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ABSTRACT

Frolov AO, Kazanovsky SG & Enushchenko IV 2022. The first discovery of mosses (Bryopsida) in the Lower Jurassic of

Eastern Siberia. Journal of Palacosciences 71(2): 219-233.

Most of the known diversity of Jurassic mosses comes from the Upper Jurassic of China, Mongolia, and Asiatic Russia.
The Early Jurassic mosses are not known in Siberia. According to the study of shoots of bryophytes from the Prisayan Formation
(Early-Middle Jurassic) of the Irkutsk Coal Basin (Eastern Siberia), two new species of mosses are established: Bryokhutuliinia
ignatovii sp. nov. and Palaeodichelyma kiritchkovae sp. nov. The stem microstructures of B. ignatovii distinguish it clearly from
other representatives of Bryokhutuliinia Ignatov from the Jurassic and Cretaceous of Mongolia and Transbaikalia. P. kiritchkovae

is the only known representative preserved with sporophytes of Palaeodichelyma Ignatov & Shcherbakov.

Key—words—~Palaeodichelyma, Bryokhutuliinia, Sporophyte, Gametophyte, Lower Jurassic, Irkutsk Coal Basin.

INTRODUCTION

RYOPHYTES are one of the most primitive and ancient

groups of land plants (embryophytes). This perspective,
based on comparative anatomy data, has recently been
confirmed by the results of molecular phylogenetic studies
(Shaw et al., 2003; Goffinet & Buck, 2004; Newton et al.,
2007). The oldest fossil records of mosses are from the Lower
Carboniferous (Visean) of eastern Germany (Hiibers & Kerp,
2012). However, such a long history (~346 Ma) of the moss
evolution is not well understood. This is partly due to the
rare occurrence of moss fossils in the pre-Cenozoic rocks.
Approximately 13,000 extant mosses are known to date
(Goffinet ef al., 2009), and many of the abundant Cenozoic
bryophyte are assigned to extant families, genera, and species
(e.g., Miller, 1984; Taylor et al., 2009). There are more than
200 species of pre-Cenozoic mosses (Tomescu et al., 2018),
which is in sharp contrast with the diversity of Cenozoic
mosses. Hence, each new discovery of pre—Cenozoic

mosses is of great value for understanding the diversity and
evolutionary trends of this class in the geological period.
The assignment of Palaeozoic and Mesozoic mosses to
extant taxa is of great difficulties. Nevertheless, the similarity
of some fossils with modern taxa makes it possible to reveal
the diversity of fossil mosses and the evolution of this plant
group. For example, the cellular details of type B—Ila leaves
from the Lower Carboniferous (Visean) of eastern Germany
resemble representatives of the extinct order Protosphagnales
Neuburg (Hiibers ef al., 2013), and are possibly the ancestors
of both Sphagnum and non—Sphagnum mosses. Baigulia
Ignatov et al. and Bryokhutuliinia Ignatov, which are
discovered in the Upper Jurassic of Transbaikalia (Russia),
have highly branched gametophytes (Ignatov et al., 2011).
Among them, Bryokhutuliinia crassimarginata 1gnatov et
al. has sporophytes that develop on reduced lateral shoots of
gametophytes (Ignatov ef al., 2012). These fossils, together
with the Cretaceous genus Vetiplanaxis N.E. Bell (Bell &
York, 2007; Hedenés et al., 2014), are supposed to be pre—
Cenozoic bryophytes related to pleurocarpous mosses.
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To date, the diversity of Jurassic mosses is limited to
13 genera, including 17 species (Table 1) (Ignatov, 2013;
Ignatov & Maslova, 2021). Among them, only a few preserved
diagnostic features to be assigned to extant families. For
example, isolated capsules of Kulindobryum Ignatov from
the Middle or Upper Jurassic of Transbaikalia (Russia) are
comparable to some modern species of Tayloria Hooker
(Splachnaceae) (Mamontov & Ignatov, 2019). Heinrichsiella
Bippus et al. from the Upper Jurassic of Argentina probably
belongs to the family Polytrichaceae or Timmiellaceae
(Bippus et al., 2019), while the Stachybryolites Wu et al.
from the Lower Jurassic of China belongs to Dicranaceae s.l.
(Wu et al., 2000). The information available to date is not
sufficient to understand the taxonomic diversity and evolution
of Jurassic mosses.

