021). Second, fossils attributed to O. sensibilis var. interrupta are recog-
nized from the Pleistocene of Japan (Yamakawa, Konishi, 2013). Therefore, the fossil record appears to
bolster the results of this investigation, which suggests divergence in the O. sensibilis species complex
occurred near the Miocene/Pliocene transition, when O. sensibilis was either scarce or absent from the
vicinity of Beringia (Figs. 1, 3), the terrestrial connection between East Asia and North America. Both
~5 Ma and ~3.3 Ma represent episodes of significant global climatic cooling in the Pliocene, particu-
larly in the Northern Hemisphere (Xiang et al., 2000; Balantine et al., 2006; Dolan et al., 2015; De la
Vega et al., 2020). However, it is important to acknowledge that temporal correlation does not neces-
sarily imply causation.

Among the more salient criticisms historically leveled at DIVA or DIVA-like historical biogeo-
graphic models is that dispersal is penalized a priori, which tends to bias the results toward vicariance
rather than peripatry (Lieberman, 2000); however, this criticism has been accommodated by develop-
ment of the DIV A-like + J and similar classes of peripatry-accommodating models (Matzke, 2014). As
long-distance dispersal and peripatry have been well supported by other recent investigations using
BIOGEOBEARS (Sessa et al., 2017), the results of this historical biogeographic analysis appear to sup-
port the conclusion that vicariance is more likely than peripatry to explain disjunction in the Onoclea
sensibilis species complex.
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Figure 3. The biogeographic distribution of Onoclea sensibilis 1., with East Asian and eastern North
American varieties. Specimens of Onoclea sensibilis var. sensibilis (left: Southwest Missouri State
University 89556) and O. sensibilis var. interrupta (right: Chicago Field Museum 1534245). Images
courtesy of Pteridophyte Collections Consortium (PCC 2021), CC-by-NC. O. sensibilis fossil (NMNH
P-45), which is found in both western North America and in the vicinity of Beringia, is illustrated above.
Note the differences in dimensions of fertile vs. sterile pinnae, which were mapped to the molecular
phylogeny using Mesquite v.3.61.

An additional consideration that may be important to note is the fact that Onoclea sensibilis and
other onocleoid ferns exhibit short-lived, green spores (Lloyd, Klekowski, 1970). Short-lived, chloro-
phyllous spores are presumed to preclude long-distance dispersal of wind-blown spores (Mountier et
al., 2018). Accordingly, long-distance dispersal by wind-blown spores seems a less likely explanation
for evolutionary divergence than vicariance in this instance; however, this hypothesis requires further
investigation.

CONCLUSION

Although it is well established that vicariance is the best explanation for the East Asian-eastern
North American disjunction among angiosperms, this hypothesis has garnered less support among fern
studies. With respect to the ferns first identified by Asa Gray as exhibiting an East Asian-eastern North
American disjunction, Onoclea sensibilis is regarded to be the most likely to conform to this pattern on
the basis of fossil evidence. The results of this investigation support this hypothesis, as vicariance is the
best-fitting historical biogeographic model to account for molecular and morphological divergence be-
tween extant species. Relaxed molecular clock dating places vicariance in the Pliocene, a pattern that
agrees with the fossil record of this group. Accordingly, the pattern of disjunction observed in the O. sen-
sibilis species complex is congruent with that observed among angiosperms, suggesting that climatic
cooling during the late Neogene/Quaternary underlies the East Asian-eastern North American disjunc-
tion in vascular plants.
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