Most of the known Jurassic bryophytes come from the
Upper Jurassic of China, Mongolia, and Asiatic Russia (Table
1). Bryophytes of the Early Jurassic are not known in Siberia.
This work describes two new Early Jurassic species of mosses
Bryokhutuliinia ignatovii sp. nov., and Palaeodichelyma
kiritchkovae sp. nov., which are discovered in Siberia (Irkutsk
Coal Basin) for the first time. To date, these are the only two

Table 1—Diversity of Jurassic representatives of Bryophyta.

reliably known species of the bryophyte flora that lived in
the Early Jurassic within the Siberian palaeofloristic region.

GEOLOGICAL SETTINGS AND AGE

The Irkutsk Coal Basin is located in the south of the
Siberian Platform and extends along the Eastern Sayan
Mountains. The Early—Middle Jurassic sediments of the
basin are subdivided into Cheremkhovo, Prisayan and Kuda
formations (Skoblo et al., 2001; Frolov & Mashchuk, 2018).
The fossil materials come from the Prisayan Formation, which
is an alluvial megacycle that begins with channel sediments
(Lower Subformation), passes into predominantly floodplain
(Middle Subformation) and ends with lacustrine—marsh ones
(Upper Subformation). According to palaecobotanical and
palynological data, the age of Prisayan Formation ranges from
the upper Pliensbachian to the Aalenian (Frolov et al., 2022).

Palaeodichelyma kiritchkovae is collected from the
natural outcrop of the Lower Subformation of Prisayan
Formation, located on the right bank of Angara River, near the
Ust—Baley Village (52°37'34" N, 103°58'07" E) (Fig. 1). Here,
the subformation consists of a thick (up to 20 m) sequence

Genus Number Locality Geological Reference(s)
of species age
Baigulia Ignatov et al. 1 Russia (Transbaikalia) R Ignatov et al., 2011
Baiguliella Ignatov et al. 1 Russia (Transbaikalia) ) Ignatov et al., 2011
Bryokhutuliinia 1gnatov 3 Mongolia, Russia 3 Ignatov, 1992; Ignatov et
(Transbaikalia) al., 2012
Heinrichsiella Bippus et al. 1 Argentina (Santa Cruz) X Bippus et al., 2019
Kulindobrium Ignatov 1 Russia (Transbaikalia) R Mamontov & Ignatov,
2019
Mnioites Wu et al. 1 China J, Wu et al., 2000
Mouscites Brongniart, 1828 3 China, Russia (Bureja, J, orK Krassilov, 1973; Wu, 1999
Transbaikalia)
Ningchengia Heinrichs et al. 1 China I Heinrichs et al., 2014
Palaeodichelyma Ignatov & 1 Russia (Transbaikalia) J,orK, Ignatov & Shcherbakov,
Shcherbakov 2007
Sphagnum L. 1 Germany J, Reissinger, 1950
Stachybryolites Wu et al. 1 China J, Wu et al., 2000
Tricostium Krassilov 1 Russia (Bureja) I Krassilov, 1973
Yorekiella Krassilov 1 Russia (Bureja) J Krassilov, 1973

—

Fig. 1—Geographical position and lithological structure of Jurassic mosses location on the right bank of the Angara River.
(1) outcrop near of Ust—Baley Village; (2) outcrop at Sukhov Cape.
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of coarse—and medium—grained, cross—bedded sandstones
containing two lenses of horizontally bedded siltstones and
mudstones. Silty lenses contain abundant plant remains,
including Lycopodites tenerrimus Heer, L. trichiatus Prynada
emend. A. Frolov & Mashchuk, Phyllotheca sibirica Heer,
Coniopteris murrayana (Brongniart) Brongniart, Ginkgoites
concinna (Heer) Seward emend. Kostina, G. sibirica
(Heer) Sew., Sphenobaiera czekanowskiana (Heer) Florin,
Sorosaccus gracilis Harris emend. Liu ef al., Czekanowskia
rigida Heer, Leptostrobus laxiflora Heer, Elatides ovalis
Heer, Ixostrobus heeri Prynada, Carpolithes deplanatus
Prynada, C. cinctus Nathorst, Samaropsis rotundata Heer.
Among them Phyllotheca sibirica, Coniopteris murrayana
and Sphenobaiera czekanowskiana are the dominant species
for beds bearing Coniopteris murrayana and Sphenobaiera
czekanowskiana. The age of the Lower Subformation of
Prisayan Formation is constrain within the upper Pliensbachian
(Frolov et al., 2022).

Bryokhutuliinia ignatovii is collected from the Middle
Subformation of the Prisayan Formation, which exposed in
the natural outcrop Sukhov Cape (52°30'18.3" N, 103°59'00.6"
E), also located on the right bank of the Angara River (Fig. 1).
The subformation is represented here by a sequence of fine—
grained gently undulating and horizontally layered sandstones
up to 20 m thick. Among the sandstones, in the middle part of
the section, there are two thin (up to 0.1 m) coal interlayers.
In its upper part, there are lenses of siltstones and mudstones
with plant remains: Equisetites lateralis (Phillips) Phillips,
Coniopteris maakiana (Heer) Prynada emend. Kiritchkova
and Travina, C. murrayana, Lobifolia sp., Cladophlebis
williamsonii Brongniart, Cladophlebis haiburnensis (Lindley
& Hutton) Seward, Cl. nebbensis (Brongniart) Nathorst,
Raphaelia cf. diamensis Seward, Raphaelia tapkensis (Heer)
Prynada emend. Kostina, Czekanowskia rigida, Phoenicopsis
angustifolia Heer, Ixostrobus sp., Pityophyllum ex gr.
nordenskioldii (Heer) Nathorst, Podozamites sp., Carpolithes
heeri Prynada. Among them Coniopteris maakiana,
Raphaelia diamensis, R. tapkensis, Cladophlebis nebbensis,
C. williamsonii and Phoenicopsis angustifolia are the key
species for beds with Coniopteris snigirevskiae. The age of
the Middle Subformation of Prisayan Formation is constrain
within the Toarcian (Frolov et al., 2022).

MATERIALS AND METHODS

Fossil mosses material is presented on 16 rocks of fine—
grained siltstones and mudstones. Among them, 11 specimens
are well preserved and show a leaf cellular structure. The
thicker parts of the shoot (stem and sporophytes) are seriously
carbonized, so their cellular details cannot be recognized. The
impressions were studied in reflected light using a MBS—-10
stereomicroscope and a Micromed 3 Led M microscope,
which are part of the equipment of the Centre of Geodynamics
and Geochronology of the Institute of the Earth’s Crust of
the Siberian Branch of the Russian Academy of Sciences
(Irkutsk). Moss photographs were taken using a Canon EOS
650D digital camera and a ToupCam 8.0 MP digital video
eyepiece. The samples are stored at the Institute of the Earth’s
Crust SB RAS (Irkutsk), coll. No. U-B, 2700, 2008-UB,
2020-SM.

SYSTEMATIC PALAEONTOLOGY
Division—BRYOPHYTA
Class—BRYOPSIDA Rothmaler, 1951
Order—INCERTAE SEDIS
Family—INCERTAE SEDIS
Genus—BRYOKHUTULIINIA Ignatov, 1992

Type Species—Bryokhutuliinia jurassica Ignatov, Upper
Jurassic, Mongolia

Bryokhutuliinia ignatovii sp. nov.
(Figs 2, 3, 6 b—d)

Diagnosis—Gametophytes simple or monopodially
branching. Leaves oblong or tongue—shaped, bordered, entire,
spaced to recurved and arranged on stems in spiral order. Leaf
bases sharply narrowed, slightly clasping. Leaf apices wide,
obtuse, often with weakly cuspidate tip. Cell thin—walled,
elongated and short-rectangular and isodiametric forming
oblique rows. Sporophytes lateral. Capsules erect, shortly
cylindrical, and sessile, on tops of short branches. Operculum
conic and shortly rostrate.

—

Fig. 2—Bryokhutuliinia ignatovii sp. nov. (a—h) leafy gametophytes. The leaves which have weakly cuspidate tips at the
apices are shown by arrows. (a) specimen no. 2020-SM/14-77. (b) specimen no. 2020—-SM/14-76. (¢) specimen no.
2020-SM/14-74 (holotype). (d) specimen no. 2020-SM/14-81. (e) specimen no. 2020—-SM/14-80. (f, g) specimen
no. 2020-SM/18-30. (h) specimen no. 2020-SM/14-78. (i) gametophyte with lateral sporophyte, specimen no.

2020-SM/14-76. The capsule is shown by an arrow.
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Derivation of Name—In honour of the Russian bryologist
M.S. Ignatov.

Holotype—No. 2020-SM/14-74, Fig. 2c; Fig. 3d, h, k.

Other Material—Specimen No. 2020-SM/14-77 (Fig.
2a), 2020-SM/14-76 (Figs 2b; 3i), 2020-SM/14-81 (Fig.
2d), 2020-SM/14-80 (Fig. 2e), 2020-SM/18-30 (Figs 2f, g;
3a, b) 2020-SM/14-78 (Fig. 2h), 2020-SM/14-76 (Fig. 2i),
2020-SM/14-31 (Fig. 3¢, f, g), 2020-SM/14-82 (Fig. 3e,
J)- The specimens are stored in Institute of the Earth’s Crust
Siberian Branch of the Russian Academy of Sciences.

Type Locality—Russia, Eastern Siberia: Irkutsk Coal
Basin, right bank of the Angara River, Sukhov cape locality,
(52°30'12.6" N, 103°59'07.4" E).

Horizon—Middle Subformation of Prisayan Formation.

Age—Early Jurassic (Toarcian).

Description—Gametophytes are tender, leafy, simple or
monopodially branching. They are up to 17 mm. The width
of the main and lateral stems is 0.5 mm. The lateral stems
arise at an acute angle (25-60°, usually 45°). The surface of
the stems is covered with fine longitudinal striation (Fig. 2¢),
which is visible in some specimens. The leaves are oblong or
tongue—shaped in outline, without costa, thin, borded, with
an entire margin and arranged relatively closely on stems
in spiral order. They are attached to the stem at an angle of
30-45°, rarely 50-60°, straight (Fig. 2a, d, f, g), and less often
recurved (Fig. 2c, e). Leaf apices are wide, obtuse (Figs 2c,
g; 3g, h), often with weakly cuspidate tip (Fig. 2d), sharply
narrowed bases, slightly clasping the stem (Fig. 3a—¢). Leaves
are 3-5 X 2 mm in size.

The leaf blade is unistratose, composed of thin—walled,
elongated, short-rectangular and isodiametric cells. Short—
rectangular and isodiametric cells are mainly constrained at
the base and apex (Fig. 3a—j). The margins and middle parts
of the blades are composed of elongated rectangular cells
(Fig. 3f, k, 1). Sometimes short-rectangular and isodiametric
cells occur in the middle part of the plate, forming oblique
rows (Fig. 3i). The rectangular elongated cells are 80—160
(usually 90-100) pm long and 20—40 (usually 30) um wide.
Isodiametric and short rectangular cells are 40—-60 x 20-50
um in size. The border formed by two rows of prosenchymal
cells reaches 20-30 um in width.

Lateral branches with sporophytes are 0.4—0.5 mm long.
Capsule is sessile, erect, shortly cylindrical, 0.8—1.3 mm
long and 0.3-0.5 mm wide. Operculum is conic and shortly
rostrate (Fig. 2i).

Genus—PALAEODICHELYMA Ignatov & Shcherbakov,
2007

Type Species—Palaeodichelyma sinitzae Ignatov &
Shcherbakov, Lower Cretaceous, Transbaikalia

Palaeodichelyma kiritchkovae sp. nov.
(Figs 4, 5, 6a, e—g)

Diagnosis—Gametophytes leafy, simple or irregularly
branched. Leaves lanceolate, keeled, intermittently bordered,
declined and entire, with a slightly clasping base and gradually
narrowed, acute apex, arranged relatively closely on the stems
in spiral order. Costa does not reach the leaf apex. Leaf blade
composed of thin—walled, elongated cells. Sporophytes lateral.
Seta quite long, surrounded by perichecial leaves covering
the base of the capsule. Capsules erect, shortly cylindrical or
oval. Operculum conic and shortly rostrate.

Derivation of Name—In honour of the Russian
palaeobotanist A.I. Kiritchkova.

Holotype—No. 2700-2a, Figs 4a—f, h, 1,1, m; 5d, f, g, 1, ].

Other Material—Specimen No. 2700-3a (Figs 4g; Sa—c,
h), UB/54 (Figs 4j, k, n, 0; 5¢), 2008UB-8/15 (Figs 4p; 5k).
The specimens are stored in Institute of the Earth’s Crust 172
Siberian Branch of the Russian Academy of Sciences.

Type Locality—Russia, Eastern Siberia: Irkutsk Coal
Basin, right bank of the Angara River, 1.3 km below the
Ust—Baley Village, 52°37'34" N, 103°58'07" E.

Horizon—Lower Subformation of Prisayan Formation.

Age—Early Jurassic (upper part of Upper Plinsbachian).

Description—Gametophytes are tender, leafy, and simple
and rarely irregularly branching (Figs 4a; 5a). The branches
are up to 4045 mm in length. Lateral stems arise at an acute
angle (20°) and have the same width (0.3—-0.4 mm) with
the main stem. The leaves are lanceolate, keeled, thin and
declined, with an entire margin and arranged relatively closely
on the stems in a spiral order (Figs 4d—g; 5b, ¢). Their bases
slightly clasp the stem (Figs 4f, g; Se, g) and the apices are
gradually narrowed and sharp (Fig. 5c, d). In the lower part
of the leaf, there is an obscure mid—costa, which is absent
in its upper part (Figs 4c, f; Sb, ). Costa width is 50-100
um. There is an intermittent thin (50 wm) border on some
leaves (Figs 4d; Se, g). Leaf sizes vary from 3.5 x 0.7 to 4.5

—

Fig. 3—Bryokhutuliinia ignatovii sp. nov. (a—e) leaf bases, slightly clasping the stem. The cellular structure and border are
observed. (a, b) specimen no. 2020—-SM/18-30. (c) specimen no. 2020-SM/18-31. (d) specimen no. 2020—-SM/14-74
(holotype). (e) specimen no. 2020-SM/14-82. (g, h, j) cellular structure of leaf apices. (g) specimen no. 2020—-SM/18—
31. (h) specimen no. 2020—-SM/14—74 (holotype). (j) specimen no. 2020-SM/14-82. (f, i, k) cellular structure of the
leaf middle parts. The oblique rows of cells are shown by arrows. (f) specimen no. 2020-SM/18-31. (i) specimen no.
2020-SM/14-76. (k) specimen no. 2020-SM/14-74 (holotype).
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x 1.2 mm. Lamina is unistratose, composed of thin—walled,
elongated cells that are 50—140 x 10-30 pum in size (Fig. 4p).

Lateral sporophytes are 2.8 mm long (Fig. 4b, ¢, h—o).
The setae are long (2—2.5 mm), surrounded by tightly pressed
perichecial leaves (Fig. 4h, i, k—o) with acute apices. Due to
the fact that the perichecial leaves are tightly attached the
seta, their shape and size cannot be estimated. Capsules are
sessile, shortly cylindrical or oval, 1.1-1.4 x 0.8 mm (Fig.
4h—o). Operculum is conic and shortly rostrate (Fig. 4h, j, I, n).

COMPARISONS AND DISCUSSION

In the Early and Middle Jurassic of Siberia, the bryophytes
were represented exclusively by thalloid bryophyte remains
of the genera Marchantites Brongniart, Ricciopsis Lundblad,
Hepaticites J. Walton, and Thallites Kidston ex J. Walton
(Prinada, 1962; Teslenko, 1970; Kiritchkova et al., 1992,
2005; Frolov & Mashchuk, 2018). The presence of bryophytes
in the flora was evidenced by numerous and taxonomically
diverse spores of Stereisporites Pflug (Ankudimova et al.,
1982; Ilyina, 1985; Shurygin et al., 2000; Frolov et al., 2022).
Bryokhutuliinia ignatovii and Palaeodichelyma kiritchkovae
are the first known megafossils of bryophytes from the Lower
Jurassic of Siberia. These species expand our knowledge of
the pre—Cenozoic bryoflora that is still insufficiently studied.

The studied samples are assigned to the genus
Bryokhutuliinia based on the structural features of the
leaves. Bryokhutuliinia has a distinct border along the entire
length of the leaf blade, elongated rectangular cells and no
costa (Ignatov, 1992). The same features are observed in our
specimens.

B. ignatovii, found in the Lower Jurassic (Toarcian)
of the Irkutsk Basin, is the most ancient representative of
this genus that inhabited in Siberia. Probably, during the
Jurassic, the genus Bryokhutuliinia was widespread within
the Siberian palaeofloristic region and covered the Siberia,
Transbaikalia, and Mongolia areas. The presence of a number
of morphological features characteristic of pleurocarp mosses
in Bryokhutuliinia species, such as the general appearance and
branching of the gametophyte and presence of elongated leaf
cells, suggests that they belonged to this group. However, the
absence of diagnostic feature of sporophyte in Bryokhutuliinia
crassimarginata (Ignatov et al., 2012) makes it impossible
to ensure the phylogenetic position of these mosses. The
lateral arrangement of sporophyte—bearing branches is also

found in acrocarp mosses (Fissidentaceae, Grimmiales, and
some others). In addition, the absence of a costa implies that
Bryokhutuliinia possibly belongs to acrocarp mosses of the
order Hookeriales (Ignatov & Shcherbakov, 2007). Recent
studies have shown that most of the features of Bryokhutuliinia
indicate that it belongs to the Dicranidae, but assignment to the
Bryidae may also be possible (Mamontov & Ignatov, 2019).
The characteristics of Bryokhutuliinia also do not allow us to
assign it to any of these subclasses. Based on such features
as regular pinnate branching, the shape of the leaves, and
the pattern of the cellular network of the leaf, we consider
it more likely belongs to Bryidae. However, assignment of
Bryokhutuliinia to Dicranidae is also not excluded. Fig. 6b—d
shows a restoration of the natural habit of B. ignatovii.

Baigulia complanata Ignatov et al. from the Upper
Jurassic of Transbaikalia (Ignatov et al., 2011) differ from
Bryokhutuliinia ignatovii in the absence of a leaf border.
Leaves of Baiguliella minuta Ignatov et al. from the Upper
Jurassic of Transbaikalia (Ignatov et al., 2011) have a weak
and indistinct costa and do not have a border. On the contrary,
the B. ignatovii leaves are bordered and do not have a costa.

The most similar to Bryokhutuliinia ignatovii is
Bryokhutuliinia obtusifolia 1gnatov & Shcherbakov, known
from the Lower Cretaceous of Transbaikalia (Ignatov &
Shcherbakov, 2011). The similarities include the presence in
both species of tongue—shaped leaves with slightly clasping
bases and rectangular cells of the leaf blade. The size of the
leaves in these species is also almost the same (Table 2). B.
obtusifolia differs from the new species in a smaller stem
width (0.3—0.4 mm), far—spaced leaves, a broadly rounded
apex, and smaller rectangular leaf cells (60-90 x 13-20 um)
(Table 2). B. ignatovii is characterized by a large width (0.5
mm) of the stems, a wide and blunt apex, sometimes with
weakly cuspidate tip and the presence of isodiametric cells.
In addition, the stem of B. obtusifolia may terminate with leaf
rosettes, which is not seen in B. ignatovii.

The capsules of Bryokhutuliinia crassimarginata Ignatov
et al. from the Middle or Upper Jurassic of Transbaikalia
(Ignatov et al., 2012), have the same structure as those of B.
ignatovii, that is shortly cylindrical with conic operculum
and shortly rostrate. B. crassimarginata is characterized by a
two—row leaf arrangement, ovate—oblong or ovate—lanceolate
leaves with a gradually narrowed obtuse apex, and thin stems
(0.15-0.7 mm). These features clearly distinguish it from B.
ignatovii, which has oblong or tongue—shaped leaves with

—

Fig. 4—Palaeodichelyma kiritchkovae sp. nov. (a) leafy gametophytes. (b, c) areas of the gametophyte with lateral sporophytes
(shown by arrow). (d, f, g) young stems with underdeveloped leaves. The leaf with a partial border is shown by white
arrow and leaves with mid—costa are shown by red arrows in (d). (e) stems with fully developed leaves. (h—o) lateral
sporophytes. The apices of perichecial leaves (h, i, k) and shorlty rostrate operculum (h, j) are shown by arrows. The
perichecial leaves contour are shown with a dotted line (1-0). (p) leaf cellular structure. (a—f, h, i, I, m) specimen no.
2700-2a (holotype). (g) specimen no. 2700-3a. (j, k, n, 0) specimen no. UB/54. (p) specimen no. 2008UB-8/15.
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a wide and blunt apex and arranged spirally on wider (0.5
mm) stems. In addition, the width of rectangular cells of B.
crassimarginata is 11-20 um, while those of B. ignatovii are
wider (3040 pum) (Table 2).

Bryokhutuliinia jurassica Ignatov from the Upper
Jurassic or Lower Cretaceous of Mongolia (Ignatov, 1992),
is characterized by narrowly lanceolate leaves with decurrent
bases and gradually narrowed, blunt apexes. For B. ignatovii,
the leaves are oblong and tongue—shaped, with slightly
clasping bases, and broad and blunt apices, and sometimes
with weakly cuspidate tip (Table 2). These features distinguish
B. ignatovii from B. jurassica.

The ovate—elongated leaves of Bryokhutuliinia ingodensis
(Srebrodolskaya) Ignatov, which is common in the Upper
Jurassic or Lower Cretaceous of Transbaikalia (Ignatov et al.,
2011), are densely arranged (4—7 leaves per 5 mm). On the
contrary, the leaves of B. ignatovii are sparse (up to 4 per 5
mm) and oblong or tongue—shaped. In addition, the leaf apexes
of B. ingodensis are blunt without weakly cuspidate tip, and
the hexagonal-rectangular cells are smaller than those of B.
ignatovii (Table 2).

The samples of Palaeodichelyma kiritchkovae shown in
Fig. 4a and Fig. 5a—c were previously attributed to lycopsids
Lycopodites tenerrimus Heer (Frolov & Mashchuk, 2018,
2019). Additional study of these samples revealed the presence
of capsules and a mid—costa on the leaves. This indicates
that these fossils belong to true bryophytes. Other samples
given in the Frolov and Mashchuk (2018, 2019) belong to
L. tenerrimus, because their leaves have no median vein
and border, and their reproductive organs are unknown. The
lanceolate leaves with acute apex, an interrupted border and
a long (almost reaching the apex) mid—costa allow us to
assign the specimens to the genus Palaeodichelyma, which
is characterized by such a combination of characters (Ignatov
& Shcherbakov, 2007). The single representative of the
genus Palaeodichelyma from the Upper Jurassic and Lower
Cretaceous of Transbaikalia (Ignatov & Shcherbakov, 2007,
2011) differs from Palaecodichelyma kiritchkovae for having
ovoid leaves and lack of capsules. In addition, the leaf cells
of P. kiritchkovae are elongated, while those of P. sinitzae
Ignatov & Shcherbakov are rectangular.

None of the numerous capsules of P, kiritchkovae clearly
shows the place where the operculums attach to the capsules.

Therefore, it can be assumed that the apical rostrum (Fig. 4h, j,
1, n) refers to the caliptra and not to the operculum. Additional
samples are needed to confirm this assumption.

For now, Palaeodichelyma kiritchkovae is the oldest
(Pliensbach) record of the Jurassic moss in Siberia. It is the
second member of the genus Palaeodichelyma known to date.
Taking into account the time interval of P. kiritchkovae and
P, sinitzae (Ignatov & Shcherbakov, 2007, 2011), it can be
assumed that this genus existed in Siberia and Transbaikalia
during the Jurassic to the Early Cretaceous. P. sinitzae has
features suggestive of pleurocarp mosses, such as lateral
nodular structures. This species has trifoliate phyllotaxis,
long mid—costa, keeled leaves, and elongated lamellar cells,
which are characteristics of pleurocarp mosses of the family
Fontinalaceae (Ignatov & Shcherbakov, 2007). However, the
assignment of this genus to pleurocarp mosses is speculative,
since the true nature of the lateral nodular structures of P,
sinitzae is unknown. The laterally arranged sporophytes of P,
kiritchkovae, which consist of a capsule and a seta surrounded
by perichecial leaves, resemble those of modern Fontinalis. It
allows us to confidently assign Palaeodichelyma to pleurocarp
mosses. Fig. 6a, e—g shows a restoration of the natural habit
of P. kiritchkovae.

Muscites ostracodiferus Krassilov from the Cretaceous
of Mongolia (Krassilov, 1982) is similar to P. kiritchkovae.
Both species have lanceolate leaves with a gradually narrowed
apex and a long mid—costa. The leaves of M. ostracodiferus
are long and narrow (5-6 % 0.5-0.6 mm) with an amplexicaul
base, while the leaves of P. kiritchkovae are short and wide
(3.5-4.5 x0.7-1.2), with a base slightly clasping the stem and
a border. In addition, the cell structure of the leaf blade and
sporophytes of P. kiritchkovae is known.

CONCLUSION

The discovery of the first two species of mosses B.
ignatovii and P. kiritchkovae in the Lower Jurassic of the
Irkutsk Basin is a significant step forward in understanding the
history and diversity of this group in the Jurassic of Siberia.
New species have sporophytes in addition to gametophytes.
These findings indicate that the genera Palaeodichelyma and
Bryokhutuliinia are possibly appearing in the Early Jurassic
and more widespread in Siberia than previously thought.

s

Fig. 5—Palaeodichelyma kiritchkovae sp. nov. (a—c) leafy gametophytes. The mid—costa (b) and acute leaf apex (c) are shown
by arrows. (d) leaf with acute apex shown by an arrow. (e) leaf base with a thin border shown by an arrow. (f—) leafy
shoots close up. The leaf with a partial border is shown by white arrow in (g) and leaves with mid—costa are shown
by red arrows in (f-g). (k) young stems with underdeveloped leaves. (a—c, h) specimen no. 2700-3a. (d, f, g, 1, j)
specimen no. 2700-2a (holotype). (e) specimen no. UB/54. k—2008UB-8/15.
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Table 2—Comparison of stem morphology and cellular structure of Bryokhutuliinia ignatovii sp. nov. with other Bryokhutuliinia

species.
Species | B. ignatovii sp. B. obtusifolia B. ingodensis B. jurassica B. crassimar-
nov. Ignatov & (Srebrodolskaya) | Ignatov ginata Ignatov
Features Shcherbakov Ignatov etal.
Stem
Branching Monopodial Monopodial Monopodial Monopodial Monopodial
Distance between 2 - 2 - -
lateral branches,
mm
Width, mm 0.5 0.3-0.4 0.32-0.40 0.4-0.5 0.15-0.7
Number of leaves 4 — 4-7 — -
in middle part of
stem per 5 mm
Leaves
Arrangement Spiral Spiral Spiral Distichous Clearly disti-
chous
Shape Oblong, lingulate | Ovate—elongate to | Ovate—elongate Narrow— Ovate—oblong to
lingulate lanceolate ovate—lanceolate
Leaves deviating 30-45°, rare 55-80°, in abruptly 55-80° 20-35° 55-80°
angle 50-60° reflexed leaves
150°
Base Sharply narrowed, | Somewhat clasp- Slightly tapered, Obovate, trian- | Rounded towards
somewhat clasp- | ing, plane or only somewhat con- gular cordate or clasp-
ing weakly concave cave ing
Apex Wide, obtuse, with | Broadly rounded Blunt Somewhat Obtuse
weakly cuspidate or occasionally rounded
tip apiculate
Size, mm 3-5x%x2 34 x1.5-2.1 4.0-4.7 x 1.0-1.3 5x1.2 3.0-4.0 (6.0) x
1.0-1.3 (2.1)
Margin Entire Entire Entire Entire Entire
Border width, pm 20-30 50 50 30-50 150-200 at base,
60—100 at apex
Shape of lamina Rectangular, iso- Rectangular Hexagonal-rect- Rectangular Rectangular
cells diametric angular
Cell sizes, pum Rectangular cells: 60-90 x 13-20, 60-105 x 1823 | 100-150 x 20-30 | 60-100 x 11-20
80-160 x 2040 wider at base
(30), isodiametric (30-42)
cells: 40-60 x
20-50
Sporophytes
Capsules Shortly cylindric Unknown Unknown Unknown Cup-like to
with conic and shortly cylindric
shortly rostrate with conic and
operculum shortly rostrate
operculum
Age and locality Lower Juras- Lower Cretaceous, Upper Jurassic Upper Jurassic | Middle or Upper
sic (Toarcian), Transbaikalia, or Lower Creta- or Lower Creta- Jurassic, Trans-
Eastern Siberia, Russia ceous, Transbaika- | ceous, Mongolia | baikalia, Russia
Russia lia, Russia
Reference Present article Ignatov & Ignatov et al., Ignatov, 1992 Ignatov et al.,

Shcherbakov, 2011

2011

2012
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Fig. 6—Restoration of the natural habit of Jurassic mosses from Irkutsk Coal Basin. (a, e-g) Palaeodichelyma kiritchkovae
sp. nov. (a) natural habit. (e, f) leaves: side (e) and top (a) views. (g) sporophyte. (b—d) Bryokhutuliinia ignatovii sp.
nov. (b) natural habit. (c) leaf (top view). (d) lateral branch with sporophytes.
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